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University of Salamanca @

. Oldest university in Spain (since 1218, more than 800 years of
history)

. Medium-size university (around 30,000 students)
- Traditional, face-to-face university

. https://www.usal.es/
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University of Salamanca

https://youtu.be/|PpFOHYs6cg
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GRIAL Research Group [1] @

Recognized group inside the University of Salamanca (since 2006)
Excellence research group (since 2007)

https://grial.usal.es

GRIAL

Research Group
University of Salamanca

Introducing data visualization dashboards in the technological ecosystems 6


https://grial.usal.es/

GRIAL is a multidisciplinary research group,

Fundamentally a mixture of Informatics and

Education, but including researchers from other

disciplinary fields (Philosophy, Philology,
Humanities, etc )
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Research lines

Digital humanities [2]

eLearning methodologies [3]

CT and educational innovation [4]
nformation science [5]

nteractive learning systems [6]

_earning Technologies [7, 8]

Quality and assessment in education [9]

Social responsibility and inclusion [10]

Strategic management of knowledge and technology [11]
Technological ecosystems [12]

Visual analytics [13]

Web engineering and software architecture [14]

Photo by lvy Son from Pexels
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Selected projects

Building the future of Latin America: engaging women into STEM
stem https://wstemproject.eu/ [15,16]

A
A%

—T—%% Integrating STEAM and computational thinking development by using robotics and physical devices
z% M http://robosteamproject.eu/ [17]

Visual analytics and machine learning for decision making in health ecosystems (AVisSA)

AVISS A https://grial.usal.es/avissa [18]
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Limits of the traditional information systems



Knowledge management
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Information Society's evolution Knowledge management emerges as a
into the Knowledge Society is competitive advantage in any type of
directly related to the evolution organization [19]

of information systems
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Knowledge management models
Suricata model [20] Knowledge spirals model [21]
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Information Infrasfructures
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e-Sustainability

CONTEXT
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Technological ecosystems


https://unsplash.com/es/fotos/ETTY3Q_ukmk

A new metaphor for conceptualizing software systems @

Technological ecosystems solve knowledge
management problems in heterogeneous
contexts, considering the evolution of
traditional information'systems [22, 23]

The ecosystem metaphor comes from biology
and has been transferred to the area of
technology, adapting the ideas of Moore [24]
and lansiti & Levien [25], to reflect the
evolving nature of software systems
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https://unsplash.com/es/fotos/nPtKc0jqNus

¥ https://unsplash.com/es/fetos/x4dkU4wKevg

Technological Ecosystem

In a technological ecosystem, there is a set of people and software components that play the role of organisms; a set of
elements that allow the ecosystem to function (hardware, networks, etc.); and a set of information flows that establish
the relationships between the software components and between them and the people involved in the ecosystem [26]


https://unsplash.com/es/fotos/x4dkU4wKevg

Technological ecosystem definition

A technology ecosystem is a set of people, and software components
that relate to each other through'information fFlows in a physical
environment that supports these flows [27]
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Users are a key component of the
technological ecosystems [28]
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Complexity is the real problem

Despite t
ecosyste

ne advantages, technological

ms are highly complex

lt requires knowing and selecting the suitable

systems and services; achieving a high deg
of integration and cohesion; allowing
ecosystem to evolve and/adapt to

‘ee
[NE

[Ne

changing needs of the environment and users
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Based on the pifevious experiences on developing learning ecologies [29, 301,
adaptive systems [31, 32], service-oriented architectures [33, 34]

~-
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Defining and validating a technological ecosystem @
metamodel [35-37]

. The metamodel is an M2 model in
the four-layer stack

MOF 3
. The technology ecosystem
metamodel is an instance of the R
MOF meta-metamodel (M3 RSt
model)
. The metamodel is a platform- Eoosystems Metamoda M2

independent model, i.e., a PIM
[Platform-Independent Model)




Metamodel high-level requirements

The metamodel will capture the high-
evel description of the components of
he learning ecosystem

The metamodel will capture the human
Factor as part of the learning ecosystem

The metamodel shall allow capturing the
information Flows between the
components of the learning ecosystem

The metamodel shall allow capturing the
configurations of the software
components



https://unsplash.com/es/fotos/kYQHujcjap8

Technological ecosystem metamodel [27, 37]

Ecosystem components| Component
+itle : String et |_* |[+name : String

contains \
0.1 0.* \

container c€gmponent I reverse
_ definedProperty provide configProvider SoftwareTool |source 0.+ |InformationFlow People
Property 0.F [ | forward
usedProperty configure configConsumer destination 0.% A
0.% I /N 0% 0.
consumer prpvider
subportedService Management User Methodology
0. Service
cbnsumedService I I.* I.* [.* 0.
0.*
perform establish
DataRepository Infrastructure Tool nternalTool | 0. *
< ServiceDescription .* Objective 0.* apply
o +endpoint : URI +description : String
+description : String
[ExternalTool
+link : URI
|
I I | ] [Servicelnterface

MailServer| |Monitorization UserManagement

I.*

ServiceOperation

Software components +TsNofffication : boolean

+isListener : boolean
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Technological ecosystem metamodel achievements

The metamodel makes it possible to
define models corresponding to real
software ecosystems

The models instantiated from the
metamodel serve as a guide for
developing the corresponding
technology ecosystem

In combination with ATL transformation
rules, it allows translating learning
ecosystem models into platform-specific
models
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Visualizing and interacting with data in the ecosystems


https://bit.ly/3QU8Ux8
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Dashboards
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Dashboards are one of the most use cases for data visualization, and their design and contexts
of use are considerably different from exploratory visualization tools [38]

eLearning reference model for a non virtual or distance university 27



Dashboard

Ny Powerful but also complex tools with

+ Different characteristics
+ Different audiences

+ Different components

+ Necessity of expert knowledge
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Costly development processes
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Spectrum of data visualizations and dashboards creation tools [39] @

interactive declarative imperative
Chart Visual Analysis Visualization Component Graphics
Templates Grammars Grammars Architectures APls
speed Excel Vega-Lite Vega Prefuse OpenGL  expressiveness
Google Charts ggplot2 D3 Processing DirectX
Tableau VizQL Protovis JavaZD
VizML HTML Canvas

Brunel
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Spectrum of data visualizations and dashboards creation tools [39] @

Interactive tools try to assist the user and adapt |
the displays depending on the context —_

Issue

-Expressiveness of the obtained visualizations

interactive declarative imperative
Chart Visual Analysis Visualization Component Graphics
Templates Grammars Grammars Architectures APIs
—
speed Excel Vega-Lite Vega Prefuse OpenGL  expressiveness
Google Charts ggplot2 D3 Processing DirectX
Tableau VizQL Protovis JavaZD
VizML HTML Canvas
Brunel

Introducing data visualization dashboards in the technological ecosystems 30



Spectrum of data visualizations and dashboards creatio
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Declarative and imperative programming libraries

can Improve expressiveness

Issue
-Steep learning curve

interactive declarative | imperative
Chart Visual Analysis Visualization Component Graphics
Templates Grammars Grammars Architectures APIs
—
speed Excel Vega-Lite Vega Prefuse OpenGL  expressiveness
Google Charts ggplot2 D3 Processing DirectX
Tableau VizQL Protovis JavaZD
VizML HTML Canvas
Brunel
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How can we efficiently automate the development of these tools? @

ﬁ A generative dashboard pipeline should merge the best of interactive
S systems and programming languages

 (ood experience for non-expert users
* Fine-grained specification to improve expressiveness
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Dashboard metamodel 140-461

£ User
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[0..*] characterlstic
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= description : EString
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E Knowledge
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“ GoalPopulation = single = retrieveValue (1] page
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[0.."] supports ? title : EString
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[0..%] influencedby 0
[0..*] contains
[0..*] container
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£ GlobalControl
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B Text
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.
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*] representop
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£ Operand

role : RoleType =
~ target
< name : EString

[0.."] representedby

[1..1] variable

[0..”] operationrole
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[0..1] scaleoperation

H Mark

[0.."] representedby|
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[0.] dataset
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H Legend

[0.*] legend

7 title : EString

3 domain : EString
&’ name : EString
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.*] scaledby

3 type: String
3 shape : String

3 layout : EString

[0.."] representvar
1

&% values : EString
3 name : EString
= type : EString
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¢

H Axis E Resource | [ E Annotation [0."] annotation
type : AxType = [1..*] mark
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¢
0..4] label l [1..1] scale
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H Label ] £ Scale
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Dashboard metamodel

[ -] Dashboard

{ 5’ name : EString

[1."] page

= Page

title : EString
— id : EInt

wf] [

\ »

[0..*] contains

[0..7] container l

1 Container

— @ €
width : Eint (0..1] contained|

height : Eint
id : Eint

X : Eint

y : Eint

name : String

r -

. %5 Component

% W(
? 2 id : EString J [0..1] component

L 2 name : String

000000
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Dashboard metamodel

E User ]
< name : EString J. = Goal '
(171903l 1" name : EString = Task
= description : EString :
~ specificity : > > = hame : EString
~ GoalSpecificity = explore (1.*]task | . description : EString
__ population : _ type : TaskType =
(0.] characteristic ~ GoalPopulation = single ~ retrieveValue
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 description : EString [0.."] influencedby
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= Preference & Disability £ Knowledge & VisualizationLiteracy ‘ %] Bias | : =len Yy
= level : String = level : String Component 1
‘ ‘ [0..] influences EQ Po
3 id : EString
7, § i
[0..1] userknowledge ﬁ& 3 name : String
] ActionBias £ PerceptualBias =] SocialBias

|
|

[0..”] knowledgeabout
Y

| Domain

<’ name: EString
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Dashboard metamodel

[0..*] Interactlonmethod
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—| Visualization

o title : EString

Dashboard metamode\ -

[0..*] Interactionmethod [0..*] control

i | 1 [0.."] control
“H Interaction = Control —
<’ name : EString [0..7] affectedby > name : EString
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(0..*]) composedby

: v
Dashboard metamodel porns e
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Integration with the M2 technological ecosystem metamodel [47-49]

[-| Ecosystem -~ [1.] components { % Component ]
< ftitle : EString 2 name : EString J « userType
fa — Manager
J - ComputerEngineer
) ) | - Psychiatrist
‘, - SoftwareTooI.] (1..1] source *Jreverse [0..*] informationflow ‘ % People ’ - Caregiver
' \ £ InformationFlow ] [0..*} informationfiow ‘ ’ —tionmenbiin
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Integration with the M2 technological ecosystem metamodel
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Model Driven Development and Software Product Lines

allow us to face the development of complex ecosystems in specific
domains with feasibility thanks the support of fine-grained features
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The inclusion of artificial intelligent mechanisms in the
proposed conceptual framework

https://unsplash.com/es/fotos/ViCOenvGdTU

has been highly beneficial in/capturing expert knowledge
automatically

but training artificial intelligent models can lead to biased results
If there iIs a lack of domain expertise or if input data are not
Interpreted correctly
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- Generative pipelines can be dangerous if
not controlled

. Software systems can assist the design
of data visualizations, but the honest
endeavor in this context is to train
critical thinking through these tools and
their design process

- Knowing that data visualization can be
affected by biases, it is important for the
user to be aware of what they are doing
and take action to convey or generate
knowledge from raw data
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