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Abstract
Purpose – The purpose of this study is to examine the information needs of earth and environmental scientists regarding how they determine data
reusability and relevance. Additionally, this study provides strategies for the development of data collections and recommendations for data
management and curation for information professionals working alongside researchers.
Design/methodology/approach – This study uses a multi-phase mixed-method approach. The test environment is the DataONE data repository.
Phase 1 includes a qualitative and quantitative content analysis of deposited data. Phase 2 consists of a quasi-experiment think-aloud study. This
paper reports mainly on Phase 2.
Findings – This study identifies earth and environmental scientists’ information needs to determine data reusability. The findings include a need for
information regarding research methods, instruments and data descriptions when determining data reusability, as well as a restructuring of data
abstracts. Additional findings include reorganizing of the data record layout and data citation information.
Research limitations/implications – While this study was limited to earth and environmental science data, the findings provide feedback for
scientists in other disciplines, as earth and environmental science is a highly interdisciplinary scientific domain that pulls from many disciplines,
including biology, ecology and geology, and additionally there has been a significant increase in interdisciplinary research in many scientific fields.
Practical implications – The practical implications include concrete feedback to data librarians, data curators and repository managers, as well as
other information professionals as to the information needs of scientists reusing data. The suggestions could be implemented to improve
consultative practices when working alongside scientists regarding data deposition and data creation. These suggestions could improve policies for
data repositories through direct feedback from scientists. These suggestions could be implemented to improve how data repositories are created and
what should be considered mandatory information and secondary information to improve the reusability of data.
Social implications – By examining the information needs of earth and environmental scientists reusing data, this study provides feedback that
could change current practices in data deposition, which ultimately could improve the potentiality of data reuse.
Originality/value – While there has been research conducted on data sharing and reuse, this study provides more detailed granularity regarding
what information is needed to determine reusability. This study sets itself apart by not focusing on social motivators and demotivators, but by
focusing on information provided in a data record.
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Introduction

While much effort has been taken to create data repositories
for sharing and reuse, there has been less attention to
examining what is necessary for these data to be successfully
reused. Efforts in the creation of data repositories, the
creation of data sharing policies and tools to assist with
sharing and reuse have propelled the ability for scientists to
share and reuse data. Additionally, research to examine
motivations and inhibitors for data sharing and reuse have
been well-documented. While this research has been
instrumental in understanding what motivates scientists to
share and reuse data, an under-researched area of study is to

consider what scientists need to know about data sets to
determine reusability as scientist have a vast amount of available
data to reuse from themany data repositories in existence.
When considering data reusability, it is essential to consider

that “reusability can be only appraised from the potential reuser
perspective, who will juxtapose best judgment about the
attributes of the available data to their reuse intention/purpose”
(Yoon et al., 2017, p. 2). This study considers that the potential
reuser is provided a variety of attributes about a data set from a
data records, and from that data record determines reusability
and relevance of a data set. Faniel and Jacobsen (2010) describe
three considerations when assessing data for reusability:
1 Are the data relevant?
2 Can the data be understood?
3 Are the data trustworthy?The current issue and full text archive of this journal is available on
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This study focuses on Points 1 and 2 by examining how
scientists determine relevance and if scientists can understand
the data through the data record provided. A data record can be
defined as structured information that present essential
information of their host page, product, service (Liu, Grossman
and Zhai, 2003), or other items they are representing, in this
case, data. Data reuse has been defined as secondary use of data
other than originally intended (Faniel and Jacobsen, 2010;
Zimmerman, 2008).
This study addresses the questions:How do scientists determine

data reusability and relevance, and more specifically, what
information or attributes about the data do scientists need to
determine data reusability and relevance? This paper explores the
research questions through the results of a multi-phasedmixed-
methods study. The first phase of the study examines the
attributes provided in data records through a qualitative and
quantitative content analysis of data records. The second phase
of this study examines which attributes assist scientists in
determining data reusability and relevance through a quasi-
experiment think-aloud study.
The findings of this study provide librarians, curators,

and repository managers a better understanding how earth and
environmental scientists determine data reusability and
relevance, and provides recommendations for creating data
records with the greatest potential for reuse.

Literature review

Data sharing and reuse have been extensively studied and well
documented. Data sharing and reuse has many benefits
including the ability to extract additional value from data,
enable reproducible research, enable others to ask new
questions of existing data, and advance science (Borgman,
2010, 2012; Lord andMacdonald, 2003).
Changes in policy have created an environment where

scientists are encouraged and sometimes required to share data
through data sharing policies from grant funding agencies such
as the National Institutes of Health (National Institutes of
Health, 2003, 2007) and National Science Foundation
(National Science Foundation, 2010). Moreover, journals are
more frequently encouraging or requiring the sharing of
scientific data for publication of research (Brown, 2003;
McCain, 1995).
As the policies promoting data sharing and reuse became

more prevalent, there has also been an increase in the
availability of scientific data repositories (Marcial and
Hemminger, 2010) for scientists to share and reuse data.
Moreover, an increase of integrated systems for data sharing
and discovery such as USGIN (U.S. Geoscience Information
Network, n.d.), Dryad (2019), and DataONE (DataONE,
2013b) have become available for scientists.
Both the changes in policies and technology have increased

the research and examination of factors impacting data sharing
and reuse. Motivations and inhibitors for data sharing and
reuse have additionally been thoroughly researched. Previous
literature has focused on motivators such as scientific
reputation (Ceci, 1988; Sieber, 1988) and the value of data and
data duplication (Borgman, 2012; Lord and Macdonald,
2003). Additionally, literature has focused on inhibitors
including financial concerns, time for reusing data, and effort in

creating data (Cohen, 1995; Tenopir et al., 2011). Studies have
also focused on various types of data withholding (Blumenthal
et al., 2006; Noor et al., 2006) and views of data ownership
(Constant et al., 1994). Additionally, there has been an
exploration of potential data reusers (Zimmerman, 2008).
Tenopir et al. (2015) examined change over time of data
sharing and reuse practices, and perceptions of organizational
support for data sharing and reuse. Si et al. (2015) evaluated
scientific data sharing platforms for performance evaluations,
focusing on operation management, data resource, platform
function, and efficiency; however, these evaluations were not
conducted by scientists testing the system. Fecher et al. (2015)
developed a conceptual framework of data sharing from the
researcher’s perspective. Additionally, researchers have
examined how communication impacts data reusers (Yoon,
2017). Most closely related to this study, Joo and Kim’s (2017)
examined data reuse behaviors of engineering researchers,
however, still focused on attitudes towards data reuse.
While this previous research is essential in understanding data

sharing and reuse there is a thematic and methodological gap in
the literature. Thematically, as noted previously, much of this
research focuses on incentive, disincentives, and attitudes
towards data sharing and reuse, as well as policy supporting data
sharing and reuse. Methodologically much of this research has
been conducted through self-reporting measures such as
interviews and surveys (Blumenthal et al., 2006; Sayogo and
Pardo, 2013; Tenopir et al., 2015). Additionally, there have
been bibliometric studies of data deposition and data citation
(Piwowar, 2011; Piwowar and Chapman, 2010). There are very
few experimental studies (Constant et al., 1994) and a lack of
mix-methods studies which can provide a richer understanding
of how scientists determine data reusability and relevance while
searching for data in data repositories.
Ultimately how scientists determine the reusability of shared

data and what scientists need to know about these data to deem
them appropriate for reuse is understudied. This study explores
this topic through amulti-phasemixed-method approach.

Methods

This study uses a multi-phase mixed-method approach
including a qualitative and quantitative content analysis
(Phase 1) and a quasi-experimental think-aloud study (Phase
2). While this paper focuses on the findings of the think-aloud
quasi-experiment study, it is important to include a description
of the content analysis conducted in Phase 1 to understand the
study design.
DataONE was chosen as the test environment for several

reasons. DataONE provides the ability for scientists to share
and reuse data within the DataONE system, thus providing the
ability to examine data sharing and data reuse within the same
environment. While DataONE focuses on the earth and
environmental sciences, these sciences are particularly
interesting for examining data sharing and reuse because of
their interdisciplinary nature. The earth and environmental
sciences are highly interdisciplinary fields with many subfields,
data types, and methods of data collection. As science is
becoming more interdisciplinary and transdisciplinary (Baker,
2015), examining data sharing and reuse within an already
interdisciplinary field with heterogeneous data allows for
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potentially more generalizable results as the growth in
interdisciplinary and transdisciplinary research has greatly
increased and are vital to addressing complex scientific
challenges (Hall et al., 2018).
The DataONE data repository allows scientists to search

over 800,000 data objects through a free online search interface
which searches a federation of repositories (DataONE, 2013b).
The search interface includes a simple search with facets for
search refining, familiar to most researchers. Figure 1 shows an
example of a data record provided by DataONE. While the
entire data record is not included for space, Figure 1 provides
an understanding of the types of information provided in the
data record. As shown in Figure 1, a DataONE data record
includes information about the data such as a data identifier,
data abstract, keywords, funding information, research
methods, and sampling. This information is provided to
scientists to assist in determining data reusability.
This study was interested in how scientists determine data

reusability and what factors impact data relevance. Therefore,
this study needed to be conducted in two phases. Phase 1
examines what information is shared regarding the data
through a qualitative and quantitative content analysis of data
records. Phase 2 examines what scientist need to determine
reusability through a quasi-experiment think-aloud study. Two
pilot studies were conducted to test, evaluate, and refine the
researchmethods of both phases.
The first pilot test examined data shared within the

DataONE repository. A random sample of 650 data records

extracted from the DataONE to test the sampling method and
consider qualitative and quantitative variables associated with
the data. From this study, it was determined that a random
sample produced an overrepresentation of data from certain
Member Nodes. DataONE Member Nodes are data
repositories that expose their data and metadata to the
DataONE (DataONE, 2013a). This overrepresentation led to
a stratified sample for the Phase 1 final sampling.
The second pilot study (Murillo, 2014) explored the

usefulness of a think-aloud approach for examining data reuse.
For this study, six users searched the DataONE for data to
reuse. Participants were asked to think-aloud and describe how
they determine reusability. From this study, it was determined
that the think-aloud approach produced too many
uncontrollable factors such as user-designed search queries and
too many data record results, which led to the final quasi-
experiment design.

Phase 1: researchmethods
Phase 1 examined information provided about the data through
quantitative and qualitative content analysis of 202 data
records. As the purpose of this phase of the study was to gain an
understanding of the data shared within the DataONE,
exploratory descriptive content analysis was used to summarize
the records, as it focuses on the features of recorded information
(Spurgin and Wildemuth, 2009, p. 298). A combination of
inductive and deductive analysis was used as is common in
exploratory content analysis (Neuendorf, 2002, pp. 11-12).

Figure 1 DataONE search result data record
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A stratified sample of ten records from each Member Node of
the DataONE was used for the sampling frame. As discussed,
the Phase 1 pilot study indicated that a random sample did not
accurately represent the data records available in the
DataONE, as Member Nodes with more data were
overrepresented.
The content analysis steps included the conceptualization of

variables through the pilot study, the operationalization of the
variables, coding and training, and final coding (Neuendorf,
2002). Two coders independently, both with previous
experience coding qualitative and qualitative data, coded a
subset of the data, created a codebook, and then coded the
entire data set. Final intercoder reliability was 0.91
Krippendorff’s alpha. Krippendorff’s alpha adjusts for whether
the variable is measured as nominal, ordinal, interval, or ratio
and is a highly attractive coefficient but rarely used because of
the difficulty in calculating (Neuendorf, 2002, p. 151). In the
case of this study, this alpha was chosen to compute intercoder
reliability because of the variability in the variables, which
included nominal and ordinal variables.

Phase 2: researchmethods
Phase 1 provided the details of the data records. Phase 2 used
these detailed data records to create an experimental interface
for the quasi-experiment think-aloud study.
The think-aloud method can be helpful to understanding

decision-making and knowledge of a system, and participants
have little to no memory or interpretation errors, and while
there may be some cognitive disturbances, these are minimal
(Someren et al., 1994). The quasi-experiment counter-balance
design is typically used to test search interfaces by applying
multiple treatments to each participant (Hank & Wildemuth,
2009), and in this case, was used to test the relevance of data
records.
An experimental interface used a counter-balanced design

where each participant rotated through manipulated data
records based on a pre-defined query. From the pilot study, it
became clear that the search query and search results needed to
be predefined to control the test environment.
The query “soil moisture content” was used and four

manipulated results were created. This query and results were
used because it was broad enough to be applicable to many
sciences and the results were robust enough to be able to
develop several versions of results for the quasi-experiment.
Additionally, feedback received from scientists during the pilot
study verified the rationale regarding the pre-defined search
query and results.
The four manipulated results were created based on the

findings of Phase 1. Result 1 contained all 27 unique pieces of
information or attributes found in the data records including an
abstract, research methods section, unit and attribute list, a
data description, and all attributes described in the Phase 1
Findings. Result 2 contained all attributes except the unit and
attribute list. Result 3 contained all attributes except the
research methods, unit, and attribute list. And lastly, Result 4
contained all attributes except the abstract, unit, and attribute
list.
The results were manipulated through a counterbalanced

design, and the results were rotated with each participant, as
shown inTable I.

Figure 2 provides an overview of the full procedures of the
quasi-experiment think-aloud study design and indicates the
points and types of data collection throughout. Each
participant was first provided an online consent form.
Secondly, participants were provided with a sample data record
to practice “thinking-aloud” about what information assisted
them in determining data reusability. Next, participants were
provided four data records and asked to think aloud for each,
after each result they were provided a post-result usefulness
survey (Appendix 1). Once participants completed thinking-
aloud for each result, they were asked to complete a rank-order
survey (Appendix 2). Next, participants were asked to
complete a post-experiment survey (Appendix 3), which
included open-ended questions, data reuse factors questions,
and demographic questions. Lastly, a semi-structured
interview was conducted to have participants elaborate on their
current data reuse practices, as well as how they determine data
reusability.
Scientists were recruited through the University of North

Carolina and North Carolina State University departmental
listservs for the geological sciences, environmental sciences,
ecology, and biology. Additionally, participants were recruited
through the Committee on Data for Science and Technology
(CODATA) and DataONE listserv. Lastly, scientists were
recruited at the Annual Geological Society of America annual
conference.
A total of 16 participants were recruited. Scientists were

asked to “think aloud” regarding how they determine data
reusability. Additionally, participants submitted a post-result
usefulness survey after each manipulated result, and a post-
experiment data reuse factors survey. Lastly, semi-structured
interviews were conducted after the experiment.
The data from the quasi-experiment and surveys were

analyzed using descriptive statistics. The think-aloud notes and
the semi-structured interview notes were analyzed using
inductive content analysis.

Findings

Phase 1: qualitative and quantitative content analysis
The examination of the data records provided 27 unique pieces
of information or attributes regarding the data including: Data
Citation, Instrument, Geographic, Intellectual Rights, Dataset
Metadata, Research Methods, Funding Source, Data
Availability, Access Metadata, Taxonomic, Abstract, File Size,
Metadata Standard, Publisher, Additional Access, Data Type,
Additional Metadata Standard, Attribute List, Keywords,
Creator, Provenance, Unit List, Keyword Thesauri,
Publication Date, Temporal, Contact, Associated Party and
Data Description. Not every data record contained all pieces of
information.

Table I Counterbalanced design

Participant (P) Query result

P1 Result 1 Result 2 Result 3 Result 4
P2 Result 2 Result 4 Result 1 Result 3
P3 Result 3 Result 1 Result 4 Result 2
P4 Result 4 Result 3 Result 2 Result 1
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The records varied when it came to the information provided.
Only 51 per cent contained information about the majority of
the items listed above. Items that were particularly well covered
were creator (98.1 per cent), keywords (98 per cent) and
abstract (87 per cent). Items that were particularly not well
covered included funding source (17 per cent), taxonomic (14
per cent) and data description (12 per cent).
As discussed previously, the findings from Phase 1 were used

to build the manipulated data record results for the quasi-
experiment think-aloud study. The decision on which
attributes to include in the results was based on the findings
from Phase 1, as Phase 1 determined what percentage of each
attribute was included in the data records. Each manipulated
result emulated the range of data records found. Result 1
represented the most robust results found in Phase 1, and each
subsequent result removed the next most likely attributes not
be included in the data record. The manipulated results also
received feedback from scientists during pilot testing of the
experimental interface.

Phase 2: quasi-experiment think-aloud, post-result
usefulness survey and post-experiment data reuse
factors survey
Of the 16 participants, 56 per cent (9) were male and 44 per
cent (7) were female. Six participants were geologists, four were
ecologists, two were atmospheric scientists, two were
environmental scientists, one was a physicist, and one was a
hydrologist. Additionally, 31.3 per cent had PhDs, 37.5 per
cent had master’s degrees, and 31.3 per cent had bachelor’s
degrees. None of the participants had previously used
DataONE. The average time spent through the quasi-
experiment think-aloud, post-experiment survey, and semi-
structure interview was approximately 90min.
From the post-result usefulness survey (Appendix 1)

overwhelmingly, the scientists found Result 1 to be the most
useful (81 per cent) when it came to determining data reuse.

This particular result included very robust information and
included an abstract, research methods, attribute lists,
instrument information, as well as all 27 attributes describes in
the Phase 1 Findings. While overwhelmingly Result 3 was seen
as the least useful (81 per cent). Result 2 was considered the
second most useful. Result 4 was considered the third most
useful. The findings of the usefulness survey indicated a
proclivity to more robust research methods information, data
description and unit/attribute information tended to yield more
useful results. Table II below summarizes the Post-result
usefulness survey.
The rank-order survey (Appendix 2), which was

administered after participants though-aloud through all of the
results provided similar results to the post-result usefulness
survey. Participants were asked to rank all results in the order of
most useful to least useful in regard to assisting their ability to
reuse the data. This survey provided the same results as the
post-result usefulness survey, therefore even after the
participants interacted with each result, the perceived Result 1
as themost useful andResult 3 as the least useful.
The data reuse questions in the post-experiment survey

results (Appendix 3, Table III) show that scientists found the
attribute list, data description, and research methods
information particularly important when determining data

Figure 2 Quasi-experiment think-aloud study procedures

Table II Post-result usefulness survey summary

Most useful Least useful
Result 1 (3.56 mean) Result 2 (3.31 mean) Result 4 (2.31 mean) Result 3 (2.25 mean)

All attributes All attributes except
unit and attribute list

All attributes except
abstract, unit, and
attribute list

All attributes except
research methods, unit,
and attribute list

Table III Data reuse questions results (N= 16)

Data reuse factors (scale 1-7) Mean (SD)

Attribute list 6.60 (0.52)
Data description 6.50 (0.49)
Research methods information 6.13 (0.49)
Instrument information 5.88 (0.52)
Provenance information 5.25 (1.18)
Metadata standard 4.94 (1.53)
Intellectual property information 4.75 (1.29)
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reusability. Additionally, these results indicated that metadata
standard and intellectual property information was not
particularly important in determining data reuse. Participants
were required to rank every factor in this portion of the post-
experiment survey.

Qualitative results
Qualitative analysis of the think-aloud and semi-structured
interviews provided further detail regarding how scientists
determine data reusability. Scientists tend to rely on the data
description, research methods information, unit, and attribute
lists to determine data reusability. Scientists relied less on the
abstract information to determine reusability.
Additionally, participants found the data description was the

most pertinent information. The data description is a short and
succinct summary of the data set presented near the bottom of
the result. Participants suggested that this vital piece of
information moved to the top of the data record. Participants
stated that the organization of the information should be
considered on a data record. Participants considered this
primary information to be the data description, research
methods information, format, size, and data type, and attribute/
unit lists. Participants considered secondary information to be
keywords, metadata standard and intellectual property
information.
Participants discussed why Results 3 and 4 were the least

useful results. Several participants discussed how both of
these results did not provide enough information to determine
reusability without downloading. Participants stated that these
results were “what they were used to with other
data repositories” and that they have in the past wasted time
downloading data just to learn that it was not relevant to their
data needs.
Furthermore, scientists described the need for basic

information including format (.png, .csv), size, and type
(experimental, field, sensor). Participants were frustrated that
this information was not clear on the data record and see it as
basic information regarding data that should be included in all
data records. One participant stated how problematic that size
and format was not included in the data record by stating:

For instance, if I needed image files in .PNG format, it would save time if I
knew that a dataset were .JPG only. Similarly, knowing the size of the
dataset could be critical. I don’t want to download 100 TBs worth of data
just to have my computer crash (P11).

Another participant stated that data repository managers and
data sharers should consider the “who (data creator), what (data
type), when (when collected), where (where collected) and how
(research methods) of data” (P5) as primary information that
should always be included in data records.
During the semi-structured interviews, it was determined

that all of the participants had some previous experience
reusing data.Many of them used similar data repositories as the
DataONE, or found data associated with publications for data
reuse. They described searching for data as an arduous process,
as many repositories did not have the extensive amount of
information as the data records they had just encountered
through the study. The participants stated that their main
inhibitor for data reuse was the lack of information about the
data.

Discussion

As discussed in the findings, the participants of this study had
previous experience in data reuse. Participants described their
data reuse experiences as first looking at literature and then
acquiring the data through the data owner. This tactic is
consistent with the literature (Zimmerman, 2003, 2008). Some
participants described using data libraries including NOAA
and USGS, and other data repositories available to scientists
(Marcial and Hemminger, 2010). However, most of the
participants additionally described a need for quality control of
data for reuse (Baru, 2007), the need for improved access and
discover (Beran et al., 2010), and a lack of time and support to
search for data to reuse (Tenopir et al., 2011).
Scientists’ information needs regarding data are different

than the needs of researchers looking for research articles. The
majority of the scientists indicated that abstracts were not
useful to their ability to determine data reusability because it
was not clear if the abstract were referring to the paper
associated with the data or the data itself, and too often the
abstract provided information about the project the data was
created for. It frustrated scientists to read through long text to
realize that the abstract did not provide any pertinent
information about the data.
Overwhelmingly scientists suggested that the research

methods were crucial for determining reusability. Research
methods provided information regarding collection,
instruments, and manipulation. One scientist stated that this
answered the “who, what, when, where, and how” (P5) about
the data. This approach has been suggested in the previous
research (Baru, 2007), and additionally has been discussed in
data reproducibility literature (Lifschitz et al., 2011). During
the post-experiment interviews, the scientists discussed how the
research methods provide the most precise description of how
the data was created and collected, and therefore provides
scientists the most complete understanding of the data itself.
Additionally, scientists stated that the research methods
allowed them to determine if the data was collected as
rigorously as they would want it to be, and allowed them to
judge the meticulousness, thoroughness, and appropriateness
of the research methods used to collect the data. In this sense,
the research methods allow scientists the ability to judge both
their understanding and trustworthiness of the data, as
described in the literature (Faniel and Jacobsen, 2010).
Scientists also noted that without calibration information of

the instruments this could become less useful information.
They stated how calibration information, instrumentation
information, and provenance information is often left out of
data records and this information could be vital to the
reusability of data.
Scientists discussed how they appreciated a suggested data

citation format and DOI. Nearly all scientists stated that this
information would encourage data citation, literature has also
indicated this preference (Piwowar and Vision, 2013).
Scientists suggested they prefer when the data record contains a
simple suggested data citation format that they can easily copy
and paste into their own publication.
Scientists were surprised that the keywords were not linked

throughout the system, as they were used to being able to click
on keywords to link to similar results in most systems. It would
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be worth considering adding this and other types of
recommendations to data repositories, similar to what most
scientists are used to while looking for research articles.
Information overload was discussed, and surprisingly, most

scientists suggested that they prefer too much information than
not enough information. This was counter to what much of the
research indicates regarding information fatigue (Eppler and
Mengis, 2004). However, some literature suggests that search
stopping behavior is dependent on task (Browne et al., 2007).
In the case of data reuse, the participants of this study stated
they would rather not want to waste time downloading data to
find out it did not meet their needs. In addition to this,
scientists also did not mind that all of the information was on
one page and that they had to scroll, however, they did suggest
that drop-down menus could assist with long data records.
Additionally, scientists suggested that including mouseover
definitions of data attributes would be helpful.

Recommendations for information professionals
When information professionals are working with scientists to
assist with depositing data into repositories or providing
feedback regarding data management plans, the following
recommendations should be considered to assist data creators
in producing reusable data:
� detailed research methods;
� including calibration information with instrument

information;
� data format, data size, and data type;
� data citation format and DOI;
� succinct description of the data;
� considering what is primary information versus secondary

information when creating the layout in data records;
� considering drop-down menus to organize long data

records; and
� linking keywords throughout the system.

Data record prototype
Updating the information in the data record, as well as the
organization of this information, could improve the potential
reusability of data and would assist potential data reusers to
determine relevance more easily. A preliminary prototype of an
ideal data record is provided in Table IV which synthesizes the
findings of the quasi-experiment think-aloud results, as well as
the qualitative data from the semi-structured interviews following
the experiment. Table IV is divided into primary information and
secondary information. Scientists suggested that specific data
attributes were more critical for them to determine data
reusability (primary information), while other information they
appreciated having but did not necessarily impact their ability to
assess reusability (secondary information).
Table IV provides a set of primary and secondary attributes

that scientists have suggested assist in their determination of
data relevance and reusability and can be used in future studies
of data reuse and data records, as well as provide guidance for
information professionals working with data collections.

Conclusion

While this study provides a more thorough understanding of
how earth environmental scientists determine data reusability,

there are still limitations to the study. This study examined one
single data repository (DataONE) in one discipline (earth and
environmental science).While earth and environmental science
is a highly interdisciplinary field that contains many
subdisciplines, the findings in this study do not represent all
scientific disciplines. Another limitation to this study was the
use of a hypothetical search for the quasi-experiment think-
aloud. While the pilot studies indicated a need to control this
search results, natural searches from the participants may have
provided other insights for how scientists determine data
reusability. Lastly, the sample size of the quasi-experiment
think-aloud is rather small. While major recruitment efforts
were made, additional participants could have potentially
provided more information. However, even with the small
sample size, there was a fairly clear consensus amongst the 16

Table IV Ideal data record attributes and definitions

Attribute Attribute definition

Primary information
Data description Short and succinct data description
Data creator Who collected the data?
Data format What is the format of the data? (.csv, .txt,

.tif, etc.)
Data type What type of data was collected? (field,

experiment, sensor, simulation)
Data size What is the size of the data? (MBs, TBs,

etc.)
Data collection location Where was the data collected?
Data date range When was the data collected?
Research methods
information

How was the data collected, by what
means, what were the steps involved?

Instrument information What instruments were used to collect the
data and what were the calibration
settings?

Provenance information Was the data changed in any way, if so
how, why, and by what methods and/or
instrument?

Data abstract A descriptive summary of the data. The
data abstract should describe the data,
not the paper associated with the data

Attribute and unit lists This includes data variables and how
these were measured

Secondary information
Taxonomic information If appropriate for the data set, any

information regarding biological
organisms

Data citation and persistent
identifier

A suggested data citation format, and DOI
or other persistent identifier for the data

Intellectual rights
information

Any statement regarding restrictions to
use of the data, as well as attribution
instructions

Data keywords Keywords linked throughout repository so
that potential reusers can click to similar
data sets

Metadata standard Metadata standard used by the data
Funding source Funding source for the data collection
Publication date Date the data was published
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participants. Additionally, having 16 participants allowed for
four rotations of each result in the counterbalanced design of
the quasi-experiment.
This study contributes to a greater understanding of

how scientists determine data reusability through a
quasi-experiment think-aloud study. This study provides new
contributions to the current research in several ways. From a
research perspective, much of the previous research in data
reuse focuses on how policy influences data reuse, as well as
motivators and inhibitors of data reuse such as time and effort
needed to reuse data. While much work has been done in
increasing the availability of data for reuse, there is still work
that needs to be done to ensure data reusability. Rarely has
the previous research examined data repositories and
attributes provided about data for reuse through a data
record.
These findings have implications for a broader audience

including data sharing organizations, research data
management organizations, and data management plan
creators. For example, these findings can assist creators of data
management plan templates and resources such as the
DMPTool (University of California Curation Center, 2019) to
ensure that they are addressing the specific needs of data
reusers.
This study provides direct feedback from scientists about the

data record itself and provides a set of recommendations for
data creators and information professionals to ensure the
greatest potential for future reuse. Additionally, it provides
feedback to data repository managers to consider when
building data repositories.
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Appendix 1: Post-result usefulness survey

On a scale of 1-5, with 1 being not useful and 5 being very
useful, how would you rate this result in regards to assisting
you in the ability to reuse the data?

Appendix 2: Post-search rank order survey

Please rank all results in the order of most useful to least
useful in regards to assisting you in the ability to result the
data.
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Appendix 3: Post-experiment survey

Have you ever used DataONE Search system?
● Yes
● No
● Unsure

If yes, how o�en have you searched?
● Never
● Rarely
● Some�mes
● Quite O�en
● Very O�en

Open-ended ques�ons
When looking at a search result, what informa�on did you need to determine if the data is relevant?

In regards to the DataONE, what informa�on inhibited your ability to determine data reusability?

In regards to the DataONE, what informa�on facilitated your ability to determine data reusability?

When considering the DataONE, what informa�on did you want about the data that the system did not provide?

Data Reuse Factors Ques�ons
(IN GENERAL) When looking for data for reuse, what informa�on do you need in order to determine data relevance and reusability? 
Not at all important (1)
Very unimportant (2)
Somewhat unimportant (3)
Neither important nor unimportant (4)
Somewhat important (5) 
Very important (6)
Extremely Important (7)

1. The data follows a specific metadata standard.
2. The data record contains informa�on regarding provenance informa�on.
3. The data record contains informa�on regarding permissions and intellectual property rights.
4. The data record contains informa�on regarding instrumenta�on.
5. The data record contains informa�on regarding research methods.
6. The data record contains informa�on regarding an a�ribute list.
7. Other: Please specify

Demographic ques�ons

Sex
● Female
● Male
● Prefer not to answer 
● I iden�fy as/In another way (please specify if you wish): ___________

Years of professional experience
● 0-5 years
● 6-10 years
● 11-20 years
● 20+ years

Educa�onal background
● BA/BS
● MA/MS
● PhD
● Other

Area of Exper�se (Please select all that apply)
● Ecology
● Geology
● Biology
● Atmospheric Science
● Environmental Science
● Hydrology
● Soil Science
● Chemistry
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