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Editorial message

Dear Colleagues,

JIIM is an international, multidisciplinary, blind peer-reviewed journal that publishes research efforts on all
aspects and issues regarding Information Science and Integrated Information Management. The current issue
publishes research articles about archives and records management in the machine learning technologies
context, photos as tools to enhance the museum experience and infrastructure for managing institutional
research archives.

The first paper explores the goal and potential of integrating machine learning technologies into archives and
records management practices. Placing the subject classification of records at the center of the discussion, this
paper presents a research hypothesis. It highlights the necessity of deepening the standardisation of
government actions record management processes. Thus, readers have a deeper understanding of the
transformative role that machine learning technologies can play in archives and records management, future
practices and decision-making in the field.

The second paper studies the effect of photos on cultural technologies. Researchers used ancient museum
objects with contemporary photos, showing people performing similar activities in antiquity and today.
Qualitative data from interviews were collected and analysed to study the participant’s reflection processes
when they saw the images of ancient objects and contemporary photos. Photos can function as interpretation
aids and also allow participants to make multiple connections between past and present, across societies and
cultures, between current and prior knowledge, and permit connections to personal experience, leading to the
conclusion that critical constructivist approaches take place when people are presented with the two images
and meaning-making processes.

The last paper presents the adaptation of VIVO by the University of West Attica. Researchers have merged the
existing systems and harvested research-related information from different sources on the web to create an
ontology-based system for documenting the undertaken research within an institution. This solution offers the
possibility for the personalisation of the ontology, thus making it possible to customise the repository to fit an
institution’s needs, and the web interface presents the perceived significant components for the University, as
well as the information visualisation.

We welcome special Issues proposals that should be emailed to the Assistant Editor-in-chief (dkouis@uniwa.gr).
Finally, we expect your contribution and active support with remarks and points of improvement.

Associate Professor - Assistant Editor-in-chief
Dimitrios Kouis
Department of Archival, Library and Information Studies University of West

Attica Agiou Spyridonos Str., 12243 Aegaleo, Athens, Greece
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Abstract:

Purpose - This paper explores the goal and potential of
integrating machine learning technologies into archives and
records management practices. As the volume and complexity of
digital records continue to grow, traditional methods of organising,
classifying, and managing records face new challenges. Machine
learning technologies offer opportunities to revolutionise how
records are maintained, accessed, and used.

Design/methodology/approach - The relationship between
records and archive management and machine learning practices is
presented through the literature. This paper proposes a case study
implementation of machine learning practices for the subject
classification of records at the University of West Attica.

Findings - This paper presents a research hypothesis placing the
subject classification of records at the center of the discussion. It
highlights the necessity of deepening the standardisation of
government actions record management processes.

Originality/value - By exploring this topic, the paper seeks to
contribute to a deeper understanding of the transformative role
that machine learning technologies can play in archives and records
management and to inform future practices and decision-making in
the field. It is also the first theoretical part of an ongoing research
project on the subject classification of the University of West Attica
records.

Index Terms — Archives and records management, Machine
learning, Computational archival science, University archives,
Subject classification

I. INTRODUCTION

Records and archives management classification, as a
method of identifying and organising the records generated
or received throughout business, is advised by archival
theory to be based on an examination of the functions and
activities of the records creators and reflect them.
Methodologically, at the heart of archival theories and
practices is the provenance of the records, thus placing it at
the center of the archival description. [1] According to this
theory, the relevance of records is greatly influenced by the
context in which they were created, and the organisation
and description of these items should be closely tied to their
original role. [2] The principle of provenance, when applied
to appraisal, encourages the use of an organisational
method, a "top-down" approach, which has proven to be
unsatisfactory because it leaves out the "powerless
transactions," which might shed light on the larger social
context, from the permanent documentation of society. [3]
Traditionally the concept of provenance is intimately
connected to the concept of original order. In this context,
the subject classification of records is subordinate and
interests archivists only if it is closely related to a function of
the creator. Nowadays, born-digital records have created
new needs in recordkeeping and archive management.

Duranti notes that there is essentially no difference
between a traditional and a born-digital record because the
elements that must be explicit in an electronic record are
implicit in any analog/traditional record. The born-digital
record has a structure with "date (time and place of creation,
transmission, and receipt), an indication of persons (author,
addressee, originator, writer, and creator), an indication of
action or matter (title or subject), classification code, and
any other element required by the creator's procedures or
juridical system" [4]. Although this condition may not
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differentiate the traditional from the electronic record, it
may create new processes in record management. What role
can machine learning and artificial intelligence play in
archives and records management?

This paper explores the potential benefits, challenges, and
implications of integrating machine learning technologies
into university archives and record management. By
investigating the research hypothesis, we aim to explore
how these technologies can improve the efficiency, accuracy,
and accessibility of archival practices, ultimately benefiting
academic and other institutions.

Il. MACHINE LEARNING AND ARCHIVES

Machine learning [ML] has the potential to significantly
impact record management practices, offering new
opportunities for efficiency, automation, and enhanced
decision-making. Below we present some ways in which
machine-learning systems can intersect with record
management:

e Automated Classification and Metadata Extraction:
ML algorithms can be trained to automatically
classify records based on their content or extract
relevant metadata from documents. This
automation reduces the manual effort required for
record classification and metadata entry, saving
time and cost. ML models can learn from existing
labelled data or use unsupervised learning
techniques to identify patterns and make accurate
predictions about record classifications. [5]

e Intelligent Search and Retrieval: ML algorithms can
enhance search and retrieval capabilities within
record management systems. By analysing user
behavior, query patterns, and contextual
information, machine learning models can provide
personalised and relevant search results, improving
the user experience and increasing the efficiency of
information retrieval. Natural language processing
techniques can also be employed to understand
and interpret user queries, allowing for more
accurate and contextual search results. [6]

e Record Deduplication and Data Cleansing: ML
algorithms can assist in identifying and removing
duplicate or redundant records within a collection.
By comparing the content, metadata, or other
characteristics of records, machine learning models
can automatically flag potential duplicates,
enabling efficient data cleansing and improving
data quality. The above helps reduce storage costs,
ensure data integrity, and streamline record
management processes. [7]

e Predictive Analytics and Decision Support: ML
algorithms can analyse historical record data and
identify patterns or trends, enabling predictive
analytics and decision support capabilities. By
leveraging machine learning models, organisations
can gain insights into records, such as identifying

potential risks, predicting record retention needs,
or identifying records requiring special attention or
disposition. These insights can support more
informed decision-making and aid in developing
proactive record management strategies. [8]

e  Security and Risk Management: ML techniques can
be utilised to identify potential security risks or
anomalies within record management systems.
Machine learning models can analyse user access
patterns, identify unusual behaviors, and detect
potential security breaches or data leaks. By
leveraging these models, organisations can
enhance their security measures, identify and
mitigate risks, and ensure compliance with data
protection regulations. [9]

It is important to note that while ML offers significant
potential for improving record management practices,
careful consideration must be given to data privacy, ethics,
and the transparency of algorithms. Organisations should
ensure proper training and validation of machine learning
models and regular monitoring and evaluation to maintain
their accuracy and effectiveness. Additionally, human
expertise and judgment remain essential in implementing
and overseeing machine learning applications within record
management processes.

Ill. COMPUTATIONAL ARCHIVAL SCIENCE AND IMIACHINE
LEARNING

Computational archival science is an emerging field that
explores the intersection of archival science and
computational methods, including machine learning. [10] It
leverages computational techniques and technologies to
analyse, process, and manage large-scale archival
collections, enabling new insights and capabilities for
archival practice. As a subfield of computational methods,
machine learning is crucial in advancing computational
archival  science.  Expect automated processing,
classification, and analysis of the archival collection;
machine learning algorithms, such as optical character
recognition (OCR) and image recognition models, can be
applied to archival documents. OCR can convert scanned or
handwritten text into machine-readable formats, facilitating
full-text search and analysis. Image recognition models can
identify and classify visual elements, such as photographs,
maps, or diagrams, aiding the organisation and
contextualisation of archival materials. [11]

Machine learning techniques can be utilised to mine and
extract valuable information from archival collections.
Machine learning models can identify significant entities,
events, or subjects by analysing patterns, relationships, and
trends within the data. This information extraction process
can assist in creating semantic connections and generating
metadata, enabling enhanced search, retrieval, and analysis
of archival materials. By employing techniques such as
clustering, dimensionality reduction, or topic modeling,
machine learning models can reveal hidden patterns or
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relationships within the data. [12] Visualisation tools can
then present these findings intuitively and interactively,
enabling users to explore archival collections from various
perspectives. Algorithms can be trained to identify potential
physical or digital records risks, such as deterioration, mold,
or data corruption. By leveraging machine learning models,
archivists can proactively monitor and address preservation
needs, ensuring the longevity and integrity of archival
materials. [13] Additionally, interdisciplinary collaboration
between archival professionals, data scientists, and domain
experts is crucial to ensure the ethical and responsible
application of machine learning techniques in archival
practice. Along these lines have been developed several
software tools for archival practices [Table 1.].

Software Creator Description
ePADD Stanford Free and open-source
University software developed that
Libraries supports the appraisal,
processing, preservation,
discovery, and delivery of
historical email archives.
BitCurator | BitCurator Software for collecting
NLP Consortium institutions to extract,
analyse, and produce
reports on features of
interest in text extracted
from born-digital materials
contained in collections.
ArchExtract | Bancroft A web application that
Library enables archivists and
(University researchers to perform
of California | topic modeling, keyword,
Berkeley) and named entity
extraction on a text
collection.

Table 1. Representative software for the management of
archival material using machine learning

IV. MACHINE LEARNING IN A UNIVERSITY RECORD
MANAGEMENT SYSTEM: AN EXPERIMENTAL QUESTION

University archives and record management are vital in
preserving and managing universities' historical,
administrative, and cultural records. The connection
between the past and the present is made possible by
university archives, which also act as a lighthouse for
highlighting the contributions made by educational
institutions to society. [14] Record management in
universities involves systematically controlling and
coordinating records throughout their lifecycle, from
creation to final disposition. Today at the University of West
Attica, as in all universities in Greece, there are different
software/services for managing bureaucracy and producing
records. The Greek government started the Diavgeia project
(Transparency Program Initiative) in 2010, intending to

restore faith in the democratic system and enable online
insights into government spending. Diavgeia has been
pivotal in promoting transparency and accountability in the
Greek government. By making public administration
decisions readily available, the platform has created a
culture of openness, allowing citizens to scrutinise
government actions and hold public officials accountable.
This transparency has helped to reduce corruption, increase
public trust, and foster a more accountable government.
[15] The Diavgeia project has transformed the government
information landscape in Greece by introducing
transparency, accountability, and open access to public
administration decisions. It has empowered citizens,
improved governance practices, and inspired similar
initiatives worldwide, creating a more open and informed
society. [16]

The records classification on the platform is essential for
effective information retrieval and analysis. However,
ensuring accurate and consistent multiple-subject
classification can be complex. The uploading of documents
to the Diavgeia portal is done manually by university
employees in a structured digital environment. The type of
university actions and the subject categories are manually
selected from the corresponding drop-down lists [Fig. 1-2].
This practice creates confusion between the type of
document and its subject categories indexing.

Records published on Diavgeia cover a wide range of
subjects and topics, reflecting the diverse activities of public
administration. The subject matter can vary from legal and
regulatory matters to infrastructure projects, public
procurement, and personnel issues. Categorising such
diverse content can be challenging, as decisions may touch
on multiple subjects or fall into ambiguous categories. With
this method, among others, a part of the university's
administrative function is classified and open. On the other
hand, the subject assignment of a document may not always
align perfectly with the content or scope of the document.
Interpreting and assigning relevant subject categories can be
subjective, leading to potential confusion or
misclassification.

The University of West Attica has uploaded 73.550
records from 2018 [17] until the end of 2022 in the Diavgeia
portal [Fig.3, Table 2, 3]. The critical question is to what
extent the structure of the Diavgeia portal reflects the origin
and original order of the university's records. Especially if we
consider it a broader service that applies to many different
public sector organisations with various characteristics. To
evaluate the effects of machine learning technologies on
subject classifications, we could collect university records
from Diavgeia Portal and implement machine learning
model training and prediction.

The Diavgeia portal administrators must continually
review and refine their classification system to address the
abovementioned challenges. Implementing automated or
semi-automated techniques, such as natural language
processing or machine learning algorithms, can improve
document classification accuracy and consistency. These
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technologies can analyse the textual content of documents
and suggest appropriate document types and subject

categories based on patterns and predefined rules.

misclassifications. Users of the Diavgeia portal can report
inaccuracies or provide suggestions for improvement,
allowing administrators to make necessary adjustments to

Furthermore, feedback

mechanisms

and  user

engagement can be vital in identifying and rectifying
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Fig. 3. Total number of entries on Diavgeia portal by the
University of West Attica per year

Type of University Action (single) Number
<type>ETKPISH AAMANHE</type> 30.268
<type>ANAAHWH YNOXPEQSH3</type> 12.808
<type>AOINEZ ATOMIKEZ AIOIKHTIKEZ

MPAZEIz</type> 5.412
<type>ANAGEZH EPTQN / MPOMHOEIQN /

YMHPEZIQN / MEAETQN</type> 5.134
<type>ETKPIZH MPOYMOAOTIZIMOY</type> 5.108
<type>KANONISTIKH MPAZH</type> 4.968
<type>OPISTIKONOIHEH MAHPQMHS</type> 4.901
<type>MNPA=H NOY AQOPA ZE 2YAAOTIKO

OPTANO - ENMTPOMNH - OMAAA EPTAZIAZ -

OMAAA EPTOY - MEAH ZYAAOTIKOY

OPFANOY</type> 3.950
<type>:YMBAZIH</type> 494
<type>NEPIAHWH AIAKHPYZH3</type> 269
<type>YMHPESIAKH METABOAH</type> 105
<type>NPOKHPY=H NAHPQZHX

OEIEQN</type> 56
<type>IZOAOTZMO3 —

AMOAOTIEMOs</type> 39
<type>AIOPIZMOZ</type> 20
<type>MNPA=H MNOY AQOOPA ZE ©OEZH FENIKOY

- EIAIKOY TPAMMATEA - MONOMEAEZ

OPFANO</type> 11
<type>KATAKYPQIH</type> 3
<type>MNPAZEIZ XQPOTA=IKQY -

MOAEOAOMIKOY NEPIEXOMENOY</type>

<type>AQPEA - EMIXOPHIHZH</type> 1
<type>ElKYKAIOZI</type> 1

Table 2. Number of entries per Type of University Action

Subject of University Action (multiple) Number
<subject>MNAPAIQrH, TEXNOAOTIA KAI
EPEYNA</subject> 42.147
<subject>ENIZTHMEZ</subject> 38.513
<subject>OIKONOMIKEZ KAl EMMOPIKEZ
SYNAAAATES</subject> 14.674
<subject>EMIKOINQNIA KAl

MOP®QIH</subject> 14.553
<subject>AHMOZIONOMIKA</subject> 6.980
<subject>AMAIXOAHZH KAI

EPTAZIA</subject> 650
<subject>AHMOZIA AIOIKHZH</subject> 299

11

<subject>0IKONOMIKH ZQH</subject> 8
<subject>AAMNANEZ EMIXOPHTOYMENQN
OOPEQN APOPOQOY 10B N 3861/10</subject> 4
<subject>ENEPTEIA</subject> 4
<subject>ENIXEIPHZEIZ KAl
ANTAIQNIZMOZz</subject> 2
<subject>ANO®AZH AIAGEZHZ ANOIKTQN
AEAOMENQN</subject>
<subject>EYPQMAIKH ENQXH</subject>
<subject>YTEIA</subject>
<subject>BIOMHXANIA</subject>
<subject>TEQIPA®IA</subject>
<subject>TEQPTIA, AAZOKOMIA KAl
AAIEIA</subject>
<subject>AIATPO®H KAI TEQPTIKA
MPOIONTA</subject>
<subject>AIEONEIZ OPTANIZMOI</subject>
<subject>AIEONEIZ IXEZEIZ</subject>
<subject>AIKAIO</subject>
<subject>KOINQNIKA OEMATA</subject>
<subject>METADOPEZ</subject>
<subject>MNEPIBAAAON</subject>
<subject>MNOAITIKH ZQH</subject>

Table 3. Number of entries per Subject of University Action

OO R R R

o

O O O O O o oo

The absence of standardised subject categories across all
public administration entities in Greece poses a challenge to
the consistent categorisation of Diavgeia. Different entities
may use different classification schemes or terminologies,
making establishing a uniform and comprehensive subject
taxonomy difficult. This lack of standardisation can hinder
effective information retrieval and cross-referencing of
related records. Public administration decisions often
involve complex subject matter that requires in-depth
understanding and expertise to categorise accurately.
Decisions may involve technical, legal, or specialised
terminology that requires domain knowledge for proper
classification. Ensuring that subject categories capture the
nuanced aspects of the decisions can be challenging,
particularly when limited contextual information is
provided. In addition, the subject categories on Diavgeia
must adapt to the evolving nature of public administration
and address emerging topics or issues. New policy areas,
technological advancements, or societal changes may
introduce subjects not previously accounted for in the
categorisation scheme. Regular updates and adjustments to
the subject categories are necessary to ensure the relevance
and coverage of the platform. To address these challenges,
Diavgeia needs to establish a well-defined and
comprehensive subject taxonomy that reflects the breadth
of public administration activities. This taxonomy should be
developed in consultation with relevant stakeholders,
including public administration entities, subject matter
experts, and platform users. Regular reviews and updates of
the subject categories are essential to accommodate
changes and evolving needs. Additionally, providing
guidelines and training to public administration entities
regarding subject categorisation can help improve
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consistency and accuracy. Encouraging feedback and
collaboration from users of Diavgeia can also assist in
refining the subject categories and addressing any
ambiguities or gaps.

The proposed research aims to investigate the impact of
machine learning technologies on the classification of
records at the University of West Attica. A similar
methodology has been applied to other aspects of academic
activity, such as the repository of the scientific activity of
university members. [18, 19] It has to be mentioned that the
etchings of applying machine learning practices to archival
practices differ in their use in digital libraries and
repositories. Striking a balance between Al technologies and
human expertise will be crucial in leveraging the benefits of
Al while upholding the core principles and values of archival
practice. [20]

By exploring the potential effects, this research seeks to
improve record management practices and enhance the
accessibility and retrieval of archival materials within the
university. The research question is clearly stated, focusing
on the specific context of the University of West Attica and
the application of machine learning technologies. Potential
research outcomes could include improved accuracy and
consistency in subject categorisation, enhanced efficiency in
record management processes, and increased
discoverability of records within the University of West
Attica. The research may also identify challenges,
limitations, or ethical considerations associated with
applying machine learning technologies in subject
classification. The research has practical implications for the
University of West Attica and similar institutions. If the study
demonstrates  positive  effects, machine learning
technologies could significantly streamline and automate
the subject categorisation process, reducing manual effort
and improving the overall productivity of record
management staff. The findings can inform the development
of guidelines and best practices for implementing machine
learning services for subject categorisation within the
university's record management framework. In addition, it is
possible to test methodologies applied in a different context
and produced valid results. [21]

V. CONCLUSION

The dynamic relationship between archival science and
machine learning practices and, more broadly, Al is ongoing
and can reshape theoretical and methodological schemes.
By embracing these technologies within the framework of
the Records Continuum model, organisations can effectively
manage born-digital archives, ensuring their long-term
preservation and facilitating their valuable contribution to
research, historical documentation, and organisational
memory. [22]

In conclusion, this theoretical paper investigated the
application of machine learning technologies in archives and
records management, with a particular focus on government
actions. The research hypothesis was that integrating

12

machine learning technologies can significantly improve the
efficiency, accuracy, and accessibility of the University of
West Attica records. Through automated technologies,
ongoing refinement of classification systems, and user
engagement, efforts can be made to minimise confusion and
improve the overall effectiveness of the portal in delivering
reliable and well-categorised information to the public. By
embracing these technologies, academic institutions can
enhance the efficiency, accuracy, and accessibility of their
records, ultimately benefiting researchers, administrators,
and the wider society. As the field of archival science
continues to evolve, further research and collaboration
between archivists, data scientists, and stakeholders will be
vital to fully realise the potential of machine learning in
transforming university records management practices.
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Abstract:

Purpose - Inspired by a recent museum visit, the present work
wished to study the effect of the use of photos in cultural
technologies.

Design/methodology/approach - We used ancient museum
objects with contemporary photos, showing people performing
similar activities in antiquity and today. Qualitative data from
interviews were collected and analyzed to study the participant's
reflections when they saw the images of ancient objects and
contemporary photos.

Findings - Results revealed the importance of contemporary
photos and the possibility of including them in cultural heritage
technologies since they assist visitors in understanding and
reflection processes.

Originality/value - Photos can function as interpretation aids
and also allow participants to make multiple connections between
past and present, across societies and cultures, between current
and prior knowledge, and permit connections to personal
experience, leading to the conclusion that critical constructivist
approaches take place when people are presented with the two
images and meaning-making processes.

Index Terms — museum contextualization, visitor meaning
making, photography, constructivism, design requirements.

In Chalcis, a city in Euboea (Greece) with a vibrant history
from ancient, Roman, byzantine, ottoman, and industrial
times and with multicultural communities throughout its
history, the New Archeological Museum "Arethousa"
presents artefacts and (hi)stories from different eras and
communities.

In January 2022, we visited the museum and observed an
interesting video installation presenting different museum
items. The presentation of each museum item was followed
by a relevant modern photograph, showing people
performing similar activities as the ones depicted in the
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ancient art. The video installation did not use any textual or
oral information. It simply showed images one after another.
The museum has released a short video on social media,
presenting a small part of the installation. Looking at this
installation, specific questions emerged:

e What kind of connections do visitors make when
looking at this photo sequence?

e Can visitors extract meaning from this particular video
installation?

e What are the visitors' reflective processes when
exposed to this video?

e Can contemporary photos be used in advanced cultural
heritage technologies to assist construction further
meaning?

In order to further explore these questions, we designed
the present study, which collected qualitative data from
participants and studied the potential of images to provide
adequate information and triggers for meaning-making and
reflection. The scientific community has discussed the first
three research questions, as it will be explained in section 3,
but not within the context of an archaeological museum. The
last research question is the authors' idea since, to the best
of our knowledge, there are no explicit guidelines for the use
of contemporary photos in technologies used in museums.
Our visit to the Archaeological Museum of Chalcis inspired
us to study further everyday photos' role in museum
meaning-making.

Most museums started their operation in the 18th century,
but soon after their establishment, voices criticised the
practice of keeping items inside museum walls. In one of the
most famous quotes from 1843, Norwegian painter J.C. Dahl
warns, "Nature preserves while museums destroy" [1].
Removing items from their original environment implied
that a significant amount of vital information around their
interpretation was gone. Imagine, for example an ancient
statue meant to be inside a sanctuary that ends up in a
museum, away not only from the building in which it was
meant to be but also from all the other surrounding items
that once stood inside the sanctuary [2]. This issue is
described as the museum contextualization problem.

How DO VISITORS HANDLE MUSEUM INFORMATION?
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Due to the immense importance of context in
understanding cultural objects inside museums [3],
museums worldwide apply different means to provide the
necessary interpretation context for visitors [4]. From maps
[5] to models [6], dioramas [7], and information labels [8],
museums try to provide the information needed for visitors.
Technology is also often employed to provide context for
museum objects. For example, Augmented Reality can
project the museum item in its original environment [9].
Thus, the importance of context is widely recognized as a
necessary requirement for understanding cultural items, the
complex interrelationships around them, and the creation of
meaning [10]. Therefore, context is vital in discovering
knowledge and processing information as a whole to
maximize cognitive gains [11].

In addition, museum visitors' meaning-making processes
are also known as constructivist and researchers view
modern museums as constructivist learning environments
[12, 13]. Visitors use their prior knowledge and personal
experiences to build cognitive schemas that accommodate
the new information. To do so, they rely on known social and
cultural practices, like traditions, cultural practices, customs,
language, etc. [14].

However, in order to engage in meaning-making, visitors'
attention must be captured, and they must feel motivated
to think further. Museums have used different approaches
to capture visitor attention and enhance engagement (e.g.
[15]). Researchers have also constructed theoretical models
to understand visitor attention elements and ways to
augment them [16, 17]. One such method was trying to
micro-augment the museum experience, which used only
nonlinguistic stimuli of a minimum duration to create an
information gap and increase visitors' curiosity. In particular,
micro augmentations were used in two different forms. In
one form, the visitors heard sounds of short duration and
intensity from speakers above the exhibits that released
sonic beams, resulting in highly localized sounds [18]. In the
other form, micro augmentations were used to provide color
on ancient statues but only for one second. The color
appeared and quickly disappeared without any other
information [19]. In both cases, visitors were intrigued, and
showed increased curiosity and learning motivation.

Regarding the use of photographs in museums, these are
also used to provide information to visitors, often as an
alternative or addition to text. According to Edwards & Lien
[20], photographs can provide museum context and
enhance museum exhibitions [21, 22, 23]. Consistent with
the constructivist tradition, photographs in museums allow
visitors to experience alternative viewpoints, provide many
layers of historical and cross-cultural experiences [24], and
enrich visitors' meaning-making processes. Thus, the
present work wishes to study how photographs and what
type of photographs can relate to ancient art objects, if and
how they allow visitors in meaning-making, and what
reflective processes they evoke.

15

CONTENT IN MUSEUM TECHNOLOGIES AND THE USE OF PHOTOS

Museums have used photos since the 1850s to enhance
the visitor experience in multiple ways [25]. Cultural
heritage technologies also use recent photos frequently for
different purposes. One of the most expected uses of recent
photos is the photos taken by visitors and shared by them on
social media. Museums and cultural heritage institutions are
aware of this use of photos by visitors, and in some cases,
they decide to exploit such practices. For example,
Instagram further communicated the museum experience to
the public. Visitors used this social media platform to create
their narratives about their museum visits while researchers
studied how these narratives were created and shared [26].
In another example, the Brooklyn Museum used photos
uploaded by its visitors on social media, like Instagram and
Snapchat, and organized semi-structured interviews to
better understand visitor needs [27]. Social media like
Instagram have offered tools to the public that were
previously only available to professionals, thus making
photography more accessible and easier to share and
changing the visual meaning-making over time [28]. By
taking photographs, people engage in an embodied
experience that requires them to touch, rub, and click to get
photos and share them on social media. These embodied
actions increase involvement and meaning-making [29].
Embodied interaction can be viewed as a way to interpret
the museum content [30].

Social sciences have used photos to understand people's
perceptions and behavior; over the years, multiple methods
have been used [31]. Especially in ethnographic research,
photos are practical tools to elicit deeper thinking from
participants and help engage in deeper meaning-making
processes [32]. In this light, researchers have specifically
asked museum visitors to take photos of items that captured
their attention to provide data for further analysis [33]. In
another study, students were asked to take photos during
their museum visit to exercise their critical thinking and
history learning [34] since photographs have been
successfully used in the educational domain and seem to
enhance learning and visual literacy [35]. Photos have also
been used by museums to increase empathy and
perspective-taking. Presenting specific historical events at a
museum, i.e. apartheid in South Africa, photos made people
better understand the historical events and the perspectives
of different racial groups [36].

To extract meaning from people's photographs, a
theoretical framework is needed that will consider the
person who took the photo, the researcher who will analyze
it and the context of the process. In the framework of
interpretive engagement, five elements are considered
necessary: the researcher, the participant, the image and the
context of its production and the audience/s. Thus,
museums can only understand what visitor images mean
when considering all the above elements [37]. In a study by
Loeffler [38], photos were used to extract meaning through
a photo-elicitation interview. Participants explained their
photos to the researchers from an outdoor activity. As
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photos were explained and analyzed, researchers identified
some recurring themes: connection with the physical space,
connections with others, self-discovery and gaining
perspectives.

Photos have also been used to provide further context for
archaeological items. In a study by Antoniou et al. [9],
visitors could see the museum objects through their mobile
phones while in the background, they could also see 360
photos of the original excavation site that the objects came
from. Photos were in this case implemented in the
Augmented Reality (AR) application that allowed the
museum items to be viewed in relation to their original site.
Museums also know that the way photos are presented
within an exhibition can change the meaning of the
exhibition. In other words, the presentation order and the
placement of photos in the physical environment of the
exhibition can significantly alter the meaning-making
processes [39]. In addition, photos seem to change the
understanding of historical phenomena when used in
museums [40]. As a Docket et al. [41] study revealed, one
visual element might provide information without an
interpretation context. Two or more photos seen together
allow different connections to emerge and assist
understanding and reflection.

Furthermore, photographs of relevant themes to the
museum and its items are highly effective in visitor
interpretations [42]. Photographs do not simply work as
cues in an interpretation process, but they are meaningful
artefacts that assist interpretation of the past and reflection.
Photos seem to boost remembering of relevant ideas,
stimulation of emotions, production of narratives,
association discovery and therefore, meaning-making [43].

Different projects have used photos to enhance the user
experience. The H2020 EU project CrossCult [44] used
photos of ancient and contemporary items to enhance
visitor reflections and allow them to make easy connections
between objects, concepts and different cultures. For
example, the narrative discussing how people use clothing
as a code to convey messages about themselves to others
used the photos of ancient museum statues and teenagers
around the world today, etc. [44]. In addition, "muse" is a
project that will use the photos taken by visitors during their
visit to extract valuable information for museums through
data analytics and allow them to know their visitors better.
A similar concept was implemented by the ArtClix project,
where visitors were encouraged to take multiple photos and
share them with friends. The museum again gained valuable
insight into the user experience, and the visitor was also
actively engaged with the exhibits [45]. The EU project GIFT
allowed visitors to use photos to personalize museum items
that could then be 3D printed and given to the visitor as a
personalized item from her museum experience. Finally,
museums worldwide, like the Smithsonian National Air and
Space Museum, use different photographs to allow visitors
to engage better with the exhibits since photos provide
images of the items in use (e.g. aeroplanes flying).

Museum narratives delivered through technology often
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use photos to enrich the stories [46]. As museum human
guides use the actual exhibits to unfold their narratives [47],
technology-assisted tours use different photos to provide
information in multiple modalities maximizing their
(learning) effect [48]. The importance of photos in narratives
leads to the automatic generation of themed photo
narratives that go beyond the museum visit [49].

However, although frequently used by
technologies, different uses of photos seem to be used
intuitively by researchers without a structured framework
for their use. The present work aims to study their actual
interpretation power and reveal how people perceive
photos in a museum setting.

Finally, the main objective of the present work is to study
the effect of everyday photos as tools that assist visitors
meaning-making processes. In addition, we explore the
potential of photos to be used in current museum
technologies to enhance the visitor experience and allow
easy construction of meaning.

cultural

l1l. METHODOLOGY

A. Participants

The researchers made an open call within their
institutions for volunteering students to participate in the
study. The first ten would be called in for participation. All
participants were familiar with ancient Greek civilization,
since they were students of History and/or Archaeology
and/or Archival and Library Studies. We chose participants
with a specialized background because we wished to remove
possible novelty effects from introducing objects that
participants would be unfamiliar with. In addition, based on
Sandelowski [50], ten participants may be judged adequate
for homogeneous sampling in qualitative research when the
issues studied are not of high complexity. In this case, the
phenomenon studied was of low complexity, and the
participants were all of a specialized background. However,
because of the sampling process, the results would be biased
and cannot be generalized to the general population. The
importance of this work lies in showing photography's
possible effects in visitor reflection processes and revealing
issues for future exploration.

All participants were students either at the University of
Vigo or the University of West Attica. There were ten
participants in total. The profiles of the participants are as
follows:

Participant 1 (P1l): Greek-speaking, male, background in
Archival, library & information studies.

Participant 2 (P2l): Greek-speaking, female, background in
Archival, library & information studies.

Participant 3 (P3h): Spanish-speaking, Historian
specializing in free time culture and medieval architecture

Participant 4 (P4l): Greek-speaking, female, background in
Archival, library & information studies.

Participant 5 (P5a): Spanish-speaking, Archeologist with a
specialization in Greek funerary objects.

Participant 6 (P6h): Spanish speaking, male, history
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background but not archaeology

Participant 7 (P7h): Spanish-speaking, female, background
in history and Egyptology. Some knowledge of Greek
archaeology.

Participant 8 (P8l): Greek-speaking, female, background in
Archival, library & information studies.

Participant 9 (P9h): Spanish-speaking, female, background
in History and Geography, some knowledge of ancient Greek
archaeology

Participant 10 (P10l): Greek-speaking, female, background
in Archival, Library and Information Studies.

Since all the archaeological items were from Greek
antiquity, it would be easy for Greek-speaking participants
to read the inscriptions on some items. The initials a, | and h
were added next to the participant number and correspond
to their background to assist the reader in easily seeing the
participant's background knowledge. (a stands for
Archaeology, | for Library studies and h for History).

B. Materials

All the images were shown to the participants with a
PowerPoint presentation. All images used had the necessary
licenses (Appendix 1).

The link that unites all the selected images is women,
establishing connections between their tasks in Ancient
Greece and today. Gender studies in History, after some
resistance from the Academy, have been integrated into
historical research and are considered relevant, also in
Antiquity [51]. However, museums do not usually have a
specific section dedicated to transmitting the knowledge of
a fundamental part of societies, such as women. This
situation is repeated in all historical periods, and we have
selected Ancient Greece, precisely the classical period (479-
323 B.C.), a period marked by patriarchal ideology, as can be
seen in that only males were fully entitled to acquire
citizenship. At the same time, females, at most, were only
necessary for its transmission [52]. This reality means that
the sources of information are less explicit about the female
domain than the male domain. For this reason, iconography
is a fundamental source for learning about aspects of
women's daily lives [53], and we have selected the images
with the intention that they reflect various essential areas in
their lives: domestic activities inside and outside the oikos,
aspects that relate the educational system and the role of
women [54,55]. In addition, we asked participants only to
focus on ancient Greek objects since our participants were
familiar with ancient Greek civilization, in an attempt to
remove novelty elements.

C. Procedure

Students from the 2 Universities were invited to
participate in the study. The students that responded were
invited to individual Zoom sessions. The material was
organized in a PowerPoint presentation and the researcher
shared her screen with the participants. The only
instructions were that participants should only describe
what they see and anything that comes to their mind
throughout the presentation. Participants were also
informed that there were no right or wrong answers.
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Participants saw an ancient item and in the next slide they
saw the same item together, with a contemporary, relevant
photo. This process was repeated 7 times (7 ancient items
and 7 relevant photos). We used 7 sets of images to prevent
participant fatigue since people's working memory can only
handle 7 plus or minus 2 units of information [56]. After the
end of the presentation, participants were asked if they had
any general comments. The session for each participant was
about 30 to 40 minutes. Due to the sampling process
(university students that might know the researchers), extra
measures had to be taken to reduce data biases. The
researcher only told students to report what they saw in the
photos and anything that came to their minds without any
further comments from the researcher. The only two
guestions used were: "What do you see?" for the first image
in the series and "Now, what do you see?" for the first and
second images in the series when the images were shown
together. The researcher did not provide comments of
agreement or disagreement; she simply recorded the
answers and continued with the next set of images.

IV. RESULTS

In this section, we will present the participant answers by
slide in the same order as in the presentation shown to the
participants. For every two slides, we had one theme. We
used Soren's classification of cognitive changes when people
interact with cultural objects to analyse the data. More
specifically, Soren [57] observed cognitive changes emerging
from interactions with cultural content when people had:

e An opportunity to have experiences with authentic
objects.

¢ An unexpected experience and/or highly emotional
experience.

¢ A new cultural/attitudinal understanding.

e Motivation to become more proactive.

e Realized that historical phenomena had a lasting
nature. In essence, historical phenomena are social
phenomena, and some still exist today (how certain
phenomena are relevant to people of different societies and
times).

Researchers have used Soren's classification of visitors'
experiences in the past to study visitors' reflective processes.
For example, Antoniou et al. [58] studied the effect of
narratives on museum visitors and the lasting impact of
mobile technology before, during and after a cultural visit.
Similarly, Poulopoulos et al. [59,60] used the same
classification to study people's cognitive changes when
interacting with cultural content on social media.

In addition, we also used indications of meaning-making
constructive processes, like use of personal experience and
prior knowledge by participants, as an essential element of
a constructionist approach [61], as well as triggers of
curiosity and motivation, like uncertainty of participants,
leading to information gaps [18].
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Theme: Woman handling wool (figures 1, 2)

* What do you see?

Fig. 1. Woman handling wool, first slide

Seeing this image (figure 1), all participants could not
understand what the figure was doing. Only 4 people
realized that this was a domestic activity, like washing or
cooking (P4l,5a,81,101). P5a, who is also an archaeologist,
specializing in Greek funerary objects, could also not identify
the activity and mentioned: "It is a woman, she does some
housework, but | cannot say exactly what she is doing". The
remaining 6 participants used their imaginations and offered
explanations like music playing (P3h), ceremonial activity
and ritual (P6h,7h), or even handling of a snake (P2l). The
lack of context as also pointed out by P7h, leads to
uncertainty. P7h: "A type of vessel with specific decoration.
The main figure is a woman involved in a ritual using specific
objects depicted in the scene. The vessel is for liquid. The
activity of the figure does not involve liquids. It is very
difficult to understand the scene because we do not have
context". Participants show uncertainty when they describe
the image and discuss that necessary information is missing
to understand the object further.

* Now
what
do youl
see?

Fig. 2. Woman handling wool, second slide

When participants saw the following image (figure 2),
most of them expressed their surprise as they realized what
they saw. P3h said: "Ah! She is working with wool. She is

18

doing the same in antiquity in the first photo". Most
immediately connected the two images, even though they
were not asked to do so and realized that these women were
doing the same type of work. P6h: "l can see an old woman
working with tissues or animal hair, maybe with wool. Now |
can see similarities in both images... | think the first one could
be something similar or even the same. It seems like a daily
activity". It was only P2l that did not directly connect the two
images regarding wool handling, and she only found general
similarities: "An old lady ... but | cannot know what this is ...
is it what pillows have inside? Goose feathers? What exactly
is this white thing she is holding? In the 2 photos 2 women
are doing some manual work ... just that they do some
work". Nine out of ten participants correctly identified the
activity in both images and connected the past with the
present, showing signs of constructivist learning since the
presence of the two images together seemed to provide the
necessary context.
Theme: Women carrying water (figures 3,4)

Fig. 3. Women carrying water, first slide

Almost all participants identified the scene (figure 3)
correctly with more or less confidence, apart from P2| that
thought that it was some kind of celebration. P1l for
example, was not very confident when he said: "l see girls in
something like an aqueduct. On the right | see a fountain and
a girl filling up water. | see some girls with amphorae on their
heads. And perhaps they are discussing". However, all the
other participants were very confident with their answers.
P9h also went a step further and explained how she knew
what this was, based on her prior knowledge: "A woman
with a vase on her head. This reminds me of something
recent... They are working to get water from a fountain. They
are also talking". For the majority of the participants the
information in the object was adequate for them to make
connections to their previous knowledge and correctly
identify the activity shown.
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Fig. 4. Women Carrying water, second slide

Thus, when participants saw the next slide (figure 4), they
were not surprised and simply confirmed what they had
stated previously. Even P2l, who did not understand that the
women in both figures carry water, nevertheless stated,
"They do exactly the same thing (as in the previous photo),
but much later in time. They have jars on their heads.
Because | see a woman happy, it must be a celebration.
Because | see grandma, mom and granddaughter, it must be
something like a custom or a celebration. They do the same
in both photos". It was also interesting that P1l and 7 made
connections to their prior knowledge when they described
the images: P1l: "l also see girls perhaps from Africa because
| have seen documentaries like that. Perhaps something
similar happened with the amphorae. This image is from
Africa or Asia". P7h: "They also carry vessels with liquid on
their heads. This is typical for cultures in Asia, Africa and
South America. A daily life activity too". Finally, P8I
connected past and present across cultures when she said:
"Exactly the same process in modern times and in a different
country". Thus, the second image functions as a
confirmation of a hypothesis most participants had formed.
The fact that images like the ones in figure 4 are often shown
in documentaries from around the world helped participants
make connections between the past and the present,
enhanced cultural understanding and allowed them to build
on their previous knowledge.

Theme: Girl playing (figures 5,6)

Fig. 5. Girl playing, first slide
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Regarding the theme of the playing girl (figure 5), three
participants were sure when they said this is a girl playing
(P21,41,5a). P2l: "This is a little girl holding a toy. The girl is
holding a doll, and (there) is also a goose that obeys like a
dog, so it must have been a pet of the time". Although four
more participants mentioned that this must be a scene of a
girl playing, they were not very sure about it (P11,7h,81,9h).
P9h: "Is she holding a doll? Is this a bird? or a duck? | do not
know what she is doing because she seems like she is holding
a doll and has a duck..." P7h being uncertain, also forms a
hypothesis for alternative explanation: "It is very interesting.
A small girl holding a small figure in front of a duck. Is it a
child activity? or do objects like that have another meaning?
Because in antiquity, women were also associated with
gods". Three participants did not identify the girl in the
image and thought it was a woman (P3h,6h,10l). Not
realizing this is a girl and thinking it is a woman left the
participants puzzled about the activity depicted in the stele,
leading to wrong conclusions. P3h: "Seems like a woman is
showing a doll to a goose or a duck. Over the duck, | see a
ham leg as we have in Spain". The uncertainty of what was
shown forced P3h to use personal knowledge and apply it in
an attempt to understand the image (i.e. ham leg from
Spain). Lack of context seems to lead people to apply prior
knowledge (which, in this case, leads to wrong conclusions).

Fig. 6. Girl playing, second slide

While most participants simply confirmed what they had
suspected from the previous image, when P3h,6h and 10l
that were wrong previously saw this slide (figure 6), they
were all immediately able to connect the two images and
correctly identify the activity in both images. P3h: "Ah! she
was a child (referring to the previous image). That makes
more sense because of its size". In addition, P5a although
she had correctly identified the objects in the first image,
after looking at the contemporary one, she makes the
connections to today's practices: "We continue playing with
the same things today. Perhaps we are more sophisticated
but still playing with the same things". The second image
provided the necessary context and all participants managed
to correctly identify the activity in the ancient object.
Participants effectively connected the past with the present
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and the two with their personal childhood experiences,
understanding the lasting character of the activity.

Theme: Bride's preparation (figures 7,8)

Fig. 7. Bride's preparation, first slide

Eight out of the ten participants were uncertain when
they saw this image (figure 7), although most suspect it was
an important event, like a celebration of some sort. For
example, P1l said: "Two girls. The standing one is trying to
decorate the seated one. Perhaps this is a scene from a
celebration of some sort that the second girl is spruced up.
This thing on top right...I do not know what it is...a balloon?
Alamp? They did not have lamps...I do not know". Only three
participants were sure this was a bridal preparation, and P2|
stated without hesitation: "A girl and someone behind her
fixes her hair. She must be a bride".

Fig. 8. Bride's preparation, second slide

However, seeing the next slide (figure 8), most
participants understood that this was preparation for an
important event, like a wedding. P10l: "A!l One woman doing
another woman's hair. Could it be for a wedding? or a
celebration? So, something similar was also happening in the
previous one". By seeing this image, most return to the
previous one and reconsider. Many participants made such
comparisons between the two images and even observed
details they had missed before, like P1l: "I see a wedding
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scene. | also see a lady taking care of the bride. The first
photo could also be a preparation for a celebration. Could
this item in the previous photo be a mirror? that is painted
like that? or a lantern?" Only P3h remains puzzled and does
not realize what these images really show: "She was doing
something on her hair. She was supposed to roll this item on
her hair. Because the photo had names, it could be
goddesses or royalties". Again, in this slide, we observe
participants connecting the past and the present and
discussing the endurance of cultural phenomena across
times. P2l: "This is a similar picture in modern times, where
a hairdresser treats a girl to get married. From what | see
some ancient customs and habits are preserved to this day".
Again here, the second image assists in understanding and
connections between past and present. It was easy for
participants to realize the lasting nature of the phenomenon
and make connections to prior knowledge.

Theme: Family scene (figures 9, 10)

Fig. 9. Family scene, first slide

All participants understood that this image (figure 9) was
related to a baby. Some called it a birth scene (P1l,6h,9h),
others called it a celebration (P1l110l) and even a baby
shower party applying today's customs to ancient societies
(P3h). We can follow P1l's line of thought: "This is the birth
of a little boy and someone on the left is bringing presents.
But the little boy is bigger than that...is not born now... what
could it be? Like they try to crown the boy? like they are
discussing something around the boy? some kind of
ceremony around the little boy". Four participants clearly
stated that this is a family scene (P2l,41,5a,9h). P4l: "I see a
woman holding the child. A man is in the middle. It may
indicate that they are a couple and that they are a family. |
will say with reservation that it is a family gathering."
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Fig. 10. Family scene, second slide

The family scene in the following image (figure 10) made
most participants realize that both images show a family.
P10l: "And here | see a family. | imagine this was the case in
the previous too". Some participants hypothesize that this is
a naming ceremony (P1l1,81,9h), while P1l stated that he
remained confused even after seeing the second image:
"This is a scene from Asia or Africa..or a scene from a
baptism? They hug the kid...a scene of affection. Concerning
the previous photo, | am a little confused....some kind of
ceremony around the little boy.." Nevertheless, after
observing the second image, most participants made
comparisons to the ancient one. P6h: "l see a family. A
woman with a child. Just a family, not doing something
special. This is a familiar scene. For the image before, maybe
the person standing is also a father or a protector".

Theme: Mourning (figures 11, 12)

Fig. 11. Mourning, first slide

Most participants (apart from P5a, an expert in ancient
Greek funerary objects) spent a few seconds observing this
item before describing it (figure 11). Since many figures were
involved, it was harder to understand what they were doing.
However, almost all participants (9 out of 10) said that this
is a funeral with different degrees of certainty (P3h & 6h
were uncertain, while P11,5a,7h,81,9h10l were certain). P4:
"We have a funeral ... for sure. If we assume that the 3
women are lying down and crying ... they mourn him. The
others are men. We have a funeral". Only P2l did not
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mention a funeral but thought that this is an important event
like the crowing of a king: "There are some men gathered.
They do a ceremony because there is a boy in the middle.
Should he be a prince who will become king? They do some
ritual. He is the offspring of a good family". In observing the
object, most participants expressed uncertainty although
they suspected what was happening.

Fig. 12. Mourning, second slide

However, the next image left no doubts that there were
funeral scenes (figure 12). All participants said that this is
definitely a funeral scene. P1l had made observations about
the posture of the figures in the two images and found
similarities: "Again, here there are figures in despair that
hold their faces. In the first image, the dead is in a bed, while
in the second he is in a coffin". P5a connects to today's
funerary practices: "It still continues to be done today. They
place the body in a place for people to see". Similarly, P8I
mentioned: "A funeral. Above him are the people, and they
mourn. Corresponding scene, but in another era. They are
essentially the same customs and traditions". P6h observed
differences in the behavior of men and women, which,
although identical in the ancient images, were not previously
noticed: "Also a funeral. It could be from many parts of the
world. Women are next to the coffin, and the men are
behind. They are separated. Men seem silent while women
are crying. There are different expressions. They are
standing." Although the majority of participants had
correctly identified the funeral scene by looking at the
ancient item alone, the second image allowed them to
confirm their hypothesis and view more details on the
ancient object. The contemporary photo functioned as a
confirmation, and most participants returned to the deeper
observation of the ancient object. Realizations of past and
present connections and new questions emerged, like the
role of men and women.
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Theme: At the cemetery (figures 13, 14)

Fig. 13. At the cemetery, first slide

This image (figure 13) was the most confusing of all, since
participants could not understand what they saw, apart from
P5a, who is an expert in ancient Greek funerary objects and
said: "Another funerary tool. It is a woman that goes to the
grave to pay respects to the dead". Thus, participants
P2l,41,9h,101 saw that the person was holding something, but
they could not say more apart from that. P2l tried to make a
guess, which was wrong: "A woman must have embroidered
something like a scarf or shawl, and she hangs it somewhere.
Maybe give it somewhere". The remaining participants
(P11,3h,6h,7h,81) described a shrine or a temple and the
person offering something closer to the correct
interpretation of the image. However, they were all very
uncertain about their statements. P1l, although wrongly
identifies a man, described with uncertainty: "A man holding
something like sheaves..is this an altar? Does he make a
sacrifice on an altar? He leaves some things."

Fig. 14. At the cemetery, second slide

Clearly, the presentation of the next image (figure 14)
helped most participants understand the scene in the
ancient item. P3h: "It is a grave! They are in a cemetery in
both photos. | do not remember burial traditions in ancient
Greece, but | think it is a cemetery." P5a connects the past
with today's reality and says: "We do the same. We go each
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year to our dead to give our respects". P10l stated: "A! It was
probably .... a woman in front of the grave of a loved one.
Maybe she is reading a prayer. A memorial perhaps? | cannot
understand what the girl is holding in her hands (referring to
the previous photo), but it is a similar scene where she has
gone to the grave of one of a loved one to mourn. Both
images have flowers. In front of them are tombs." Signs of
constructivist processes are present again since participants
connect the past and the present, show surprise and
emotional engagement, connect with personal experiences,
and show cultural understanding.

When asked to provide any final comments, participants
made different comments. In particular, P1l and 7h
discussed how the contemporary images provided context
for interpreting the ancient ones. P1l went a step further and
explained how such an approach could also be applied to
other forms of art, not only ancient ones: "To see (images
from) contemporary times and because we are used to
seeing images from today's world, help us to have a context
and understand what ancient people wanted to portray.
Through contemporary photographs, | managed to
understand what the initial images showed. This could be a
proposal for improving the way we view works of art in
museums. To understand better what they show. The
contemporary framework assists the understanding of these
items".

P21,6h,81,9h explained how this sequencing of images
allowed them to connect the past and the present and see
how lasting certain phenomena might be. P2l: "Some
customs that existed from ancient times are preserved until
now, such as the bride's decoration, dolls and tombstones".

P3h and 10l said that these images allowed them to
observe aspects of ancient daily life. Especially as P3h
mentioned: "Images from daily life. Things we are not used
to seeing in ancient art. We are used to seeing heroes,
warriors, gods...these are stereotypes we have about
ancient Greek art. However, here we see common people's
lives. It is mostly women. We are not used to seeing children
and especially young girls".

Finally, P4l and 5a focused on women and noticed that
these images showed women in different aspects of life. P4l
has good knowledge of traditional life and customs since she
comes from a small village on a Greek island, where many of
these traditions remain. She showed high confidence in
understanding the ancient images and applied knowledge
from her life in the village. She concluded: "The female
presence prevails in the images and in terms of the
depictions in the objects and the photographs. It may show
women to be in very important moments of their lives and
important rituals of life, but also tasks such as water bringing
and wool handling". Similarly, P5a, an archaeologist, said:
"Most of these activities are done by women. They care for
the children, the dead, they mourn, and they preserve the
memories of the family. What happened in the classical
Greek past still happens today. Possibly more in the East
than in Western societies, but still women maintain this."
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V. DISCuUsSION

Based on the study results participants showed clear signs
of meaning-making once they saw the ancient items
together with the modern photos. More specifically, the
ancient items made participants uncertain about what they
saw (P1l, P8I, P10l). On many occasions, participants said
they were unsure what they saw. Participants almost always
used the modern image that followed the ancient one to
confirm a hypothesis they had formed previously (P1l, P3h,
P6h, P7h, P8I, P9h) or to realize what the ancient item
showed (P11, P3h, P6h, P8I, P9h, P10l). Participants, like P7h
explicitly stated that seeing archaeological items out of
context made it very hard to understand how to conclude.
However, when participants saw the relevant photo, some
were initially surprised (P3h, P8l) but could then understand
the previous image. Moreover, participants could make
connections to their prior knowledge (P1l, P3h, P5a, P7h,
P9h, P10I) and their personal experiences (P5a), implying the
construction of meaning. Concerning Soren's classification,
again, participants were able to have unexpected emotional
experiences (P2l), had the opportunity to focus on natural
objects (P3h), understand how ancient societies function
(P9h) and finally make connections between the past and
the present (P2l, P4l, P5a, P6h, P7h, P8I, P9h, P10l) and
realize that there are many similarities between ancient
societies and today's world (P6h, P8I, P10l). Fig. 15 shows
some indicative comments of participants. All participants
were more or less familiar with ancient Greek art due to
origin, studies or both. However, it was not easy even for
them to understand ancient objects when they stood alone.
The second images provided the necessary context and
decreased uncertainty. All participants always went back to
rethink the ancient object once the contemporary image
was shown, although they were not asked to. The
information gap and the uncertainty people experience
needs to be resolved, and this is probably why people used
the contemporary images as tools to understand the ancient
ones. The contemporary photos alone, without any further
explanation, were adequate in triggering reflection and
enhancing the construction of meaning.

VI.

The present study showed that it is hard even for experts
to understand what items convey when not in context. As
participants stated, detecting the details and understanding
what they show is not easy. However, in most cases, the
contemporary photo next to the ancient item was adequate
to make people immediately realize what they saw. In
addition, the photos not only function as interpretation aids
but also allow participants to make multiple connections
between past and present, across societies and cultures,
between current and prior knowledge, and permit
connections to personal experience. All these elements
indicate critical constructivist approaches taking place when
people are presented with the two images and meaning-
making processes.

CONCLUSIONS
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One participant (P1l) went beyond the use of
contemporary photos to explain ancient items in
archeological museums and suggested using photos in other
types of museums, like art galleries. We find this suggestion
worth studying further, since all types of art go through
interpretation processes.

From the current study, we observed that photos of
contemporary life are essential interpretation elements that
assist meaning-making in museums since they allow people
to make connections between museum items with familiar
situations from current societies. However, it is important to
note that all the selected archaeological items showed
activities still performed today in many societies, and
participants were more or less familiar with them. Thus,
when they saw the contemporary photo showing the same
activity, they easily understood what was depicted on the
ancient item. It is unclear how photos would work for
practices that are not performed today. The issue of finding
alternative interpretation strategies and methodologies in
museums remains a challenge. The present work proposed
one possibility that works well under certain circumstances.
Future work should also focus on different populations, like
children, the elderly, etc., to further study the interpretation
effect of photographs in museums.

In the present work, we only showed participants 7 sets of
images in an attempt to reduce cognitive overload and avoid
fatigue. In a museum, fatigue is a common phenomenon. In
using photos as part of applications for museum use, we
need to consider fatigue issues. For this reason, carefully
designed museum experiences should find the balance
between the material presented to the visitors and possible
fatigue. Based on the "7plus or minus 2" rule, we suggest
using a limited number of photos in museum applications.
Thus, the material presented to the user through
contemporary technology, which could incorporate
everyday photos for further enhancing meaning-making,
should be carefully selected and kept in low numbers. In
other words, an app can choose to focus on 5 to 9 important
objects and provide enhanced material, including everyday
photos. The museums as physical spaces already contain a
plethora of stimuli and technology wishing to assist museum
visits should always consider issues of museum fatigue.

As seen in the introductory sections, museums use photos
in different ways. One of the most popular uses is the
exploitation of photos in social media to promote the
museum and the exhibitions. Social sciences have also used
photos to study visitor needs and understand how people
make meaning and engage with the museum content. Fewer
studies use photos to provide additional context. Within
those, the present work directly looks into the processes of
meaning construction by the visitors and possibly the only
one that connects archaeological items with everyday
photos. Confirming previous studies [40], the present work
also revealed the power of photos to assist people in
understanding historical phenomena. The present work also
tested the power of a single image with objects from a single
domain (i.e. ancient Greek). Again, the presentation of one
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image was not adequate even for people with special
knowledge to understand fully, as also seen in Docket et al.
[41] who also suggest the use of two or more similar photos
together. Moving beyond Docket et al. [41], we showed how
only two images of similar themes can function well in
providing the necessary context for comprehension and
reflection. As past research has also shown [42], keeping the
images' theme area consistent is crucial, which was also
applied in the present work. Thus, the current research
successfully combined elements from previous works [40,
41, 42] and studied all the elements together, showing how
the importance of photos in understanding cultural heritage
and reflecting on the past. Finally, we can further confirm
the findings of past studies [43] showing that photos have
indeed the potential to function as necessary meaning
construction tools, and they form meaningful artefacts that
can enhance museum experiences.

The sample of the present work was limited, and since
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Greeceis trying to do

the same. Itis justan
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Hotkngw- P7: “l was close! 2 figures
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only university students participated, the results cannot be
generalized. Thus, the present work only provides
indications that contemporary photos could be beneficial
when included in narrations regarding historical objects
when this is possible (when there are relevant photos
available). In order to further improve the content provided
to museum visitors by cultural technologies, further
research is needed. Advanced cultural heritage technologies
can easily incorporate different visual aids to accompany
narratives and provide an experience that allows visitors to
make easy connections between the past and present,
finding similarities to her life and overall assisting reflection
processes.

In our future work, we will compare cultural technologies
that include contemporary photos in the narratives of
historical objects and ones that do not and will study visitors'
interpretation strategies and meaning-making processes.
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Fig. 15. Indicative participant comments and reflections
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VII. APPENDIX A

Table 1 shows all the images used in the study with their
licenses.

Table 1.Images used in the study with the licenses.

https://es.wikipedia.org/wiki/La_muj

er_en la_Antigua Grecia#f/media/Ar

chivo:NAMA Travail de la laine.jpg
Creative Commons BY-SA 2.5

https://commons.wikimedia.org/wiki
/File:Women fountain Met 06.1021

77.ipg

Creative Commons Attribution 2.5
Generic

https://en.wikipedia.org/wiki/Ancien
t Greek funeral and burial practice
s#/media/File:Stele Plangon Glyptot
hek Munich 199.jpg
Public Domain

https://www.worldhistory.org/image
/13701/greek-vase-depicting-
wedding-preparations/
Creative Commons Attribution-
NonCommercial-ShareAlike 4.0
International (CC BY-NC-SA 4.0)

https://es.wikipedia.org/wiki/La _muj

er_en la_Antigua Grecia#t/media/Ar
chivo:NAMA_ Gynécée 2.ipg

CCBY-SA 2.5

https://es.wikipedia.org/wiki/Prétesi
s _(Antigua Grecia)#/media/Archivo:
Gela_Painter - Black-
Figure %22Pinax%22 (Plague) -
Walters 48225.ipg
CCO Public Domain

https://en.wikipedia.org/wiki/Ancien

t Greek funeral and burial practice

s#t/media/File:Visiting_grave BM D7
3.ipg

CCO Public Domain

https://commons.wikimedia.org/wiki

/[File:Georgian_woman_carding wool

Creative Commons Attribution Share
Alike 2.0 Generic
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https://commons.wikimedia.org/wiki
/File:Three_women carrying water
pots, Rajasthan (6344112020).ipg
Creative Commons Attribution 2.0
Generic

https://commons.wikimedia.org/wiki

/File:Young Girl with Doll on Stree

t - Kars - Turkey (5815164108).ipg

Creative Commons Attribution Share
Alike 2.0 Generic

https://www.maxpixel.net/Beauty-
Make-up-Bridal-Hair-Hairdresser-
Salon-4634446
CCO Public Domain

https://pixahive.com/photo/family-
9/
CCO - Free to Use, Attribution
Optional

From the personal collection of Pr
Thanasis Moutsopoulos. With the
permission of the owner.

https://commons.wikimedia.org/wiki
/File:Khaled Mohamed Saeed%27s
mother visiting his _grave.jpg
Creative Commons Attribution Share
Alike 2.0 Generic
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Abstract:

Purpose - Capturing research in modern academic institutions is
of vital importance. A robust approach to systematically harvest,
host, and update a university-wide repository is not only beneficial
for the academics within the HEI, but it can also boost and promote
the visibility of the University.

Design/methodology/approach - Although many decentralised
approaches offer the possibility to showcase an individual's
research, the vast and disparate sources cannot facilitate an
institutional repository. Since research constitutes one of the main
aims of a university, we follow a solution that records the whole
research that occurs within an institution, which is VIVO. In this
paper, we present the adaptation of VIVO by a Greek University,
namely, the University of West Attica. In our approach, we have
merged the existing systems and harvested research-related
information from different sources on the web.

Findings - The proposed solution serves as an academic research
repository. It provides consistency over the presented research
outputs, making the research of the University wider visible.

Originality/value - The paper presents an ontology-based
system for documenting the undertaken research within an
institution. Moreover, it allows the personalisation of the ontology,
thus making it possible to customise the repository to fit an
institution's needs, the web interface, therefore presenting the
perceived significant components for the University, and the
information visualisation.

Index Terms — institutional repository, linked open data,
ontology, research archives, research management, semantic web.

I. INTRODUCTION

Nowadays, the highly competitive academic environment
dictates the need to record, present and assess the activities
and collaborations that take place in universities. Since
academic institutions have manifold roles involving

28

research, education, innovation, and industry
collaborations, this information must be systematically
captured in an institutional repository. Moreover, it is vital
to examine the links between research and education and to
inspect how they affect each other and to what degree. The
conducted research, its outcomes and the involved people,
the educational activities, collaboration and their results,
and the collaboration within academia and with
organisations correspond to valuable information for an
institution and can contribute to quality assurance, strategic
planning, dissemination of educational and research outputs
and deduction of meaningful results. Apart from facilitating
the various academic and managerial processes, this
information can also enable academic networking. We
present a system that aggregates research and education
records and services. Our system aims to offer a solution for
managing and manipulating academic information for our
institution's and its departments' evaluation and quality
assurance.

Our approach builds upon the VIVO ontology and
introduces an elaborate research management information
system called IREMA (Institutional REsearch MAnagement)
[1]. Our system uses the sharable and reusable linked data
produced by the VIVO semantic web application and
implements web services. As a direct consequence, our
solution is both sustainable and extendable. Within IREMA
we have implemented and profiled VIVO for our academic
institution, the University of West Attica, Greece. We have
adopted the VIVO-ISF ontology and extended it to meet our
University's requirements, which led to the creation of the
AcademlS ontology [2]. All the information of our system is
stored in the VIVO instance, and the web services are built
upon VIVO to access the data and communicate the
information to the other employed systems. VIVO also
covers the academic networking requirements of the
institution, while IREMA retrieves the institutional data
stored in VIVO by executing SPARQL queries in the instance
of the semantic web application, the outputs of which are
acquired in .json format. IREMA then reuses the information
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of VIVO, applies metrics to the data and visualises the
results.

Moreover, based on the data retrieved by the before-
mentioned installation, we implement a decision support
mechanism aided by visualising the data. IREMA provides
efficiency measure techniques, data mining methods
(cluster analysis, association rules and Bayesian networks),
and social network analysis (including community detection,
identification of research hubs and discovery of the most
important researchers based on specific characteristics). The
motivation for developing the IREMA system and linking it to
our VIVO instance is integrating the academic services in our
institution to satisfy the various and diverse needs that exist
in the academic setting by a single integrated information
system. Therefore, it is possible to explore all the activities
and collaborations in an academic institution and have
insights about future collaborations. In this paper, there is a
thorough analysis of the way we use the semantic
application VIVO and its importance for our approach.
Furthermore, we present the exploitation and the extension
of the underlying VIVO-ISF ontology, which assist us in
accumulating academic information, structuring and
analysing it. Our system supports the further presentation of
the data, including visualisations and visual analytics, IREMA
[1], [3], which is also outlined.

The paper is structured as follows: the first section is the
introduction, whereas the second section corresponds to
the background information. Section 3 outlines the basic
concepts of our research management infrastructure and
the presentation of VIVO adoption in our academic
institution, including the implementation of VIVO-ISF
ontology and its extension. The fourth section demonstrates
how the proposed approach can be used to guide academic
decisions. Finally, in section 5, there is the conclusion and
the future work.

Il. BACKGROUND

A. Capturing research

Universities have become a major source of novel
knowledge and research due to their involvement in
research activities [4]. Universities and research institutions
must capture and disseminate research and research
outputs, which are needed from various user groups,
including scientists, policymakers, policy researchers,
industry, and media [5] and should keep up with the
emerging requirements [6]. Academic institutions utilise
information systems dedicated to research to depict the
research activities. A research information system is "any
informational tool dedicated to providing access to and
disseminating research information" [7]. A research
management system is a subcategory of a research
information system, which supports workflow for the entire
research procedure [8], and IREMA constitutes such a
system.

B. Research Information Systems and data models

More and more academic institutions have made use of
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Research Information Management Systems (RIMS) and
Current Research Information Systems (CRIS) [9-13].
According to the literature, CRISs have been implemented in
many universities autonomously or integrated [14] with
other web services. CRISs have been enhanced with Linked
data and semantic web technologies [15], [16], blockchain
technology [17], visualisations [15] and other technologies
to better support the hosting and the presentation of the
conducted research. The imperative need for CRIS in the
academic setting is underlined by creating and disseminating
intelligent systems for training stakeholders to use the
research information systems effectively and efficiently [18].
Other approaches have examined RIS over their ergonomic
evaluation [19]. CRIS systems can be categorised as
institutional, regional, national, or international.

Among the most used data models for capturing
information about the conducted research is the CERIF
(Common European Research Information Format), which is
a standard for managing and exchanging research data [20],
[21], [22]. VIVO is an ontology that offers a unified, formal,
and explicit specification, which depicts data about
researchers, institutions, activities, outputs, and related
relationships [23].

Ill. ReESEARCH MANAGEMENT INFRASTRUCTURE AND

INSTITUTIONAL REPOSITORY

The research management infrastructure includes the
facilitation of academic records, and the analysis of the
research information employing visualisations and their
interconnections. The University's academic records are
stored in VIVO, which serves as an academic repository,
while the IREMA system analyses the involved information.
The infrastructure includes functionalities such as academic
archiving and networking, quality assurance, visualisations
of the data based on specific metrics and decision support
aided by visualisations. It also provides efficiency measure
techniques, data mining methods and social network
analysis. To further process the VIVO instance's data, we
have developed a connection between VIVO and IREMA
based on VIVO-ISF ontology. It is also compatible with the
ontology we developed, the AcademlS ontology [8], [9],
which is based on the VIVO-ISF ontology. All the components
and functionalities of our system (Fig. 1) will be thoroughly
described in the subsequent sections, as well as how the
components are linked to each other, how they interact, and
how the institutional data from VIVO are transferred to
IREMA.

A. VIVO

VIVO [24, 25] is the backbone of our system since it is the
basis of the IREMA web services and facilitates academic
networking needs. Within our VIVO instance, we store
information related to research, education, and the quality
of both research and education. Furthermore, we explore
and accumulate information about how education and
research interrelate within an academic institution. To
accumulate all the previously mentioned academic
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information, we have developed the AcademlIS ontology.

R

Fig. 1. The VIVO-IREMA research management infrastructure

In this section, we will refer to VIVO-ISF ontology and
present thoroughly the AcademlS extension and the VIVO
instance of the University of West Attica.

VIVO-ISF ontology models information about research
and education in HEIs. However, our system needed more
details about education, the points in which education and
research correlate and the quality management of academic

endeavor. Consequently, we have used the VIVO-ISF
ontology, which covers most of our requirements and has
extended it to comply with our additional needs. To maintain
the interoperability of the VIVO ontology [10], we designed
the additions to be as general as possible so that the
AcademIS could be applicable to a broad range of
educational institutions.

Fasearch interests

Already existing
entities

MNew relations

Already existing
relations

Fig. 2. Academl|S ontology

The AcademlS ontology is presented in Fig. 2. Our purpose
for developing the AcademlS ontology is to provide a
knowledge model of the academic domain. The AcademlS
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(Academic Information System) ontology is used as a basis
for facilitating academic records management in our VIVO
instance and the IREMA system.
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The ontology has been implemented in OWL 2, in Protégé
and then added in the VIVO University of West Attica
instance. The domain of AcademlS is the academic activities
and collaborations in HEIs. It encapsulates the research and
education of an academic institution. The intended end
users are the faculty, including the professors and the
researchers, the policymakers of academic institutions, the
quality assurance unit, and the VIVO and IREMA users of the
HEI. The main indented uses of our ontology are the
facilitation of research and education management, the
quality management of an academic institution and
academic data analysis via visualisations.

The AcademlS ontology introduces several new terms and
relationships regarding academic institutions, the most
important of which will be presented in this section.
Regarding research quality, AcademlS ontology only adds
information about citations of publications. AcademlS
includes information about the educational process to
measure the quality of education. The outsourcer entity
regarding the research has been added, corresponding to
the external research collaborator. In the context of
education, we have appended the learning methods and the
educational resources. The AcademlS ontology also
measures how the research results and resources are used
in or inspire the creation of educational resources and how
the educational resources and outputs (such as thesis, etc.)
are used in or inspire further development in research. The
quality management aspects of the AcademlS are citation
count, evaluation, etc.

B. VIVO instance - the case study of UNIWA

Initially, we implemented an instance of the VIVO for the
Department of Informatics of the University of West Attica,
and then we extended it at a larger scale. It now covers the
whole academic institution. The VIVO instance of our
academic institution includes research information, such as
publications and research projects, as well as educational
information, like courses. It uses the additional fields of
AcademlS ontology by capturing learning outcomes, learning
methods, educational resources, information about the
academic institution's services and information about the
interaction of education and research. It also provides
guality management information.

The information was aggregated to our research
repository from various sources, including institutional data
(university records about research and education that
happens in the premises of the University of West Attica in
relational databases and other digital formats, etc.) and data
from large online publications databases (Scopus, dblp). The
VIVO instance was filled by employing the harvesting and
ingestion options offered by VIVO. The data has been
incorporated into the system, allowing users to edit, delete,
or add information. To elaborate, the individuals curated the
data to avoid invalid information and duplicate records to
ensure the data's quality and integrity. Using the VIVO
repository also enables the unification of all the academic
information, increases its availability, and makes it available
in Linked Data format [11].
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Fig. 3. IREMA architecture
I knowledge discovery is performed either with visualisation
C. IREMA - Institutional Research Management & yisp

IREMA stands for Institutional Research Management.
The IREMA system collects data from multiple academic
sources, mainly from the VIVO instance, followed by data
transformation and ontology mapping using the domain
ontology to prepare the data to be inputted into the system.
The graph metrics are also calculated in that stage. The
consequent step is the data analysis, while the final phase of
the process is the knowledge discovery. To elaborate, the
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(co-authoring network, parallel coordinator, etc.), or with
ad-hoc queries. In Fig. 3, we present the architecture of
IREMA.

Apart from the process of our institutional data, we have
implemented this process, which is applicable to other types
of data that are available on the Internet (Fig. 4). For
instance, it is possible to perform our interactive analysis on
other VIVO instances, or even to use IREMA for social
networks' analysis. It is also feasible to employ the IREMA
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system in other domains by simply adjusting the ontology
with the assistance of domain experts. Thus, IREMA can be
utilised to carry out, for instance, environmental or financial

=

\/ |VO instances

analysis, depending on the input data and the underlying
domain ontology.

Knowledge
_ Discovery

Environmental Analysis

g

Financial Analysis

Data
Analys

& 0

Wgrl( DM Process
Flow

|

L n

Social Metworks
Analysis

Domain  Ontology

Fig. 4. IREMA as a web service

IREMA is a system that can be used to explore the co-
authoring networks formed within an academic institution
and gain insights into important scientific information. This
system allows users to make better and more intuitive
decisions by exploiting the information already in the VIVO
repository. However, by applying metrics to the data, the
information becomes more apparent and with the
visualisations of the data, it is more efficiently perceived.
Even large datasets can be explored easier and more
interactively.

D. Features of the system

VIVO facilitated several functionalities, including
academic networking and an institutional networking tool.
Moreover, it has been employed during the data aggregation
stage and as a management tool for academic information.
In addition, our VIVO endpoint has also been employed to
parse the academic information to the cooperating system,
the IREMA. In this section, we will describe the architecture
of our application, which consists of two main components,
the VIVO-IREMA component, which includes all the data
analysis methods and algorithms. All those methods are
published using web services, and the clients consume (call)
web services from the VIVO-IREMA. The layers of the VIVO-
IREMA are the following:

i Data collection and data cleansing: We use data from
different data sources, for example, data from VIVO
SPARQL endpoints or online publication databases,
etc.

Data transformation: During that process, a graph
containing the academic researchers, based on the
co-authorship of research papers, is created. In this
stage, we calculate five (5) graph measures: degree
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betweenness
centrality, eigenvector and clustering co-efficient.

centrality, closeness centrality,

iii. Data Mining (DM): is used to extract hidden
predictive information. The DM method falls into the
categories of clustering, classification, and
association analysis.

Knowledge discovery via data visualisations: The
proposed framework integrates interactive visual
interfaces to support Knowledge Discovery (KD), thus
providing the user with enhanced assistance
throughout the decision-making (DM) process.

E. Presentation and visualisations of the data

The proposed framework supports the following visual
representation techniques:

i Co-authoring Graph is created based on the
collaboration of faculty members in research papers.
Efficiency Line is used to represent the correlation
among the indicators.

Parallel Coordinators is an interactive representation

where the users can dynamically apply a set of criteria

(dynamically) depending on their objectives.

Map of Science, where each research area

represented in pie charts.
The visualisations are built based on specific metrics used
to measure the research efficiency of academics and give
insights into the trends regarding research activities and
collaborations in the academic setting. In our application, we
have implemented a graph analysis interface which calls web
services from the VIVO-IREMA framework and displays the
data in real-time using interactive graph networks.
Moreover, we can make valuable deductions about the
creation of research communities, the operation of

is
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researchers as research hubs, the speed of the
dissemination of information from an author to all the other
authors in succession, the significance of an author in a
network and the likelihood of an author and their connected
authors to be a group. To examine the impact of
collaboration patterns on the research activities of the
faculty, we use the following network metrics. The graph
density measures the connectivity among authors and their
ability to collaborate. The average distance is the shortest
path length between two connected nodes. The degree
centrality is the number of arcs at each node and measures
the ‘activity' of the node. The betweenness centrality
measures the ability of a node to connect nodes that do not
have any direct connection. These nodes are called hubs
because they can transfer information from one researcher
to another.

The closeness centrality is defined as the inverted sum of
the shortest distances between each node and every other
node. It is interpreted as the ability to access information
through the "grapevine" of network members. The
eccentricity centrality of a node k is the largest geodesic
distance from every other vertex. Therefore, it reflects how
far each node is from every other node at most. The
eigenvector centrality measures the importance of a node in
a network. It assigns relative scores to all nodes in the
network based on the principle that connections with high-
scoring nodes contribute more to the score of the node in
question than equal connections to low-scoring nodes. The
clustering coefficient quantifies how close the node and its
neighbours are to be a clique. It determines whether a
network is a small-world and calculates and displays all
nodes' clustering coefficients. The HITS calculates the "hubs-
and-authorities" importance measures for each node. These
measures are defined recursively as follows: the hub is the
degree to which a node links to other important authorities,
and authority is the degree to which important hubs point to
a node.

F. Connecting VIVO & IREMA

IREMA is a web service that receives academic data from
VIVO installations or other sources and returns interactive
visualisations and efficiency metrics. For the IREMA process
to occur, the VIVO data must be imported or connected to
IREMA. The connection can be described as follows: the data
from VIVO are processed through IREMA with the aid of the
ontology. Then metrics are applied to the data. Finally, the
interface of IREMA presents the data in the form of
visualisations. The clients can interact with the data
collection layer to i) send the appropriate data, ii) call
specific data analysis/preparation services, and iii) call
specific data visualisations.

IV. GUIDING ACADEMIC DECISIONS

IREMA — VIVO infrastructure is utilised to guide academic
decisions. The system can produce meaningful insights
about academic activity and collaborations and assist in
decision-making about research. Its interface is user-friendly
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and intuitive. The visualisations utilise the user's perception
abilities and make the process of exploring the results easier.
In this section, we will present an example of the way the
system can assist the process of institutional decision-
making by indicating a significant question about academic
activity that can be answered by our system, as well as the
outline of the process that our system is following to answer
those questions. The user wants to find the most qualified
researchers and explore if they could collaborate. To find the
most active researchers using the IREMA system, we would
follow the following actions: to find the most connective
researchers, to examine whether they have any common
research area and which is the development of their
common area due to the time.

V. CONCLUSION

Our approach captures the academic activities, co-
operations, and complex connections generated in
academia. Furthermore, it analyses academic information
using metrics and employs interactive visualisations to give
answers to significant questions related to institutional
management. The approach we propose can be applied in
various cases, the most significant of which is to any VIVO
instance. Our future work comprises the following steps. We
prioritise making the connection between the IREMA and
the VIVO bidirectional. To be more precise, we want to
return the results from IREMA to our VIVO instance and
comprehensively present them. We have already examined
and appended to our ontology all the required fields.
Another aspect is the integration of educational activities
and collaborations, as well as the connections between
education and research in the IREMA. We have already
enriched our ontology with the required education fields and
those that reveal connections between education and
research. We have also accumulated the educational records
from our institution in our VIVO instance. The next step is to
adjust IREMA and select what visualisations would be helpful
for the analysis of education and which will be applied to
explore the intersections of education and research in HEls.
Finally, we want to populate a data analysis endpoint (API)
from which it will be possible to perform analysis in any VIVO
instance.
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