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Abstract. This paper proposes a Visual Analytics Environment to carry
out a data quality-aware development of performance models on data
that integrate heterogeneous sources looking for patterns of research per-
formance.
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1 Introduction

In the last decade, the rapid increase in the production, communication and
evaluation of research have been signs of a transformation. Despite the various
innovations introduced with big data, machine learning and altmetrics, the role
of the user of metrics, and her interactions in the development and evaluation
phase of performance models have not received the great attention they de-
serve. In addition, important aspects for the usability of data and information,
such as the different dimensions of data and information quality, have frequently
been overlooked, making the developed performance measurement systems rigid,
fragile and inconsistent. In order to mitigate these problems, Daraio et al. [1]
developed a data quality approach featured on higher educational data that are
integrated with research data and other heterogeneous sources through Sapien-
tia, the Ontology of Multidimensional Research Assessment. In Daraio et al. [2]
there is a description of the benefits of an ontology-based data integration ap-
proach for data quality in an open environment. In [3] we showed the advantages
of Visual Analytics for the development of performance models, i.e. models ca-
pable to describe the behaviour of subjects with respect to an analysis goal.
A performance model can be an efficiency model (e.g. Free Disposal Hull) that
describes how efficiently Universities manage their scientific publications produc-
tion with respect to other factors (e.g. public and private funding, staff, etc.). In
this paper we make a step further and extend the flexibility of a visual analytic
approach featured to performance models development to include data quality
procedures and tests.

Few previous works exist that have explored the use of Visual Analytics to
conduct data quality analysis, in particular for supporting research activities
evaluation. Among the most relevant, Liu et al. [4] proposed a literature review
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on Visual Analytics for data quality activities, and a framework for conducting
data cleansing on four data types (multimedia, text, trajectories and graphs).
Gschwandtner et al. [5] proposed a solution for data cleansing of time-oriented
data, providing semi-automatic quality checks, visualizations, and directly ed-
itable data tables. However the authors specifically target time-series and do not
specifically target research activities evaluation. We highlight as a differentiating
point with respect to these approaches that this proposal is expressively aimed
at research evaluation activities, taking into account the specific indicators and
semantic that govern this domain. At the same time, this proposal shares sim-
ilar goal in allowing identification of data quality supporting the performance
models and steering of this quality toward the desired level.

2 Approach

This paper exploits Visual Analytics, “the science of analytical reasoning facil-
itated by interactive visual interfaces” [6] focusing on the data quality analysis
of the measures, indicators, scores that will be used by the analyst as a base
for creating a performance model. In this respect this phase is very important,
given the heterogeneity of data sources, the different formats that can still con-
vey similar semantic, and the importance that features selection can have on the
definition of a performance model. The authors contributed in [3] a workflow for
dynamically creating and assessing the quality of a performance model for eval-
uating research activities. This workflow is based on an ontological modelling of
the data sources, instantiated in the Sapientia ontology, that align semantically
the contents coming from different sources (e.g. Eter, Scopus). From this step,
a Visual Analytics Environment is built that allows us to explore the data and
build on top of them several performance models (e.g. Efficiency models, in-
put/output models) that can be compared and assessed in order to be validated.
Figure 1 shows the mentioned functionalities as steps 1 and 3.
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Fig. 1. Workflow for the construction and validation of Performance models.

The proposal in this paper leverages on this workflow inserting a new inter-
mediate step (see Figure 1 step 2) that implements the evaluation of the quality
of data ingested in the system, during the data exploration and/or once the an-
alyst selected a pool of features on which construct the desired models (hence
the bi-directional arrows for both model construction and data ingestion). For
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quality we mean both syntactic properties of the data, like the presence of null
or incomplete values or the type of data at hand (e.g. categorical, numerical,
etc..), and semantic properties, like the fairness of specific features (consistency),
their timeliness and their comparability. This intermediate step can reinforce the
resulting quality of the developed performance models, and helping in better re-
specting some characteristics like fairness of the model or control the reliability
of the obtained performance rankings with respect to the statistical significance
of the supporting data. Given the specificity of the task, the resulting Visual
Analytics Environment has been expanded with a tailored dashboard dedicated
to this analysis, constructed with both visual paradigms that are familiar to
data quality experts (e.g. Pareto charts) and more abstract representations, like
matrix based visualization or radar-charts. Focusing on the second class, an ex-
ample is visible in Figure 2: this representation, inspired by the work of Angelini
et al. [7], allows to statistically describe the behaviour of several data dimensions
with respect to a set of data quality metrics.
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Fig. 2. Data dimensions quality view. This matrix-like visualization represents data
dimensions on x-axis and quality metrics on y-axis. The visualization provides an
overview of data quality for the whole dataset, highlighting problematic dimensions
or quality checks.

This matrix-like visualization represents data dimensions on x-axis and qual-
ity metrics on y-axis. It visually highlights good quality scores (deep blue color)
or bad quality scores (white color) for data dimensions on all quality metrics.
This results in the creation of an an overview on the overall quality of the dataset
through a compact visualization that allows exploration and detailed analysis
of subset of pairs quality metric(s)-data dimension(s). The area of an element
encodes the variability in scores computed for all the data tuples for each pair
quality metric-data dimension. A large area means a narrow confidence inter-
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val (stable results, low variability). Conversely, a small area identifies a large
confidence interval and an high variability in scores.

Fig. 3. A view of the Visual Analytics Environment that supports the creation and
validation of data quality-aware research performance models.

Combining these visual paradigms, the resulting environment, implement-
ing the described workflow, is visible in Figure 3 for the performance model
evaluation part. All its visualizations are empowered by powerful interaction
means for governing the identification of not satisfactory quality level and po-
tential improvements. This environment has been used and validated during a
Methodological Course organized within the training activities of the EU RI-
SIS Project (Research Infrastructure for Science and Innovation Policy Studies,
www.risis2.eu). Further development of the work is on-going, and a novel version
integrating received comments and more comprehensive functionalities will be
integrated in an online platform available for future evaluation activities.
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