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SUMMARY

New strategies for the adaptation of higher scientific edu-
cation to the requirements of the network society are briefly
discussed, in particular the pivotal role played by virtual re-
search and learning communities in the Latin American region.
The Centro Virtual de Altos Estudios de Altas Energias (CEV-
ALE2VE) is singled out in reference to the virtual graduate

course on particle physics that was given at several Venezu-
elan and Colombian national universities and research insti-
tutions during the semesters September 2014 - February 2015
and March 2016 - July 2016. Different course implementation
aspects are reviewed to encourage and facilitate similar re-
gional initiatives in the near future.

Introduction

In the current information
age, we would expect up-
grades of the traditional edu-
cational models to cope with
the growing demands of col-
laborative knowledge genera-
tion and the new profiles of
the informational entrepre-
neurs driving the world econ-
omy. In this respect, higher
education is rapidly becoming
globally distributed, commu-
nal and inseparable from the
actual research enterprise:
knowledge generation, deploy-

ment, application and transfer
are taking place in the same
physical and social context.
Distributed learning mainly
relies on community interac-
tions and cognitive tools
(Swan and Shea, 2005) and,
consequently, the ‘virtual re-
search and learning communi-
ty” (VRLC) becomes a pow-
erful scheme in the imple-
mentation of modern graduate
courses, considering its possi-
bilities for multi-institutional
participation, synchronous and
asynchronous online engage-
ment, decentralized student

discussions, academic net-
working and cost effective-
ness. This type of collective
lecturing arrangements also
exposes students to cut-
ting-edge experimental infra-
structures, and presents them
with a variety of concepts and
techniques not found in stan-
dard textbooks. Applications
of these initiatives are partic-
ularly relevant in highly de-
veloped research fields such
as particle physics.
Following this trend of
thought and with the intention
of stimulating and widening

the physics education in
Colombia and Venezuela, we
implemented the virtual-com-
munity course ‘Introduction to
Particle Physics’, which took
place during the semesters
September 2014 - Fe-
bruary 2015 and March 2016
- July 2016. This was in part
possible due to a group of
young Venezuelan researchers,
referred to as CEVALE2VE
(2014), that is currently work-
ing in international collabora-
tions in high-energy physics
experiments at the Large
Hadron Collider (LHC), Euro-
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RESUMEN

Se discuten brevemente nuevas estrategias para la adaptacion
de la educacion superior a los requerimientos de la sociedad en
red, en particular el papel esencial que juegan las comunidades
virtuales de investigacion y aprendizaje en la region latinoame-
ricana. Se selecciona al Centro Virtual de Altos Estudios de Al-
tas Energias (CEVALE2VE) en referencia al curso de postgrado

virtual sobre fisica de particulas que se impartio en varias uni-
versidades nacionales e institutos de investigacion en Venezue-
la y Colombia durante los semestres septiembre 2014 - febrero
2015 y marzo 2016 - julio 2016. Se revisan diferentes aspectos
relacionados con su implementacion para asi fomentar y facili-
tar iniciativas regionales similares en el futuro cercano.
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RESUMO

Discutem-se brevemente novas estratégias para adaptagdo da
educagdo superior aos requerimentos da sociedade em rede, em
particular o papel essencial que desempenham as comunidades
virtuais de investigagdo e aprendizagem na regido da américa
latina. Seleciona-se o Centro Virtual de Altos Estudos de Altas
Energias (CEVALE2VE) em referéncia ao curso de pos-graduagdo

virtual sobre fisica de particulas que foi ensinado em varias uni-
versidades nacionais e institutos de investigagdo na Venezuela e
Colombia durante os semestres setembro 2014 - fevereiro 2015 e
margo 2016 - julho 2016. Verificam-se diferentes aspectos relacio-
nados com sua implementa¢do para assim encorajar e facilitar
iniciativas regionais similares no futuro proximo.

pean Organization for Nuclear
Research (CERN), Geneva,
Switzerland, and data science,
all with particle physics back-
ground and geographically scat-
tered in different academic in-
stitutions of Europe and North
America. The course was offi-
cially included in the under-
graduate and graduate course
portfolios of four public institu-
tions in Venezuela and Co-
lombia. Since this initiative
closely traces the aforemen-
tioned guidelines regarding
higher education in a network
society, and is perhaps new to
some Latin American (LA) uni-
versities, we present herein a
description and a critical assess-
ment of the experience in order
to help future regional efforts.

The Virtual Research and
Learning Community

Collaborative data-intensive
science, also referred to as
‘e-science’ (Hey and Trefethen,
2005; Bell et al., 2009; Hey
et al., 2009), has given rise to
new collaboration patterns such
as interdisciplinary research
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projects, social networks and
virtual research communities.
As previously discussed by
Borda et al. (2006) and
Mendoza et al. (2014), a ‘virtu-
al research community’ allows
a network of researchers to ef-
fectively work together on an
infrastructure rich in informa-
tion and communications tech-
nologies (ICT) where data, soft-
ware tools, research facilities
and information resources are
seamlessly shared. Since higher
education capacity development
is becoming well embedded in
university research endeavors,
as previously mentioned, we
extend this concept to the ‘vir-
tual research and learning com-
munity’ (VRLC).

Palloff and Pratt (2007) argue
that an effective community is
key to a successful e-learning
environment, where collabora-
tive activities relieve isolation
and promote interdependence by
developing critical thinking
skills, knowledge co-creation
and transformative learning.
Important indicators are: com-
munity membership and the
spirit of belonging, trust, stu-

dent-student interaction, com-
munication and resource shar-
ing (Rovai, 2002). By means of
video-conferencing tools, it is
practical in a VRLC to develop
face-to-face relationships to
ensure teacher immediacy and
student social presence to facil-
itate collaborative engagement.
According to Sobrero (2008) a
VRLC should be designed to
grow naturally, support partici-
pation and diverse membership,
use a functional and reliable
ICT environment, consider dif-
ferent roles for members and
extend online collaboration to
offline activities. A detailed
description of e-research in
Latin America is given by
Arcila-Calderén et al. (2014),
and among the most active
VRLC in the region, we find
the CEVALE2VE virtual com-
munity, the central topic of the
present report.

Centro de Altos Estudios de
Altas Energias (CEVALE2VE)

CEVALE2VE (2014) is a
VRLC created to steer a new
generation of Venezuelan and

Colombian researchers in high-
energy physics (HEP). It also
attempts to contribute to the
scientific dissemination of fun-
damental physics and the im-
plementation of modern educa-
tion technologies at the univer-
sity level. It is strongly be-
lieved that the promotion of
scientific communities in Latin
America will lead to sustain-
able knowledge-based develop-
ment. The project organization
involves several academic insti-
tutions in Venezuela and
Colombia in an attempt to reach
a wide regional audience.

The main goals of the
CEVALE2VE community are:

— Education and interest in
research: to influence and
stimulate the interest of physics
students in HEP research.

— Opportunity awareness: to
educate and motivate students
with further opportunities in
physics and innovative research
career paths.

— Networks and collaborations:
to launch joint research proj-
ects between Latin-American
institutions and those of Eu-
rope and North America.
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— Education and training mod-
ernization: to explore the use
of web platforms and e-learn-
ing tools to support online
courses and webinars.

— Policy making: to work to-
wards the formal involvement
of regional institutions in HEP
experiments.

The virtual graduate course
‘Introduction to Particle Phy-
sics’ has been the first
CEVALE2VE academically
formal project, since previous
activities of our virtual com-
munity were mainly concerned
with science popularization and
virtual visits to the CERN fa-
cilities. For instance, we took
for the first time to the region
the International Particle
Physics Outreach Group
(IPPOG, 1997), Masterclasses
(1996) and the ATLAS Expe-
riment and Virtual Visits
(ATLAS, 2008, 2010). Through
our collaborators in Venezuela
and Colombia, an outreach
event was developed in five
cities of Venezuela and Colom-
bia, involving six participating
institutions, over a period of
two weeks in early October
2016 (PWF, 2016). During this
event five HEP induction sem-
inars, five IPPOG hands-on
Masterclasses, four virtual vis-
its to the CERN ATLAS ex-
perimental facilities and three
sessions on HEP career and
opportunities took place, reach-
ing around 100 students in
each country. This was made
possible by the support of the
ATLAS Collaboration and the
Physics Without Frontiers
(PWF, 2012) program of the
International Centre for Theo-
retical Physics (ICTP), Trieste.

Graduate Course in Particle
Physics

In its first edition (Septem-
ber 2014 - February 2015), the
course was officially included
in the undergraduate and grad-
uate course programs of three
Venezuelan national universi-
ties and research institutions:
Universidad Central de Vene-
zuela (UCV), Universidad
Sim6n Bolivar (USB) and the
Instituto Venezolano de Inves-
tigaciones Cientificas (IVIC).

In the second edition (March
2016 - July 2016), the Univer-
sidad Industrial de Santander
(UIS) in Colombia also joined
in. Additionally, several stu-
dents followed the course in-
formally at other Venezuelan
universities: Universidad de
Carabobo (UC), Universidad
del Zulia (LUZ) and Univer-
sidad de Los Andes (ULA).

The support of an academic
sponsor at each participating
institution was key in course
implementation, particularly due
to their involvement in the
painstaking details and proce-
dures required to ensure the
formal status of a credit course.
The sponsor group also took
part in local course manage-
ment that involved a wide range
of activities such as liaisons
with the university administra-
tion and the network and vid-
eo-conferencing service provid-
ers, lecture scheduling and stu-
dent tutoring, and became a
permanent feedback source for
CEVALE2VE du-ring the whole
duration of the course. An ideal
audience for the course would
be final-year undergraduate,
master’s and Ph.D. students.
Classes were in Spanish and the
written material was available
in both English and Spanish. In
the following sections some
important aspects of this initia-
tive are indicated to give an
all-round overview.

Rationale

In addition to the relevance
of this type of course in
streamlining graduate educa-
tion to meet the requirements
of the network society and the
digital revolution (see the
Introduction), from the physics
standpoint several issues must
be mentioned. Due to the sem-
inal and far-reaching success of
the standard model of particle
physics, which was finally val-
idated in 2012 with the discov-
ery of the Higgs boson at
CERN (ATLAS, 2012; CMS,
2012), it is now vital for every
physics faculty and graduate
student to get well acquainted
with its theoretical basis (quan-
tum field theory), experimental
methods and big-data proce-
ssing techniques. These topics
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are rapidly becoming general
rather than specialized knowl-
edge. Therefore, this course
was timely in giving an over-
view of a variety of formal-
isms and techniques that are
not found in textbooks, and
which cannot be comprehen-
sively covered at present in
many regional universities; for
example, the course gave use-
ful information that, although
familiar to CERN insiders,
would be difficult to digest by
external graduate students.

From the point of view of
the young CEVALE2VE post-
docs, to begin a scientific lec-
turing career at the postgradu-
ate level with an innovative
course of this nature was cer-
tainly a challenge and an op-
portunity. It was not only de-
manding regarding the peda-
gogical preparation of the ma-
terial, team interactions, stu-
dent mentoring and virtual
lecturing techniques, but also
for the lengthy exposures to
prospective employers and the-
sis students.

Induction

In order to promote the
course, its content, scope and
online methodology, three virtu-
al induction lectures were given
well in advance (beginning of
June 2014) and were attended
by both faculty and graduate
students from IVIC, UCV,
ULA, UIS and USB. This exer-
cise led to extensive discussions
on the course academic level,
student interests and demands
and general methodology (e.g.
homework and evaluations), but
also about the minimum re-
quirements of the ICT infra-
structure, which in Venezuela
can be fragile and restrictive.

Syllabus

The course goal was to pro-
vide students with a compre-
hensive overview of the con-
cepts and methods used in
contemporary HEP research. It
included an introduction of the
theory of the standard model
and its possible extensions, a
description of the sophisticated
experimental instrumentation
(e.g. detectors, beams and mag-

netic devices) at CERN and the
main techniques for big-data
analyses. The course was di-
vided into four topical modules
involving specific instructors
that delivered two-hour lec-
tures, organized homework and
supervised student progress.
The organization of the topics
was as follows:

— Module 1. Review of theoret-
ical concepts (5 lectures).

— Module 2. Accelerator prin-
ciples (3 lectures).

— Module 3. Particle detector
principles (8 lectures).

— Module 4. Introduction to
statistics, data analysis and
computer tools (5 lectures).

ICT platform

The six-month course was
held using the Internet band-
widths currently available at
Colombian and Venezuelan
national universities, although
a dedicated channel at IVIC
was convenient to ensure
transmission quality. Virtual
classroom management was
performed with Google
Hangouts, which is a free and
powerful platform that can
host up to 15 active partici-
pants, and enables class re-
cording and downloading di-
rectly to a YouTube channel.
The latter also made the class
accessible to a larger audience
in real time through video
streaming. Lecture videos and
course material were available
to students for downloading
immediately after each lecture
from the UCV Moodle online
platform (UCV, 2014) and the
web page from CEVALE2VE
(2014), as shown in Figures 1
and 2. The total budget for
holding the course was ~100
USS$ per year, which were des-
tined to pay the domain for the
CEVALE2VE website. The
computers, video projectors
and internet connections al-
ready available in the partici-
pating universities/institutions
were employed. We should also
acknowledge the time devoted
by the instructors and academ-
ic sponsors to the organization
of the course, carried out in
parallel to their respective lec-
ture/research activities.
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Figure 1. Web-based repository of the online particle physics courses and seminars. The repository is hosted by the
CEVALE2VE web platform and contains the class material and metadata links to the online events and videos.
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Figure 2. The CEVALE2VE YouTube channel containing more than 70 hours of online audio-visual content
and 9000 views and dozens of comments in the tutorials.

Courseware

The course was designed to
rely on student-instructor and
student-student interactions as
well as on independent study.
The material included:

— A complete set of video-lec-
tures by the course instructors
including the problem-solving
sections.

— Ancillary resources for each
video-lecture such as slides (in
Spanish and English) and code
files.
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— Homework problems for each
module.

— Link collections to supple-
ment online content for further
enquiries.

— Discussion forums on the
UCV (2014) platform and the
CEVALE2VE (2014) web page.

Seminars

In the final weeks of the
course, lectures by the CEVA-
LE2VE staff were complement-
ed with a series of seminars by

distinguished speakers. The in-
tention was to give specialized
views of different topics requir-
ing more advanced knowledge
than that covered during the lec-
tures. The seminars given were:

— Higgs Physics, 01/13/2015
and 06/21/2016, by José Oca-
riz, ATLAS experiment (IN2
P3/LPNHE, Paris).

— Big data processing,
01/14/2015 and 06/30/2016, by
Barbara Millan, Booking.com
(previously at CERN-CMS).

— B-quark physics, 01/20/2015,
by Diego Milanés, LHCb ex-
periment (Universidad Nacio-
nal, Colombia).

— Neutrinos, 01/21/2015 and
06/28/2016, by Maily Sanchez,
MINOS experiment (lowa
State University, USA).

— Accelerators, 01/27/2015, by
Stefano Mattei, LINAC4 proj-
ect, CERN (Lausanne Univer-
sity, Switzerland).

— Top-quark physics, 01/28/
2015, by Barbara Gonzalez,
ATLAS experiment (University
of Michigan, USA).

— Beyond the standard model
physics, 06/14/2016, by Carlos
Sandoval, ATLAS experiment
(Universidad Antonio Narifio,
Colombia).

— Cosmology overview, 06/
23/ 2016, by Anais Mbller,
CAASTRO Postdoctoral Fellow
in Dark Energy (Australian
National University).

Evaluations and final projects

A continuous evaluation
strategy was implemented, con-
sisting of four homework exer-
cises covering the topics dis-
cussed in each course module
and a final project. Homework
papers were returned by the
students via the Internet using
the UCV Moodle online plat-
form, and accounted for 70%
of the total grade of the
course.

The final evaluation consist-
ed of a small project chosen by
students from a predefined list
proposed by the instructors.
The projects were designed to
cover many of the key points
discussed during the course;
for instance, a realistic and
motivating contact with the
research lines of current inte-
rest in HEP, data processing
with the computer tools of
common use at CERN, in-
ter-institutional student-student
partnerships and active student
participation in presentations
and discussions. Monte Carlo
simulations and open-access
scientific data from different
LHC experiments were used
through the Open Data Portal
project of CERN (2014).

Student progress was over-
seen by a tutor for a period of
four weeks, at the end of
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which the results were present-
ed by the students to the ple-
nary virtual group. This evalu-
ation counted for 30% of the
total grade. The project portfo-
lio included the following
topics:

— Project 1. Studying the Z
boson decaying into an elec-
tron—positron pair.

— Project 2. Studying the top
quark.

— Project 3. A synchrotron de-
sign for Venezuela.

— Project 4. Hadronic cross
section calculation at leading
order (Drell-Yan process).

— Project 5. Cross section mea-
surement for WZ production
(standard model).

— Project 6. Time-dependent
CP asymmetry measurements
with B mesons.

— Project 7. Background noise
estimates in photon analysis.

Results

Table I summarizes the
number of formal and infor-
mal students in each edition
of the course. Participating
students were given an online
evaluation survey that showed
that the overall result of the
experience was highly posi-
tive. Such an outcome could
also be extended to the in-
structor group, and a more
quantitative evaluation scheme

should be developed for the
next edition of the course. The
survey results will be used to
re-organize the course sylla-
bus and reduce the number of
hours dedicated to particle
detector principles, and devote
more time to the statistics
module, following student
suggestions.

Moreover, motivated by the
introductory scope of the
course, several students ma-
de definite steps to continue
with advanced studies.
Table II provides the number
of students that took part in
the course (both formally and
informally) that have followed
a career path in HEP. In par-
ticular, CEVALE2VE mem-
bers supervised a physics
master’s and a physics under-
graduate student working on
theses related to dark matter
searches. The former was part
of the first edition of the
course at UCV and defended
her thesis in August 2017,
while the latter was part of
the second edition also at
UCV and defended her thesis
in October 2017.

Discussion and Conclusions

An online particle physics
course was developed by the
CEVALE2VE community in
collaboration with several uni-
versities and research institu-

TABLE 1
NUMBER OF STUDENTS IN THE FIRST AND SECOND
EDITIONS OF THE COURSE ‘INTRODUCTION TO
PARTICLE PHYSICS’ *

Edition Student type  Undergraduate _ Graduate
Formal 3 7

Sept 2014 - Feb 2015 Informal S 0
Formal 13 4

Mar 2016 - Jul 2016 Informal 0 0

* Only informal students who participated in the evaluation and final

projects have been included.

TABLE II
NUMBER OF FORMER STUDENTS
(FORMAL AND INFORMAL) THAT HAVE PARTICIPATED
IN INTERNATIONAL HEP SCHOOLS AND/OR
ARE FOLLOWING MASTER’S/PH.D. PROGRAMS
IN HEP RELATED FIELDS

Course edition HEP HEP HEP
international schools = Master’s  Ph.D.
Sept 2014 - Feb 2015 5 2 1
Mar 2016 - Jul 2016 2 2 0
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tions in Venezuela and Co-
lombia. The first edition of this
course took place during the
semester September 2014 -
February 2015 and the second
during March - July 2016. The
use of the available ICT tech-
nologies to remotely share ma-
terial and interact with students
created a vibrant and engaging
learning environment. This
course has helped to strengthen
scientific ties between the dif-
ferent participating individuals
and institutions.

Among the several difficul-
ties that affected the progress
of the course, the poor Internet
bandwidth and service quality
stood out in Venezuela. In gen-
eral, the Internet service quali-
ty at Venezuelan public univer-
sities and research centers is
insufficient for present-day
e-learning dynamics. To abate
this situation a very close liai-
son with the network manage-
ment at each receiving institu-
tion was mandatory, and in the
case of IVIC, it was fortunate
that it resulted in a dedicated
channel for most of the virtual
classes of the first edition.

It was found that, although
good instructor-student rela-
tionships quickly developed,
student-student interactions
were not as active as desired,
and within the scope of a
VRLC, this certainly showed a
weakness of the present ap-
proach. It was not possible to
dissolve the local institutional
barriers to have a more cohe-
sive and fluid community.
Also, within the context of the
final projects, student computer
skills did not match the de-
mands of most of the CERN
computer packages, giving rise
to technical difficulties that
had an impact on goals. In fu-
ture course editions, we might
address this point with more
dedicated presentations of the
computational techniques.

Due to the global success of
the standard model of matter,
there is a need for physics fac-
ulty in general to get well ac-
quainted with particle physics.
However, we found little inter-
est from this sector in most of
the receiving Venezuelan insti-
tutions, in spite of the induc-
tion activities associated with

the course. This could be relat-
ed to the current social, eco-
nomic and political situation of
the country, which has caused
a large brain drain in academic
institutions. It is essential to
familiarize faculty members
with the importance of particle
physics in the higher education
curricula and to involve them
in our activities to ensure the
continuation of the course.

The present course is but
one of the several activities
pursued by the CEVALE2VE
VRLC. We believe that such
initiatives will breed a new
generation of physics research-
ers in the region, contributing
to the modernization of higher
education and to collaborative
networking with European and
North American institutions.
Furthermore, due to the current
brain drain in Venezuelan aca-
demic institutions, this VRLC
could be taken as a role model
to involve expatriates in help-
ing to resolve local shortcom-
ings to reverse the diminishing
higher education standards and
research ventures.

An improved version of this
virtual course was offered
again in Venezuelan and
Colombian universities during
the semester March - July of
2017, and is expected to con-
tinue yearly to extend our part-
nership with other institutions
and individual collaborators in
order to attract more students.
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