
A research conducted by Nature in 2016 shows that 

70% of 1,576 researchers who took part in the study,

failed to reproduce another scientist's research protocol, 

and more than half have failed to reproduce their own 

research protocols.

Baker, M. 1,500 scientists lift the lid on reproducibility. Nature 533, 452–454 (2016). 
<https://doi.org/10.1038/533452a>
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CAA2023

Research workflows, paradata and information 
visualisation: feedback on an exploratory integration of 
issues and practices - the MEMORIA IS

UMR 3495 CNRS/MC MAP  - Modèles et simulations pour l’Architecture et le Patrimoine

Iwona DUDEK, Jean-Yves BLAISE

Présentateur
Commentaires de présentation
I will talk about research workflows, paradata , information visualisation and their integration within Memoria IS.
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• brief outline of the Memoria IS objectives, 

• clarification of the underlying concepts,
(output, process, workflow, metadata, paradata)

• illustration of these concepts by means of examples,

• discussion about advantages and limits of the system,

• short draft of the future works.

Présentateur
Commentaires de présentation
The structure of my presentation can be summarised in five points:
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Mémorisation de ressources numériques et d‘activités
Record-keeping of digital resources and activities 

traceability 

verifiability 

Présentateur
Commentaires de présentation
MEMORIA is an exploratory web-based information system built to address the burning issue of traceability and verifiability of research results and protocols. 
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practical solution for formalising, describing 
and visualising research workflows

an attempt to describe a process of archaeological survey on the basis of an archaeological report

Présentateur
Commentaires de présentation
It aims to provide a practical solution for formalising and describing research workflows.
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architectural and acoustic data acquisition  

Présentateur
Commentaires de présentation
The system has been conceived and developed as a reaction to the practical and epistemological questions, in the context of a scientific unit studying the architectural heritage. 
This initiative is based on the idea that beyond the metadata describing the outputs, scientists need the means to ensure their verifiability, comparability  ... and the replicability of scientific protocols.
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Commentaires de présentation
What are the main objectives?
The system should allow for the description of research results but also their production history. 
The main objective is therefore, not to save and archive files containing these results, but to identify, structure and preserve information:
on the research objectives, 
on the research approaches (methods, techniques, tools used, etc.), 
and on the context of the creation of these results. 

These descriptions must be freely accessible. 
In the long term - through the cumulative effect - they should  allow an analysis of the evolution of our working methods over time.
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• describe/document results obtained through scientific studies 

• describe/document  formally the processes that led to this or that result 
(both in their methodological and technological aspects)

• enable comparative analysis of the data/information collected
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evolution of our working methods (tools, techniques, approaches,  
objects of studies, ...)
critical study of methods, their validity and scope ep
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what, who, when, for what purpose, where to find it, ...
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Présentateur
Commentaires de présentation
The first two objectives focus on a documentation effort.
But it is important to understand that our final objective is to enable comparative analysis of information collected
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Présentateur
Commentaires de présentation
Before detailing how the concept of paradata develops in practice in our IS, I would like to clarify a set of basic elements related to it.

The fundamental elements/components of the system are:
research results  - that we consider worth to be documented (i.e. output, publication, composition), 
process – that lead to this result.
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• output

... a set of new data or
information, or a raw result
stemming from a processing
and/or interpretation of data and
information driven by a scientific
objective ...

(digital or not) - a simple document (a 3D 
model, a plan, a point cloud) 

or a set of documents (a collection of models, 
charts).
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Présentateur
Commentaires de présentation
A research activity may lead to highly heterogeneous results ranging from scientific outputs per se to dissemination products.
In Memoria IS an ‘output’ is a scientific result per se.
It can be characterised with metadata that depict it as a container/object and as a its content.
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• composition
• publication

... combine and 
reorganise information 
brought to existence in 
outputs .... 

dissemination results e.g., a journal article, a book, an online
website

e.g.? presentations supporting informal
working group discussions, reused
valorisation material
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Présentateur
Commentaires de présentation
A ‘composition’ and ‘publication’ are considered as dissemination products. They that combine and reorganise information brought to the existence in outputs.
The conceptual differences between these results are reflected in the metadata describing them. 
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output publication composition
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Présentateur
Commentaires de présentation
Metadata alone do not allow to describe:
-   what exactly the results are (e.g., data quality), 
how they should be interpreted, 
to which extent they can be exploited. 

In short, they do not allow an evaluation of the usefulness of the results or their proper interpretation.
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output

composition

publication

object of 
study

toponym individual

process

organisationproject
expertise

source
infrastructure

author

activitiesinput

provides paradata for

provides metadata for

affiliation

Elements containing/providing 
paradata 

(data/information about a process by which an 
outcome was achieved)

Elements containing/providing 
metadata

(data/information about an object or resource)
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This information can be found in the 'process workflow diagram'  containing paradata  (elements in red here). 
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research process 
a series of actions or steps taken in order to achieve a particular 
end/specific goal

memoria workflow 
diagram

diagrammatic 
representation 
combining paradata
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A research process can be defined as a series of actions or steps taken in order to achieve a particular end/specific goal.
It can be represented by purely verbal means.
We have decided to depict it using a diagrammatic representation combining paradata.
We will call it  memoria workflow diagram.
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Memoria workflow diagram - the result of an attempt to describe a process of archaeological survey on the basis of an archaeological report <https://sandbox.memoria.map.cnrs.fr/is/enter.php?show=process&_op=set&id=118>. 

Présentateur
Commentaires de présentation
This time-oriented diagram is a graph where the nodes represent activities and connections between them represent temporal relations between activities.
Time in the most conventional manner progress in a rightward direction.
Links between nodes represent the type of time-oriented relationship.
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chain - a succession of activities over time (displaying their order)

photographic documentation closing operations, 
followed by selection of photographs for storage, their annotation (metadata), ... 

and digital archiving of the entire collection 
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Activities may be organised in a chain (order of activities).
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parallel (sequences of) activities - activities that run concurrently in time

excavation carried out simultaneously 
in three trenches
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Some sequences of activities may run concurrently in time.
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knot of activities - activities that take place simultaneously at the same time 
or be combined without any apparent order

hand excavation combined with subsurface observation
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Activities may be combined – it means they take place simultaneously OR they occur without any apparent sequential order.
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iterative activities - sequence of operations is repeated on the same object 
until the desired result is obtained

hand excavation combined with subsurface 
observation, followed by photographic 
documentation and inventory of stratigraphic units 
(measurements and documentation) 

The whole sequence is repeated until an artefact is 
discovered
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Iteration is another type of temporal relation.
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repetitive activities - repetition of the same operations on multiple objects 
(done once for each item)

site cover up and backfilling 
carried out successively trench by trench 
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And it differs from a repetition.
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data collection and acquisition 
data filtering and treatment 

data analysis 
added value procedural activities

finalisation
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Each node represents an activity. Its colour refers to one of five groups of activities .
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Within each group, activities are structured in what we called ‘wheels of activities’ – they represent activities that are present in our professional field.
An exception is a sub-group dedicated to archaeological excavation added to our system to explore its potential in archaeology. 




data collection
subsurface sampling

screening / sieving 

on-site recording

on-site storage

observation

subsurface 
exploration

excavation

site exploration

surface 
exploration 

backfilling

surface sampling

finds 
processing

flotation

spot dating

referencing 

finds collection

finds cleaning

subsurface observation

sorting

exploration of 
standing 
buildings and 
structures

intrusive 
exploration 

non-intrusive 
exploration 

site cover up
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In this case the knowledge elicitation step was undertaken in cooperation with a group of archaeologists (LAT, Tours).
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Each activity can be detailed by descriptors detailing its particularity.
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Once we have identified and described an outcome, we can describe the process that led to its creation. The first step is to select the activities. 
Then the activities are structured into a workflow. A workflow represents a mental model of a real process.
We then identify the moments in the workflow structure where the results appear.
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The next step is to we describe individual activities (activity by activity) by selecting paradata.
Once an activity is characterised, the background of its icon appears.
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remarks, observations, ...
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used as a support during the process

link to the preceding 
process(es)
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The diagram may be enriched with some additional information such as:
   milestone notes - observations about a particular stage in a process, 
    an infrastructure that was used as a support during the process of creating a result, 
    or a link to the preceding process(es).
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A workflow diagram structures and organises the paradata. It is a sort of a backbone for the ‘body of the process’.
Paradata organised by the mean of a workflow are stored in DB.
They can be queried, compared and visualised.
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an attempt to describe a process on the basis of an archaeological 

report

06
/0

4/
20

23
, A

m
st

er
da

m
, C

AA
 2

02
3

I. 
Du

de
k 

, J
.Y

. B
la

ise
, U

M
R 

34
95

 C
N

RS
/M

C 
M

AP
  

S1
6.

 A
rc

hi
vi

ng
 in

fo
rm

at
io

n 
on

 a
rc

ha
eo

lo
gi

ca
l p

ra
ct

ic
es

 a
nd

 k
no

w
le

dg
e 

w
or

k 
in

 th
e 

di
gi

ta
l e

nv
iro

nm
en

t: 
w

or
kf

lo
w

s,
 p

ar
ad

at
a 

an
d 

be
yo

nd

Présentateur
Commentaires de présentation
If we compare two different workflow diagrams representing different data acquisition processes, we can notice differences of : their complexity, their structure, groups of activities involved within the process (colour of activities), ...
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The difference is even more striking if we compare processes behind results of different nature.
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But the same data can be visualised in different manners.
On the left processes represented as a workflow diagrams. On the right, each process is depicted as activities' proportion ring – the visualisation that displays what are the relative proportions of each group of activities inside a process, and how many inputs, outputs/results and sources are concerned.




A process as activities' proportion ring 
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Here we put the stress on different aspects :
number and type of results,
number of sources engaged in the process,
number of inputs declared,
overall proportion of activities from different groups of activities ...
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(the case-study of the archaeological survey)ex
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Another visualisation  (process variability chord diagram) – displays relations between processes conducted within a given project. 
Processes are represented as activities’ proportion rings and ordered chronologically (clock wise).

This case-study of archaeological survey is composed from five processes - four of them are non-data-driven, drafted only by the way of example !
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Selection of a process highlights its relations with others. 
In this case study, archaeological fieldworks produce outputs used as inputs in all subsequent processes. 
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Anthropological study bases on archaeological fieldworks and serves the archaeological operation report.
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Report writing bases on all preceding processes. 
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The pattern of relations varies in different projects.
All these visualisations are produced dynamically  - using paradata we have declared within  workflow diagrams.
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• storage of information

• findability and filtering of results,
authors objects of study, projects, storage place, ...

• comparability of results

• meet challenges of open science
The system is open in consultation and analysis 
mode for everybody.
Each process and result has an unique URL.
Export of metadata in human readable PDF 
format.

metadata paradata

• storage of information
preventing our memory from blurring

• ensuring results’ verifiability

• enlarging epistemological awareness 
of our methods and approaches

ad
va

nt
ag

es
 a

nd
  l

im
its

 

Présentateur
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We view ‘metadata’ as data/information about an object or resource that describes its characteristics such as content, quality, format, location and data administrative information.
In turn, ‘paradata’ should be understand as data/information about a process by which that outcome was achieved including: methods (why and how the object or resource was ‘produced’), intellectual processes (decisions, reasoning paths, …) circumstances under which results have been achieved (scientific context of the process, organisational framework,… ), and the resources engaged (what tools, sources, inputs and approaches were involved in the successive stages of object or resource production; who and when was involved, …).

Metadata gathered in the system concerns ensures: ...

The paradata we collect aims at :
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MEMORIA is an exploratory web-based prototype, an attempt to provide a 
methodological framework to meet the requirements of scientific integrity.

potential of the system :

• theoretical/tacit knowledge-sharing environment

• innovative/creative visual analytical framework

• support for the planning of scientific protocols based on past experiences

• new documentation framework 
by requiring more reflection, it can help us to work more effectively, more consciously
and less routinely (human inertia)
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Présentateur
Commentaires de présentation
The potential of the system can be seen as :
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main constraints and limits of the system:

• sustainability of web-based information systems

• digital nature entailing a certain fragility of the stored data

• quality and reliability of the visualisations depend strongly on the data entered

the constant evolution of the technology requires continuous mobilisation to ensure functionality of 
such systems - maintenance, development, user support and funding

falsehood can be inferred from incomplete or partly unreliable data

• time-consuming documentation process, steep learning curve for some people
differences in individual capacities, difficulty in determining what is important to document, lack of 
skills in graphic interpretation, ...

• unreadiness to openly share information about our mistakes, errors, shortcomings  
- so that they cannot be turned against us
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Commentaires de présentation
The main constraints and limits of the system include :
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future works :

• continue the implementation 

• export memoria workflow diagrams into other formats 

• continue to document our work (results and processes) and make it accessible to all 

• participate in building awareness of the importance of paradata in science
a clever combination of "sticks and carrots" that may contribute to changing our habits, regulations or 
evaluation criteria in the humanities and social sciences

implementation of the ‘theoretical’ and ‘project’ process, new visualisations,  finding partners and funds

• tests within n-Dame_Heritage project
chantier "données numériques" de Notre-Dame de Paris

stable human-readable format (PDF) , machine-specific formats, text-to-speech reader
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Memoria Information System
for UMR 3495 CNRS/MC MAP
(open consultation)

Memoria sandbox
The platform for a familiarization with the 
principles and the interface of the MEMORIA IS
(user account available without restrictions) 

MEMORIA - classification of activities 
online PDF , 334 pages
(in English) 
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http://memoria-dev.gamsau.archi.fr/is/enter.php
https://sandbox.memoria.map.cnrs.fr/is/enter.php
https://halshs.archives-ouvertes.fr/halshs-03744846
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