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Abstract
Convergence research is driven by specific and compelling problems and requires deep 
integration across disciplines. The potential of convergence research is widely recognized, 
but questions remain about how to design, facilitate, and assess such research. Here we 
analyze a seven-year, twelve-million-dollar convergence project on sustainable climate risk 
management to answer two questions. First, what is the impact of a project-level empha-
sis on the values that motivate and tie convergence research to the compelling problems? 
Second, how does participation in convergence projects shape the research of postdoctoral 
scholars who are still in the process of establishing themselves professionally? We use an 
interview-based approach to characterize what the project specifically enabled in each par-
ticipant’s research. We find that (a) the project pushed participants’ research into better 
alignment with the motivating concept of convergence research and that this effect was 
stronger for postdoctoral scholars than for more senior faculty. (b) Postdocs’ self-assessed 
understanding of key project themes, however, appears unconnected to metrics of project 
participation, raising questions about training and integration. Regarding values, (c) the 
project enabled heightened attention to values in the research of a large minority of partici-
pants. (d) Participants strongly believe in the importance of explicitly reflecting on values 
that motivate and pervade scientific research, but they question their own understanding 
of how to put value-focused science into practice. This mismatch of perceived importance 
with poor understanding highlights an unmet need in the practice of convergence science.
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1 Introduction

Many pressing societal problems—such as pandemics, antibiotic resistance, global climate 
change, and sustainable development—span established academic disciplines. For prob-
lems like these, improving understanding of underlying trade-offs and providing effective 
decision support requires integrating expertise and insights across disciplines and stake-
holders (National Research Council 2014; Institute of Medicine 2005; National Academies 
of Sciences, Engineering, and Medicine 2019). A number of partly overlapping labels are 
used to describe such integrative research, including interdisciplinary, transdisciplinary, 
and convergence research (we will refer collectively to ITC research) (Huutoniemi et  al. 
2010; Institute of Medicine 2005; National Academies of Sciences, Engineering, and Med-
icine 2019, 2021; National Research Council 2014; National Science Foundation, n.d.-a). 
In light of its standing among the “10 Big Ideas” of the US National Science Foundation 
(NSF) (National Science Foundation, n.d.-b), here we prioritize the concept of convergence 
research, characterized as research “driven by a specific and compelling problem” and 
involving “deep integration across disciplines” (National Science Foundation, n.d.-b). Nev-
ertheless, we situate our study with respect to the broader umbrella of ITC research, given 
the overlap between concepts. A series of National Academies reports synthesizes current 
understanding and best practices for facilitating ITC research (National Research Council 
2014; Institute of Medicine 2005; National Academies of Sciences, Engineering, and Med-
icine 2019). One theme in these reports is a continuing need for more meta-research or sci-
ence of science (Fortunato et al. 2018; Ioannidis 2018) to better understand the social and 
intellectual processes conducive to ITC research (National Research Council 2014; Insti-
tute of Medicine 2005; National Academies of Sciences, Engineering, and Medicine 2019).

A growing literature is responding to this need, using a variety of methods including 
bibliometric analyses (Porter et  al. 2006, 2010; Anzai et  al. 2012; Abramo et  al. 2018; 
Kodama et al. 2013), surveys of research participants (Tress et al. 2005; Cummings and 
Kiesler 2005; van Rijnsoever and Hessels 2011; Teirlinck and Spithoven 2015), interviews 
(Corley et al. 2006; Lundershausen 2018; Polk 2014; Siedlok et al. 2015; Tress et al. 2005; 
Wall et  al. 2017), ethnographic observation (MacLeod and Nersessian 2014; Polk 2014; 
Siedlok et  al. 2015), document analysis of proposals, meeting minutes, or other sources 
(Gaziulusoy et  al. 2016; Corley et  al. 2006; Cummings and Kiesler 2007; Siedlok et  al. 
2015), analysis of data from funding agencies (Bromham et  al. 2016; Cummings and 
Kiesler 2007), and reflections on personal experience (Freeth and Caniglia 2020; Gaziulu-
soy et al. 2016; König et al. 2013; Lang et al. 2012; McLeish and Strang 2016; West et al. 
2019).

Such studies pursue a variety of aims, including measuring collaboration and interdis-
ciplinarity (Porter et al. 2006, 2007; Porter et al. 2008; Anzai et al. 2012; Abramo et al. 
2012; Abramo et  al. 2018; Sylvan Katz and Martin 1997), identifying barriers (Brister 
2016; Gaziulusoy et al. 2016; Lang et al. 2012; MacLeod 2018), evaluating coordination 
mechanisms (Cummings and Kiesler 2005, 2007), measuring funding success (Bromham 
et  al. 2016), linking outcomes to individual- or project-level characteristics (Polk 2014; 
Teirlinck and Spithoven 2015; Tress et  al. 2005; van Rijnsoever and Hessels 2011), and 
developing frameworks for guiding ITC research (Corley et al. 2006; Freeth and Caniglia 
2020; König et al. 2013; Lang et al. 2012; Siedlok and Hibbert 2014; West et al. 2019) or 
for studying and evaluating ITC research (Bark et al. 2016; Huutoniemi et al. 2010; Klein 
2008; Kodama et al. 2013; MacLeod and Nagatsu 2018; McLeish and Strang 2016; Wall 
et  al. 2017). A majority of such studies also leverage their findings to posit generalized 
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insights and recommendations, targeting all levels of organization from participants and 
project leaders through institutions and funding agencies.

This growing body of research has provided important insights, but many questions 
remain. Our study addresses two open questions. The first concerns the importance of val-
ues in ITC research. Disciplines and institutions have their own cultures, defined in part by 
shared values (Institute of Medicine 2005; Laursen et al. 2021). These values include both 
ethical values regarding the societal importance of research (Bessette et  al. 2017; Diek-
mann and Peterson 2013; Vezér et al. 2018) and epistemic values—also called knowledge 
values (Rhoten 2003)—regarding the scientific importance of research questions and the 
features that make a piece of research respectable and rigorous (Vezér et al. 2018; Mayer 
et  al. 2017; MacLeod 2018). Non-academic partners and other stakeholders bring their 
own sets of values (O’Brien and Wolf 2010; Polk 2014; Tschakert et al. 2017). Openness to 
other perspectives and values may be a common characteristic of successful ITC research-
ers (Institute of Medicine 2005; National Academies of Sciences, Engineering, and Medi-
cine 2019), and divergence in values (both ethical and epistemic) can be a powerful obsta-
cle to ITC research (Brister 2016; MacLeod 2018; MacLeod and Nagatsu 2018).

While some ITC integration tools include a role for values (Robinson et  al. 2016; 
Laursen et  al. 2021), there is a lack of project-level studies investigating the effective-
ness of efforts to improve ITC research through strategies that foreground values. Find-
ings cited above suggest that teams of researchers who can individually practice openness 
to other perspectives and values (Institute of Medicine 2005; National Academies of Sci-
ences, Engineering, and Medicine 2019), and who can collectively diagnose and man-
age divergence in values (Brister 2016; MacLeod and Nagatsu 2018; Mayer et al. 2017), 
may achieve greater understanding and integration both across disciplines and between 
researchers and stakeholders. Evaluation of project-level efforts to promote such value 
competencies may be of particular interest to principal investigators, funding agencies, and 
proposal review committees.

A second question concerns what junior scholars, who are still in the process of estab-
lishing themselves professionally, learn through participation in ITC projects. Barriers and 
best practices for ITC research vary by career stage (Institute of Medicine 2005; National 
Research Council 2014). Postdoctoral scholars in particular can play an important role in 
collaborations and connections within ITC projects (National Research Council 2014; Rho-
ten 2003), and postdoctoral experiences may provide “the best opportunity for research-
ers to train deeply in a new discipline” (Institute of Medicine 2005). Despite considerable 
attention to the training of postdoctoral scholars (henceforth postdocs) in science generally, 
the literature offers little targeted insight into what postdocs learn from participating in ITC 
projects or how these experiences shape their research. These are key questions for improv-
ing the capacity-building aspect of ITC research projects, given the special training oppor-
tunities within such projects and the importance of the postdoc career stage for broadening 
disciplinary knowledge.

To address these questions, we combine participant interviews (n = 29), bibliometric 
analysis (155 publications), and individual-level project data in a mixed-methods case 
study of a large convergence-science project, the Network for Sustainable Climate Risk 
Management (SCRiM). SCRiM was a $11.9-million research network funded from 2012 
to 2019 through the NSF’s Sustainability Research Networks (SRN) program (National 
Science Foundation, n.d.-c), a precursor to the current Growing Convergence Research 
(National Science Foundation, n.d.-a) and Sustainable Regional Systems Research Net-
works (National Science Foundation, n.d.-d) programs. SCRiM spanned a number of 
disciplines, including Earth sciences, statistics, engineering, economics, decision- and 
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risk-analysis, philosophy, and the social sciences. The project included twenty-
four funded senior personnel and twenty postdocs across eight institutions as well as 
graduate and undergraduate students and administrative and computing support staff. 
SCRiM’s mission was to identify “sustainable, scientifically sound, technologically fea-
sible, economically efficient, and ethically defensible climate risk management strate-
gies” (“The Network for Sustainable Climate Risk Management (SCRiM)” n.d.).  (We, 
the authors of this study, were ourselves a part of SCRiM, including the principle inves-
tigator (PI) and several co-PIs from the project’s lead institution.)

A distinctive feature of SCRiM allows us to address our question concerning the role 
of values in convergence research. SCRiM included an element of heightened attention 
to the values shaping and embedded within research. Project leaders brought this focus 
on values into SCRiM through the concept of coupled ethical-epistemic analysis, which 
refers to a practice of deliberating over method choices and research design with explicit 
consideration for both ethical and epistemic values, including trade-offs among values 
(Tuana 2013; Tuana et  al. 2012; Valles et  al. 2019). For example, design choices that 
benefit real-world relevance and applicability of potential findings (ethical values) may 
sometimes trade off against the feasibility and trustworthiness of the required analy-
sis (epistemic values), or against the prospect of fundamental scientific insights (more 
epistemic values). The practice of coupled ethical-epistemic analysis was discussed at 
SCRiM’s annual all-hands meetings, taught in the project’s annual summer school, and 
further developed and applied through a number of collaborative SCRiM co-supported 
publications (Bessette et  al. 2017; Mayer et  al. 2017; Vezér et  al. 2018; Garner et  al. 
2016; Helgeson et al. 2021; Wong et al. 2017).

We examine the impact and reception of this focus on values in SCRiM by two 
routes. First, we ask SCRiM participants whether and how the project shaped their own 
research. Through this general, open-ended question, we survey all changes in the char-
acter or content of individuals’ research that participants themselves attribute to their 
participation in SCRiM. We identify common elements within participant responses 
(including, but not limited to, the values focus) and quantify their frequency across 
participants. Second, we ask a series of targeted questions about specific cross-cutting 
themes identified by the authors as representing SCRiM’s overall research agenda. One 
of these themes is coupled ethical-epistemic analysis. Using a quantitative rating scale, 
we asked participants to indicate how well they understood each of these themes and 
also how important they considered it for achieving the project’s research goals. This 
allows us to compare perceptions and attitudes across themes and participants.

Due to its size and duration, SCRiM provides a relatively large pool of postdoc par-
ticipants whose research and training may have been shaped by their participation in a 
convergence research project. We investigate the participation of postdocs in conver-
gence research by interviewing both faculty and postdoc participants in SCRiM and 
partitioning the results of our analyses to reveal contrasts between these two groups. 
We explore individual variation in quantitative responses through further steps of analy-
sis examining potential explanatory variables drawn from individual-level project data 
(e.g., funding level) and from a bibliographic analysis of coauthorship patterns within 
SCRiM-supported publications.

Our two research questions (about values and about postdoc training) are distinct and 
could be addressed in separate studies. But here we use the same data and participants 
to address both questions, allowing the findings to inform one another and providing 
multiple complementary windows into a single large convergence project.
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2  Participant interviews

We invited all SCRiM-funded faculty and postdocs for interviews. Twenty-nine took 
part (66% response rate), with roughly equal numbers of faculty (n = 15; 63% response) 
and postdocs (n = 14; 70% response). See Table S1 for a breakdown of participation by 
institution. (SCRiM also funded thirty-four graduate and undergraduate students, whom 
we omitted from the study for two reasons: to minimize risk of improper influence in 
the recruitment of institutionally and deferentially vulnerable research participants, and 
because students have typically done too little prior research to answer a key question 
regarding SCRiM’s influence on their work.)

All interviews were conducted by a single interviewer in February and March of 
2018 via teleconference (Zoom). Interviews were recorded and professionally tran-
scribed. The transcripts were reviewed and corrected by the interviewer with reference 
to the recordings. (Due to technical difficulties, one interview was conducted by phone 
and not recorded; in this case, the interviewer took notes by hand.) Table S2 displays the 
full list of interview questions and the subset on which we report here.

To prompt responses on how SCRiM shaped participants’ research, we asked par-
ticipants to describe any aspects of their SCRiM-supported research that were “uniquely 
enabled” by the project, in contrast to what they might have done outside the project, 
but with the same level of funding (question 2, Table S2). While the question involves 
a hypothetical comparison, it is one that each individual is well-placed to make, since 
they are speaking only for themselves and their own research trajectory. By framing the 
question in this way, we focus on the “value added” of the project understood in causal 
terms.

We subsequently raised three cross-cutting themes identified in advance as charac-
teristic of SCRiM’s overall research agenda. The first theme was multi-objective robust 
decision analysis, an approach to decision analysis that evaluates strategies based on 
their performance across a wide range of possibilities while eschewing premature 
assumptions about the relative importance of diverse objectives (Kasprzyk et al. 2013; 
Hadka et  al. 2015). The second theme, identifying and characterizing deep uncertain-
ties, refers to a commitment to questioning modeling assumptions and incorporating 
into analyses even those uncertainties that cannot be uncontroversially quantified with a 
single probability distribution (Kwakkel and Pruyt 2013; Lempert et al. 2006). The third 
theme was coupled ethical-epistemic analysis (see above). We asked participants to 
indicate how well they understood each theme and also how important they considered 
it for achieving the project’s research goals—in both cases using a rating scale from one 
to five (questions 3–5, Table S2).

3  Transcript analysis and results

Two coders (also called raters) analyzed participant responses to the “uniquely enabled” 
question by first developing and testing a set of concepts corresponding to common 
themes within participant responses, then coding the responses (flagging instances of 
the concepts as they occur in the transcripts) to enable quantification of those concepts’ 
frequency and distribution (Saldana 2015). One quarter of the transcripts were indepen-
dently double-coded as a check on coder subjectivity. We coded transcripts using the 
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brat rapid annotation tool (Stenetorp et al. 2012) followed by processing and plotting in 
R (R Core Team 2013). See SI for details on code development and testing, inter-rater 
reliability calculations using Cohen’s kappa statistic (Cohen 1960), and the final, two-
stage codebook.

Despite variation in the topics and questions addressed by participants’ research, we 
identified four general attributes shared across participant responses to the “uniquely ena-
bled” question. Bridging disciplines refers to the crossing of disciplinary boundaries in 
one’s research. Decision relevance refers to a greater focus on actionable insights or the rel-
evance of research to real-world decisions. Treatment of uncertainties refers to expanded or 
improved treatment of uncertainties in methods and findings. Attention to values refers to 
greater attention to ethical values motivating the research and ethical assumptions embed-
ded within the research. (Our narrow focus on ethical values in this coding exercise is due 
in large part to the ubiquity of attention to epistemic values in any discussion of scientific 
research.) Table  1 displays interview excerpts illustrating each attribute. Figure 1 shows 
their frequency across participants, including the breakdown by faculty versus postdocs.

Table 1  Example interview excerpts illustrating four general attributes of the research enabled by the con-
vergence research project SCRiM. Bracketed labels differentiate participants and identify them as faculty 
(F) or postdocs (PD)

Attribute Example quotations from participant interviews

Bridging disciplines Well, I think none of [my research] would have happened [without the network] 
because I am a hydrologist by training. [PD1]

There were feedbacks as I interacted with folks across the disciplines—the 
questions that I had been asking changed. [F1]

So it was a project that immediately spanned geophysics, statistics, and a little 
economics, decision analysis, those sorts of things. [PD2]

Decision relevance One of the first projects I was working on when I first started was making 
sea-level rise projections and then linking it to coastal defense and decision-
making. [PD2]

Okay so maybe we can or can’t make reliable projections of future sea-level 
change, but quite beyond whatever numbers we come up with here, what 
does this actually mean for decisions that might be made? [PD3]

I’ve just been starting to get involved in a project that involves more collabora-
tion with people on the policy end and the state government end. [PD4]

Treatment of uncertainties I just got into this whole area that I wouldn’t have otherwise of quite advanced, 
for me, statistics and interpretations of results. [F2]

There’s a lot of work in where the statistics side meets the, kind of, geophysics 
side of things like quantifying uncertainties in a more rigorous or robust way. 
[PD2]

So that was the main perspective change, focussing on extreme events and 
uncertainty rather than other things that are, like, more focussed-on in ecol-
ogy. [PD5]

Attention to values Thinking about values and ethics in a different way and really thinking about, 
well, you know, if we’re measuring or modeling these things either inap-
propriately or at such a high level that it doesn’t matter anyway, then what are 
we doing? [PD6]

I remember all those discussions on values and how values affect framing of 
objectives and how then that affects what you get out of a decision problem 
in environmental sciences. [PD1]

… a lot more attentiveness to, you know, the ethical component. [F3]

17   Page 6 of 19 Climatic Change (2022) 170: 17



1 3

Regarding the cross-cutting themes specified in advance, all three themes were 
judged highly important, with coupled ethical-epistemic analysis rated (narrowly) the 
highest (Fig. 2). Understanding varied more across themes, with coupled ethical-epis-
temic analysis notably lower than the other two (Fig. 2). The responses on coupled eth-
ical-epistemic analysis thus stand out by combining the highest perceived importance 
with the lowest perceived understanding.

All participants answered the understanding questions, but one-third did not answer the 
importance questions as they felt unable to make the required judgments. Figure 2 includes 
all responses, with each histogram normalized to display response frequencies. An alterna-
tive approach would be to discard understanding responses from participants who did not 
also answer the importance questions; this shifts each understanding distribution slightly to 
the right (i.e., participants who felt unable to judge importance had relatively low under-
standing). Most participants supplied integer answers to these rating-scale questions, but 
some (about 20%) gave intervals such as “three to four.” In order to include all data in the 
histograms (Fig. 2), intervals were treated as a weighted combination of integers.

4  Further analysis

To further contextualize and interpret results reported above, we bring to bear two addi-
tional sources of data: project management records and a database of SCRiM-supported 
research publications. The management records include individual-level details of pro-
ject personnel, funding levels, and attendance at SCRiM’s annual all-hands meetings 
and summer schools.

attention to values
treatment of uncertainties

decision−relevance
bridging disciplines

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

all interviews (n=29)

attention to values
treatment of uncertainties

decision−relevance
bridging disciplines

frequency

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

faculty (n=15)
postdocs (n=14)

Fig. 1  Four attributes of the changes to individuals’ research that resulted from participation in the con-
vergence research project SCRiM: bridging disciplines, decision relevance, treatment of uncertainties, and 
attention to values. These attributes summarize ways that research done through the project diverged from 
what each participant considered their own business-as-usual trajectory in the absence of participating in 
SCRiM. Bars show the fraction of participants whose description of what SCRiM enabled in their own 
work includes the attribute (inter-rater reliability = 0.92). The top panel shows all participants in aggregate; 
the bottom panel separates faculty from postdocs
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4.1  Attention to values in uniquely enabled research

A large minority of participants (roughly 40%) described “uniquely enabled” departures 
from their previous research trajectory that we subsequently coded as “attention to values” 
(Table 1; Fig. 1). As a check on our coders’ interpretation of researcher statements, and to 
provide more detail on how this “attention to values” was expressed in research outputs, 
we examined the SCRiM-supported publications of this subset of participants. Among the 
publications coauthored by each participant, we identified those publications whose con-
tent best corresponded to the participant’s statements about “uniquely enabled” research 

level of understanding (self assessed)
importance to achieving research goals

fre
qu

en
cy

0
.2

.4
.6 multi−objective robust 

decision analysis

a
fre

qu
en

cy

0
.2

.4
.6 identify & characterize 

deep uncertainties

b

fre
qu

en
cy

0
.2

.4
.6

1 2 3 4 5

coupled ethical− 
epistemic analysis

c

rating scale: 1=very low, 5=very high

Fig. 2  Histograms showing the distribution of participant responses on perceived importance and self-
assessed understanding of three cross-cutting themes representing the research agenda of the project 
SCRiM: a) multi-objective robust decision analysis, b) identifying and characterizing deep uncertainties, 
and c) coupled ethical-epistemic analysis. See the main text for explanations of the three themes. Points on 
the x-axis indicate means
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Table 2  The table lists SCRiM-supported publications containing research that interview participants’ 
considered “uniquely enabled” by SCRiM and that we subsequently categorized as including “attention to 
values” (Fig. 1). Entries in the right column briefly summarize how each publication exhibits attention to 
values

Publication Summary of how the publication exhibits “attention to values.”

Adler et al. (2017) Examines ethical assumptions within calculations of the social cost of carbon 
(SCC). Gives new estimates of SCC by varying ethical assumptions about the 
distribution of impacts with special attention to a prioritarian philosophy of 
social welfare.

Bakker et al. (2017) Produces novel sea-level rise projections by questioning common implicit 
motivating assumptions in study design. Aims to enable identification of 
robust coastal adaptation strategies by erring on the side of under- rather than 
over-confident projections.

Bakker et al. (2016) Develops a new computational model of Greenland ice sheet melting with 
design choices shaped by concern for low-probability, high-impact futures and 
decision-makers’ interest in the reliability or robustness of adaptation strate-
gies in the face of uncertainty.

Bessette et al. (2017) Investigates the values and goals of New Orleans residents in connection with 
coastal flood risk management through an interview-based study eliciting both 
knowledge about climate risks and concerns for climate impacts and manage-
ment outcomes.

Garner and Keller (2018) Demonstrates evaluation of coastal flood risk management strategies using a 
more inclusive approach to values by decomposing a standard measure of 
outcome desirability into multiple objectives and revealing trade-offs among 
these objectives.

Garner et al. (2016) Demonstrates global mitigation policy analysis with a standard economic meas-
ure of policy success decomposed into four component objectives. Reveals 
trade-offs among these objectives and reflects on policy options rejected by 
standard analyses.

Lempert et al. (2013) Argues that in contexts of deep uncertainty, predict-then-act approaches to 
decision support can lead to gridlock or overconfidence while context-first 
approaches like robust decision-making can better facilitate ethical delibera-
tions needed to evaluate actions.

Mayer et al. (2017) Investigates the ethical and epistemic values driving model development and 
study design in climate risk research by interviewing researchers and present-
ing results in terms of where specific values come into play within a scientific 
modeling workflow.

Quinn et al. (2018) Demonstrates evaluation of reservoir management strategies while incorporating 
large-ensemble exploratory modeling of extreme precipitation changes moti-
vated by decision-makers’ concerns for high reliability in meeting manage-
ment objectives.

Simpson et al. (2016) Develops an immersive, 3D data visualization platform for displaying trade-offs 
among multiple policy objectives in global climate mitigation policy analysis 
to support multi-objective analyses and help realize their potential to facilitate 
ethical deliberation.

Singh et al. (2015) Demonstrates decision analysis for ecosystem management that departs from 
standard problem formulations with a single value function to use multiple 
objectives with no pre-specified weights to reflect multiple stakeholder per-
spectives on contested values.

Tuana (2013) Argues for benefits of including philosophers in interdisciplinary STEM 
research, such as identifying ethical aspects of research design and methods 
choices, highlighting implicit priorities in disciplinary practices, and aligning 
research with real-world needs.
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that were subsequently coded as “attention to values.” Table 2 lists the publications identi-
fied through this process and summarizes aspects in which each exhibits attention to values. 
We emphasize that Table 2 is not an exhaustive accounting of values components across 
SCRiM-supported research, but rather a summary of those instances where at least one 
coauthor (among the researchers interviewed) volunteered the attention-to-values aspect of 
the research as something that was uniquely enabled by their participation in SCRiM.

Of the eleven interview participants (six faculty and five postdocs) whose “uniquely 
enabled” research descriptions were coded as “attention to values,” two (one faculty, one 
postdoc) had not yet published research corresponding to these research descriptions as of 
the cutoff date used in our publications analysis (see below). The remaining nine partici-
pants are each represented in Table 2.

4.2  Variation in participant understanding of project themes

Returning to participants’ rating-scale responses on SCRiM’s cross-cutting themes (Fig. 2), 
self-assessed understanding showed far more variation than the importance judgments. To 
investigate this variation, we use the mean of each participant’s three understanding scores 
in a further step of analysis. Since few participants entered the network with expertise in 
more than one theme, we use mean understanding across the three themes as an indicator 
of individual intellectual integration into the project. Drawing from the data sources noted 
above, we construct three potential explanatory variables for this understanding indica-
tor: (a) months of project funding received by the participant, (b) number of project-wide 
events attended by the participant (annual summer schools and all-hands meetings; see SI 
for details), and (c) an index of interdisciplinary coauthorship within SCRiM publications.

To calculate the coauthorship index, we assign each SCRiM participant a primary 
departmental affiliation (Table  S8) by reviewing participants’ institutional websites. For 
each publication, we then count the number of unique affiliations among SCRiM coauthors 
and subtract one. Summing across the publications coauthored by a participant yields that 
individual’s coauthorship index. In other words, the index sums the number of instances of 
coauthorship with SCRiM coauthors outside the participant’s home department. As a sup-
plement to this department-based index, we repeat the same calculation using a purpose-
built disciplinary classification (Table  S9) that groups participants somewhat differently 
than departmental affiliations.

Table 2  (continued)

Publication Summary of how the publication exhibits “attention to values.”

Vezér et al. (2018) Calls attention to diverse consequences of model choice in risk analysis, 
including for computational tractability, transparency, flexibility of modeling 
frameworks, and capacity to address issues that matter to stakeholders in light 
of their values and goals.

Ward et al. (2015) Proposes a stylized environmental management problem as a new benchmark 
for evaluating optimization algorithms. Key problem features include many 
control variables, uncertain threshold response, and competing objectives with 
value disagreement.

Wong et al. (2017) Develops a new computational model of regional sea-level rise with explicit 
discussion of values motivating design choices, including transparency, acces-
sibility, and flexibility, to promote sharing of computer code and reproducibil-
ity of results in the geosciences.
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For calculating the coauthorship indices (and also for the document analysis above), we 
consider all SCRiM-supported research publications published as of March 2019 (155 pub-
lications). The rationale for this date (1 year after completing the interviews) was to allow 
for research already underway at the time of the interviews to be included in the analysis. 
We used the Python package pubStats (developed for this project, and available via GitHub 
repository) to calculate coauthorship indices and other analytical outputs used qualitatively 
to guide the coauthorship analysis. (See SI for additional results concerning coauthorship 
across institutions.)

Figure 3 plots the understanding indicator against the potential explanatory variables, 
with faculty (top row) separated from postdocs (bottom row). These variables indeed 
appear relevant to faculty understanding (Fig. 3a–c), with 90% confidence intervals for the 
slope of linear regression lines excluding zero for the coauthorship index (both variants) 
and bounded by zero (roughly) for both funding and attendance (see Fig.  3 caption for 
confidence intervals). In contrast, postdoc understanding shows no statistically significant 
linear relationship with the potential explanatory variables (Fig. 3d–f).

5  Discussion

The motivation for our study is the great and pressing need—from both scientific and 
societal perspectives—for improving the practice of convergence research. Specifically, 
we have targeted two research gaps within existing literature on the design, conduct, and 
evaluation of projects falling under the somewhat broader umbrella of ITC research. These 
gaps concern the role of values and the training of postdocs within such projects. We begin 
with postdocs.

5.1  Training and participation of postdocs

We identified four general attributes within participants’ descriptions of what SCRiM 
“uniquely enabled” in their own research (Table  1; Fig.  1). Among these, the two that 
occurred most frequently align with the defining elements of convergence research. Con-
vergence research is (1) driven by a specific and compelling problem and (2) involves deep 
integration across disciplines (National Science Foundation, n.d.-a). The most common 
attribute, bridging disciplines, echoes “deep integration across disciplines,” while the sec-
ond most common, decision relevance, can be seen as an indicator of research “driven by 
a specific and compelling problem.” The frequencies of these two attributes were notably 
higher among postdocs than among faculty, each occurring in two thirds of postdoc partici-
pants’ research (Fig. 1).

In this way, SCRiM appears to have pushed the research of postdocs in a convergence-
science direction more reliably than it did the research of faculty. One possible explana-
tion is that faculty often have broader project portfolios than postdocs, and these portfolios 
may be, overall, less focused on convergence research. Another possibility is that faculty 
research agendas are more rigid and less easily influenced. Our study suggests that insofar 
as postdoc research agendas are more flexible, SCRiM made use of this flexibility to bend 
those agendas towards the concept of convergence research. These results deepen and rein-
force prior findings that postdocs can play an important role in collaborations within ITC 
projects (National Research Council 2014; Rhoten 2003) and that postdoc experiences can 
provide a good opportunity for interdisciplinary training (Institute of Medicine 2005).
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Our focus on what SCRiM enabled in participants’ research can be contrasted with other 
studies characterizing ITC project outcomes, which typically address process and collabora-
tion (Freeth and Caniglia 2020; Gaziulusoy et al. 2016; Hessels et al. 2018; König et al. 2013; 
Polk 2014), researcher satisfaction (Katoh et al. 2018; Tress et al. 2005), or categories of out-
puts and outcomes (Corley et al. 2006; Cummings and Kiesler 2005, 2007; Steger et al. 2021; 
Teirlinck and Spithoven 2015; Tress et al. 2005). Some bibliometric analyses posit and meas-
ure indicators of interdisciplinarity in the publications of a project or researcher (Abramo et al. 
2012; Abramo et al. 2018; Bark et al. 2016; Anzai et al. 2012; Porter et al. 2008), but these 
provide only a partial view through the imperfect lenses of author affiliations and journal clas-
sifications. Our study demonstrates a complementary approach to illuminating the content of 
research carried out within a project.

While participation in SCRiM clearly made postdocs’ research more interdisciplinary and 
more problem-driven, our analysis of individual variation in understanding of key project-
specific themes leaves us with a puzzle about postdoctoral training. In contrast to faculty, we 
find no statistically significant relationships between postdocs’ understanding of key project 
themes and our potential explanatory variables (Fig. 3). Yet it seems fair to assume that the 
amount of training that postdocs received through SCRiM is likely linked to those variables. 
So why does this training not improve perceived understanding of the project?

One possible explanation is that postdocs are typically advised to focus on specific and 
tractable research questions and that this narrower focus detracts from developing an under-
standing of the project as a whole. This hypothesis may be seen as an instance of the fre-
quently observed misalignment of project goals and career goals in ITC research (e.g., Bark 
et al. 2016; Gaziulusoy et al. 2016; Tress et al. 2005). On this hypothesis, variation in project 
understanding would be explained by the variation in specific research questions addressed by 
each postdoc: postdocs developed an understanding of key project themes only where this was 
directly relevant to their specific research questions.

As for why faculty differ from postdocs, one possibility is that as co-PIs, site leads, and 
senior personnel in SCRiM, faculty felt a greater sense of ownership (Lang et al. 2012) for the 
project, and that only in the presence of this attitude does more participation and collabora-
tion reliably promote understanding of a project’s high-level themes. A related possibility is 
that investment in the proposal-writing process was a common cause that helps explain both 
understanding and the Fig. 3 variables (and thus correlations between them). Prior collabora-
tion with other project personnel (Cummings and Kiesler 2007) may play a similar role. Rig-
orously testing such hypotheses may require more longitudinal study designs.

Other possible explanations for the contrast between faculty and postdocs include poten-
tial differences in self-reporting behavior across those groups. For example, if understanding 
project themes is expected of faculty (but not postdocs), and if this expectation grows with 
funding and participation, then correlations could be explained in part by social-desirability 
bias in faculty responses. Or if postdocs are less confident in self-assessment and generally 
give more middling scores, this might obscure a trend in our relatively small sample of data. 
These hypotheses might be tested by supplementing self-assessment with external assessment 
of participant understanding.

5.2  Values in convergence research

SCRiM’s focus on values was motivated by two hypotheses: first, that explicit delib-
eration about ethical and epistemic values can support the design of research that is 
relevant to real-world problems, and second, that such deliberation can also support 
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communication across academic cultures and between analysts and stakeholders. Our 
finding of “uniquely enabled” decision relevance and bridging disciplines in a majority 
of participants’ research (Fig.  1) is consistent with these motivating hypotheses. Our 
study does not, however, specifically assess what contribution SCRiM’s focus on values 
made to those outcomes.

We consider the frequency of attention to values in participants’ research (about 40%; 
Fig. 1) an encouraging level of uptake for a concept rarely emphasized in scientific pro-
jects. Corresponding SCRiM-supported publications show a variety of substantive engage-
ments with the values components of climate risk management (Table 2). Most of these 
papers fall into one of four (overlapping) categories: interview-based studies of the values 
of stakeholders and researchers (e.g., Bessette et al. 2017; Mayer et al. 2017); discussion 
and demonstration of how risk analysis can better facilitate ethical deliberation (e.g., Gar-
ner et al. 2016; Lempert et al. 2013; Simpson et al. 2016; Tuana 2013); values-inclusive 
policy analysis that illuminates trade-offs among contested values (e.g., Adler et al. 2017; 
Garner and Keller 2018; Garner et  al. 2016; Quinn et  al. 2018; Singh et  al. 2015); and 
examination of motivating values behind design choice in geoscience model building and 
hazard characterization (e.g., Bakker et  al. 2017; Bakker et  al. 2016; Quinn et  al. 2018; 
Wong et al. 2017).

When asked directly about the theme of coupled ethical-epistemic analysis, participants 
rated its importance to achieving project research goals (see mission statement above) very 
highly in absolute terms and highest among the three cross-cutting themes (Fig.  2). We 
see this broad agreement on the importance of the theme as validation of SCRiM’s focus 
on values and encouragement to further pursue the potential for enabling convergence 
research through foregrounding values.

At the same time, participants’ self-assessed understanding of the coupled ethical-epis-
temic analysis theme was relatively low (Fig. 2). This was presumably due, at least in part, 
to the theme’s novelty for most participants. But other comments suggest this is not the 
only reason. One participant said of coupled ethical-epistemic analysis “I’m a lot more 
aware of it,” but “I’m not sure we’ve got a process down for, you know, incorporating it—
it’s not, sort of, part of the crank-turning” [F3] (see participant-labeling scheme introduced 
in Table 1). Another said “I like to quantify things, and I thought it was just descriptive and 
trying to label things, but I never saw it as a means of doing quantitative analysis” [F4]. A 
third participant said “This was always something that was, to me, a bit of a catchphrase 
more than an actual application” [PD7]. These comments suggest that realizing the poten-
tial  benefits of coupled ethical-epistemic analysis may require more codified approaches 
that better operationalize the practice, as well as improved integration into quantitative 
methods, tools, and workflows.

The values theme was led by participants from philosophy (cf. Nagatsu et  al. 2020; 
Robinson et al. 2016; Tuana 2020) and the tensions in the quotes above regarding quan-
tification and operational processes may derive in part from the disciplinary “distance” 
between humanists and scientists. As one participant noted: “the ethical-epistemic stuff 
is different—different sort of people—and so it’s not as well-oiled a machine as some of 
the other stuff” [F3]. Discussing challenges within SCRiM, another participant highlighted 
the “difficulty of incorporating all the worldviews, especially philosophy” [PD8]. Another 
noted that some SCRiM researchers “come from quite different disciplines, especially [phi-
losopher], and so we never sort of worked, talking the same language that much” [F4]. 
These comments point to the high “transaction costs” (van Rijnsoever and Hessels 2011) 
and “interdisciplinary overhead” (Bark et al. 2016) involved in working across large disci-
plinary divides.
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Efforts to bridge divides within SCRiM included the development of a form of con-
ceptual model called a values-informed mental model (ViMM). Conceptual models are 
a promising tool for integrating knowledge and building shared understanding in project 
teams (Bark et al. 2016; Heemskerk et al. 2003). ViMMs expand on traditional conceptual 
modeling approaches to explicitly represent values as well as knowledge in support of cou-
pled ethical-epistemic analysis. The ViMM concept was developed and applied during the 
course of SCRiM in work published towards the end of the project (Bessette et al. 2017; 
Mayer et al. 2017). This tool was not available at the start of the project and was not main-
streamed into SCRiM as a whole. Further development of ViMMs and their applications in 
convergence science is a topic of ongoing research.

Another factor that may have compounded barriers to broader understanding of coupled 
ethical-epistemic analysis was the relatively few project participants focused primarily on 
the values theme. In terms of funding duration, humanists received just 4% of SCRiM’s 
total person-months of funding (compared with, e.g., 28% for meteorology/climatology, 
thirteen for geosciences, and ten for economics).

6  Conclusions

Here we apply our own backgrounds, perspectives, and experiences to interpret and trans-
late the findings of this study into actionable ideas. The following recommendations are in 
no way comprehensive, nor do they exhaust what we have learned through SCRiM. The 
scope of these recommendations is limited to issues directly informed by this study. The 
scope is further restricted to ideas that are not already widely appreciated in published 
advice (see Sect. 1). Our goal is an incremental expansion of existing understanding of best 
practices for the design and facilitation of convergence research projects. Other take-aways 
from the study are possible; these are ours:

1. Follow the values. Scrutinize why the research matters, to whom, and in what ways. 
Does the research design serve these motivations well? Acknowledge potential tensions 
between real-world relevance, scientific feasibility, disciplinary norms, and professional 
rewards. Navigate these tensions transparently. Further work is needed on how best to 
structure and guide these activities and improve their interface with the workflows and 
quantitative mindset of STEM researchers.

2. Exploit new training opportunities. Large convergence projects offer new kinds of 
training opportunities. These include chances to expand one’s vision by appreciating the 
breadth of a project and how all of the pieces fit together. Otherwise successful postdoc 
training may not reliably advance this big-picture project understanding (and associated 
capacity to envision and lead convergence research). Where such capacity-building is a 
priority, new training mechanisms may be needed.

3. Support disciplinary islands. Participants whose disciplinary culture is far from a 
project’s “center of mass” can face greater integration challenges. To support the inte-
gration of concepts and methods from relatively isolated disciplines, consider develop-
ing dedicated coordinating mechanisms and ask whether allocated time and personnel 
adequately offset higher transaction costs.

4. Leverage participant expertise in assessment. Each project participant knows their 
own research far better than anyone else. This intimate knowledge can and should be 
exploited to better understand the outcomes of convergence funding within the research 
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of project participants. “Bottom up” approaches that begin from project participants’ 
perspective and experience can supplement “top down” bibliographic approaches to 
quantifying interdisciplinarity and other aspects of research content.
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