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Abstract

Computers and computation have become essential to scientific activity and significant
amounts of data are now captured digitally or even “born digital”. Consequently, there
is more and more incentive to capture the full experiment records using digital tools,
such as Electronic Laboratory Notebooks (ELNs), to enable the effective linking and
publication of experiment design and methods with the digital data that is generated as
a result. Inclusion of metadata for experiment records helps with providing access,
effective curation, improving search, and providing context, and further enables
effective sharing, collaboration, and reuse.

Regrettably, just providing researchers with the facility to add metadata to their
experiment records does not mean that they will make use of it, or if they do, that the
metadata they add will be relevant and useful. Our research has clearly indicated that
researchers need support and tools to encourage them to create effective metadata.
Tools, such as ELNs, provide an opportunity to encourage researchers to curate their
records during their creation, but can also add extra value, by making use of the
metadata that is generated to provide capabilities for research management and Open
Science that extend far beyond what is possible with paper notebooks.

The Southampton Chemical Information group, has, for over fifteen years, investigated
the use of the Web and other tools for the collection, curation, dissemination, reuse, and
exploitation of scientific data and information. As part of this activity we have
developed a number of ELNSs, but a primary concern has been how best to ensure that
the future development of such tools is both usable and useful to researchers and their
communities, with a focus on curation at source. In this paper, we describe a number of
user research and user studies to help answer questions about how our community
makes use of tools and how we can better facilitate the capture and curation of
experiment records and the related resources.
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Introduction

In science, communication is of the utmost importance. Ideas need to be shared,
evidence disseminated, plans discussed, findings recorded, and errors corrected. An
individual researcher may work alone, but their research is of little value to the
scientific community if it remains inside their heads. The increasing dominance of
technology, digitization of data, and the drive towards more openness in science, brings
with it a need to ensure that scientific records and their associated data are effectively
captured, managed, and preserved; and, where appropriate, made accessible to others.
Two essential elements of adapting to this changing environment are the effective
curation of digital records and the expanding use of ELNs (Bird, Willoughby, Coles and
Frey, 2013; Bird, Willoughby and Frey, 2013). ELNs provide a range of features that
can help to improve data management, data retrieval, and collaboration, providing
positive benefits for research, including the curation of records for collaboration and
reuse (Badiola et al., 2015).

Curation is often viewed as a retrospective activity in the academic publication
lifecycle, typically undertaken by someone other than the original author of the
research, frequently leading to high costs, introduction of errors, and the loss of both
data and context (Beagrie et al., 2010; Borgman, 2012; Downing, et al., 2008; Edwards
etal., 2011; Qin et al., 2016). However, in most small and medium-sized laboratories,
the scientists who produce the data are solely responsible for their management
(Borgman et al., 2016), but difficulties occur in encouraging researchers to effectively
curate their data for the benefit of unknown future users, particularly as the researchers
have a limited understanding of the value of adding metadata and there are a lack of
perceived benefits for doing so (Borgman, 2008; Crystal and Greenberg, 2005; Currier
et al., 2004; Edwards et al., 2011; Frey, 2008; Greenberg, 2004). Machine-generation of
metadata can help to alleviate some of these problems by making the curation process
cheaper, more efficient, consistent, and enable researchers to focus on more complex
tasks (Greenberg et al., 2006). However, machine-generated metadata tend to be limited
to timestamps, measurements, and instrument or software properties, and so the
production of ‘user-defined’ metadata by the expert author of the research is often
necessary to capture the full context and add meaning to the data (Bird, Willoughby,
Coles and Frey, 2013; Borgman et al., 2016; Currier, et al., 2004; Greenberg and
Robertson, 2002; Frey, 2008; Willoughby et al., 2015). The burden of curation can be
eased, if curation is designed into experiments and captured at source (Bird, Willoughby
and Frey, 2013; Frey, 2008). Researchers need to appreciate that it is good laboratory
practice for data creators to anticipate what researchers might encounter in later stages,
by collecting, curating, and preparing for citation as they create the data — ‘at source’
(Frey, 2008). User-friendly tools need to be developed that not only support researchers
in curating their work for the benefit of others, but also by providing functions that
enable the authors themselves to gain value from the metadata generated as a result.

The Southampton Chemical Information Group has been involved in e-Science
projects for over 15 years exploring the exploitation, collection, curation, dissemination,
and reuse of scientific data and information (Frey et al., 2015). CombeChem (Frey, et
al., 2006) instigated a number of e-Science projects, including the Smart Tea and More
Tea projects designed to support chemists in the preparation, execution, analysis, and
dissemination of their work (Frey, 2008; Frey et al., 2006; schraefel et al., 2004). The
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project conducted user studies using the analogy of ‘making tea’ to explore the
experimental and recording practices of synthetic chemists to develop a prototype for an
electronic replacement of the traditional paper notebook (schraefel et al., 2004). The
two-part prototype included a web component, enabling chemists to create a plan for
their experiment based on the assessment form used as part of health and safety
requirements, stored in RDF format. The second component was a wireless tablet PC
with a stylus to capture the experiment in the lab, primarily capturing planned, versus
actual, measurements used, checking off steps of the experiment, and writing notes or
drawing images. Researchers valued certain elements of the system such as chemical
information lookup and automatic data capture, but in real-world use, the interfaces
were too inflexible and prescriptive, with significant work needed to adapt the tools for
other domains (Milsted et al., 2013).

Concerns about lack of flexibility led the team to investigate the opposite approach
of developing a generic ELN that captured unstructured data with minimal semantics
and enabled researchers from any domain to be able to capture their experiment records
without constraint (Milsted et al., 2013). The resulting researcher-centric blog-based
ELN, known as LabTrove, enables users to capture their research as free-form text, but
also provided a way to design custom templates so that repeated experiments could be
easily replicated and documented using a common format. As well as automatically
capturing metadata such as author, timestamps, URIs, and version information, users are
able to add their own user-defined metadata to their posts using a mixture of a
mandatory single tag to describe the post (a ‘Section’), and a flexible multiple ‘key-
value’ pair system (Milsted et al., 2013). The user-defined metadata, although not
inherently semantic, is exploited to provide ways to search, navigate, group, and filter
records within the ELN (Milsted et al., 2013). LabTrove is successfully used in a
heterogeneous set of laboratories across the world, demonstrating the value of the
flexible interface across a variety of laboratory science disciplines (Badiola et al., 2015).

Although LabTrove serves a number of research teams successfully, the interface
was not a focus during development and remained rather crude (Badiola et al., 2015). In
2010, a series of user research activities were begun, in order to investigate current
usage of the LabTrove ELN, attitudes of researchers to ELNs, what usability
improvements could be made to improve the adoption of ELNs, and whether using
structured record templates like Smart Tea or the ‘blank page’ of LabTrove would make
a difference to the capture of experiment records.

In this paper, we provide an overview of the results of these activities with a brief
background to the research, the methods that were used, a brief discussion of the major
findings, and the significance of the findings in terms of designing tools and methods
for encouraging curation at source for scientific researchers. We also explain the
benefits of including the ability to create an experiment plan in ELNs to enable the early
capture of provenance information that can support the researcher throughout their
experiment. We present ideas for interface designs that can support and encourage
curation for experiment records, as well as briefly discussing other methods for
encouraging curation at source.

Metadata Use in the LabTrove ELN

For a full description of the LabTrove ELN, refer to Milsted et al (2013) and Badiola et
al. (2015). Our user research activities began with a series of semi-structured interviews
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with members of the different LabTrove user communities. The purpose of the
interviews was to develop an understanding of the research and practices of the different
groups, find out what enhancements groups wanted to see in LabTrove, and to examine
how each group was using metadata within their projects. As a result of the assessment
and the discussion with the users, it became apparent that users struggled with adding
metadata for their experiments and many researchers were anxious about using it.
Anxieties ranged from not knowing where to start with metadata, to actively fearing the
consequences of ‘getting it wrong” and concern about the amount of effort that would be
involved in fixing any mistakes. The lack of metadata on their entries meant they were
also finding it increasingly difficult to locate specific notebook entries and details for
particular experiments.

At around the same time we had the opportunity to run some user testing sessions on
LabTrove with several groups of researchers at Bath University who were planning to
adopt the ELN. We included metadata as one of the elements of the testing to
investigate how the researchers used the metadata features within LabTrove. In these
studies, we found that users added metadata only when required by the system, and
often added inappropriate values, even when prompted and provided with sensible
examples. Post-study discussions with subjects highlighted not only problems with the
interface, but also that researchers did not have any understanding of what metadata
does, what it might be for, and why it might be useful. Just asking users to add metadata
in the interface was not sufficient.

To investigate whether issues of minimal metadata use were common in LabTrove,
we conducted a survey of metadata use across over 100 LabTrove notebooks
(Willoughby et al., 2014). As a result of the survey, we discovered that the majority of
users were not really using metadata at all. A large percentage of users used a ‘catch-all’
term when metadata is mandated, for example a space, dash or ‘General’. The majority
of metadata added were high-level labels rather than specific terms; these can help
inform types of metadata that would be useful in describing an experiment such as
Instruments and Materials, but their lack of specificity limits the usefulness of the
metadata within the system itself. There was a lack of metadata terms that described
techniques or conditions in the experiment that could be useful for searching or filtering
experiments. When notebooks were used by multiple authors, more metadata was used,
but the privacy level of the notebooks did not affect the amount of metadata added,
suggesting that users were adding metadata for both social reasons and to support
personal organisation. This behaviour is in common with that observed on other
platforms (Ames and Naaman, 2007; Hammond et al., 2005). Metadata was observed to
be used effectively by some individuals and groups, for example a researcher using
metadata in his notebook to help with structuring and writing up his thesis, and some
teams where members used a common schema or shared notebooks.

After the LabTrove survey was completed, similar surveys were conducted on a
variety of other platforms that make use of user-defined metadata to investigate if the
pattern of metadata use within LabTrove was unusual and whether these platforms
could provide an insight into how different interfaces might encourage the creation of
metadata. Flickr, NASA blogs, various chemistry-related blogs, and the myExperiment
website were investigated as part of the surveys (Willoughby et al., 2014). As might be
expected, the metadata terms generated differed between different communities,
indicating that no one set of terminology is likely to work for all, but commonalities do
exist at a high level between them, particularly for high-level terms and topics. In
common with LabTrove, the use of a ‘catch-all’ term was very common, especially
where a default value was provided. In terms of effective interfaces, those that provide
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prompts or ‘invitations’ to use or reuse metadata appeared to be particularly effective at
encouraging metadata creation and curation.

User Studies on Generating User-defined Metadata

Following from observations on the way that users used, or failed to use, metadata on
LabTrove and other platforms, we conducted a study to investigate ways that different
techniques might be used to generate user-defined metadata and their potential benefits
and consequences. We also considered whether different techniques might be more or
less successful for generating metadata for different purposes: providing additional
context or by aiding retrieval by providing terms that might be used as search keywords.
The studies described in this section were run in parallel, and in some cases in
combination, with our studies investigating how different templates, and therefore
interface designs, affected what information researchers captured about their
experiments (Willoughby et al., 2016).

LabTrove, and most of the social networking platforms we investigated, collect
metadata using a ‘free recall’ method where invitations are used to encourage the
addition of tags, categories, or other metadata types. These invitations act as a reminder
to add the metadata, but are not really acting as cues to prompt the capture of any
information in particular. Cues can act as reminders for generating metadata (Crystal
and Greenberg, 2005), but can also influence the information that is recalled (Higham
and Tam, 2005; Marian and Neisser, 2000; Tourangeau et al., 2014). Asking someone to
recall information using a different perspective, for example by describing information
from the perspective of different audiences, can also change the information that is
recorded (Dudukovic et al., 2004; Tversky and Marsh, 2000). Using a combination of
these techniques, Free recall, Cued recall, and Changing perspective, is often used to
maximise information collected, for example in witness interviews and questionnaires
(Jobe and Mingay, 1989; Schwarz, 2007; Tourangeau et al., 2000).

Our first study investigated how Free recall, Cued recall, and Changing perspective
might affect the generation of metadata terms using an online questionnaire
(Willoughby et al., 2015). In Free recall, subjects were asked to write terms that come
to mind when they viewed the information source; in the Cued recall condition, they
were asked to write terms about locations, people, equipment, activities or actions,
materials, and other objects; and in the Changing perspective condition, subjects were
asked to write terms that would help someone search for a similar item. Changing the
condition changed both the quantity and nature of the terms produced. Changing
perspective generated the smallest number, most relevant, and most consistent number
of terms, and also suggested sources that would be of use in a search. Free recall
generated similar terms but a more diverse range, which often included irrelevant terms
that were unlikely to be useful for curation, including personal opinion, descriptive
information, and terms about things not mentioned in the content. Cued recall generated
the largest number and broadest range of terms, matching the questions asked. A
somewhat worrying observation in the Cued recall condition, was that important topics
were significantly underrepresented, or even missing, if they were not explicitly cued.
When cues were ambiguous or irrelevant, the subjects still attempted to add responses,
adding terms describing personal experience, or external elements not present in the
study materials.
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A follow-up study presented the opportunity to try similar techniques when
describing an experiment (Willoughby et al., 2015). Participants were asked to record
details of an experiment involving Lego Rocket Cars using different designs of
template. The templates included a Free recall section, or a ‘Keywords’ section
(expected to illicit similar information to the Changing perspective condition above), or
the same Cued recall questions. Similar results to the first study were observed: Cued
recall generated the highest number, diversity, and most relevant terms; Keyword
responses were fewer and more consistent, as seen in the Changing perspective
condition; and Free recall condition generated similar terms to Keyword responses, but
with some terms adding useful additional context and some less useful personal opinion.

The next study was a follow-up to our investigations into template use, enabling us
to investigate metadata creation for a set of more formal experiments using Free recall
and Cued recall (Willoughby et al., 2016). In this study, 20 students completed three
organic chemistry experiments and were asked to record each experiment on one of
three different templates, every template included a Free recall section, and one
included a Cued recall section asking about chemicals, equipment, locations,
techniques, and other useful information. Free recall was less successful at generating
useful terms with the inclusion of many statements and irrelevant information, although
this varied by subject. In contrast, cued responses were relevant and consistent between
participants, although the naming conventions for chemicals generated by the cue for
materials were diverse, with a mixture of formal chemical names, common names, and
molecular formulae. A similar diversity for chemical naming was also seen in the Lego
Rocket Cars study. Inconsistency in nomenclature between researchers was also raised
as an issue during discussions with chemists in the ELN community. For chemicals and
other topics, Cued recall produced terms describing the experiment that had not been
included elsewhere on the template; without the Cued recall section, important context
information would not have been captured at all.

A final study was devised to investigate the Free recall, Changing perspective, and
Cued recall conditions for generating metadata on a much larger scale, involving 117
undergraduate chemistry students from Southampton University. As part of their first-
year practical chemistry module, the students were required to complete a series of three
‘remote experiments’, and then complete a post-lab survey. There were three versions of
the survey, one for each condition. The responses to the survey were analysed by word-
type, term topics, and for relevance and personal opinion, in the same way as the first
study. The results of this larger study helped to confirm the findings of the original
study and were also valuable in terms of evaluating the usefulness of Changing
perspective for generating metadata. As before, the Cued recall produced the largest
numbers and diversity of terms, which were mostly relevant to the experiment, except
for a few adjectives such as ‘fun’ and ‘sufficient’. Free recall and Changing perspective
generated similar term topics, but around a third of the Free recall responses were
irrelevant or personal opinion, compared to the Changing perspective responses, which
contained almost no irrelevant or personal terms. In the Free recall condition, almost all
of the irrelevant or unhelpful responses came from statements. Details about the three
experiments, questions asked on each survey, and more detailed results can be found in
the Appendix.
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Strategies and Interfaces for Metadata Generation

The results from the final study indicate that Changing perspective is effective for
producing terms that would be relevant for search, reducing the amount of irrelevant
information that is captured, and producing consistent values that are likely to be
meaningful to different users. The study also confirmed the advantages of Cued recall
for producing high numbers of both relevant and diverse responses for the cued
categories. As discovered in the first study, however, there are two major disadvantages
of Cued recall: if a cue is missing, important information may not be captured at all; and
any ambiguity over the meaning of the cue can lead to confusion and a loss of
information, or the generation of irrelevant terms. Cued recall can also be more
laborious for the user, with multiple questions to capture the desired context, but
enormous value could be gained from enabling the users to be able to customise the
cues themselves (Willoughby et al., 2015). Free recall appears to be effective for
generating a diverse range of terms that can provide context to the experiment, but also
produces a lot of irrelevant and personal information that is probably not valuable for
use as metadata and of little value to others trying to make use of the experiment record,
especially when the responses are statements, rather than words or short phrases.

Many of the studies captured metadata at the same time as the experiment data,
providing the opportunity to compare the relative effectiveness of asking the user to
provide metadata, versus automatic metadata creation using data mining. In an ELN or
other tool, data mining techniques can be used to extract meaning from the content of
experiment records or associated data files, for example, chemical names, techniques,
equipment, people, and locations. Once the terms have been mined and extracted, they
can be used for other purposes in the system, such as search, navigation, filtering,
grouping, and linking. For example, in LabTrove, chemical names from notebook
entries can be matched and linked to records from the ChemSpider database (Day,
2013). For metadata extraction to be possible, the records must actually contain the
appropriate terms in an appropriate format for them to be matched. We found, in our
studies, that using separate Cued recall questions led to the capture of additional
information that would not have been captured using the experiment narrative alone,
especially for chemicals involved in the experiment. Using the responses to cued
questions would be a more reliable source from which to mine metadata because more
terms are generated and they are not subject to the unrecognised abbreviations, typos
and ambiguous values, typically used within the report narrative.

Capturing metadata at the time of recording the experiment is extremely valuable
and potentially less laborious than capturing it after the event, for example when the
records are to be archived, and all the context and original details may have been long
forgotten. Laboratory scientists typically create a plan to detail materials to be used and
actions to be performed in the experiment, often as a part of a risk assessment process
where the safety and treatment of materials need to be identified and ‘signed off” before
the experiment can be started. In addition to machine-generated metadata, using cued
recall-type questions at the planning stage could act as useful prompts for capturing
metadata during the design process, before the experiment has even begun, and even
improving the quality of the plan itself. The metadata and descriptive content captured
as part of a plan can be automatically added to an experiment record that is created from
the plan, to minimise duplicate creation of metadata for each experiment, and to create
useful links and relationships. Metadata captured in a plan can also be reused and
updated when existing plans are used to develop new plans, for example to develop a
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technique over time, or to conduct repeating experiments, and with plans shared
amongst a research group or research community. ELNs, or other tools designed to
support laboratory scientists with the curation of their research, need to provide
effective management of the creation and sharing of plans and risk assessments, in
addition to other data such as experiment records, results, and analyses. Such
management tools, and workflow and plan sharing tools such as myExperiment, can
provide opportunities for effective reuse of plans by enabling the tracking of
provenance, details of approvals, information about changes that have been made, and
maintaining or forging new links to relevant literature and materials repositories and
inventories, for repeating experiment runs, and sharing within communities.

The idea of making use of plans to capture and reuse information to support the
running of experiments was exploited in the Smart Tea project, as mentioned in the
Introduction. We developed the idea further by using plans to capture metadata in a
proof of concept, iPad-based ELN called Notelus', designed for synthetic chemists. This
prototype was developed based on interviewing and observing synthetic chemists in
practice, and provided a notebook-like interface to capture the experiment record based
on their typical recording habits. Some basic machine-generated metadata was captured
for each experiment, such as timestamps and names, which the user could supplement
with user-defined metadata about the experiment, such as project names, experiment
conditions, descriptions, and a list of keywords. The user could also construct a simple
XML-based plan, manually using an editor or using a companion iPad app, ‘Plan Buddy
for Notelus’?, to add additional context and metadata to the experiment record,
including a unique plan identifier, plan name and author, prepopulated experiment
metadata, reaction scheme links, materials (names, descriptions, safety, molecular-
weight, density, ratio, and measurements), equipment, and procedures to be used. These
values were used to enhance the interface to help support the running and recording of
the experiment in the lab. When the experiment record was exported to the LabTrove
ELN, key-value pairs were created in LabTrove for each item of equipment and material
included in the plan, and for the Plan ID, Plan Name, and Plan Author. Within the ELN,
the metadata is then available for navigation, search, filtering, and grouping of the
experiment records. The inclusion of metadata from the plan also ensures consistency of
metadata terms and identifies the provenance of the experiment design as well as the
particular experiment run and results.

Our study of metadata use in LabTrove and discussions with the ELN community
indicated that simply asking a user to add metadata, without additional support, is
ineffective and leads to minimal metadata use, and a lack of understanding of how to
use metadata led to metadata avoidance. In the surveys of metadata use on other
platforms, if users are provided with a default option for adding metadata, this default
option, such as ‘uncategorised’ or ‘general’ becomes overused and useless for curation.
More specific questions, or prompts about what information is desired, may encourage
users to provide this information; using Free recall, Cued recall, and Changing
perspective to consider how others might find the information, can all help. We found
that many of the platforms included in the surveys, use a variety of prompts and
‘invitations’ to encourage users to add tags, categories or labels to their items.
Invitations are a way to encourage users of software to provide information or to
perform tasks. They often highlight a part of the interface and invite you to use it, by
providing a link, or a button such as a plus sign, to encourage you to explore, or ask you
a question to elicit particular information. Invitations act in part to attract attention, but

1 Notelus: https://itunes.apple.com/gb/app/notelus/id593269701?mt=8
2 Plan Buddy for Notelus: https://itunes.apple.com/us/app/plan-buddy-for-notelus/id6638817317mt=8
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also as prompts to record information. Other social media platforms that encourage
users to share information, such as LinkedIn® and Facebook?, also use invitations
extensively to retrieve information from users, typically in the form of invitations to
‘Add’ particular information, people, places, and activities, but also sometimes use
questions, such as “What’s on your mind?’, to elicit information.

An important element of asking the user to add metadata is to provide value from its
use by displaying it prominently in the interface and using it to enable functions of
value to the user. For example, in Flickr, the tags and other annotations added by the
user, are visible on the photograph page and create links that display other photos with
the same tags or annotations, whilst machine-generated metadata, such as automatically
generated tags and photograph EXIF data, are also prominent in the interface and
provide useful functionality for both the photograph owner and the audience
community. Examples of this, and other example interfaces, can be found in the
Appendix. A potential interface including invitations for capturing experiment metadata
based on our studies is shown in Figure 1.

What reaction scheme are you using in your experiment? =

@ Search Names, Registry numbers, SMILES, or J'--'.Thi) ﬁ

Draw Import

Experiment title

H ‘Summary + Include structure from ChemSpider

= e

Experiment ID: What is your Experiment ID? .
Hi
Description: Provide a short description of your experiment, H o Hi
H + Ho .
Aims: What are the aims of the experiment? H v Ma
o

Project Project

Start Date: [01/03/2015 E End Date: [01/03/2015 E

Experiment is: not started What materials are you using in your experiment? =g
6 Search Names, Registry numbers, SMILES, or I':C.hf) ﬁ +

?‘ Flan Draw  Add from

m Reaction Scheme — Citric acid

) Ma

Hazards: Bf
Jy  Materials Steble Skin irritant R v tract irritant

¢y Conditions

Ho, Safety: Add details of safety, spill, and disposal information

b Instruments Hi Planned quantity: 15mg

Actual quantity: 167mg

@ Results & Analysis ‘
Properties..

D Resources Molecular Formula: CEHBO7

Average mass: 192.124 Da

SMILES: C(C(=0)0)C{CC{=0)0)(C(=0)0)0

+4+ ||+ |+ ]+

What instruments are you using in your experiment? B/ Std. InChl: InChi=1S/CEH807/&7-3({8)1-6(13 5(11)12)2-4(9)10/h13H,1-2H2 (H 7 8)
(H.9,10)(H, 11,12
Search Names, locations
@ 2 _— - Search Add from — Sodium bicarbonate
Hazards: B’
Stable Skin irritont R y tract irritant
Instrument name Ho—é) N
I I \ e Safety: Add details of safety, spill, and disposal information
Planned quantity: 15mg
Vendor Actual quantity 167mg
I_ I Properties..
Molecular Formula: CHNoO3
Location " i o

Figure 1. Mock-up of a potential interface for capturing metadata in LabTrove.

Invitations could be used in conjunction with formal metadata schemas, dictionaries,
or ontologies, if these are appropriate, enabling the users to select from metadata pre-
defined by a group, or that the users themselves have previously used. In addition to
invitations to add metadata, it is important to also provide a way to capture information
that has not been explicitly asked for and to enable customisation of the interface so that
users can add their own missing prompts that are relevant for themselves and their

3 LinkedIn: https://www.linkedin.com
4 Facebook: https://www.facebook.com
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collaborators, and remove or change ambiguous or superfluous prompts, so they are not
‘forced’ to record information that is not useful or is confusing. For example, a prompt
for Materials could be duplicated and customised to generate appropriate terms
depending on the discipline, such as, ‘Inputs’, ‘Reagents’, ‘Strain’, ‘Products’,
‘Substance’, ‘Compound’, ‘Chemical’, ‘Molecule type’, ‘Batch’, or ‘Sample’. These
terms are used by different disciplines to describe materials used in experiments. Some
way of entering certain metadata in graphical form may also be of value, for example, in
our community discussions, a desired ELN feature for synthetic chemists was the ability
to search by drawing molecules rather than entering names or textual structure
descriptions, a facility provided by ChemSpider® for example. Creating metadata by
drawing the chemical structure may make it easier for the researcher to capture the
chemicals and reactions relevant to their experiment, and to help others to find and
retrieve their research by molecules of interest.

Customisation may also help with the tendency of metadata schemas and ontologies
to change over time, as projects evolve or a better understanding of the metadata is
developed (Noy and Klein, 2004). A ‘one size fits all” approach does not work for
metadata schemas, so the ability to design, or import, a preferred schema into a tool is
important. Such tools could be designed so that importing a preferred metadata schema
could automatically generate appropriate prompts within the interface or a template. As
well as deriving metadata, data mining and ontologies can have value in terms of
providing ‘smart’ assistance to users. When a user creates an experiment plan or record,
chemical or equipment names could be extracted and suggested to the user as potential
metadata to add, enabling the user to accept, amend, or dismiss the values as appropriate
metadata for the experiment. Such systems could also make use of metadata across a
team, by making suggestions based on patterns of metadata usage across a whole
system, project, or community, again increasing the value of adding metadata and
hopefully encouraging researchers to contribute by adding metadata to their own work.

In our LabTrove survey, and subsequent discussion with researchers in the
community, we discovered that the majority do not have a good understanding of
metadata and data management, matching findings from other researchers across the
physical sciences and other disciplines (Goodger and Worthington, 2013; Ward et al.,
2011; Rowlands et al., 2008; Whitton, 2011; Whitton and Takeda, 2011). Better data
management training, creation of education resources, improved documentation, video
tutorials, exemplar notebooks, metadata checklists (Higdon et al., 2014), sharing best
practices, and the assistance of embedded librarians and Information Specialists (Kim et
al., 2011), can all help to improve the situation, by imparting the value of metadata and
the importance of curation at source.

Conclusions

Curation is often viewed as a retrospective activity in the academic publication
lifecycle, perhaps not even an activity completed by the author of the research. We
recognise the ‘burden of curation’ on researchers, but we assert that the author of the
research brings the most valuable knowledge to the curation process and the
development of user-friendly tools not only supports researchers to curate their work for
the benefit of others, but also enables authors themselves to gain value from the
metadata generated as a result. Although this paper focuses on the capture and use

5 ChemSpider Structure Search: http://www.chemspider.com/StructureSearch.aspx
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within ELNs of metadata for laboratory researchers and their experiments, many of the
lessons learned from the studies can help inform the design of usable interfaces to
encourage effective metadata creation in other domains where researchers generate
plans and conduct physical and computational experiments.

Providing users with a blank page, or relying on Free recall for metadata creation,
encourages users to record what comes to mind, if anything, but may not yield
information that is relevant to them, or others, at a later stage. In contrast, asking users
to change perspective to think about how others might find and retrieve their research
generates useful and consistent metadata terms. The greater variety and more personal
nature of Free recall terms can still be effectively utilised in the interfaces, but
providing ways to separate metadata for personal and social organisation would benefit
the author and their audience (Ames and Naaman, 2007; Hammond et al., 2005). For the
important contextual details that cannot be machine-generated, including prompts or
cues in interfaces does encourage the capture of metadata. By asking the right questions,
we can generate metadata and context for the experiment record that is relevant,
specific, and useful, and can be reused to add value to both the authors and to future
audiences of the research. The quality of metadata captured is only as good as the
prompts used, and interface and template designers need to have an understanding of the
needs of both the audience of the research, and the researchers themselves, to ensure
important cues are not ambiguous, missing, or overwhelming. Most importantly,
interfaces need to make effective use of the metadata collected so that users get active
benefits from metadata they add to their records on a day-to-day basis, and not just for
the benefit of an ‘invisible” audience at some unknown point in the future.
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Appendix 1:
Remote Experiments Study

Undergraduate students from the University of Southampton were asked to complete
three remote experiments:

* Viscosity experiment: In this experiment, a form of falling sphere apparatus
was set-up and run for various liquids. Videos taken of the experiments have
been set up online enabling students to make appropriate measurements to
calculate the viscosity of the various liquids. Conducting the experiment in
reality requires space, access to equipment, and is very messy.

* Gas Law Experiment: In this experiment, the students can make measurements
of pressure, temperature, and water levels in the equipment set-up to investigate
how the pressure and volume of a gas change at different temperatures. The
equipment set-up automatically resets itself by heating the vessel at fixed times,
allowing measurements to be taken in real time at any time of the day.

* Beers Law Experiment: In this experiment, the student can remotely control a
Class 3B laser, which they would otherwise not have access to, making
measurements as the beam passes through a solution in order to make
calculations about the absorbance properties of the solution.

After completion of each experiment, they were asked to complete one of three
post-experiment surveys to generate responses for one of three conditions: Free recall,
Changing perspective, and Cued recall, as shown in Table 1.

Table 1. Questions asked in the three post-experiment surveys.

Survey condition Questions asked

Free recall Write down up to ten things that come to mind when you think about
the experiment that you completed today. Write down these thoughts
in the order that you think of them.

Changing Imagine you are helping someone else to find information about a

perspective similar experiment to this on the internet, what words or phrases
come to mind for use in a search engine? Write as many as you can
below.

Cued recall *  What list of words or short phrases would you use to describe

the chemicals or other materials used in this experiment?

*  What list of words or short phrases would you use to describe
the instruments or equipment used in this experiment?

*  What list of words or short phrases would you use to describe
the locations used in this experiment?

*  What other information would you use to describe the
experiment?
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The responses to the surveys have been analysed by word-type, topic classification,
and also for relevancy and personal opinion.

Results of the Study

As can be seen in Table 2, in common with the other studies, the greatest number of
responses are generated in the Cued recall condition, and the fewest are generated in the
Changing perspective condition.

Table 2. Average and total number of terms generated for each condition.

Free recall Changing perspective Cued recall
condition condition condition
Total number of 750 620 1043
terms generated
Average number of 6.41 5.49 9.07

terms generated

Word cloud visualisations of the responses for each of the experiments in each
condition, can be seen in Figures 1 to 10. It can be seen that the Changing perspective
condition has the fewest number of terms, but also the most consistent use of
terminology between the conditions.
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Figure 8. Word cloud visualisation of the Beers Law experiment in the Free recall condition.
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Figure 9. Word cloud visualisation of the Beers Law experiment in the Changing perspective
condition.
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Figure 10. Word cloud visualisation of the Beers Law experiment in the Cued recall condition.

Across all conditions, the responses are dominated by nouns and statements, as was
seen in the first metadata cues and perspectives study (Willoughby et al., 2015),
although the number of adjectives is lower in the Free recall and Changing perspective
conditions, and the number of verbs is reduced across all conditions. In the Changing
perspective condition, the number of nouns is higher and with fewer statements
compared to the other conditions, contributing the relevancy of the responses generated
in the condition.

The topic distributions for the conditions are similar in both the Free recall and
Changing perspective conditions, with responses in both conditions primarily classified
as ‘Other’, followed by Equipment, Materials, and Activities, with a very small number
of responses about the Location. The topics in the Cued recall condition are more
evenly distributed, with a reduced number of responses classified as ‘Other’, and the
majority of other responses matching the cues in the survey; Equipment has the highest
number of responses in this condition. The full breakdowns are shown in Figure 11.
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Figure 11. Overall topic classifications for the three conditions.

The Changing perspective condition, contained almost no personal or irrelevant
information at all, compared to the Free recall condition, where around a third of all of
the responses are not specifically about the experiment, or represent an opinion. In the
Cued recall, less than 10% of the responses are irrelevant to each of the cued categories;
however, 50% of the responses in the ‘Other information’ section of the survey are
personal opinion, and not particularly useful as metadata, for example: ‘easy to
complete’ and ‘boring’.

Statements are frequently used to either provide comments that are not very relevant
to the experiment (e.g. ‘Not sure what 1'll have for dinner’), comments about them as
remote experiments (e.g. ‘Interesting Concept of Livestreaming the Setup’ and ‘The
experiment was fairly convenient and quick to complete’), or comments about problems
with the experiment format, particularly relating to difficulties making measurements or
network connectivity. A number of statements also detailed the steps of the experiment
or the theoretical background. In the Free recall condition, almost all of the irrelevant or
unhelpful responses come from statements. In the Cued recall condition, adjectives such
as ‘fun’ and ‘sufficient’ account for a large number of responses that were not
particularly relevant to the question cue.

These results were particularly useful in terms of evaluating the usefulness of
Changing perspective for generating metadata for experiments. For these experiments,
the Changing perspective condition actually captured some of the most useful
responses, generating the fewest number of statements, the most consistency of terms,
and producing almost no irrelevant information.

Appendix 2:
Example Interfaces That Encourage Metadata Creation

Invitations are a way to encourage users of software to provide information, or to
perform tasks. They often highlight a part of the interface and invite you to use it,
provide a link or a button such as a plus sign to encourage you to explore, or ask you a
question to elicit particular information. Invitations act in part to attract attention, but
also act as prompts to record information. Often social networking platforms use these
kinds of invitations to capture metadata from users as demonstrated in the following
examples.
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Asking questions and adding metadata from Facebook (Mock-up)

- | ?j Update Status @ Add Photos/Videos Create Photo Album

Add photos to
your post

& @ @ Southampton m

Tag people in

your post -

Automatically

Add what you're doing identifies location,
or feeling - choosing but can also select
from a list of feelings manually

or activities adds the
words and an icon to
the post

Figure 12. Asking questions and adding metadata from Facebook (Mock-up).

Figure 12 shows an invitation example from Facebook®, where the user is asked a
question about what they are thinking. Users are also encouraged to add more detailed
metadata about how they are feeling, what they are doing, where they are, and who they
are with. “What’s on your mind?’ could be considered a prompt for free recall of
information, whereas the other questions are specific and can be considered as cues.

Asking questions and tags from LinkedIn (Mock-up)

= Use of a
; . question to
% Skills & Expertise o
Suggestions
appear as
- user types
I What are your areas of expertise? I m
You can still add: 18 -
| 18 | Usability Testing x | | 14 | Information Architecture x | | 14 | Technical Writing x | Skill 'togs' are used to
recommend endorsements
| 13| Usability x | | 7 | Accessibility x | | 4 | Technical Communication x | (shown by numbers).
Endorsements can be
| 4 | Usability Engineering x | | 3 | Software Engineering x | | 3 | Interface Design x | viewed together with the
endorsee as a different
| 3 | User Centred Design x | | 2 | User Research x | | 2 | Web Design x | way of presenting th_e tags,
which also has meaning to
| 1 | Graphic Design x | | 1 | Photoegraphy x | | 1 | Interaction Design x | | 1 | UX x | e
=2

Figure 13. Asking questions and tags from LinkedIn (Mock-up).

6 Facebook: https://www.facebook.com
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Figure 13 shows an example of a LinkedIn’ invitation with a question used to elicit

metadata about skills. The user is invited to add their skills in the textbox and

autocomplete will match them to skills that other users have chosen. The skills that are
added are displayed prominently within the editing interface shown, indicating to the

user the number of endorsements they have for each skill, but are also prominently

displayed for other users in their profile and included in search results, making it more

likely that the user will be found and matched with appropriate contacts or career

opportunities.

Invitations and metadata elicitation example from LinkedIn (Mock-up)

Metadata is also collected in many of these social networking platforms in the form of

‘profiles’, where users are encouraged to complete a series of fields, usually about

themselves, or to describe an object. For example, Figure 14 shows a mock-up of an
invitation from LinkedIn, encouraging users to add information that has not yet been
included in a personal profile. Invitations include the phrase ‘Recommended for you’,
an arrow pointing at the interface, and the ‘plus’ buttons. Clicking on the plus symbol
reveals a form to capture the metadata for this particular content. Placeholders are left

within the profile for sections without content, as a reminder to complete them.

Recommended for you A \\
J Test ScoreU

Courses e
—
Certifications +i

@ Volunteering & Causes

Clicking on the
crosses exapnds
the interface
with text fields to
complete

\’

Certifications

Certification Name
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Certification Date

L

License Number

L

Dates
| Month... v]l Year.. v] - Present

M This certificate does not expire

£ =

Figure 14. Invitations and metadata elicitation example from LinkedIn (Mock-up).

7 LinkedIn: https://www.linkedin.com
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Photo 'Profile' from Flickr (Mock-up)

Controls open
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metadata
Someone
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Additional info
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Figure 15. Photo ‘Profile’ from Flickr (Mock-up).

Figure 15 shows a mock-up of the Flickr photograph interface showing a ‘Profile’
for a photograph containing a number of invitations to perform actions and create new
content. The user is encouraged to add a title, comment, tag, and add people in the
photograph through placeholders with instruction text, perform actions such as add the
photograph to an album or group, and through examples provided in the interface. If
information is missing, such as no tags or location, invites are still visible in the
interface to encourage you to add that additional metadata.

The Flickr interface makes effective use of metadata, for example EXIF data is used
to display information about when the picture was taken, the camera and settings for the
photo; geotags are used to display a map of where the photo was taken; statistics about
views and activity are displayed; what groups, albums, and galleries the photo belongs
to; people in the photograph; in addition to the tags added by the user. Most metadata
are displayed as links that can be used for searching, grouping, and filtering content.
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