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Abstract—While tracking data and software provenance is nec-
essary in eScience, and often implemented in scientific workflow
management tools, such tools generally don’t provide graphical
UIs that use provenance to guide workflow. Graphitti Workbench
was built to center workflow around its PROV-DM based ProVis
software and data provenance visualizer, making provenance
more readily accessible to scientists. Using ProVis as the system
desktop highlights the importance of provenance to inform future
experiments and improves provenance understandability. Our
usability study indicates that this solution is highly acceptable
and that it provides easy deployment of experiments using
provenance-based creation.

I. POSTER SUMMARY

This poster presents work in progress towards creating
a novel Scientific Workflow Management System (SWfMS)
for simulation-driven eScience that centers its user interface
around both data and software provenance. We outline the
major design features of this Graphitti Workbench, compare
its major features to other SWfMS systems, and present an
initial user study.

Here, provenance establishes the relationships among the
artifacts associated with a given set of simulations, including
executed software, inter-relationships among different software
versions, simulation parameters, as well as input and output
data. In simulation-driven eScience, the changing behavior
of a simulation due to changes in its code poses a risk
as software bugs, or other changes, can result in erroneous
output. Providing data and software provenance enables sci-
entists to not only determine precise experimental conditions
for previous simulations, thereby increasing confidence in
results, but also to detect when outputs may be erroneous
due to bugs. Data providence alone is not sufficient to make
eScience experiments reproducible, as provenance depends on
the workflow used for experimentation as well as software
provenance [1]. Despite the interconnection between prove-
nance and workflow, few implementations of SWfMS center
their design around provenance, instead electing to provide
diverse and often incompatible solutions.

Graphitti Workbench, which we will refer to simply as
“Workbench”, has been developed to work in tandem with the
Graphitti simulator [2], [3] to provide an interface for prepar-
ing and executing simulations with easy access to information
from previous experimentation in the form of provenance [4].

Fig. 1. Workbench ProVis. Legend is displayed at upper left corner and
controls are shown to right. Seven different experiments using four different
builds of the simulator are shown in the ProVis net.

Workbench provides a graphical provenance visualization tool,
ProVis, shown in Fig. 1, which enables users to explore the
network of their previous experiments. ProVis uses the PROV-
DM standard for visualization, illustrating relationships among
agents, entities, and activities as described by the PROV-O
standard [5].

Workbench’s data and software provenance system ad-
dresses the need for comparing different simulator commits
as well as input and resulting output [6]. Its ProVis GUI
enables users to interact with, and facilitates understanding the
interconnection of, data and software provenance. ProVis en-
ables a visual connection between defects found for particular
software releases and the likely erroneous data it produced.

A. Comparison to Existing Systems

Currently available workflow systems for eScience provide
access to data provenance, but do not provide a holistic view
of data provenance’s relation to software provenance, nor do
they use provenance as a key feature in the development of
workflows. They also don’t use provenance as a direct input



for further research or validation. For brevity’s sake, here are
three recent examples:

• ReCAP [7] is built on top of Pegasus to produce a
graphical visual model similar to PROV-DM. This prove-
nance graph functionality, however, is limited as it cannot
be used to reproduce experiments or to compare the
provenance of different experiments.

• DQProv Explorer [8] captures and visualizes provenance
from data wrangling operations, and provides three vi-
sualization components: (i) an explorable provenance
graph, (ii) display of quality over time, and (iii) the
distribution of issues across entire data sets. The first of
these is analogous to the PROV-DM standard. Similar to
ReCAP, DQProv’s graphical representation is limited in
functionality, being unable to reproduce experiments via
user interaction.

• Duan et al. [9] identify the possibility of using prove-
nance to provide recommendations for future work.
They propose using a graph-based uniform workflow
provenance model that links design-time and run-time
provenance by combining retrospective provenance and
prospective provenance. Their implemented solution uses
a SQL-like query language to provide this functionality,
rather than a visual model.

B. Usability Evaluation

A usability study and survey were conducted in which par-
ticipants were asked to complete five tasks involving creation
and execution of simulations and understanding interrelation-
ships among multiple simulations. Due to the COVID-19 pan-
demic, only a small number of participants were recruited and
evaluation was conducted remotely by a proctor using Zoom.
After completing the study, the participant was provided a link
to a usability survey for completion in private. For brevity’s
sake, study methodology details are elided from this poster
summary.

User feedback and quality metrics were used to assess user
experience and software usability. As software usability is not
an absolute metric, we defined it in the sense of who its
intended users are, the tasks those users will perform, and
the characteristics of the physical, organizational and social
environment in which it is used [10]. Given eScience is a
domain of both natural scientists and computer scientists,
participants for the usability assessment were selected given
they had experience with either of these fields. This initial
evaluation of Workbench had five participants. The System
Usability Scale (SUS) extended by Bangor et al. [11] was
used as the basis for user feedback, providing an extension of
the 0–100 SUS scores to an adjective-anchored Likert usability
scale. In addition, time taken to complete the tasks in the study
was measured and collected (elided from this poster summary).

Table I shows the calculated SUS scores and average for
each participant, as well as Bangor et al.’s overall quality
metric. Bangor’s metric is scaled 1–7, with 1 representing
“worst imaginable,” 2 “awful,” 3 “poor,” 4 “ok,” 5 “good,” 6

TABLE I
PARTICIPANT RESPONSES TO USABILITY

Evaluation Participant
Metric 1 2 3 4 5 Average

Calculated SUS
Score

65 77.5 85 82.5 62.5 74.5

Bangor Overall
Quality Metric

5 6 6 6 6 5.8

Fig. 2. The adjective ratings, acceptability scores, and school grading scales
in relation to the average SUS score provided by Bangor et al. [11].

“excellent,” and 7 “best imaginable.” The average of Bangor’s
overall quality metric was 5.8 out of 7, or a quality percentage
of 82.86%, corresponding most closely to the “excellent”
descriptor for the usability of Workbench. Combined with
the average SUS score, 74.5, this shows Workbench usability
falling between the “good” and “excellent” adjective rating, as
shown in Fig. 2.
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