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Abstract

As we begin to adopt approaches to help the U.S. National Institute of Standards and Tech-
nology (NIST) become a more inclusive organization, we need a way to assess the current
level of inclusivity. The extent to which individuals have access to information and re-
sources is largely associated with inclusion in the workplace, suggesting that analysis of
individuals’ social networks may be an important component of this assessment. Network
surveys provide a unique lens through which a wide range of networks, including networks
of collaboration, mentorship, and trust, can be studied. As a result of such studies, efforts
to improve on inclusivity can be directed towards where they are needed the most. Herein,
we describe the NIST Interactions Survey–a data collection tool developed for mapping
and analyzing personal ego networks of NIST Federal Employees and aimed at quantify-
ing the work- and career advice-related networks. In this study, we assess inclusivity at
NIST through the lens of social network analysis to provide NIST with insights about the
current work climate.

With an overall response rate of approximately 25%, we find that the structure of the
work- and advice-related ego networks provides important insights into the interaction pat-
terns at NIST. An analysis of the network data confirms a siloed effect associated with the
Organizational Unit affiliation of the respondents and their connections in the work and ad-
vice networks. Interestingly, we find that, while the composition of work ego networks tend
to be quite aligned with what would be expected based on the workforce demographics, in-
teractions in the advice ego networks reveal preferences associated with age and gender.
In terms of gender, male employees show preference for male-dominated advice networks,
which is not surprising given our predominantly male workforce. For female employees,
however, we observe three distinct types of advice networks: two capturing strong prefer-
ences to seek advice from single-gender-dominated networks, be it male or female, and a
third one with the gender composition quite evenly balanced. In terms of age preferences,
we find that younger employees tend to seek advice from more experienced colleagues. In-
terestingly, no discernible differences are observed between the networks of minority and
non-minority employees for either work or advice.

Based on these findings, we recommend strategies for bridging the silos between the
Laboratories and the rest of the Organizational Units, nurturing informal connections among
female colleagues, and mapping employee networks among different minority groups (e.g.
American Indian, Asian, Black, Hispanic, Native Hawaiian, Other). Although other ap-
proaches are possible, we believe that the recommendations proposed in this report will be
a good start for NIST to become the inclusive organization we aspire to be.

Key words

Inclusivity; diversity; employee networks; ego networks; social network analysis; ho-
mophily.
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1. Introduction

The U.S. National Institute of Standards and Technology (NIST) seeks to promote inno-
vation and industrial competitiveness by advancing measurement science, standards, and
technology in ways that enhance economic security and improve quality of life. Inclusivity
is one of the organization’s four core values, along with perseverance, integrity, and excel-
lence. NIST conceptualizes the value of inclusivity as working collaboratively to harness
the diversity of people and ideas, both inside and outside of NIST, to attain the best so-
lutions to multidisciplinary challenges [1]. Despite upholding inclusivity as one its main
core values, however, recent meetings and discussions at NIST have revealed growth op-
portunities for this particular organizational principle. Following a 2019 Managers and
Supervisors Meeting on Inclusivity [2], and two Equity Café events [3, 4], NIST’s leader-
ship team decided to launch three data-driven initiatives to better analyze and assess these
growth opportunities in addressing gender as well as minority equity and inclusion [5, 6].
The intended outcome of this endeavor is to give NIST leaders the necessary insight to
better inform strategies that address these deficiencies. The Inclusivity Network Analysis
is one of these three initiatives. Led by Dr. Laura Espinal, the year-long study of inclu-
sivity involved the development of a social network analysis (SNA)-based methodology to
measure the degree of inclusivity at NIST.

While promoting diversity and inclusion in the federal workforce has always been im-
portant, it became even more urgent since Executive Order 13583 was signed in 2011.
The executive order seeks to establish a coordinated government-wide initiative to develop
equal opportunities, diversity and inclusion in the federal public sector [7]. In turn, this
initiative broadly involves the development of a strategic plan, the review of applicable
human resources directives, and providing guidance to agencies. The ultimate goal of the
executive order is to foster a diverse and inclusive workforce through the implementation of
effective recruitment and promotion practices [7]. In 2021, the Administration has priori-
tized equity and the importance of diversity and inclusion through executive actions, with
additional agency-level guidance likely to come throughout the year.

In addition to the issues of justice and equity, promoting a diverse and inclusive work-
force has demonstrated benefits as well. According to Mannix and Neale [8], the premise
that diverse teams lead to more successful outcomes largely stems from the body of work
focusing on heterogeneity in small groups conducted by Hoffman and colleagues [9]. One
of the earlier Hoffman studies found that a multiplicity of perceptions–indicative of a
heterogenous rather than homogeneous work team–can lead to more creative problem-
solving [9]. Since then, a large body of work has continued lending evidence to the benefits
of diverse teams. Recent research has found that diversity can be associated with produc-
ing higher quality technical and scientific outputs [10], higher research paper impact factors
and citations [11], organizational innovation [12], improved team collaboration [13], and
even better outcomes for healthcare patients [14].

Although most studies do support the benefits of diversity, there is also evidence that
diversity can sometimes result in negative outcomes if inclusivity is not addressed [15–17].
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While diversity can be broadly understood as the way in which members of a group differ in
respect to demographic characteristics [18, 19] like sex, gender, and other sociocultural fac-
tors [20], inclusion refers to people’s resource accessibility, group involvement, and ability
to play a role in decision making [19, 21]. A diverse and inclusive workforce can help
an organization like NIST advance its mission of promoting U.S. innovation and industrial
competitiveness. Indeed, existing research in this area has shown the relationship between
employee diversity and innovation [22]; the literature shows there is no trade-off between
diversity and quality. Relevant studies show that improving diversity can lead to higher
levels of quantitative metrics of quality and innovation as evidenced by filed patent appli-
cations [23], the development of products and process innovations [24], and higher quality
research publications [10]. But to reap the benefits of diversity, addressing inclusion is
necessary. To that end, this project is geared towards assessing the extent of inclusivity of
the NIST Workforce through the analysis of social networks.

SNA is one of the many approaches that can be implemented to study the extent to
which an organization is diverse and inclusive. At a high level, SNA can be understood
as a collective label that organizes concepts, theories, and techniques guided towards the
study of relational data [25]. Specifically, this area of research focuses on people and the
different ways in which they can relate to one another [26]. As explained by Perry and
colleagues [27], SNA focuses on the structures formed by the connections between people,
as well as the flow of resources and information between the different units that comprise
these networks.

Other definitions of the concept highlight how SNA involves the intersection between
sociology and graph theory to develop a structural description of both people and their
relationships [26]. For example, Hansen, Shneiderman and Smith [28] explain that SNA
leverages the principles of network science in order to explore social relationships and
connections. In this context, networks are defined as a group of things and the way in
which they relate to each other. The “things” that comprise a network are known in the
SNA community as nodes, that is units building the network, and ties, that is relationships
binding nodes. Based on the definition of nodes advanced by Perry and colleagues [27], we
can come to understand that depending on the context of the study, a node can represent an
individual or collective body (e.g., families, organizations, or any other entity that can form
or maintain formal (e.g., legal, economic) or informal (e.g., friendship, gossip) ties. Ties,
on the other hand, can represent many different types of relationships, such as proximity,
collaborations, kinship, friendship, trade partnerships, citations, investments, hyperlinking,
transactions, and shared attributes. A tie can be said to exist if it has some official status, is
recognized by the participants, or is observed by exchange or interaction between them. A
tie is any form of relationship or connection between two nodes [28]. This description of
ties highlights the interdisciplinary potential of SNA. Indeed, SNA is a research technique
that has been applied to a wide variety of phenomena in the many varied fields of sociology
and anthropology, communication, organizational management, mathematics, and even the
medical sciences [29].

Similar to the variety of interdisciplinary contexts in which SNA has been applied,
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there is also more than one SNA approach. In the context of this project, we employ what
is known as ego network analysis (ENA). Like SNA, ENA is also concerned with nodes
and ties that bind them. However, while the former often involves the entirety of a net-
work structure, the latter focuses on unique subsets of the network, centered at individual
nodes [30]. This variance between SNA and ENA is considered to be a methodological dif-
ference. As explained by Perry and colleagues, in whole network research, every node in
the network is also a research subject whereas in ego network research, we collect data from
a sample of individuals who provide information about their immediate network communi-
ties [27]. That is, ENA diverges in its focus on individually bounded personal communities
rather than a common boundary applicable to all respondents.

The ego network approach focuses on representing the social network of one primary
node–called the ego–and the set of nodes with direct ties to ego, called alters. As explained
by Aley and Levine [30], this type of network is characterized by the central location of
the ego and its links to all of the alters. Other researchers broach ego networks in a similar
way, some descriptions focusing on an individual and their social ties [31]; the set of nodes
that connect to the ego [32]; or the network that forms around the ego and its alters based
on the relationships that bind them [25, 33].

ENA has been employed in a variety of contexts to study many phenomena, including,
but not limited to, how young adults look for prospective career-related information [30];
whether or not the structure of online social networks mirror observed offline configura-
tions [31]; the differences in interaction patterns between males and females in an orga-
nizational setting and its impact on perceptions of influence and promotions [34]; how
people manage their personal and group communication interactions [26]; racial dispari-
ties in HIV prevalence in the U.S. [35]; how patterns of socialization affect the extent to
which an individual obtains the attitudes, behaviors and knowledge needed to fully partici-
pate as an organization member [36]; how urban climate protector actors collaborate [33];
the relationship between social capital and innovation [37]; and to search for, identify, and
prioritize disease subnetworks as well as gene markers from a biological network [38].

There are several reasons why SNA methodological approaches, including ENA, are
appropriate to explore diversity and inclusivity at NIST. First, previous research has al-
ready demonstrated that ENA can be successfully implemented to study how people seek
career-related information from the people in their networks [30]. Related specifically to
diversity and inclusion, earlier SNA studies have also found evidence that women were not
included in men’s and/or the dominant networks [34]. In addition to gender, other ENA re-
search has shown positive outcomes associated with having diverse and inclusive networks
respective to job roles. For instance, according to one study [36], having supervisors (as
opposed to just peers) within one’s informational network also related to job and role learn-
ing. Together, these results support the notion that job and role learning are very different
from more general organizational learning and hence have different requirements. Taken
together, these studies showcase that ENA can be successfully implemented to explore and
quantify the prevalence or lack of diversity and inclusion in a workplace setting. Moreover,
they provide a theoretical roadmap that allows to not only contextualize this work on an
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extant body of research, but to trace the potential implications of the findings and necessary
next steps.

2. Methodology

As we explain in the previous section, one way to assess inclusivity in a work environment
is through the observance of the individuals’ closest work-related interactions. Since the
interaction data are relational in nature, we use SNA to examine the characteristics of the
interpersonal interactions at NIST. We follow the standard SNA notation, calling all the
individuals included in the network nodes and the interactions between these individuals
ties. With the ego networks being the focus of our analysis, in what follows we use the
term egos in reference to the individuals who responded to the NIST Interaction Survey
and the term alters in reference to the individuals who were listed in response to the survey.
In this study, we are interested in two types of interactions between egos and alters: (1)
interactions related to achieving work-related goals at NIST, and (2) advice about career-
related decisions at NIST. In addition to the interaction data, we incorporate into the ENA
the demographic (e.g., gender, ethnicity, age group) and other (tenure, supervisory status)
characteristics about the egos and alters. We use the term attributes when referring to
such characteristics. The attributes for egos and alters need not be the same. Importantly,
SNA (and ENA) provides the ability to combine relational data with attribute data when
quantifying networks.

2.1 Survey Population and Sampling

In this study, the population of interest is NIST Federal Employees. Although the popu-
lation of NIST Associates is an important component of our workforce, including NIST
Associates as survey participants would have significantly delayed the study due to ad-
ditional requirements. Thus, NIST Associates are not included in the survey population.
It is important to note, however, that the intrinsically interactive nature of the relational
data in SNA studies requires carefully defined network boundaries. Not including some
relevant nodes or ties may affect the properties of both the entire network and those of
each individual node. To ensure that the reported networks are true representations of the
NIST environment, we opted to define the exogenously determined network boundaries
by the status of being either a NIST Federal Employee or a NIST Associate. That is, the
respondents were allowed to report NIST Associate as alters.

It is worth noting that this is the first time that NIST launched a social network survey.
As such, we do not have historical response rate data from previous years for this kind of
survey neither do we know the probability of getting responses from each group. Without
any historical data, our study relies on a nonprobability sampling method whereby the
entire population of NIST Federal Employees was invited to participate. Participation was
completely voluntary. Apart from allowing us to obtain a point of reference in terms of
response rates per categorical group, nonprobability sampling also allowed us to preserve
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anonymity of survey participants and thus gave us the additional advantage of launching of
the survey quickly.

2.2 Survey Development and Initial Review

To collect social network data, a prototype online network survey was developed. Several
considerations went into designing the questions that would best capture the interactions
of interest among members of the NIST Workforce. In consultation with an external SNA
expert, several options were considered and discussed. Ultimately, an approach for data
collection was selected to match with the extended telework status at the time and the
latest IT privacy policies at NIST. We decided to develop a survey that was anonymous
but asked participants (egos) to provide certain demographic and work history information.
Initially the survey included three network questions. To assure that both NIST Federal
Employees and NIST Associates are considered as alters, the questions referred to alters
are “NIST colleagues” (see, e.g., Fig. A1 in the Appendix for the exact wording of the
survey questions). The survey participant did not have to provide names of their alters but
only a subset of demographic information about them. Finally, the participants were asked
to assess whether the connections (alters) in each network interacted with each other as
well.

The first version of the survey was tested with less than nine NIST Federal Employees
to gather qualitative comments about their experience taking it. This version was also
reviewed by the Office of Human Resources Management (OHRM) to ensure accuracy of
the terminology used in the questions and by the NIST Privacy Office to gather their input
early on. Significant revisions were suggested to improve the experience. For example,
the list of demographic and work history questions about the survey participant and their
connections was considered very long and tiring. A reduction in the number of network
questions to two was suggested as an approach to reduce the length of the survey to a more
manageable size. Also, assessment of interactions between alters was considered difficult,
tedious, and time-consuming.

The suggested revisions made the survey shorter and more pleasant to take. In the re-
vised version, we reduced the number of demographic and work history attributes about the
ego to seven: gender, race, age, supervisory status, tenure, location, and OU (see Table A1
in the Appendix). For the alters in the network, we reduced the number of demographic
and work history attributes to five: gender, relative age (compared to self), supervisory
status, location, and OU. We also removed the requirement to assess interactions between
alters in the network (see Table A2 in the Appendix). Ultimately, we settled on the two
network questions that reflected the two interactions of interest. The first network question
(Question A) prompted the survey participant to focus on the work-related network (see
Fig. A1 in the Appendix). The second network question (Question B) was focused on the
career-related advice network (see Fig. A2 in the Appendix). In addition, to differentiate
our survey from other surveys that had been distributed NIST-wide earlier in the year, we
decided to give our survey a self-explanatory nickname that could be used during launching
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and advertising. The nickname we chose was “NIST Interactions Survey”.

2.3 Content and Survey Expert Reviews

Once the structure of the NIST Interactions Survey was finalized and network questions
and attributes were decided on, the network questions were sent to two external content
and survey experts for review. The survey experts–well-known researchers who pioneered
the use of SNA in physics education research–provided detailed feedback about how well
the questions addressed the interactions being sought. They also suggested that the max-
imum number of colleagues the respondents could list per network question should be
removed from view to decrease the impression that survey respondents were expected to
reach a target maximum number. In addition, the language in network Question B was
modified to better reflect the career-related advice interaction of interest described in the
explanatory narrative that accompanied the question itself. The argument was that respon-
dents may not always read the entire explanatory language. After the external review, the
NIST Interactions Survey was created in Google Forms where minor changes were made
to make the flow of the survey fit the features available in the data collection tool and fa-
cilitate post-processing data analysis. Additional minor changes were also made as part
of the NIST Research Protections Office (RPO) review, which included the review of the
information sheet that accompanied the survey. For instance, when asking if a given alter
was a supervisor or manager, a clarifying statement “not necessarily yours” was added to
remove ambiguity. The approval letter from the NIST RPO can be found in Figs. A3 and
A4 in the Appendix.

2.4 Survey Logic and Structure

The implementation of the NIST Interactions Survey included branching and skip logic
decisions. The survey began with a welcome page that briefly explained what the survey
would entail and provided a link to the information sheet [39] describing the survey in
more detail (see Fig. A5 in the Appendix). In that message, participants were informed that
there would be a set of demographic and work history questions about themselves. It also
alerted participants that there would be two network questions. Because the survey did not
ask participants to provide their names or the names of their NIST colleagues (alters), the
participant were asked to get a piece of paper to write down the names that came to mind
for each network question and keep track of the answers on their own.

Although there was a single version of the survey, the length of the survey was subject
to the number of alters that came to mind for every participant for each of the network
questions. The network questions prompted the participant to think about the names of
alters and were used to define a priori the interactions of interest for our study. As such,
Question A reflects respondents’ work-related network and Question B reflects their career-
related advice network. Before asking the survey participant to provide information about
attributes of each of the alters, the participant was asked whether they had finished writing
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the names of the alters on a piece of paper. The reason was to encourage participants to
think about names of their colleagues without knowing the attributes that would be asked.

For the work-related network, the participants were asked to think about at least three
alters. In the survey the alters were labeled as generic “Person 1”, “Person 2”, and “Person
3”. After the attributes for each of the three alters were specified, the participant was asked
if they had more than three (four, five, etc.) colleagues on the list and if the answer was
affirmative, they were asked about attributes for each additional alter (see Fig. A6 in the
Appendix). That logic was kept until the participant answered “no” or the number of alters
reached a total of nine, whichever occurred first. At that point, the participant was taken to
the question about career and advice-related network. Here, there was no minimum number
of colleagues (alters) required. The participants were asked if they had at least one alter in
the list. If they answered “yes”, the survey asked for attributes for generic “Person 1” and
then the logic followed that for Question A. If the respondents did not have any alters on the
list or if the number of colleagues reached a total of nine, the survey asked the participant
to submit the responses representing the end of the survey.

2.5 Development of Survey Launching Materials

Several materials were developed to launch the NIST Interactions Survey. These included:
initial email invitation, reminder emails, survey landing page text, and information sheet.
A landing page was designed to provide a brief overview of the survey, the expected com-
pletion time (approximately 20 minutes), and other important details related to human sub-
jects such as the voluntary nature of the survey, that responses would be anonymous, and
that no attempt would be made to identify respondents. A required field was included on
this page for a prepopulated token value that was randomly generated through the email
dissemination script developed to preserve the anonymity of the survey respondents and
simultaneously keep the responses to one per survey participant. Contact information and
instructions were included on the landing page if the survey participant did not see a pre-
populated token value. Except for the landing page, which only had a continue button,
there were back and continue buttons at the bottom of each survey page. The last page in
the survey had a back and a submit button.

2.6 Survey Dissemination

An initial message from the NIST Director was sent on October 26th, 2020 alerting NIST
staff that the NIST Interactions Survey was coming soon (see Fig. A7 in the Appendix).
The survey was officially launched on November 4th, 2020 with an email message from
the NIST Director sent to all NIST Federal Employees who were at least 18 years old and
working at NIST as of October 10th, 2020 (see Fig. A8 in the Appendix). To limit the
number of responses to only one per participant, the email message contained a link to
access the survey that was unique to every recipient. Setting up a unique URL link per
survey participant was deemed essential for a number of reasons. In particular, limiting
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the number of responses to one per participant in Google forms requires the survey partic-
ipants to have a Google account. Since not every NIST Federal Employee has a Google
account, the requirement to create one in order to take the survey would certainly have hin-
dered participation. In addition, asking survey respondents to fill out an anonymous survey
with a Google account could come across as conflicting with the commitment to preserve
anonymity of participants.

Survey dissemination via email with a unique URL link per survey participant was
accomplished through a privacy-preserving script that was written, tested, and deployed
with approval from the Office of Information Systems Management (OISM) Assessment
and Authorization team. OISM asked us to pick an email address ending in “@nist.gov” as
the reply-to address to decrease the chance of the survey invitation landing in the junk/spam
folders. Accordingly, although the survey invitation was signed by the NIST Director,
the donotreply@nist.gov address was used as the sender to avoid flooding the Director’s
email with any potential questions, replies, and undeliverable email notices. Proper contact
information was provided on the landing page of the survey as well as in the information
sheet (see Fig. A5 in the Appendix). With an approval from the Public Affairs Office, the
survey invitation also included a NIST banner that reflected the name of the survey (see
Fig. A8 in the Appendix). Snapshots of the survey itself, including network questions and
skip logic examples, can be found in Appendix A. The survey remained open for a period of
three weeks. Between the launching and closing dates, an announcement was posted on the
internal NIST website (inet.gov), then a reminder was sent from the Associate Directors to
their leadership teams, and another from the Operational Unit (OU) Directors to their staff.
A final reminder email message was sent from the NIST Director to all staff the week prior
to the closing date (see Fig. A9 in the Appendix). In the last reminder, a note was added
asking those who did not receive the survey to check their junk/spam folder. Regardless
of the message within every reminder, all participants were directed to the original email
message sent by the NIST Director on the launching date.

2.7 Workforce and Demographic Data

As part of the study, anonymized workforce data about NIST Federal Employees and Asso-
ciates was requested. The following workforce data: gender, race, age group, supervisory
status, tenure, and organizational unit (OU), was received from Office of Human Resources
Management (OHRM) for NIST Federal Employees who were at least 18 years old and
working at NIST as of October 10th, 2020. These data were used to obtain the distributions
of the various attributes in the population of NIST Federal Employees. Similarly, the fol-
lowing workforce data: gender, age group, tenure, and OU, was received from the NIST
Associates Information System (NAIS) for NIST Associates who were working at NIST
as of October 19th, 2020. These data were used to obtain the distributions of the various
attributes in the population of the entire NIST Workforce.
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2.8 Data analysis

To quantify the respondents’ broadly defined connectivity, we use the size of the ego net-
works. The size of the network at the ego-level is quantified by the degree centrality mea-
sure C (also called total degree). Degree is calculated as a number of ties that connect an
ego with alters (or, equivalently, as the number of alters an ego has). Depending on the
network question, degree can be thought of as a measure of social integration, sociability,
influence, or access to resources and support, all of which can influence ego’s behavior.

To capture the diversity in respondents ego networks we use the measure of network
composition. Composition is calculated as fraction of alters in each possible category based
on either a single alter attribute α or a combination of multiple attributes {αi}N

1 . It thus
allows to quantify the overall social or demographic make up the ego network. Composition
measure relies solely on alter attributes and does not take into account the ego attributes.

To assess the similarity between the ego and alters, we use the Krackhardt-Stern’s E-I
index [40]. The E-I index is a social network measure capturing how the relative density
of internal connections within a given social group compares to the number of connections
that group has to the external world. It can be thought of as a measure of acculturation as
it allows to quantify the outcome of two or more cultures coming into contact. For a given
attribute of interest α , the E-I index is defined as

EIα =
E− I
E + I

, (1)

where E is number of ties to alters in different groups according to the attribute α (external
ties) and I is number of ties to alters sharing the attribute α . The EIα varies between -1
(indication homophily, i.e., preference for alters that share the attributes with the ego) and
1 (indicating heterophily, i.e., preference for alters that do not share the attributes with the
ego).

The chi-square goodness of fit test was used to test for statistically significant differ-
ences between the NIST population and the survey respondents as a whole as well as for
differences in network metrics between males and females. Since the NIST database did not
include non-binary gender option and the number of respondents who reported non-binary
gender was low (N = 2), all test comparing gender-based differences include only males
and females. When one or more of the cell counts in a contingency table was less than five,
the Fisher’s exact test was used instead of the chi-squared test and only p value is reported.
All statistical analyses were done using Statistical Package for the Social Sciences [41]
and the R statistical programming language [42]. We used the dplyr [43] and egor [44]
packages for the network data analysis and ggplot2 [45] for network data visualizations.

To account for the false discovery rate, we implement the Benjamini-Hochberg pro-
cedure when appropriate and pcorr is reported. We consider results with p < 0.001 as
significant.
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Fig. 1. The population and survey respondents distribution (Part 1). The data are categorized
according to the following attributes: Gender: M stands for male, F stands for female, Non-Bin
stands for non-binary, and NA stands for prefer not to answer; Age group in years of age: 18–23,
24–39, 40–55, 56–74, and over 75; Tenure in years: less than 4, 4–10, 11–20, and over 20.

3. Results

In this section, we present the results of the analyses performed on the survey data. The
survey participants data is compared against NIST Federal Employees database. Since the
survey was anonymous, we cannot account for the possibility of having the same alters
named in multiple networks of the same type. Thus, the NIST Workforce data (comprising
both Federal Employees and Associates) is not compared against the survey.

3.1 Participants Demographics and Work History

For the purpose of this study, the NIST Federal Workforce data is used to define the ref-
erence distributions of attributes for the egos. Similarly, the entire NIST Workforce data
(including both Federal Employees and Associates) defines the expected distributions of at-
tributes for the alters. Out of the 3,416 employees included in the NIST Federal Workforce
database, 842 completed the survey (resulting in an overall response rate of 24.6%). Since
only submitted responses were recorded, we do not have information about the number of
respondents who might have started the survey but chose not to submit it.

Since all survey questions (both demographic and network-related) were mandatory, the
number of participant responses N was fixed for all questions. The discussion presented in
this section represents the data from all 842 participants.

Figure 1 shows the percent distribution of the NIST Federal Workforce and of the survey
respondents categorized according to gender, age group, and tenure. Note that while the
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Fig. 2. The population and survey respondents distribution (Part 2). The data are categorized
according to the following attributes: Race: Non-Min stands for non-minority (White) and Min
stands for minority (American Indian, Asian, Black, Hispanic, Native Hawaiian, Other); Location:
reflects employee’s assigned duty location; Supervisory status: reflects whether the employee is a
supervisor/manager or not.

survey included four gender options for the egos, including “prefer not to answer”, the
gender included in the workforce data is binary (male/female). The proportion of male
employees (64% of the workforce, 55% of survey respondents) is larger than that of female
(36% and 43%, respectively). Among the age groups considered, the largest proportion of
employees are in the age groups 24–39 (26%), 40–55 (41%), and 56–74 (31%). The tenure
range with the largest proportion of employees (30%) corresponds to the range from 4 to
10 years of service with the other tenure ranges (<4, 11–20, >20) still over 20% each.

Figure 2 shows percent distributions for race, location, and supervisory status. Note that
in this study we consider a binary race category into non-minority (White) and minority
(American Indian, Asian, Black, Hispanic, Native Hawaiian, and Other). For location, we
consider Colorado, Maryland, and Other. In this report, data analysis with respect to gender
is limited to only male and female. Although the option was there for survey participants
to select “Non-binary” or “I prefer not to answer”, we received less than 25 responses com-
bined for these categories and thus not enough to provide statistically significant conclu-
sions. In the racial category, the largest proportion of employees are non-minority (73%).
Most of the employees play a non-supervisory role (86%).

Of the 3,416 Federal Employees, the distribution according to directorate is as follow:
66% work in the NIST Laboratory Programs (LP), 29% work in Management Resources
(MR), 3% work in the Director’s Office (DO), and 3% work in Innovation and Industry
Services (IIS). The percent distribution of survey respondents according to directorate was
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Fig. 3. The population and survey respondents distribution by OU. Percent of survey
respondents compared against the population. The data are categorized according to
Organizational Units.

as follow: 71% from LP, 22% from MR, 4% from IIS, and 2% from DO. Percent distribu-
tion of the NIST Federal Workforce and of the survey respondents categorized according
to Organizational Units (OU) is show in Fig. 3. For clarity, the spelling of the acronyms
of the nineteen (19) OUs is listed here in alphabetical order: BPEP: Baldrige Performance
Excellence Program, CTL: Communications Technology Laboratory, DO: Director’s Of-
fice, EL: Engineering Laboratory, HMEPP: Hollings Manufacturing Extension Partnership
Program, IIS: Innovation and Industry Services, ITL: Information Technology Laboratory,
LP: Laboratory Programs, MML: Material Measurement Laboratory, MR: Management
Resources, NCNR: NIST Center for Neutron Research, OAAM: Office of Acquisition and
Agreements Management, OAM: Office of Advanced Manufacturing, OFPM: Office of
Facilities and Property Management, OFRM: Office of Financial Resource Management,
OHRM: Office of Human Resources Management, OSHE: Office of Safety, Health and
Environment, OISM: Office of Information Systems Management, PML: Physical Mea-
surement Laboratory.

To compare the distributions between NIST Federal Employees and the survey respon-
dents all continuous attributes (e.g., age or tenure) used in our survey were broken down
into well-defined clusters and treated as categorical attributes. For the 842 responses re-
ceived, the chi square analysis indicated that among all the ego attributes, age and location
were the only attribute for which the proportion in the sample (respondents) was equiva-
lent to the proportions in the NIST Federal Workforce population. Table 1 summarizes the
results of the test for all attributes, showing where the study sample proportions are signif-
icantly different from the population proportions across each of the different categories.
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Table 1. Chi square test results when comparing survey responses against the population for each
attribute: Gender (Male, Female, Non-binary, Prefer not to answer), Age group (18–23, 24–39,
40–55, 56–74, and over 75), Tenure (<4, 4–10, 11–20, >20), Race (Non-Minority, Minority,
Location (Colorado, Maryland, Other) Supervisory status (Supervisor, Non-Supervisor), and
Organizational Unit.

Category χ2 d.o.f. p-value
Gender 22.1 1 < 0.001
Race 23.1 1 < 0.001

Age group 9.0 4 0.06
Supervisory status 47.5 1 < 0.001

Tenure 23.1 3 < 0.001
Location 2.9 2 0.23

Organizational Unit 60.1 18 < 0.001

The demographic information for the entire NIST Workforce, which includes both Fed-
eral Employees and Associates, amounts to a total of 7,228 people. The percent distribution
according to directorate is as follow: 59% work in the NIST Laboratory Programs, 37%
work in Management Resources, 2% work in the Director’s Office, 2% work in Innovation
and Industry Services. A summary of demographics and work history for the entire NIST
Workforce is presented in Fig. 4 and Fig. 5. Figure 4 shows the percent distribution of
the entire NIST Workforce categorized according to gender, age group, and location. The
racial category was not included as we only have these data for NIST Federal Employees.
NAIS does not collect this information for NIST Associates. The proportion of male staff
(73%) is larger than that of female staff (27%). The largest proportion of staff are in the
age groups 24–39 (35%), 40–55 (34%), and 56–74 (25%). Additionally, the proportion of
non-supervisors is 93%: not shown in Fig. 4). The largest proportion of staff have been
at NIST for less than 4 years (46%; not shown in Fig. 4). The proportion of staff with

Fig. 4. The demographic distribution of NIST Workforce. The data is categorized according to
the following attributes: Gender: M stands for Male, F stands for Female, Age group in years of
age: 18–23, 24–39, 40–55, 56–74, and over 75, and Location: Reflects the assigned duty location
of every employee.
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Fig. 5. The NIST Workforce distribution by OU. The data are categorized according to
Organizational Units.

tenures larger than that is: 4–10 (27%), 11–20 (15%), >20 (12%). The percent distribution
of NIST Workforce categorized according to OUs can be found in Fig. 5. Among all the
OUs, the ones with the largest proportion of staff (defined here as more than 10%) are the
following: OFPM (22%), PML (17%), MML (13%), and ITL (11%).

Since the survey was anonymous, we are not able to determine whether a given alter
was listed as a connection on more than one survey response. Thus, for the purpose of our
analysis, each alter listed in on the survey is treated as a distinct individual. However, while
such simplification is appropriate for studying ego networks, it does not allow us to directly
compare the demographics distributions between NIST Workforce and the alters.

3.2 Ego Networks Analysis: Network Size

The ENA was performed sequentially, with the results from one phase informing the direc-
tion and focus of the analysis in the consecutive phase. In the first phase, we performed
an analysis of the ego network sizes and their variability between egos with varying sets
of attributes. To capture the network size, we use the degree centrality measure. For sim-
plicity, we use the term “work network” for the work-related network resulting from the
analysis of the responses to Question A in the survey. Similarly, we use the term “advice
network” for the career advice-related network resulting from the analysis of the responses
to Question B in the survey.

We start our analysis by comparing the network size between respondents, using degree
centrality measure C as a proxy for connectivity. Without splitting the data according to
gender or race, we find that the average degree for the work network is Cavg = 5 (stan-
dard deviation SD = 2), approximately two times larger than that for the advice network
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Fig. 6. The network size distributions. The distribution of network sizes categorized according to
number of alters for each network: work and advice.

(Cavg = 2, SD = 1). The size distribution for both networks is presented in Fig. 6. In the
work network, we find that 43.9% respondents provided only the required 3 alters, 18.8%
provided 4 alters, 12.9% provided 5 alters, and 24.3% provided more than 6 alters (7.8%
provided 6 alters, 4.4% provided 8 alters, 3.4% provided 8 alters, and 8.7% provided 9 al-
ters). Interestingly, not a single respondent listed only one advice alter. Rather, the number
of alters was either 0 (for 9.7% of respondents), or at least two, with 57.9% respondents
listing 2 alters, 20.2% listing 3 alters, 6.4% listing 4 alters, 3.6% listing 5 alters, and 2.2%
listing 6 or more alters. A comparison of the attributes distribution between respondents
who listed no advice alters and those who listed at least two revels significant differences
only based on the age group attribute, with respondents in the 56+ age groups being sig-
nificantly more likely to report empty advice network than respondents in the age groups
between 18 and 39 years old [p < 0.001].

The work networks vary in size within the bounds (i.e., Cmin = 3, Cmax = 9) for males
and females, regardless of ethnicity. Among respondents who chose to not report their gen-
der the range was Cmin = 3 to Cmax = 6 (N = 20), and for the two non-binary respondents the
network size was C = 5 and C = 6. The average degree among non-minority respondents
regardless of gender was Cavg = 4 (SD = 2) and among the minority respondents Cavg = 5
(SD = 2), also regardless of gender. We find no statistically significant differences in the
distribution of the work network size when the data is sliced by any of the ego attributes
[χ2(5) = 9.8, p = 0.08 for gender; χ2(5) = 5.2, p = 0.37 for ethnicity; p = 0.06 for the
age groups; χ2(5) = 11.2, p = 0.05 for the supervisory status; χ2(15) = 24.3, p = 0.06 for
tenure; p = 0.61 for location; and p = 0.03 for OU].

As mentioned earlier, for the advice networks, there was no minimum required alters
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though the maximum number of alters was still set at nine. The resulting networks vary in
size from Cmin = 0 to Cmax = 9. There is also more variability in the total size of networks
by gender and ethnicity. For females, the network size varies from Cmin = 0 to Cmax = 9,
regardless of ethnicity. For non-minority men, the network size ranges from Cmin = 0 to
Cmax = 8 and for minority males the range is Cmin = 0 to Cmax = 5. Among respondents who
chose to not report their gender the range was Cmin = 0 to Cmax = 2 for the non-minority
group and Cmin = 0 to Cmax = 4 for the minority group. Both non-binary respondents
reported advice networks of size C = 2. The average degree was found to be Cavg = 2 (SD=
1) for all respondents except for the non-minority females and non-minority respondents
who chose not to report their gender (here the average degree was Cavg = 3, SD = 1). This
consistency of average degree between groups suggest that the larger advice networks are
rather unusual and might be treated as statistical outliers. A side-by-side size comparison
confirms that only 1.8% non-minority males, 3.3% of non-minority females , and 2.3%
on minority females reported advice networks larger than 5. Like for work networks, we
found no significant differences in the distributions of advice network sizes for any of the
attributes [p = 0.17 gender; p = 0.82 for ethnicity; p = 0.09 for the age groups; p = 0.02
for the supervisory status; p = 0.06 for tenure; p = 0.03 for location; p = 0.30 for OU].

3.3 Ego Networks Analysis: Network Composition

In this phase, we look at the ego network compositions. The composition analysis allows
us to quantify how diverse, on average, ego networks are. A depiction of the composition is
presented in Fig. 7. A donut chart design (essentially a pie chart with the center area cut out)
was chosen to represent the attribute composition of alters connected to an ego (comprising
only NIST Federal Employees) as described in the center area of the donut. The donut
charts shown in Fig. 7 represent a comparison of the network compositions between egos
divided according to hypothetical ego-attribute that can take one of two possible values:
type A (left) and type B (right). The composition here captures a hypothetical alter-attribute
(binary color preference: Green or Blue).

Fig. 7. A visualization of the composition. A comparison of alters’ composition between the
networks of two generic ego types: ego type A (left) and ego type B (right). The donut chart
indicates the percent of connections that have green and blue membership as well as the
Green-to-Blue (G/B) ratio for each ego network type.
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Fig. 8. The average ego network compositions in the work network for males and females.
Comparison of the work networks composition based on alters’ binary OU affiliation (i.e., Labs vs.
Non-Labs).

While only alter attributes are used to find the composition, ego attributes can be used
to compare compositions between different groups (e.g., males vs. females, supervisors
vs. non-supervisors, etc.). Since the analysis from the previous phase did not reveal any
differences between the various demographic groups based on the network sizes, we opt to
carry the composition analysis based on all ego attributes and all alter attributes.

To assure the validity of statistical tests used to compare groups, some of the attribute
options are combined prior to the analysis. In particular, as we discussed in Sec. 3.1, ma-
jority of the egos and alters reported for both networks are male or female, with less than
1% identified as non-binary and about 2% opting to not provide gender. Thus, for gender
we compare compositions only between male and female egos. The ego age groups are
combined into three bins: 18–39, 40–55, and 56+. The tenure attribute is combined into
two bins: less than 10 years and more than 10 years. For location, we compare between
Maryland and non-Maryland egos and for OUs we consider OUs under the laboratory pro-
grams (including CTL, EL, ITL, MML, NCNR, and PML; called in what follows “Labs”)
and non-laboratories (including all remaining OUs; called “Non-Labs” ). All pcorr values
reported in this section are adjusted following the Benjamini–Hochberg procedure.

In addition to analysis and visualization based on all groups in the given category, we
also include discussion that involves the relative ratios for the alter attributes. For the at-
tributes treated as binary, i.e., gender, supervisory status, location, and OU, we consider the
male-to-female (M/F), supervisor-to-nonsupervisor (Su/NSu), Maryland-to-nonMaryland
(M/NM), and Labs-to-Non-Labs (L/NL) ratios, respectively. When more than two options
are possible (e.g., for age groups), we consider the similar-to-different (S/D) ratio.

For the work network, we find five ego–alter attributes combination with statistically
significant differences between groups. Composition based on alters’ OU affiliation turned
out to be a significant factor in three cases: when comparing between egos based on gender,
OU, and location. When comparing between genders, as shown in Fig. 8, we find that
males tend to report significantly more connections with alters from Labs than females do
[χ2(1) = 24.1, pcorr < 0.001]. Figure 9 shows a comparison of the average ego network
compositions in the work network for egos from Labs and Non-Labs. Note that here we
consider three possible bins for alters’ OU: same as ego, different than ego (Lab), and
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Fig. 9. The average ego network compositions in the work network for Labs and Non-Labs.
Comparison of the work networks composition based on alters’ OU affiliation: same as ego,
different than ego (lab), and different than ego (non-lab).

different than ego (Non-Lab).
We find that even when accounting for preferences to interact with one’s own OU,

egos from Lab report interaction with significantly more Lab employees than Non-Lab
egos [χ2(2) = 45.8, pcorr < 0.001]. When comparing between sites, we find that egos
from Maryland tend to report significantly more ties with Labs than egos from other sites
[χ2(1) = 19.9, pcorr < 0.001], see the top panel in Fig. 10. Maryland egos also tend to
report significantly more work-related interactions with alters from Maryland than from
other sites [χ2(1) = 22.4, pcorr < 0.001], see the bottom panel in Fig. 10. Finally, when

Fig. 10. The average ego network compositions in the work network for Maryland and
non-Maryland sites. The top panel shows the work networks composition based on alters’ binary
OU affiliation (i.e., Labs vs. Non-Labs). The bottom panel shows composition based on alters’
location. While the composition is calculated based on all three options (i.e., Maryland, Colorado,
and Other), we opted to bin together the non-Maryland sites as only 2% of respondents declared
location different than Maryland or Colorado.
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Fig. 11. The average ego network compositions in work networks for supervisors and
non-supervisors. Comparison of work networks composition based on alters’ age group.

comparing network composition between supervisor and non-supervisor egos, as shown in
Fig. 11, we find that supervisors tend to report significantly more work-related interactions
with younger alters than non-supervisors do [χ2(2) = 23.9, pcorr < 0.001].

The situation is somewhat different for advice networks. Here, we find six ego–alter
attributes combination with statistically significant differences between groups. Like with
the work networks, composition based on alters’ OU affiliation turned out to be a significant
factor in three cases: for composition based on alters gender, OU, and location. The OU
based composition, shown in top panel in Fig. 12, reveals that like in the work networks,
males report significantly more interactions with alters from Labs than females do [χ2(1) =
19.7, pcorr < 0.001]. The overall composition is also quite consistent with work networks,
with L/NL ratio of 2.8 for males (2.7 for the work network) and of 1.4 for females (same
as for work network). The comparison of the average ego network composition based on

Fig. 12. The average ego network compositions in the advice network for males and females.
The top panel shows the advice network composition based on alters’ binary OU affiliation (i.e.,
Labs vs. Non-Labs). The bottom panel shows advice network composition based on alters’ gender.
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Fig. 13. The average ego network compositions in advice networks for Labs and Non-Labs.
Comparison of advice networks composition based on alters’ OU affiliation: same as ego, different
than ego (Lab), and different than ego (Non-Lab).

gender, presented in bottom panel in Fig. 12, shows that males report significantly more
interactions with male colleagues than females [χ2(1) = 27.8, pcorr < 0.001].

Figure 13 shows comparison of the average advice network compositions for egos from
Labs and Non-Labs. We find that both the preferences to interact with one’s own OU (as
captured by the S/D ratio) and preferences of egos from Lab to interact with other Lab
colleagues [χ2(2) = 29.9, pcorr < 0.001] are consistent with the work network. The com-
position comparison between sites, as shown in Fig. 14, is also quite consistent with the
work network. Like before, we find that egos from both Maryland and Non-Maryland
tend to report significantly more interactions with Labs than Non-Labs [χ2(1) = 19.8,
pcorr < 0.001], see the top panel in Fig. 14. The preference of egos from Maryland to

Fig. 14. The average ego network compositions in the advice network for for egos from
Maryland and non-Maryland. The top panel shows the advice networks composition based on
alters’ binary OU affiliation (i.e., Labs vs. Non-Labs). The bottom panel shows composition based
on alters’ location.
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Fig. 15. The average ego network compositions in the advice network for different age
groups. Comparison of the advice networks composition based on alters’ age group.

seek advice from alters from Maryland than from other sites is also consistent with work
network [χ2(1) = 49.8, pcorr < 0.001], see the bottom panel in Fig. 14.

Interestingly, we do not find any significant differences for the advice network based on
alters supervisory status or tenure. Instead, when comparing network composition between
egos from different age groups, as shown in Fig. 15, we find that egos in the 18–39 age
group tend to report significantly more advice-related interactions with alters in different
age groups than egos older than 40 [χ2(2) = 33.6, pcorr < 0.001].

3.4 Ego Networks Analysis: The Krackhardt-Stern’s Index

In the third phase of the analysis, we use the Krackhardt-Stern’s EIα index to better under-
stand the network composition. The EIα index is a measure of the extent to which the ego
interacts with alters similar to or different from self, with values varying between EIα =−1
to indicate homophily (i.e., preference to interact with alters similar to ego with respect to
the attribute α) alters and EIα = 1 to indicate heterophily (i.e., preference to interact with
alters different from ego based on the attribute α). Figure 16 shows a depiction of the EIα ,
with α denoting preference for green shirts, for three toy networks.

The analysis in this phase for both types of ego networks (i.e., work and advice) is
done according to attributes for which we previously found significant differences between
groups. Since the Krackhardt-Stern’s index requires that information about a given attribute
α is available for both egos and alters, for the work network we compare the EIα between
locations and OUs while for the advice network we compare between genders, age groups,
locations, and OUs. To better assess the role of a given attribute in relationship building,
for each attribute we provide a reference EIre f

α established based on the NIST Workforce
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Fig. 16. A visualization of the EIα index. A comparison of the the EIα , with α indicating
preference for wearing green shirts, between three toy networks. For the left network EIgreen =−1,
indicating strong preference for green shirts (homophily); for the central network EIgreen = 0,
indicating no shirt color preference; for the right network EIgreen = 0.7, indicating rather strong
preference for non-green shirts (heterophily).

population. Note that the EIre f
α is included for reference only and should not be interpreted

as indicating a preferred or target EIα .
The location distribution of the NIST Workforce is 16.9% in Colorado, 81.4% in

Maryland, and 1.7% at other sites. This translates to EIre f
CO = 0.67, EIre f

MD = −0.63, and
EIre f

other = 0.97 (see Eq. 1). The comparison of the EIlocation index distribution between the
different sites is shown in the left plot in Fig. 17. The EIre f

location is included in each plot as a
dashed line. As we already stressed, all of the EIre f

α are calculated based on the population
and thus do not take into account the natural preference or convenience of interactions with
alters located in close physical proximity. Thus, as expected, the actual EIlocation signifi-
cantly deviates from the EIre f

location. Rather, there is a clear difference between the three loca-
tions that correlates with the size of the site, with Maryland site being the most homophilic
(EIavg

MD =−0.94, SD= 0.18) and the “Other” location the least homophilic (EIavg
other =−0.46,

Fig. 17. The EIα index distribution in the work network for location and OU. The left plot
shows comparison of the EIα based on egos locations and the right plot based on egos’ binary (i.e.,
Labs vs. Non-Labs) OU affiliation.
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Fig. 18. The EIα index distribution in the work network by OU. The red color indicates Lab
OUs and the blue color indicates Non-Lab OUs. In this figure, DO and MR are defined as follows:
DO includes the following Non-Lab OUs: DO, LP, IIS, BPEP, HMEPP, OAM; MR includes the
following Non-Lab OUs: MR, OAAM, OFPM, OFRM, OHRM, OSHE, and OISM.

SD = 0.73). Egos from Colorado, with EIavg
CO = −0.79 (SD = 0.4), also lean towards ho-

mophilic networks. Overall, for all locations the networks are much more homophilic than
would be expected based on the available population, with the EImed

location =−1 for all sites.
The EIOU distribution is shown in the right plot in Fig. 17. Since the NIST Workforce

is fairly equally divided between Labs (57.9% of employees and associates) and Non-Labs
(42.1% of employees and associates), the EIre f

OU is relative close to 0, with EILAB =−0.16
and EINL = 0.16. The real work networks, however, tend to be much more homophilic,
with egos in both Labs and Non-Labs reporting interacting mostly with alters from the
same type of OU (EIavg

LAB = −0.94, SD = 0.22; EIavg
NL = −0.9, SD = 0.3). As shown in

Fig. 18, there is in fact a strong preference for interactions with alters from ones own OU.

Table 2. The summary of the EIOU index distribution for the work network for all OUs. For
each OU, we provide the reference index EIre f

OU in the first column, the average index EIavg
OU in the

second columns, and the standard deviation SD in the last column.

OU EIre f
OU EIavg

OU SD
CTL 0.94 -0.81 0.35
DO 0.90 -0.78 0.40
EL 0.88 -0.78 0.42
ITL 0.79 -0.69 0.48
MML 0.75 -0.80 0.36
MR 0.25 -0.86 0.35
NCNR 0.84 -0.83 0.30
PML 0.65 -0.85 0.31
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Fig. 19. The EIα index distribution between genders. The comparison of the EIα between
genders for the work network (left) and for the advice network (right).

The EIre f
OU and EIavg

OU values for each OU shown in Fig. 18 are presented in Table 2. The
median EImed

OU = −1 in the binary Lab vs. Non-Lab comparison as well as for all OUs
presented in Fig. 18.

While we found no statistically significant differences in work networks composition
between genders, the difference in network composition became significant for advice net-
works. Figure 19 shows a comparison of the EIgender index distribution for females and
males for both the work (left) and for advice networks. The gender distribution within the
NIST Workforce is 72.7% males and 27.4% females, which means that we would expect
to see about three times more males than females in a random ego network. This translates
into EIre f

gender = −0.45 for males and EIre f
gender = 0.45 for females. Interestingly, while for

males the average EIavg
male =−0.46 (SD= 0.7) for advice networks agrees with the reference,

for females the average EIavg
female = −0.02 (SD = 0.75), For comparison, EIavg

male = −0.36
(SD = 0.49) and EIavg

female = 0 (SD = 0.54) for the work network. The median EImed
female = 0

in both networks, while for males EImed
male = −1 in the advice network and EImed

male = −0.33
in the work network. This suggest that even though males are quite likely to report females
in the work network, they exhibit strong homophilic preferences in their advice network.
This observations is further confirmed by the fact that almost half of the males (48.5%)
reported fully homophillic networks. Moreover, as can be seen in the violin plot shown in
the left plot in Fig. 19, there is a second peak in the work network, with 23.2% of males
reporting network with EImale = −1, that is nearly a quarter of the male egos reported
more homophilic networks than reference. At the same time only 2.4% of males reported
heterophilic networks.

Females, on the other hand, tend to have much more balanced networks, with about
60% of females reporting work networks with EIfemale ∈ (−0.35,0.35) and about 40% of
females reporting advice networks with EIfemale in this range. The violin plot for females
work network, shown in the left plot in Fig. 19, exhibits a symmetric bimodal distribu-
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Fig. 20. The EIα index distribution the advice network between age groups. The comparison
of the EIα between age groups for the advice network.

tion, with one peak aligning with NIST-Workforce-based reference (EIfemale ∈ (0.3,0.6)
for 23% of female respondents) and the other peak corresponding to the opposite network
composition (EIfemale ∈ (−0.6,−0.3) for 29.3% female egos). The extreme cases of ho-
mophily and heterophily are rather rare and quite balanced, with EIfemale = −1 for 9.5%
of females and EIfemale = 1 for 8.7% of females. Interestingly, for the advice network,
females were just as likely to report having either homophilic (EIfemale =−1 for 26.5% of
females), heterophilic (EIfemale = 1 for 24.7% of females), or perfectly mixed ego networks
(EIfemale = 0 for 18.8% of females.

The age distribution of the NIST Workforce translates into EIre f
age = 0.23 for the 18–

39 group, EIre f
age = 0.32 for the 40–55 group, and EIre f

age = 0.46 for the 56+ group. The
comparison of the EIage index distribution between the different age groups is shown in
Fig. 20. One can notice that the advice networks reported by the 56+ age group, with
EIavg

age =−0.34 (SD = 0.82) and EImed
age =−1, tend to be more homophilic that for the other

two groups. The advice networks reported by the middle 40–55 age group, while still
leaning towards homophily, are more balanced that in the older group (EIavg

age =−0.33, SD=

0.77; EImed
age =−0.33). Finally, the youngest group of egos (18–39) exhibits rather opposite

trends. With EIavg
age = 0.3 (SD = 0.75) and EImed

age = 0.33 respondents in the youngest group
tend to report network leaning towards heterophily, that is preference for interactions with
more senior employees.

Similarly to the work network, the EIlocation index distribution between the three loca-
tions that correlates with the size of the sites (see the left plot in Fig. 21). Like before,
the Maryland site seems to be the most homophilic (EIavg

MD = −0.96, SD = 0.2), followed
rather closely by the Colorado site (EIavg

CO =−0.76, SD= 0.53). The EImed
location =−1 for both

sites. Likely do to its size, the “Other” location is the least homophilic, with EIavg
other =−0.3

(SD = 0.74) and EImed
other =−0.38.

The EIOU distribution for the advice network, shown in the right plot in Fig. 21, also
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Fig. 21. The EIα index distribution in the advice network for location and OU. The left plot
shows comparison of the EIα based on egos locations and the right plot based on egos’ binary (i.e.,
Labs vs. Non-Labs) OU affiliation.

closely resembles that for the work network. Both Labs and Non-Labs advice networks
tend to be quite homophilic, with EIavg

LAB = −0.92 (SD = 0.3) and EIavg
NL = −0.84 (SD =

0.41).

4. Discussion

NIST recognizes that diversity, equity, and inclusion (DEI) are key components in its mis-
sion of engaging innovation. In light of that recognition, NIST has traditionally allowed the
organization of affinity groups and heritage events as well as provided cultural educational
opportunities [46, 47]. This project is one of three data-driven studies recently launched
to better understand the current state of DEI at NIST. Specifically, an ego network anal-
ysis (ENA) of federal employees was conducted to gauge the nature and composition of
interactions at NIST.

Apart from catalyzing innovation, increasing DEI in an organizational setting is asso-
ciated with a host of positive outcomes. However, while previous research suggests that
diversity in teams can lead to more creative problem-solving [9] as well as other demon-
strated benefits [10–14], other studies contend that diversity without inclusion can result
in negative outcomes, such as perceived discrimination, less support from supervisors, and
lower relationship quality [17]. An additional challenge lies in measuring inclusivity itself,
which has been assessed in a variety of ways. For example, Sabharwal [48] approached
the study of inclusivity by gauging organizational inclusive behaviors, measured by how
individuals perceive that their leadership is committed to fostering inclusion, their abil-
ity to influence work group decisions, and the extent to which they are treated fairly. In
turn, other researchers argue that there is a lack of consistency regarding which specific
behaviors and actions actually exemplify inclusion [49].
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By developing and implementing an innovative method for gauging organizational in-
clusivity, this study helps to fill in the existing gap in the literature as well as it contributes
to recent government-mandated efforts towards advancing our understanding of and com-
mitment towards diversity, equity, and inclusion. In fact, a recent Executive Order on
Advancing Racial Equity and Support for Underserved Communities Through the Federal
Government explicitly calls for identifying methods to assess equity in the federal gov-
ernment [50]. As part of our study, we employed a social network analysis approach to
measure inclusivity. Specifically, we assessed ego networks that stem from different inter-
actions that take place as work is conducted at NIST.

The literature in this area suggests that, within an organization, there are different ways
and purposes for which its members interact with one another. This study focused on two
types of interactions. The first type of interaction is that which pertains to achieving work-
related goals at NIST, it can be understood as the “work network.” In the context of this
project, a work network is comprised of what previous researchers call instrumental or
workflow ties–the relationships that develop between two individuals in an organizational
setting from the performance of work roles [51]. Research has shown that work or instru-
mental ties can play a role in how people feel about their job [52], overall performance [53],
as well as managerial performance and innovation [54].

In turn, the second type of interaction explored in this study involves seeking advice
about career-related decisions at NIST, the “advice network”. In previous research, advice
networks in an organization have been attributed to the transmission of information between
its members through informal ties and interactions [55]. The importance of this particular
type of network stems from the belief that informal interactions may play a crucial role
in obtaining influence within an organization, which in turn then affects career success
and upward mobility [34]. More recent work in this area highlights that embeddedness in
advice networks can also have significant implications for job performance [56], embracing
existing as well as new organizational values [57], and job involvement [58].

One of the main questions broached by this study was whether there were any differ-
ences between work and advice networks, specifically regarding network size and com-
position. In the context of this study, network size refers to the number of people (i.e.,
alters) that respondents listed when prompted to describe their work or advice-seeking in-
teractions. Previous work in this area suggests that how a network is defined ultimately
determines its size [59]. Thus, we expected to see some difference in size between the two
types of networks considered in this study. Especially that the two networks had different
constraints imposed in the size: the study design required participants to list as few as three
and as most as nine alters for work interactions, while the advice-seeking interactions had
no lower bound. The minimum requirement for the work interactions prompt stems from
NIST-specific work routines that expect a given employee to interact, at minimum, with
three individuals: their direct supervisor (e.g. group leader), their supervisor’s supervisor
(e.g. division chief), and the administrative office assistant to conduct their work. In turn,
limiting the number of alters that could be listed to nine was a study design strategy in-
tended to reduce respondent fatigue–a methodological best practice highlighted in social
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science research to avoid the deterioration of survey data quality that occurs with longer
survey lengths [60]. In addition, similar survey prompt constraints have been implemented
in previous social network research [34].

Another potential explanation for the differences in network size is that, when seeking
advice, people must carefully consider the costs and benefits of those interactions. Indeed,
previous studies in advice seeking contend that this type of information-seeking behavior
involves costs for the person being asked for advice and benefits for the person seeking
advice – and because of this trade off, people must carefully consider from whom they
seek advice [61, 62]. In addition, while research suggest advice seekers are perceived as
more competent when they ask others for advice [63], intuitively people may be reticent
in seeking advice from others out of fear of appearing incompetent. Interestingly, we also
find that respondents in the 56+ age groups are significantly more likely to report empty
advice networks than respondents in the 18-39 age groups, which suggests that egos in the
56+ age groups may have advice networks outside NIST.

An additional question broached by this study sought to explore whether (and if so,
how) NIST work and advice networks differ in composition. When considering work in-
teractions, two main findings can be identified. First, participants were more likely to list
alters affiliated with Lab OUs rather than Non-Lab OUs. Further, the Lab-to-Non-Lab
(L/NL) ratio was larger for male participants (L/NLmale = 2.7, L/NLfemale = 1.4), those
that work in a lab organizational unit (L/NLlab = 12.4, L/NLnon-lab = 0.1), and respondents
that indicated that they do not work in Maryland (L/NLnon-MD = 4.3, L/NLMD = 1.7). We
also found that participants with supervisory status were more likely to list alters that were
younger rather than older (Y/Osup = 2.1) compared to participants that did not identify
themselves as supervisors (Y/Onon-sup = 0.9). The latter might be reflective of the fact that
supervisors have to interact with their direct reports (often younger than themselves) to
achieve the work goals of the year. The report-like nature of these interactions is further
supported by the fact that the more frequent interactions with younger alters reported by
supervisors do not translate onto advice networks. Indeed, we do not find any significant
correlations in advice networks between the respondents age and the alters’ supervisory
status. We do, however, find a significant correlation between the egos and alters age, with
respondents in all age groups showing preference for advice-related interactions with more
experienced colleagues (that is colleagues in the 40+ age groups). Since age fairly directly
translates onto the total years in the workforce, this suggests that it is the total years of
professional career rather than status achieved at NIST that the respondents value.

According to the NIST Workforce data, these work interaction findings align closely
with what could be expected given NIST’s organizational makeup. Regarding organiza-
tional units, workforce data illustrates that 64 % percent of NIST federal employees work
in lab organizational units. The percent of members of the entire NIST Workforce (in-
cluding federal employees and associates) with Lab OU affiliation is also larger (58 %)
compared to those with Non-Lab OU affiliation. Similarly, most of the survey respondents
(69 %) indicated that they work in Lab OUs. Complementary to this data, our study con-
firmed that people employed in any of the Lab OUs tend to interact more with colleagues
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affiliated with the same organizational unit. When alters are affiliated with an OU different
from their own, there is a preference for OUs of the type that the ego is in. This suggests
the potential presence of organizational silos within NIST. Importantly, organizational silos
are generally understood as barriers for communication and information flow [64].

Also two main findings emerge when considering advice interactions. First – and sim-
ilar to what was seen with work interactions – participants showed strong preference to
seek out advice from people that work in the same OU. Further, the L/NL ratio was larger
for male participants and respondents that indicated that they do not work in Maryland.
These findings underscore the similarity between work and advice-seeking interactions.
This suggests that NIST federal employees not only work closely together with other peers
in the same OU, but that they are seeking career-related advice from the same place. It also
implies the prevalence of organizational silo structures in advice networks.

The second advice network finding concerns gender. While male participants were
more likely to list male rather than female peers as part of their advice-seeking interac-
tions (M/Fmale = 1.9), for females M/Ffemale = 1, indicating no gender-based preferences.
This is particularly interesting considering the demographics of the NIST Workforce data,
which shows that nearly three quarters of all staff are male. An even more interesting dy-
namic emerges when considering gender through the third network aspect of this study:
homophily. More on that later in this section.

Generally, homophily is understood as the principle that contends that people tend to
interact more with similar rather than dissimilar folks [65]. In the context of this study, ho-
mophily refers to the extent that an ego and its alters–that is respondents and the colleagues
they list–share similar characteristics in regards to gender, age, location, organizational
units, or supervisory status. Because assessing tenure of someone else is rather difficult
and assigning a race falls under the umbrella of racial profiling [66], our survey did not ask
participants to provide these attributes for the alters.

When focusing on work interactions, it was found that participants from all sites tend
to interact the most with other folks based in the same physical location. Similar findings
also emerged for advice networks. This suggests that respondents prefer to both work with
and seek advice from colleagues who are in close physical proximity. An additional advice
network homophily finding emerged. Participants in the younger group (from 18 to 39
years old) tend to seek advice from older colleagues. In contrast, participants in the 40–55
and 56+ age groups show preference for interacting with alters in the same age group,
respectively.

When focusing on whom female participants listed as part of their advice network,
three prevalent trends appear: female-dominated, male-dominated, and relatively equal
parts male and female advice networks. This finding is telling when put in contrast with
what was seen–or rather, not seen–for work-related interactions, primarily because while
Federal Employees at NIST may not have full authority in choosing who they work with,
seeking advice requires taking initiative since it is not a work-mandated function [61].
Interestingly, previous research suggest that the establishment of “networks of choice”
(equivalent to advice networks in this study) is the most important factor for increasing
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retention, especially for minorities [67]. Recognizing how female employees prefer to in-
teract when seeking advice is essential for informing new and ongoing efforts that intend
to make NIST a more welcoming environment for females.

Another area of interest explored in this project was whether race played a role in the
composition of participants’ work and advice-seeking networks. To that end, participants
were asked to disclose which ethnic/racial category they identified with; options included
either minority (i.e., American Indian, Asian, Black, Hispanic, Native Hawaiian, Other) or
non-minority (White). The reason we opted to measure participants’ race in a dichotomous
way (i.e., minority/non-minority) was to protect the respondents anonymity as the minority
population in the NIST Federal Workforce is relatively small. While the decision was made
to protect the respondents anonymity, minorities are not a monolithic whole. For instance,
Asians’ experiences are not the same as Blacks’ experiences, and neither is the same as
the experiences of Hispanics. Results of the analysis by race were somewhat similar to the
NIST Federal Workforce data: most participants identified as non-minority; however, the
fraction of respondents who self-identified as minority was smaller than expected based on
NIST Federal Workforce data. Analyses based on race did not yield statistically significant
differences between non-minority and minority participants regarding network composi-
tion. However, it is possible that combining all the minority racial groups into one might
have resulted in averaging and neutralizing possibly extreme reports.

Taken together, these study findings describe the way in which NIST federal employ-
ees interact with other colleagues at NIST–and more generally, they point to certain orga-
nizational trends concerning inclusivity. Despite putting constraints on work and advice
networks, the network sizes found are within the range of what would be expected [68].
Second, regarding network composition, our findings suggest the presence of organiza-
tional silos at NIST. It could be argued that both the current organizational structure as well
as the specialized work that is conducted at NIST lend themselves to this kind of network
dynamic. However, research in this area has shown that the spread of complex ideas and
innovation depend both on highly connected networks as well as wide bridges to other clus-
ters [64]. It stands to reason, then, that fostering more interconnections between different
groups at NIST could facilitate knowledge transfer and drive innovation.

Finally, the findings also shed light into who is and who is not listed as part of their
advice networks. Males, who comprise nearly three fourths of all federal employees at
NIST, do not tend to seek advice from females. These trends are not unique to NIST–there
is a whole body of work that has shown that females are often not sought for advice, and that
this lack of inclusion has detrimental effects on the career prospects of females [34, 69].
Interestingly, these facts and the dynamics that they precipitate do not impede females
from seeking other females as part of their advice-seeking interactions. This too aligns
closely with existing research, which has shown that folks tend to gravitate towards folks
of a similar gender when seeking career advice [30]. These tendencies underscore the
importance of ensuring diversity in supervisory positions, especially considering the studies
that suggest that demographic similarities and differences between supervisors and their
subordinates can affect performance rating as well [70].
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Limitations: Although this study employed an innovative approach to measure inclu-
sivity at NIST, there are several limitations. First, data was collected during the COVID-19
pandemic, a moment in time characterized by atypical work-from-home modalities that
may have impacted the interactions we sought to measure, particularly those pertaining to
advice-seeking. Another limitation is the already mentioned dichotomized race. Critical
nuance is lost when attempting to gauge inclusivity in an organization or the lack thereof
in this way. Future work should consider shifting the granularity from OUs to race.

5. Conclusions

Exploring methods to measure inclusion in the workplace is an important aspect of ad-
vancing inclusivity practices at NIST. This work demonstrates how analysis of anonymous
ego-centric social networks can be leveraged to explore various types of interaction net-
works at NIST. The insights learned from this study shed light on the nature of inclusion
in work and advice interactions. The former pertains to interactions related to “getting
work done”, and the relationships mapped as part of those interactions comprise what we
call the “work network.” The latter, on the other hand, focuses on informal advice-seeking
interactions, and the relationships mapped as part of those interactions comprise what we
call the “advice network.” The results of this study represent a snapshot of the work and
advice interaction patterns of the NIST Federal Employees that participated in the survey.
A summary of the conclusions is presented below.

The results shown herein demonstrate that the NIST Interactions Survey successfully
maps employee ego networks in two distinct settings: work and advice. Data analysis con-
firms that the formal (work) and informal (advice) networks provide important insights into
the patterns of interactions at NIST that are inaccessible through more traditional surveys.
One of the differences that we found suggests that network composition is contingent on
different ego characteristics. For instance, in the case of work networks, OU affiliation
for the most part shapes network composition patterns, whereas in the case of advice net-
works, gender and age plays an equally important role. Interestingly, these gender- and
age-based differences are not observed in the work networks. This finding suggests that
work networks could be understood as “networks of convenience”, where the employees
simply work together on projects that are of interest to NIST. The advice networks, on the
other hand, are quite different between the various demographic groups, suggesting that
more preferential decisions take place when forming them. As such, these can be thought
of as “networks of choice”.

Our analyses confirms the existence of organizational silos in work and advice net-
works. In particular, we observe that work networks exhibit dependence on the respon-
dents’ OU where employees show preference for interacting with colleagues affiliated with
the same organizational unit or, if not the same OU, the same type of OU (i.e. Lab or
Non-Lab). Interestingly, advice networks display strikingly similar dependence on the re-
spondents OU. Such strong similarity between work and advice-seeking interactions under-
score the pervasive nature of these silo structures, which potentially can represent barriers
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for communication and information flow. The spread of complex ideas and innovation
depend both on highly connected networks as well as wide bridges to other clusters.

Results from this work also reveal clear differences in the characteristics of advice
ego networks between male and female employees. Interestingly, we find gender-based
differences in advice networks that are absent in the work network, which point to pref-
erential decisions being made when forming advice networks. Male employees reported
strongly male-dominated advice networks whereas female employees revealed three preva-
lent trends: female-dominated, male-dominated, and relatively equal parts male and female
advice networks. Given that nearly three quarters of NIST staff population are male, estab-
lishing gender-neutral and female-dominated advice networks may be a very challenging
task for female employees. Acknowledging the intrinsic differences in the way males and
females interact when seeking advice creates a unique opportunity to be more intentional
in nurturing informal networks. This is particularly important in the light of previous re-
search arguing that the establishment of network of choice (e.g. advice networks in this
study) is the most important factor for increasing retention. To encourage more females
to seek employment at NIST (or more female Associates to consider staying at NIST) we
need to create an environment where females (and other underrepresented minorities) have
the opportunity to built advice networks they need.

We find a significant correlation between the age of egos and alters. Specifically, re-
spondents in the 18 to 39 age group showed a preference for seeking advice from older
colleagues. Since age is a fair proxy for total years in the workforce, this finding suggests
that work experience may be a driving factor when seeking sources of career-related advice.
This stands in contrast with supervisory status, for which we did not find a statistically sig-
nificant correlation. Taken together, these findings outline that while NIST employees are
seeking advice from more experienced colleagues–that does not necessarily suggest that
they are turning to supervisors for the career-related information they need.

Finally, our study finds no significant differences between the networks of minority
and non-minority employees for either work or advice networks. Both minority and non-
minority participants showed similar work and advice networks, which reflects similarities
in the interaction patterns when the racial category is grouped in this binary way (e.g.,
minority vs non-minority). While we would have liked to study the interactions patterns
among employees from different minority groups in a more granular way (i.e., American
Indian, Asian, Black, Hispanic, Native Hawaiian, Other), we were not able to do so to
preserve anonymity. Given the small percent of employees representing some of these
minority groups at NIST, the specificity of the minority group along with the OU affiliation
could in some cases make them identifiable.

We hope this study will inform ongoing and future NIST’s inclusivity initiatives and
recommend some strategies in the next section associated with the findings of this work.
We note that our study also opens the pathway to visualizing interaction patterns among
staff according to attributes that extend beyond those used in this study.
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6. Recommendations

The extent to which a workplace is perceived as inclusive is contingent on employee ac-
cess to information and resources. In an organizational setting like NIST, information flow
can take place through formal and informal interactions between its members. Our study
demonstrates that social network analysis can be leveraged to capture and quantify these
interaction patterns. Key findings of this work include the need to bridge communication
barriers between the Organizational Units, known as Labs, and the rest of the Non-Labs
Organizational Units, prevalent in both the work and advice networks. In addition, there
is a need to promote and nurture informal connections among female colleagues, partic-
ularly given our current male-dominated workforce. Finally, mapping advice networks in
a post-covid time and capturing differences in the personal networks among different mi-
nority groups might provide valuable information. Based on these findings, we provide the
following recommendations.
Create opportunities for employees from Lab and Non-Lab organizational units to
develop more inter-connected work networks. Our study confirmed the presence of si-
los between Lab and the Non-Lab OUs in work networks, which creates barriers in the
communication flow. To bridge these silos, we recommend that NIST establishes a formal
Leadership Rotational Program (LRP) for employees to pursue project-based assignments
for six to twelve months at a time across different OUs. Because we observed consistent
siloed effect between Lab and Non-Lab OUs, the program would benefit from including
both types of OUs. An LRP managed at a central level helps with defining the program’s
scope, success metrics, and a candidate application and selection process that benefits both
Lab and Non-Lab OUs. From the employee’s perspective, LRPs provides a unique opportu-
nity for leadership development, great exposure to alternative career paths, and a breadth of
organizational knowledge. Because LRPs force employees to constantly navigate change,
the program’s success is tied to the support provided by the host OUs as the “temporary
team member” moves through the various stages of the program.

Apart from an LRP, we also recommend that NIST creates a central hub to support
existing and facilitate the creation of new Communities of Practice (CoPs). CoPs are or-
ganized groups of employees who are practitioners of a well-defined job function in the
organization and share a desire to get better at what they do by exchanging tips and best
practices with peers in other parts of the organization. As an example, job functions that
can benefit from CoPs are group leaders, office managers, and program managers. CoPs
offer members the opportunity to connect with other members, thereby facilitating the ad-
vancement of employee collective knowledge in an important field or domain. CoPs are
known to accelerate professional development, connect silos, and lead to happier and bet-
ter motivated employees. These collaborations rooted on a purpose outside of employees’
standalone jobs can afford many benefits including granting autonomy, feelings of support,
and a sense of stewardship as well as belonging. Further, CoPs also enable opportunities
for rapid problem-solving, benefiting the entire organization as well. A key ingredient for
successful CoPs is to provide guidance and support necessary to create a formal leadership
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team for each CoP. Without a CoP leadership team, spontaneous connections between in-
dividuals in a given CoP would emerge very slowly or not at all, and existing connections
could start to fade away until eventually the community becomes inactive. The benefits of
supporting the creation of CoPs at a central level extend beyond improving communication
among employees from different silos and can have long lasting impact.
Promote informal connections between silos by providing organizational, financial,
and executive support for existing Employee Resources Groups (ERGs). Our study
confirmed that siloed communication between Labs and Non-Labs organizational units ex-
tends to advice networks. To bridge this connection gap, we recommend that NIST takes
advantage of an already existing resource: employee resources groups (ERGs), more com-
monly known at NIST as affinity groups. ERGs are networks of employees who, within
NIST, are united based on shared common experiences, characteristics, or goals. ERGs of-
fer members opportunities to socialize and organize discussions and events to raise aware-
ness of issues that are relevant to the membership, thereby facilitating the creation of infor-
mal interactions. Because ERGs connect employees regardless of location or rank in the
organization, they are perfect hubs to nurture interactions centered around a meaningful
purpose among employees across different OUs. While NIST has numerous ERGs, estab-
lishing a directive that formalizes the requirements, roles, and responsibilities for all NIST
employee organizations would make these groups stronger. Providing the means for ERGs
to have formal bylaws as well as financial and executive-level support gives ERGs a better
chance of staying active and be more impactful for employees. As in the case for CoPs,
establishing and recognizing the value of supporting a formal ERG leadership team is es-
sential to ensure the momentum and energy continues steadily with membership united to
achieve the intended goals and purpose of the ERG community for a long time. The ben-
efits of connecting employees across silos through informal networks are long lasting. To
maximize their impact, sharing best practices among the leadership teams from across all
ERGs would be beneficial.
Establish a Women Mentorship Circle Program that fosters informal connections
among female employees. Our study found that there is a significant population of fe-
male employees that prefers to seek advice from networks that are composed of 50 % or
more females. Achieving such high percent of females in advice networks can be chal-
lenging at NIST given that almost three quarters of the current workforce are male. To
decrease barriers that some female employees may be facing when trying to connect with
other female colleagues, we recommend that NIST establishes a formal program that nur-
tures social interactions among existing female employees. A key element for the success
of this kind of program is to ensure that participation accomplishes a goal that would oth-
erwise be unattainable at an individual level. With that in mind, fostering female-only
relationships centered around mentoring would be a great mechanism to get us started. To
achieve that, we recommend establishing a Women Mentorship Circle Program. A mentor-
ship circle is a group of eight to twelve colleagues (mentees) who for a period of time (e.g.,
eight months) participate in monthly meetings hosted by a more experienced colleague
(i.e., Circle mentor) with the purpose of sharing ideas, best practices, and challenges in
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a safe environment. A formal Mentorship Circle Program would recruit candidates (both
mentor and mentees) and provide participants with the opportunity to receive support and
share lessons learned. Since our analysis shows that respondents do not consider the super-
visory status to be important when seeking advice, the pool of potential female mentors in
the program can be substantially increased by incentivizing participation from experienced
non-supervisor females. An essential aspect to consider for the program to be successful
at recruiting female Circle mentors is to ensure that participating in the Mentorship Circle
Program is considered part of her career progression.
Consider mapping the advice ego networks of employees at another point in time.
Our study validated that work and advice networks provide important insights into the
patterns of interactions at NIST. The value of the methodology developed in this study
could extend to adding key insights over time if the NIST Interactions Survey were to be
launched again. For example, the data for this study was collected during the COVID-
19 pandemic, a moment in time characterized by atypical work-from-home modalities that
may have impacted the perception of access to advice-seeking connections. We recommend
that NIST considers launching a shorter version of the NIST Interactions Survey in a post-
pandemic future. In addition to modifying the length of the survey, it could also be centered
around the advice network and the attributes for which differences are to be expected given
the findings in this study. Another modification we recommend relates to capturing the race
category in a different way, more details are stated below.
Focus on racial and ethnic nuance when assessing employee ego networks. Our study
found no discernible differences in the work and advice networks between minority and
non-minority employees. Should NIST decide to run another version of the NIST Interac-
tions Survey, we recommend investigating whether differences exist in the advice networks
among minority subgroups (i.e., American Indian, Asian, Black, Hispanic, Native Hawai-
ian, Other). To achieve this goal, we recommend two additional changes apart from focus-
ing on the advice network. In order to continue preserving the privacy of participants, we
recommend that the increase in the granularity of the racial information be compensated
by a reduction in the granularity of OU affiliation to simply stating whether the participant
is from a Lab or Non-Lab OU.
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Appendix: Supplemental Materials

Fig. A1. Network question A.
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Fig. A2. Network question B.
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Fig. A3. Approval letter from the NIST Research Protections Office (Page 1 of 2).
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Fig. A4. Approval letter from the NIST Research Protections Office (Page 2 of 2).
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Fig. A5. Welcome page for the NIST Interactions Survey with a link to information sheet and brief
instructions.
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Fig. A6. Skip logic used for Question A. The same skip logic was used for Question B.
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Fig. A7. Survey announcement. Announcement from the NIST Director alerting staff about the
NIST Interactions Survey coming soon.
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Fig. A8. Email invitation sent to NIST Federal Employees with the link to the NIST Interactions
Survey.
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Fig. A9. Final email from the NIST Director reminding staff about the NIST Interactions Survey
closing soon.
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Table A1. List of demographic and work history questions about the ego.

Question Drop-down choices
You identify yourself as: Female

Male
Non-binary
Prefer not to answer

Which ethnic/racial cate-
gory do you identify

Minority (American Indian, Asian, Black, Hispanic, Native Hawai-
ian, Other)

with? Non-minority (White)
What is your birth year? Born 1945 or earlier

Born between 1946 and 1964
Born between 1965 and 1980
Born between 1981 and 1996
Born 1997 or later

Are you a supervisor or Yes
manager? No
How many years have Less than 4 years
you worked at NIST? Between 4 and 10 years

Between 11 and 20 years
More than 20 years

You are affiliated with the Colorado
NIST site in: Maryland

Other
Your Organizational Unit BPEP (Baldrige Performance Excellence Program)
(OU) is: CTL (Communications Technology Laboratory)

DO (Director’s Office)
EL (Engineering Laboratory)
HMEPP (Hollings Manufacturing Extension Partnership Program)
IIS (Innovation and Industry Services)
ITL (Information Technology Laboratory)
LP (Laboratory Programs)
MML (Material Measurement Laboratory)
MR (Management Resources)
NCNR (NIST Center for Neutron Research)
OAAM (Office of Acquisition and Agreements Management)
OAM (Office of Advanced Manufacturing)
OFPM (Office of Facilities and Property Management)
OFRM (Office of Financial Resource Management)
OHRM (Office of Human Resources Management)
OSHE (Office of Safety, Health and Environment)
OISM (Office of Information Systems Management)
PML (Physical Measurement Laboratory)
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Table A2. List of demographic and work history questions about the alters. The same questions
about each alter were asked for both Question A and B. The N circulated through numbers 1 to (at
most) 9.

Question Drop-down choices
Person N identifies as: Female

Male
Non-binary
I don’t know or prefer not to answer

Compared to you, Younger (more than 10 years)
Person N is: Similar

Older (More than 15 years)
Is Person N a supervisor Yes
or manager (not necessar-
ily yours)?

No

Person N is affiliated with Colorado
the NIST site in: Maryland

Other
Person N is affiliated with BPEP (Baldrige Performance Excellence Program)
the following OU at NIST CTL (Communications Technology Laboratory)

DO (Director’s Office)
EL (Engineering Laboratory)
HMEPP (Hollings Manufacturing Extension Partnership Program)
IIS (Innovation and Industry Services)
ITL (Information Technology Laboratory)
LP (Laboratory Programs)
MML (Material Measurement Laboratory)
MR (Management Resources)
NCNR (NIST Center for Neutron Research)
OAAM (Office of Acquisition and Agreements Management)
OAM (Office of Advanced Manufacturing)
OFPM (Office of Facilities and Property Management)
OFRM (Office of Financial Resource Management)
OHRM (Office of Human Resources Management)
OSHE (Office of Safety, Health and Environment)
OISM (Office of Information Systems Management)
PML (Physical Measurement Laboratory)
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