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The impact of federally supported STEM education research is difficult to document, because knowledge resulting from

research is deeply embedded in complex networks of social interactions, structures and artifacts. DIA2 is a web-based

search and visualization tool designed to make knowledge associated with NSF-funded projects more accessible to the

STEMeducation scholarly community.No studies have communicated its value to the community itwas designed to serve.

This study investigates users’ perceptions of DIA2’s usefulness for carrying out teaching, research, and administrative

duties. Using a qualitative interpretivist approach, researchers conducted semi-structured interviews with 89 principal

investigators on NSF-funded grants. We used thematic analysis, and interpreted the results using the Distributed

Cognition and the Affordances of Information and Communications Technology frameworks. Results indicated ten

ways DIA2 is valuable for carrying out a spectrum of routine scholarly activities, including initiating research

collaborations, preparing promotion and tenure documents, and informing strategic decisions. With increased accessi-

bility to the knowledge DIA2 provides, we are better equipped to characterize the impact of federally supported STEM

education R&D.
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1. Motivation

The National Science Foundation (NSF) supports

24% of all federally funded research conducted in

America’s colleges and universities as part of its

mission to ‘‘promote the progress of science’’ in the

U.S. [1]. Projects in NSF’s portfolio of science,

technology, engineering and mathematics (STEM)

education R&D have a scope of influence that
addresses needs at various levels—from the indivi-

dual to the systemic—and target a spectrum of

needs that exist within the education ecosystem.

Despite tremendous investments in STEM educa-

tion throughout the existence of the agency,

ongoing calls for ‘‘innovation’’ and ‘‘transforma-

tion’’ in higher education suggest that the greatest

impact of NSF investments in STEM education
research has not been realized, or at the very least

is difficult to detect and define [2]. One premise of

this study is that part of the reason the full potential

of research has not been realized is because of

limitations associated with the data revealing pro-

ject outcomes. DIA2 is a cyberinfrastructure devel-

oped for the STEM community to make sense of

NSF data that directly addresses some of the data
challenges associated with NSF funded projects

with hopes that the tool will be a resource to the
STEM community as its members pursue evidence-

based activities that will lead to lasting change in K-

12 and higher education.

The next sections briefly summarize the need for a

tool like DIA2, provides an overview of the tool,

and how it fits within the larger context of ways

scholars find information in a highly-digitized

world. The results of this study reveal DIA2 users’
perceptions of the usefulness of DIA2 in carrying

out teaching, research, and administrative duties.

The results indicate that this kind of cyberinfras-

tructure is a valuable tool that the STEM commu-

nity can use to better leverage and increase the

impact of NSF investments in R&D.

1.1 Challenges with data in the digital age

Data are an integral part of our digitized world and

influences every aspect of our daily [3–5].As the field

of data mining and visualization continues to

advance, the more common the term ‘‘big data’’

becomes [6]. Despite ongoing discoveries in the field
of big data, the sheer amount of data produced each

daymakes it difficult for even themost sophisticated

technologies and researchers to acquire, store,

manipulate, and present data in meaningful ways.
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More importantly, an ill-designed visualization

may cause users to struggle with understanding its

representation and even make wrong decisions

based on what is presented [7]. This reality is

important in this context, because the amount of

data associated with each NSF-funded research
project (e.g., written documents, raw data, artifacts)

is a barrier that is crucial to making the most of

outputs resulting from NSF investments in STEM

education research. Furthermore, data associated

with NSF-funded projects come in various forms, is

not well organized, and is stored in disparate

places—some of which include physical locations

(e.g., on the pages of scholarly articles) or within
social structures (e.g., among communities of prac-

tice). Within the context of NSF investments in

research, Principal Investigators (PIs) and those

impacted at their institutions are key entities in the

social structures.

PIs on NSF-funded projects are essential to

promoting the progress of science. Because they

are ultimately responsible for carrying out research
and disseminating the findings and outputs, they

hold valuable expertise on the topic of interest in

their study. Additionally, they are inadvertently

members of a highly-distributed organization of

PIs and STEM researchers—an organization in

which knowledge is deeply embedded in a network

of diverse interactions, structures, and artifacts.

Thus, in many ways, the NSF PI community is
what Cummings, Finholt, Foster, Kesselman, and

Lawrence [8] refer to as a ‘‘virtual organization’’

minus the cyberinfrastructure to help them function

more cohesively.

The development of a robust cyberinfrastructure

dedicated to making the collective PI community’s

research activities and outputsmore visible not only

helps integrate the activities carried out by indivi-
dual project teams, but it also supports the genera-

tion of new knowledge. Part of the reason such

benefits can be realized is because the ‘‘dark data’’

[9] hidden within the networks is being codified in a

way that is more readily accessible and beneficial to

the members of the community. Moreover, an

increased awareness of other community members’

activities and research insights adds to the potential
diffusion of knowledge and contributes to commu-

nity building. The development of a robust cyber-

infrastructure designed around NSF data was

critical to uniting the activities of the broader

STEM research community as part of increasing

the impact of NSF investments in research. On the

other hand, previous research indicates that proper

visualization of others’ or historical data could
increase one’s awareness of their behavior and

have a positive impact on their own practices and

results [10]. New tools are needed to address the

changing work-related needs of scholars in the

digital age.

1.2 Scholarly communications in the digital age

‘‘Scholarly Communication,’’ a term that has been
used since the mid-1970s, often refers primarily to

the process of publishing peer-reviewed research

[11]. More recently, however, the term has been

usedmore broadly to capture the range of processes

in a researcher’s everyday activities—including the

creation, transformation, dissemination and preser-

vation of knowledge related to teaching, research

and scholarly works and products [12]. Although
there might be some differences across disciplines

(e.g., the difference between the science and quanti-

tative social sciences and the more interpretive and

qualitative disciplines) [13, 14], the most traditional

and common method of scholarly dissemination is

writing the research findings in a manuscript and

getting them published in a peer-reviewed journal.

Over the past two decades, however, there has been
a discussion about issues with scholarly commu-

nication, which led to the widespread belief of a

‘‘crisis in publishing’’ and weaknesses in the peer-

review system [15]. Considering the increasing price

to publish in journals [16], the limited access to

published research [17], [18, 19], and the growing

concern of research getting ‘‘lost’’ due to the dis-

appearance of publishers or journals, there has been
a call for changes and innovations in scholarly

communication based on the real needs and work-

flow of researchers and administrators [20–22].

Several studies have been conducted to investi-

gate the status of scholarly communications in the

digital age. Harley, Earl-Novell, Arter, Lawrence,

and King [23] conducted a study with 160 inter-

viewees across 45 institutions in seven different
disciplines to investigate faculty’s values and

behaviors throughout the scholarly communication

lifecycle (including career advancement, sharing,

collaborating, publishing, resource generation,

and engaging with the public). This study identifies

the two biggest challenges for disseminating

research faced by faculty: (1) the lack of time and

(2) the need for ‘‘noise’’ filters (e.g., mechanisms to
filter out low-quality work found both on the

internet and in journal publications). When it

comes to sharing work with other scholars and

keeping up to date in a field, faculty reported they

always communicate within a circle of trusted

colleagues using informal email exchanges and

Web 2.0 technology (e.g., personal website, blog)

[13]. The channels researchers used to collaborate
with one another, however, are rather conservative

and narrow: collaborations often grow out of rela-

tionships forged in graduate school with peers or

mentors. Technologies, such as Skype and pass-
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word-protected wikis, are used to communicate

during the collaboration.

New technologies (such as Web 2.0 social media

tools, Wikipedia’s model of crowd-sourced produc-

tion, big data and cyberinfrastructure) were

reported to transform how research is conducted,
disseminated, and rewarded [24]. With aid from the

huge volume of technology tools launched in the

past decade, scholars have more options than ever

to communicate their research results to wider

audiences using more than the traditional channels.

The world of scholarly communication is changing

as a result of the new technology and innovative

models. Research from Altmetric [25] shows the
impact of research findings can extend beyond the

traditional measures of peer-reviewed publications,

because Web 2.0 technologies allow others to men-

tion research insights in other mediums (e.g., perso-

nal websites, blogs). A recent study conducted by

Poynter Research Center [24] indicate social media

has been used by more researchers to communicate

with audiences and share research than when more
traditional methods were the only option available.

Procter et al. [26] also reported researchers’

increased use of Web 2.0 services to facilitate

novel forms of scholarly communication.

Furthermore, Kramer andBosman [27] identified

101 innovations in scholarly communication and

their effectiveness on changing research workflow

between 2000 and 2015. These 101 innovative tools
were categorized into six phases of scholarly com-

munication: discovery, analysis, writing, publica-

tion, outreach, and assessment. Typical workflows

(e.g., traditional, modern, innovative, experimen-

tal) were modeled using these innovative tools. In

short, this study highlights the increasing use of

social discovery tools and scholarly social media

as part of the typical scholar’s workflow. Kramer
and Bosman [27] identified the multidisciplinary

and citation-enhanced databases as themost impor-

tant development for the discovery phase, colla-

boration and data-driven for the analysis phase,

more and better-connected researcher profiles for

the outreach phase, and importance of societal

relevance and non-publication contributions for

the assessment phase. One of the more recent
innovations that scholars have found to be particu-

larly useful are scientific mapping tools. DIA2 is an

example of such.

DIA2 is a web-based search and visualization

tool that was designed to make knowledge about

and results from NSF-funded projects more acces-

sible to members of the STEM community. The

purpose of this study is to explore DIA2 users’
perceptions of the value to the scholarly community

for whom it was developed. Such insights advance

our understanding of how scholars can add a

visualization tool to the repertoire of resources

they use to engage in scholarly activities. More

broadly, the findings discuss the characteristics a

visualization tool that should be considered for

inclusion among the growing number of scientific

mapping tools that scholars use to communicate
insights to one another. From a practical perspec-

tive,DIA2 can serve amodel for cyberinfrastructure

that functions as a central location for a distributed

network of scholars (like PIs) interested in certain

types of insights among that is oftentimes difficult to

access because of the aforementioned barriers.

The remainder of this document describes rele-

vant literature on the value STEM scholars have
obtained from using scientific mapping tools, and

the conceptual underpinnings of the question of

interest in this study. After providing an overview

of DIA2 and methods for collecting data, we will

present DIA2 users’ insights on its value for carry-

ing out a variety of scholarly tasks. The findings will

be discussed in light of the conceptual lens guiding

this work and existing research. The implications
for a variety of stakeholders will also be discussed.

2. Literature on the value of science
mapping tools for scholarly activities

Science mapping technology has been used to effec-

tively promote communication among scholars.
Science mapping or bibliometric mapping, is a

unified name for various data mining approaches

which explore the connections among different

scientific knowledges through the visual representa-

tion in the field of bibliometrics [28]. The connection

establishment is based on the extraction and analy-

sis of the critical information (e.g., researchers’

name, affiliated institute, award, published article,
high-frequency vocabulary in the text) from a large

number of interrelated scientific literature and other

supported metadata. This visual representation

helps users to understand an overview of the struc-

ture of the scientific network in a specific discipline

domain. Visual representations offered through

science mapping technologies include treemaps,

mosaic plots, ego-networks, and statistical graphics
(e.g., plots, bar charts) [29]. For example, a circular

diagram of article co-occurrence by category in

engineering education research from 2005–2008

was developed by Jesiek, Borrego, Maura, Beddoes

et al. [30]. In this diagram, the size of each node is

aligned with the number of articles in the category

the node represents, while the size of each line

between twonodes reflects the times that the content
of an article covers both of these two categories at

the same time. With this visual, researchers can

easily identify clusters of related research in the

field of engineering education (e.g., project-based
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learning, capstone design, first-year engineering).

Previous studies serve as concrete examples of how

science mapping has also been applied to help

researchers to understand the relationship between

researches who study design thinking [31] and

entrepreneurship education [32].
One of the main benefits of using tools that

perform science mapping analysis is efficiency in

processingmassive amounts of data to garner useful

insights. There are several examples in the literature

on how such tools were used among STEM scho-

lars. One tool that is commonly used is called Cite-

Space II [33]. It is a Java application for visualizing

emerging trends and patterns in scientific literature
[34]. It uses co-citations of references as themechan-

ism to organize the science network. CiteSpace II

researchers investigated its value to its users and

found that the visual representation helps research-

ers explore trends of awarded grants; this is useful

for writing more purposeful grant proposals [35].

Chen [35] argues that since the core of a cluster in the

network represents the intellectual base of a field of
study and the boundary corresponds to scientific

frontiers, CiteSpace II can enhance users’ ability to

identify relationships between core and the bound-

ary of a research space; this also improves the

competitiveness of universities and research labora-

tories [35].

Apart from preparing to write competitive grant

proposals, science mapping tools are also useful to
understanding things that may be happening within

an institution. For example, Folkstad and Hayne

examined the differences between of their school’s

research funding based on the funding source (e.g.,

NSF, National Institutes of Health (NIH), Depart-

ment ofEducation) andbetween twoperiods of time

[36]. From the visualized Principle-Investigator

social network created by Pajet [37] and the results
of quantitative analysis, they gathered evidence on

the impact of a new educational policy on inter-

disciplinary collaborations among researchers at

the institution. Although Pajet is not a pure science

mapping software, the data is based on grant

proposals, and the data visualization mechanisms

are similar to traditional science mapping software

programs.
In addition to understanding what may be hap-

pening within an institution, science mapping tools

are also useful for garnering insights about

researchers around the world. Jigsaw [38] is a soft-

ware program designed to extract entities from

unstructured text, and present their relationships

in different views [34]. One aerospace engineering

researcher used it to compare two comparable
standards published by the United States and the

European Union. Each standard includes thou-

sands of items. Jigsaw helped her to quickly identify

similarities and relationships between items in each

standard, which was hard to complete before pro-

grams like Microsoft Word [39]. Similarly, an

intelligence analysist at a national laboratory

found suitable post-doc and researcher applicants

with Jigsaw from a number of resumes. From the
extracted critical information from each resume,

they could efficiently make connections between

applicants’ backgrounds and the vacant positions

[39].

Lastly, Small, Boyack, and Klavans agree that

the visual representation benefits the identification

of emerging topics in science and technology fields

[40]. However, the focus of their study was on the
software’s value to decision makers at funding

agencies. RePORT, the software program they

developed, helps NIH analyze more than 55,000

peer-review records of grant applications, and gen-

erate descriptions of the scientific structure in the

biomedical domain as part of their annual funding

evaluation [41]. Such tools are also useful for

estimating researchers’ productivity, which, in
turn, helps funding agency make more informed

funding decisions since they are more inclined to

fund researchers who succeed in continuously pub-

lishing, or to fund opportunities for a broad set of

researchers [42].

In summary, existing literature includes a variety

of examples of how scholars and funding agencies

have gotten value from science mapping tools. The
use of advanced algorithms and visualization tech-

niques leads to efficient ways to extract and reorga-

nizemassive amounts of data in away thatmitigates

users’ workload when carrying out a myriad of

scholarly tasks. While DIA2 as developed for the

STEM community of researchers, educators, and

administrators, such an analysis has been formed

for this tool. Moreover, its value compared to other
tools in a similar classification is also unknown.

Lastly, the studies that have been performed to date

have focused primarily on research-related tasks

(e.g., writing competitive proposals, identifying

research networks). Thus, the value of these tools

for carrying out teaching and/or administrative

tasks has not been explored. This study seeks to

fill this gap. This study focuses on one tool that was
developed to promote scholarly interactions among

STEM education researchers working in the digital

age—a tool that was designed with a wide range of

scholarly tasks and user groups in mind. The

research design and results will follow a brief over-

view of DIA2.

3. Overview of DIA2

DIA2 [43] is a web-based science mapping platform

for searching, viewing, and analyzing the NSF
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research portfolio. It was designed for the ‘‘casual

expert’’ who has a high degree of training in their

discipline yet has little-to-no training in advanced

visualization and analytics [29]. Beyond themotiva-

tions for developing the tool,DIA2has the potential

to improve scholarly communication by expanding
the reach and impact of NSF-funding based on the

notion that providing ‘affordance is innovation.’

One premise of the technology is that learning new

knowledge means absorbing networks of informa-

tion, not individually reading thousands of docu-

ments [44]. To help users get actionable insights

from NSF investments in R&D, DIA2 employs

visualization algorithms not because of their
novelty but because of their capability of producing

familiar or self-explanatory representations to a

casual expert.

DIA2 currently archives data from January 1973

to September 2016 (only data from1995 is exposed),

the total size of the data is 1 Terabyte. DIA2 uses a

dashboard metaphor to accommodate the different

needs of our diverse user groups (e.g., members of
the STEM community, NSF personnel). The tool

includes six widgets designed to meet the needs of

the user groups.More specifically, thewidgets allow

users to look into NSF’s organization structure

(NSF Org Structure), perform keyword searches

on concepts (Thesaurus Concepts), search for PI/

co-PI on NSF-funded projects (People Explorer),

explore NSF-related information about funded
institutions (Institution Explorer), investigate

NSF programs (NSF Program Explorer), and

explore NSF proposal project details (Topic

Explorer), respectively. A set of services is designed

to be used as needed, including services to show the

structure of the NSF organization, to visualize the

collaboration network of PIs/coPIs, and to visualize

the geographical distribution of awards. DIA2 also
uses bar charts, pie charts, and time-series plots for

visual representations of research portfolios for

NSF programs, institutions, and PIs. Other pub-

lications stemming from this study include addi-

tional details about DIA2’s design. Visit the DIA2

website to explore its functionality. The develop-

ment of DIA2 is based on ‘‘user-centered’’ method

[45, 46]. Target population, such as researchers, and
NSF staffs, have been broadly participated in the

software design, development, and evaluation

phases. Specific methods, such as typical user inter-

view, survey, focus group, observation, have been

used to gather users’ needs, and guide the design of

the software [45–48]. The software’s usability is also

assessed through investigating representive NSF

staffs after it is developed [49]. However, how the
scholars use the platform in their daily work, and

what is the value that DIA2 brings to them have not

been explored before. Answering these questions

can not only promote the diffusion of DIA2 in

scholar communities, but also help the policy-

makers to better understand scholar communities.

Both of these two points can boost the boom of the

scholar communities and further positive influence

the country’s progress in the STEM field

4. Research design

This study is part of a larger project that employs a
user-centered design approach to developing a

cyberinfrastructure that can serve as a central

resource for the STEM community. An interpreti-

vist theoretical lens guides this study. In short,

interpretivist research includes social inquiry,

through the use of naturalistic methods (i.e., inter-

views), that leads to evidence-based claims as a

result of interpretations of individuals or groups’
lived experiences [50, 51]. The research question

guiding this qualitative study is: In what ways do

members of the STEMeducation community perceive

DIA2 adds value?

4.1 Conceptual underpinnings

Distributed cognition [52, 53], and an extension of

Gibson’s Affordances theory [54, 55] serve as the

conceptual foundation for the interpretation of the

results in this study on the value of DIA2 to
members of the STEM scholarly community.

Cognition, the brain’s ability to process informa-

tion, is one of three steps of human information

processing: perception, cognition, and action. The

Distributed Cognition framework (referred to as

‘‘DCog’’ hereafter) is part of a wider movement

within the contemporary cognitive science disci-

pline to account for the role of the environment
(social, cultural, and material) in shaping cognition

[53]. More specifically, DCog affirms that: knowl-

edge is not confined to an individual; the learner

plays an active role in constructing knowledge; and

tools within in the environment scaffold cognition

as the learner interacts with them. In this context,

the use of theword scaffoldmaymean the properties

of a tool makes a task easier to complete, enables a
task to be donemore efficiently, or provides ameans

of accomplishing a task that could not have been

accomplished without the tool.

Several researchers have noted and argued for the

value of using the distributed cognition framework

for information visualization research [52, 56, 57]. It

is widely accepted among information visualization

researchers that ‘‘The purpose of visualization is
insight, not pictures. The main goals of this insight

are discovery, decisionmaking, and explanation’’ as

in [58]. In an attempt to effectively design visualiza-

tions, information visualization researchers are

beginning to ask questions about what insight

Jeremi S. London et al.1108



means, how it is measured, and how it is generated

[59, 60]. Fundamentally, questions about insights

are questions about human cognition. Thus, the

Distributed Cognition framework is a useful

model of cognition when interpreting findings that
involve information visualizations [52, 56, 57].

In this study, DCog is a useful theoretical under-

pinning for articulating the role of DIA2 in con-

structing knowledge as part of completing tasks

typically performed while engaging in scholarly

work. Because the interaction between the users

and the environment is an important part of

DCog, it is important to note that the environment
provides both affordances and constraints that

influence human cognition and action. In light of

this, it was valuable to use a framework that

delineates some of the affordances of information

and communication technologies (ICT), of which

DIA2 is an example.

While the field of learning technologies continues

to mature, the need for theoretical frameworks
continues to grow [61]. This need motivated a

study to understand how learning technology’s

‘‘properties might be exploited in particular learn-

ing and teaching contexts’’ as in [54]. Conole and

Dyke [54] built on Gibson [55] original Affordances

Theory to articulate eight affordances of ICT. The

summaries provided in Table 1 are adopted from

Conole and Dyke [54] to provide succinct descrip-
tions of the affordances of information and com-

munications technologies.

Unlike with physical devices, where the proper-

ties and affordances of the toolmight be evident and

largely determined by the designer, affordances of

networked technologies are not as apparent because

they are hidden in software algorithms and may

vary by user. Thus, is it important to rely on the
users’ perspective to communicate the value of a

tool inwhich the affordances are hidden. The results

of this study reveal users’ perceptions of the useful-

ness of DIA2. The Affordance of Information and

Communications Technology framework [54]

enable scholarly interpretation of the results in

light of similar tools.

4.2 Participants

In Fall 2014, all NSF-funded PIs on active grants

associated with the Transforming Undergraduate

Education in STEM/Course, Curriculum, and

Laboratory Improvement (TUES/CCLI) programs

were invited by email to participate in this study.

Among the 790 PIs invited, eighty-nine people
agreed to participate (11% response rate). Among

the participants, 47% were male, and 53% were

female. Tables 2 and 3 summarize the participants’

area of disciplinary expertise (as defined by the areas

inclusive of the division of undergraduate educa-

tion), and tenure rank/position, respectively. (Note:
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Table 1. Summary of Information and Communications Technology Affordances

Affordance Description

Accessibility ICT enables relatively easy access to immense amounts of information through a variety of
mechanisms.

Speed of change ICT mediates abundant and rapidly changing information.

Diversity ICT offers exposure to a vast range of diverse and different experiences that can inform learning.

Communication and
collaboration

ICT opens up new forms of dialogue and enable the potential for learning as a result of engagement
with others.

Reflection ICT encourages reflection and critical thinking as users engage in discussions over longer time frames
than is possible with face-to-face communication, and as they access and build on archived materials
from past discussions.

Multimodal and non-linear ICTallows learner tomovebeyond linear pathwaysof learning to adoptmore individualized strategies
and pathways.

Immediacy ICT dramatically increases the speed at which information can be exchanged over the web.

Surveillance ICT allows users to extend their gaze and secure greater knowledge and control over others.

Table 2. Demographic Data: Disciplinary Expertise

Discipline
Proportion of Participants
(n = 89)

Engineering 26%
Biology 15%
Physics 11%
Chemistry 11%
Computer Science 11%
STEM Education 11%
Other 15%

Table 3. Demographic Data: Position/ Tenure Rank

Position/Tenure Rank

Proportion of
Participants
(n = 89)

Full Professor 31%
Associate Professor 26%
Assistant Professor 12%
Researcher-only 2%
Instructor 8%
Administrator-only 6%
Administrator, Professor, or Instructor 15%



the disciplinary categories are determined by NSF,

are a characteristic associated with each NSF-

funded grant and are specified by the PI on the

grant to denote the disciplinary focus of the pro-

posed work.)

The results of this study reflect diverse perspec-
tives. The representation of gender was nearly

equal, with slightly more females than males.

Eleven areas of disciplinary expertise were repre-

sented among the participants. Participants with

engineering expertise were the most represented

(26%); several disciplinary areas (i.e., astronomy,

geology, economics) had one representative and are

included in the ‘‘Other’’ category. Participants with
expertise in mathematics (7%) and psychology (4%)

were also included in the ‘‘Other’’ category. The

STEM Education label includes people from

Science Education,Math Education, and Engineer-

ingEducation.Wewanted proportional representa-

tion in the STEM disciplines NSF funds; and the

participant representation does align with the dis-

ciplinary representation in the portfolio.
Lastly, the participants include administrators,

tenure-track and non-tenure track members of the

STEM education community. The three largest

representations of these participants include Full

Professors (31%), Associate Professors (26%), and

people with some combination of administrative

titles (20%). As it relates to the administrators,

there were some who only had administrative titles
and no teaching or research responsibilities (e.g.,

Director of a research center associated with a

university), while others had administrative duties

as well as teaching and/or research responsibilities

(e.g., Full Professor & Department Chair). A range

of academic institution types was represented

among the participants as well (i.e., public and

private universities; research-intensive universities;
undergraduate colleges; community colleges; and

research centers).

4.3 Data collection

In 2014, DIA2 researchers conducted interviews

with members of the STEM research PI community

over Skype to garner their reactions to the features
in the Spring 2014 version of DIA2. After exploring

the functionality, participants were asked: Is the

information presented useful or just interesting? If

useful, in what way is it useful? Is there anything else

you would like to see? All interviews were audio-

recorded and later transcribed.

4.4 Data analysis

Participants’ responses to the three protocol ques-

tions of interest were analyzed using three rounds of

coding by two researchers; and all rounds were

performed using NVivo qualitative analysis soft-

ware [62]. Codebook, as a compilation of codes and

their explanations, was used to ensure coders work

with consistent standards. Because of the size of the

data set, the first round involved holistically coding

[63] one third [64] of the transcripts. Holistic coding

is an exploratory approach to coding that attempts
to capture the basic themes in the data by absorbing

large data chunks at a time (rather than line by line).

Participants’ response to each protocol question

served as a chunk. This resulted in a list of 96

codes. The codes were collapsed into tentative

themes surrounding the value of DIA2 and a

‘‘DIA2 wish list’’. The two coders met to discuss

the big ideas that emerged from the data, and the
contents of the preliminary codebook (i.e., coding

guidelines, tentative codes) before moving to the

second round of coding.

Thematic analysis [64, 65] was used as the second

round of coding. Braun and Clarke [65] describe six

phases of thematic analysis: (1) familiarize yourself

with the data; (2) generate initial codes; (3) search

for themes; (4) review themes; (5) refine and name
themes; (6) produce the report. Once fifty of the

ninety transcripts had been coded at least once, the

coders met to discuss coding choices, discrepancies

in selections, and ways to improve the clarity of the

codebook. At this point, the codebook was rela-

tively stable (i.e., no new codes were emerging), and

the coders coded twenty new transcripts using the

stable codebook as part of conducting interrater
reliability analysis.

Cohen’s Kappa [66] was used to measure the

interrater reliability. Cohen’s Kappa measures the

agreement of raters who classify a set of items into

mutually exclusive categories; in this case, ‘‘items’’

are a participant’s response to each protocol ques-

tion. The Kappa-value ranges from 0 to 1 where

large numbersmean better reliability; values near or
less than zero suggest that agreement is attributable

to chance alone. Table 4 includes a list of how

Kappa-values might be interpreted [67].

The Kappa-value indicating the extent of agree-

ment between the two coders for every transcript is

included in Table 5. Only four out of twenty tran-

scripts coded in this round had a value less than 0.8,

but all fell within the ‘‘substantial agreement’’
range. The overall average Kappa-value is 0.9,
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Table 4. Interpretation of �-values

Kappa (�) Interpretation

<0 Poor agreement
0.0–0.20 Slight agreement
0.21–0.40 Fair agreement
0.41–0.60 Moderate agreement
0.61–0.80 Substantial agreement
0.81–1.00 Almost perfect agreement



which means that the coders had almost perfect

agreement by the time two thirds of the data had

been coded at least once. The researchers met to

discuss differences in coding and to refine the code-
book one last time before finishing the coding.

With the final version of the refined codebook,

one coder re-coded all 89 transcripts (including re-

coding the 50 transcripts leading up the stable

version of the codebook) to ensure that the coding

across all of the transcripts was consistent with final

version of the codebook. Thiswas the third and final

round of coding. The final codebook includes 10
themes on the value DIA2 to users in the STEM

community. Two frameworks helped with inter-

preting the participants’ responses; they will be

presented after the results, as part of the discussion

of the findings.

5. Results on DIA2’s value

The value of a data visualization tool relies on a

thorough investigation of users’ interactive graphi-

cal processes and the impact on their performance

[68]. The STEM research community members who

participated in this study find DIA2 useful for

carrying out teaching, research, and administrative

duties. In this study, the themes are written as value
propositions—written to reflect the benefit to the

user. The results of this study include one value

proposition for carrying out teaching responsibil-

ities, five for research-related activities, and four for

administration. The section includes three types of

results: a table summarizing the value of DIA2,

detailed descriptions of each value proposition,
and descriptive statistics associated with the value

propositions. Participants also sharedwhat changes

they would like to see added to future designs of

DIA2. These results will be discussed in the next

section. Table 6 includes a summary of the DIA2

Value Propositions.

5.1 DIA2’s value for teaching

The participants in this study discussed one parti-

cular way DIA2 adds value for carrying out teach-

ing-related activities. Specifically, DIA2 adds value

when looking for instructional resources related to a

particular pedagogy. For example, it can be used to

identify NSF-funded projects with outputs related

to specific pedagogical resources that can be used in
the classroom. One biology associate professor

stated it this way:

‘‘I alsomight use it to try and find people—I always felt
there were lots of good grants and people doing great
work, but unless you go to a PI meeting, you don’t
really know aboutwhat’s happening. It would be a way
to look for resources that other people have devel-
oped.’’

Here is a brief exchange with an assistant professor

doing biology education research that also sees
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Table 5. �-values Corresponding to the Interrater Reliability Analysis

Transcript ID � Transcript ID � Transcript ID � Transcript ID �

51 0.92 56 1.00 61 0.97 66 0.96
52 0.78 57 1.00 62 1.00 67 0.89
53 0.91 58 0.82 63 0.70 68 0.94
54 0.86 59 0.73 64 0.96 69 0.95
55 0.98 60 0.92 65 0.78 70 0.96

Average � -value: 0.90

Table 6. Summary of DIA2 Value Propositions

Activities Value Propositions

Teaching DIA2 adds value when looking for instructional resources related to a particular pedagogy.

Research DIA2 adds value as an alternative way to explore research activities apart from scholarly literature.

DIA2 adds value when trying to understand facets of NSF.

DIA2 adds value at all stages of writing an NSF proposal.

DIA2 adds value when disseminating project outputs and helps understand dissemination patterns.

DIA2 adds value as an instrument for conducting research.

Administration DIA2 adds value when trying to present, understand and/or evaluate the research profile of an individual researcher.

DIA2 adds value when gathering information and/or develop dashboards (metrics) to better understand people and
activities at the institution.

DIA2 adds value when developing local programs.

DIA2 adds value during strategic planning.



value in using DIA2 as a springboard for guidance

on developing instructional resources:

Interviewee: ‘‘Let me see. Now I’m looking at this
person. I wanna see what his award is. Oh, it’s got the
little abstract for his grant. That’s kinda interesting.’’

Interviewer: ‘‘Why is that interesting?’’

Interviewee: ‘‘Cause I didn’t know that’s what he was
working on, and I wanted to—he’s working on mole-
cular animation, and something that I myself want to
do in my course, to develop some animation. . . I guess
what I would do next is I would go and see if he’s been
publishing anything, and then Imight get in touchwith
him if it looked like something exciting was happening
there.’’

DIA2 can also be used to determine if a particular

pedagogy is being used or researched at your
institution or within your geographic region. An

associate professor of engineering discussed this

possibility after exploring the geographical data

visualization:

‘‘The other thing that I did was, of course, click on
Alaska. Okay. There are no classes—there are no
awards in Alaska that specifically trigger on the key
word flipped classroom. That’s of interest to me. My
particular proposal did not—was not focused on
flipped classrooms, but that tells me either that
nobody is working on flipped classrooms in the state
of Alaska or they’re calling it by different things. It’s
not explicit, right? They’re not necessarily doing it.
That means that in Alaska maybe I’m the person who
should go around and talk to people about flip class-
rooms. Who knows?’’

Lastly, DIA2 can be used as a starting point for

identifying and recruiting participants for a study

focused on a particular pedagogy. While the first

value statement focused on teaching, the next set of

value propositions center around using DIA2 as

part of conducting research.

5.2 DIA2’s value for research

According to the participants in this study, DIA2

adds value at various stages of the research pro-

cess—from exploring existing research to dissemi-

nating research outputs. The participants in this

study shared five specific ways DIA2 adds value
for conducting research. First, DIA2 adds value as

an alternative way to explore research activities

apart from scholarly literature. At a minimum, it

is a resource that can be used to search and identify

‘‘who is doing what’’ and ‘‘who collaborates with

whom.’’ More importantly, the tool can be used to

identify researchers or projects to explore when

shifting to a new research area, starting a literature
review, and looking for projects associated with the

latest research to cite. DIA2’s visualizations allow

researchers to infer connections between research

topics and NSF-funded projects (based on connec-

tions between people or geography), and aids in

understanding the research landscape associated

with an area of research. It is also a way to obtain

basic information about a NSF-funded project of

interest; basic information includes names of

researchers involved and abstract summarizing the

study. This information can serve as a basis for
looking for publications related to a topic. Further-

more, it is a resource that provides evidence to

support claims about trends in a research area.

Provided is an example of a chemistry professor

who discussed several ideas associated with this

theme:

‘‘Well, I think right away the picture showed me how
much activity there was, and how connected the
activity was. Essentially one, two, three, four, five,
six, seven, eight—maybe nine investigations. I can see
from the graph that they span the last 20 years.
Although in the last decade there’s more activity. It
givesme the names of the people involved right away. If
this were an area that I was highly interested in, this
would give me an idea what people have been doing
before. It would giveme a quick way to see what sort of
funded research activity has existed independent of
what I might find in the literature. Sometimes people
have done work and things don’t show up in the
literature, particularly in science education. You
don’t always know what journals to look in to find
things. Because it’s very broad compared with, say,
organic chemistry, or analytical chemistry, which is a
much narrower range of journals. . . .Yeah, so when I
put—when I runmy cursor over each of the little dots I
can see who the PIs are. Interesting.’’

This value proposition focused on exploring scho-

larship more broadly; the second value proposition

associated with research is focused on NSF, a

federal funding agency supporting STEM research.

The second value proposition focused on

research is DIA2 adds value when trying to under-
stand facets of NSF. More specifically, DIA2 pro-

vides a window for discerning the structure of the

funding agency and connections between levels of

the organizational structure (i.e., directorates, divi-

sions, programs). It is also a means for learning

about the Agency’s budget associated with various

aspects of the organization and inferring the span of

reach associatedwithNSFprograms, divisions, and
directorates. DIA2 can be used as a tool for under-

standing the projects in a NSF division, program,

and program officers’ portfolio of active and legacy

grants. Such insights allow you to answer questions

about how many grants were funded by a division

and the amount of funding invested in a topic.

Moreover, insights on NSF’s funding trends pro-

vide onewith the ability to infer theAgency’s topical
interest.With the data on trends, it is also possible to

obtain a yearly breakdown of NSF investments in a

topic, understand funding trends in light of eco-

nomic shifts, and compare funding trends for dif-

ferent topics. Apart fromusingDIA2 to understand
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the NSF funding context, the tool is useful for grant

writing as well.

Continuing with the connection toNSF, the third

research-focused value proposition is DIA2 adds

value at all stages of writing a NSF proposal. This

includes, but is not limited to, exploring funding
NSFmechanisms, conceiving a research proposal in

light of what has already been funded, identifying

people to connect with for advice on submitting a

proposal to a particular program, or request a copy

of their proposal in order to use it as a model for the

proposal you plan to submit.

One chemistry associate professor mentioned

how it would be particularly useful for finding
collaborators if one is in a niche area:

‘‘Okay, so that now—see, this would be useful to find
collaborators because the nanotechnology in under-
graduate education is a very—it’s a niche. It’s not a big
program, so it’s hard to findoutwho’s funded andwhat
they’re doing and who they’re working with, so this
would be useful for finding collaborators rather than
just searching for individual people and the funding
information.’’

As it relates to developing the contents of the

proposal, DIA2 can be used to identify potential

collaborators and partners based on shared inter-

ests as well as determine the typical characteristics

(e.g., number of collaborators, reasonable budget)

of grants comparable to the proposal you plan to
submit. DIA2 can also aid in understanding how

your research idea is situated within a broader

research landscape. Furthermore, insight on what

projects have been funded in the past helps with

evaluatingwhere to submit a proposal, assessing the

likelihood of a proposal being awarded (by getting a

sense of what kinds of ideas that seem ‘‘fundable’’).

The next value proposition associated with DIA2’s
value for research relates to after the study com-

mences.

The fourth value proposition is DIA2 adds value

when disseminating project outputs and helps us

understand dissemination patterns. DIA2 facili-

tates networking, because, even before actually

engaging in dissemination activities, DIA2 can be

used to identify successful PIs to reach out to for
advice on effective dissemination. Additionally, it is

a tool that can be used to identify people whomight

be interested in the outputs of your project—

whether that may be tangible products, pedagogy,

workshops/training materials, etc. Moreover, the

visualizations depicting connections between

researchers associated with a research area help

researchers infer efficient paths for making people
aware of your work, communicating information,

or propagating outputs.

An associate professor of biology shared the

following during the interview:

Interviewee: ‘‘I think network maps can be misinter-
preted and can be misleading, but I think they can also
be very informative. . . One of the first things I did
yesterday when I logged on was I just pulled up one of
thenetworkmaps. Iwas really curiouswho thebig hubs
were.Where those people I knew?Were they not people
I know?Was there a way I could get into that network
or hub?’’

Interviewer: ‘‘Can you expand a bit on yourmotivation
for getting into a big hub?’’

Interviewee: ‘‘I think it could be a valuableway tomake
other people aware of what you are doing.’’

The last value proposition related to research is

DIA2 adds value as an instrument for conducting

research. For example, DIA2 can be used as a

mechanism for performing social network analysis

to explore social networks affiliated with NSF

investment in R&D. It can also be used to visualize
and analyze highly connected and fragmented net-

works associated with topics, NSF programs,

within an institution, and between PIs at different

institutions. Likewise, DIA2 can be used as a

mechanism for assessing how easy or difficult it is

to join a network and provide the preliminary

information necessary for developing a strategy

for joining it. Additionally, it is useful for creating
a profile of a particular type of NSF award (e.g.,

CAREER, ADVANCE), and conducting compar-

isons of the impact ofNSF divisions, programs, sets

of institutions, and PIs.

A psychology assistant professor with an under-

standing of graph theory and network analysis

shared thoughts with respect to the possibility of

using DIA2 to figure out ways to get information
through networks and to understand networks

associated with NSF-funded projects in general:

‘‘When I look at these TUES projects, this global
network is not very connected, right? Information
can’t flow through this network very well. There’s this
highly connected component here.When I look at it by
concept and I turn the active awards to off, this is
probably a healthier network, right? It’s possible for
information to get through this network in a short
series of steps. The path link—there is probably an
average path link that could get you to most places in
this network, or at least a goodnumberof them.When I
turn the active awards only on, it becomes much more
fragmented. What I can see is that the number of
awards are being dominated by these highly connected
components of people, right?’’

An associate professor of chemistry gave a specific

example of how it would have been useful when

writing a review of a NSF program:

‘‘I just realized this would have been really useful for
a—I wrote a review of an NSF program, actually, let
me try that. . . It’s really hard to find budget informa-
tion about NSF programs, and so this—I don’t need
that information a lot, but I recently did need it, and it
was really hard [laughter] to dig through NSF’s web-
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site, and the data was not entirely accurate anyway.
This could be nice.’’

The last set of value propositions relate to DIA2’s

usefulness when carrying out administrative duties.

5.3 DIA2’s value for administration

There are four value propositions related to carry-

ing out a variety of administrative activities. Collec-

tively, the information might be useful as part of
promotion and tenure decisions, forming collabora-

tions for projects apart from writing grants, identi-

fying candidates for job openings based on their

expertise and funding history, making recruitment

and hiring decisions, and identifying potential advi-

sory board members. The first of four in this set is

DIA2 adds value when trying to present, under-

stand and/or evaluate the research profile of an
individual researcher. At a minimum, using DIA2

is an efficient way to identify individuals and net-

works of people with similar research interests.

Additionally, the information DIA2 presents

about a PI provides a meaningful way to present

and understand their NSF awards portfolio—

namely insights about their research interest, fund-

ing history, institutional affiliations, names of other
people in their network, and the names of program

officers who have funded their NSF awards. The

information DIA2 presents also provide insights on

how someone’s career changes over time, indicators

of people’s productivity, and allows for inferences

about the extent of an individual’s influence in a

research community. Apart from focused on a

single individual, DIA2 can assist with seeing
people in the context of their peers and for setting

benchmarks of ‘‘success’’ at various stages along the

tenure track.

One assistant professor of psychology reflected

on how she would use the tool if she were on a

promotion and tenure committee:

‘‘Yeah, it’s certainly telling me a little bit about the
impact of the researcher as a highly connected compo-
nent of a particular network of researchers. I don’t
think that that’s typically how impact is evaluated by a
tenure and promotion committee, but I would cer-
tainly—if I was on a tenure and promotion committee,
consider this to be evidence of impact, at least to the
extent that I’m influential over other people with my
ideas and I’mgoodat collaboratingwith other people.’’

While in an administrative role, it is important to set

organizational goals and plans to achieve them.

Oftentimes, this also requires establishing metrics

for determining the extent to which goals have been
met. In light of this, DIA2 adds value when gather-

ing information and/or developing dashboards

(metrics) to better understand groups of people

and activities at the institution. One example of

this includes using DIA2 for a quick assessment of

the yearly breakdown of funding awarded to an

institution or within a state as part of developing an

institutional profile, including insights on the

amount and types of people receiving NSF funding.

It is also useful for inferring an institution’s research

foci and the areas of expertise among the research-
ers—based on the NSF-funded research conducted

there. Additionally, it is possible to use DIA2 as a

tool for beginning to map institutional change

stemming from research activities. Apart from

using DIA2 to understand research activities and

people at your institution, it can also be used to

obtain summative information about activities at

comparable institutions. Said differently, the
insights DIA2 provides can help with situating the

work of your institutions in the context of similar

programs.These are examples of thewaysDIA2 can

be used to understand groups of people and activ-

ities at the institution. Such insights are useful to a

variety of people at academic institutions, such as

faculty, administrators, job seekers,NSFpersonnel,

and even public officials.
Provided is an example from the director of a

research center discussing how the tool is useful for

understanding the work of an institution in the

context of similar institutions:

‘‘It’s all about numeracy, right? This is simply showing
me numbers. It’s showing me award amount, and it’s
showingme number of PIs. One thing I can quickly do,
and I’ll do it while I’m on the phone, I can quickly
compare universities. I’m gonna look up University of
California-San Francisco. Now I’m looking at UC
Berkeley versus UC San Francisco. I can see the
number of PIs; the award amount. The University of
San Francisco has $73 million and 99 PIs for NSF.
Where UC Berkeley has $1.4 billion and 1,400 PIs. . . I
think it can give you a good snapshot of the NSF’s
impact at a university and also, you can compare
universities and see what it is. I’m very interested if
this goes beyonduniversities. For instance, and stopme
if I’m talking too much because this is pretty interest-
ing, I’m trying to look at Museum of Science. . . I’m
gonna do ScienceMuseumMinnesota andMuseum of
Science which is in Boston. Let’s see. Immediately from
here, I can see these are very similar institutions. They
have about $40 million of NSF money. Science
Museum Minnesota has 61 PIs versus 47 at Museum
of Science. It looks like they’ve got about the same
amount of awards.’’

This is one of several examples participants shared

on how DIA2 can assist with understanding the

research activities of groups and institutions. The

last two value propositions also focus on DIA2’s

value for completingadministrative tasksbut extend
beyond addressing informational needs to be an

integral part of planning and decision-making.

One part of administration at an academic insti-

tution is implementing programs and initiatives at

your local institution. DIA2 adds value when devel-
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oping local programs. A chemistry associate pro-

fessor offered a concrete example of how DIA2

might help with developing a local program.

‘‘The other is, again, more for—I’ve been thinking a lot
about, as well as the AAU, about cultural change at
your university. This informs me that these people on
this list are probably some like-minded people, and I
can go ahead and try to form maybe a faculty learning
community with these people, or things like that.’’

Apart from leveraging insights about social net-

works within an institution to form learning com-

munities, DIA2 users can use it to identify groups of

people to connect with when designing other

campus programs. Using insights from DIA2’s

geographical visualizations, these programs might
be developed not only for people at the home

institution but also with the intention of inviting

people from nearby institutions. At a minimum, it

can be used to identify researchers to invite to give

seminars on campus. While the focus of this value

proposition was on local activities, the last value

proposition focuses on long-term planning.

People operating at various levels of administra-
tion will find that DIA2 adds value during strategic

planning. Several participants mentioned concrete

examples of how theymight use the tool in this way.

For example, DIA2 can be used to identify compar-

able institutions to serve as models to learn from

when setting state-level funding and research goals.

Another mentioned the possibility of using theNSF

funding trends as indicators of national research
priorities, and one engineering professor and

department chair mentioned using insights on

NSF investments ‘‘to think about where to invest’’

their departments’ future investments in research.

Others talked about using the funding patterns

associated with their institution to determine

which NSF program officers to meet with during

an upcoming visit to NSF. One participant noted
howDIA2might add value for strategic planning at

NSF—namely, insights on the geographic distribu-

tion of funding can assist program officers at the

Agency with determining where to focus future

investments.

5.4 Descriptive statistics on DIA2’s value

The next set of quantitative results summarizes

which participants cited each value proposition.

More specifically, Figure 1 provides a global per-

spective across all ten themes. The subsequent tables

reveal patterns based on demographics (i.e., aca-
demic rank, discipline).

Figure 1 depicts how often a participant men-

tioned a particular value proposition. The letter in

parenthesis indicates whether the value proposition

was associated with teaching (T), research (R), or

administration (A). Again, five value propositions

relate to research activities, four to administrative

responsibilities, andone relates to teaching.Accord-
ing to the figure, users tend to perceive that DIA2

adds more value for research and administrative

tasks, rather than carrying out teaching responsibil-

ities.Users findDIA2most valuable throughout the

process of developing an NSF proposal; very few

people mentioned DIA2’s usefulness as part of

developing programs at their local institution.

6. Interpretation of the Results

Table 8 includes the detailed mappings. Gephi, an

open source software [69], was used to generate this

network graph. A force-directed algorithm [70, 71]

was chosen to layout the data in order to help

identify the important aspects of DIA2’s value

according to the framework. Value propositions

are visualized as outlined circles and labeled using

abbreviations. (The numbers correspond to the
order in which they were presented in the results.)

Affordance constructs are depicted using solid black

nodes; the size of the label is proportional to the

nodes’ degree, or the number of connections.

There are a variety of interpretations to garner

from this visualization. First, what should become

apparent immediately is DIA2’s ability to enable

immediate access to rapidly changing information
about NSF funded projects and to stimulate reflec-

tive thinking as a result of visualizing insights

associated with this set of projects. This result high-

lights the importance of up-to-date information to
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Table 7. Descriptive Statistics Surrounding DIA2 Value Propositions

Number of Participants Who Stated DIA2 Adds Value . . . . . .

. . . when developing local programs (A) 3

. . . during strategic planning (A) 4

. . . when disseminating project outputs and helps us understand dissemination patterns (R) 6

. . . when looking for people, research, or resources for the classroom or related to a particular pedagogy (T) 6

. . . as an instrument for conducting research (R) 12

. . . when trying to understand NSF (R) 33

. . . when gathering information and developing dashboards to better understand people and activities at an institution (A) 35

. . . when trying to present, understand, or evaluate the research profile of an individual researcher (A) 41

. . . as an alternative way to explore research activities apart from scholarly literature (R) 43

. . . at all stages of writing an NSF proposal (R) 60



the research in the STEM field. It implies that the

funding agencies and policymakers should
strengthen the communication with scholarly com-

munities and notify researchers the last information

in time.

Furthermore, ‘‘Communication and Collabora-

tion’’ and ‘‘diversity’’ are not the primary affor-

dances of DIA2, although it does provide a starting

place for identifying with whom to communicate

and collaborate for research endeavors. Some pop-
ular Internet platforms, such as Google andMicro-

soft,mayprovide search engines for researchers, but

they are not specialized in information retrieval

related to scientific funding. Future research may

explore how to integrate the advantages of DIA2

and other Internet platforms together as well as

propose the best practice to better serve scholars’

daily work.
Apart from connections to the framework, there

are several connections between the value proposi-

tions the participants in this study shared and the

current literature on scholarly communications in

the digital age. For example, Harley et al. [23]

concluded that the lack of time and ‘‘noise’’ filters

are faculty members’ biggest obstacles associated

with disseminating research. DIA2 can help with
addressing both of these challenges. More specifi-

cally, although DIA2 cannot give faculty more time

for conducting research, it is a tool that can help
faculty perform some routine activities more effi-

ciently and, thus, free up more time for conducting

research. Furthermore, because all NSF-funded

projects go through a rigorous peer-review process

before getting funded and DIA2 is a search and

visualization platform presented insights about the

NSF portfolio, the filtering faculty desire should be

largely addressed, and there should be little ‘‘noise’’
associated with research DIA2 presents.

Another connection to existing literature relates

to how scholars stay up-to-date in their field and

tend to collaborate within a circle of trusted friends

[13]. Participants’ perception of DIA2’s value as a

starting place for establishing collaborations is

highly informative. These results might add a

nuance to previous findings [13]: scholars are more
willing to connect with people outside of their

trusted circles of peers or mentors if presented

with reliable information regarding the degrees of

separation between a familiar researcher and the

potential collaborator (via DIA2’s ego-centric cir-

cles) and visualizations depicting connections

between people based on mutual interests. Based

on the current findings, DIA2 may enhance scho-
lars’ networks of collaborators in novel ways.
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Table 8.Mappings Between Value Propositions and Affordances Framework Constructs

Abbreviation DIA2 Value Propositions A
cc
es
si
b
il
it
y

S
p
ee
d
o
f
C
h
a
n
g
e

D
iv
er
si
ty

C
o
m
m
u
n
ic
a
ti
o
n

C
o
ll
a
b
o
ra
ti
o
n

R
ef
le
ct
io
n

M
u
lt
im
o
d
a
l
a
n
d
n
o
n
-l
in
ea
r

Im
m
ed
ia
cy

S
u
rv
ei
ll
a
n
ce

Teaching DIA2 adds value when looking for instructional
materials related to a particular pedagogy.

X X X X X X

Research_1 DIA2 adds value as an alternative way to explore
research activities apart from scholarly literature.

X X X X X X

Research_2 DIA2 adds value when trying to understand facets of
NSF.

X X X X X

Research_3 DIA2 adds value at all stages of writing an NSF
proposal.

X X X X X X X

Research_4 DIA2 adds value when disseminating project outputs
and helps us understand dissemination patterns.

X X X X

Research_5 DIA2 adds value as an instrument for conducting
research.

X X X X X

Administration_1 DIA2 adds value when trying to present, understand
and/or evaluate the research profile of an individual
researcher.

X X X X X

Administration_2 DIA2 adds value when gathering information and/or
develop dashboards (metrics) to better understand
people and activities at the institution.

X X X X X X

Administration_3 DIA2 adds value during strategic planning. X X X X

Administration_4 DIA2 adds value when developing local programs. X X X X



7. Conclusion

DIA2 is a web-based tool that provides access to

timely insights about NSF investments in STEM

education research. This qualitative study includes

the perspectives of STEM research community

members on the value of DIA2 and reveals that

this cyberinfrastructure is a valuable asset for carry-
ing out teaching, research, and administrative

duties. Tools like DIA2 represent a new, innovative

genre of tools that can be added to the suite of

traditional methods used to facilitate scholarly

communications in the digital age. With use of the

insights DIA2 provides, the STEM community is

better equipped to leverage and magnify the impact

of federally supported STEM education R&D.
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