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ruguay, a country of
3.4 million people,
has a per capita GDP
0f21,200 USD [1]. In
the past decade, the
Uruguayan government
has made significant
investments in its digital inclusion
strategy. Plan Ceibal became the first
nationwide ubiquitous educational
computer program in the world based
on the 1:1 model (one computer
per student) [2]. The plan showed
measurable impacts on digital
divide reduction, centering around
three pillars: equity, learning, and
technology.

With regard to Internet access,
the Economic Commission for Latin
America and the Caribbean classified
Uruguay as the most egalitarian
country in this region [3]. Up to 72
percent of homes have Internet access.
As of 2014, Uruguay registered 24.58
fixed broadband subscriptions per 100
people. As a reference, Organisation
for Economic Co-operation and
Development (OECD) member states
registered 28.18 subscriptions per
100 people, while Latin American and
Caribbean countries recorded only
9.83 [4].

As of 2007, Plan Ceibal has
covered all public schools, providing
every student and teacher in
kindergarten, primary, and middle
school with a laptop or tablet and
Internet access in their classrooms
(connectivity is provided in over
2500 public education centers).

To date, Plan Ceibal has close to
750,000 beneficiaries, each with
their own device. Since 2011, the
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Plan has focused on providing the
learning community with a wide
range of digital content to enhance
the teaching and learning process,
most notably learning-management
systems, a mathematics adaptive
platform, remote English teaching,
and an online library. Today, Plan
Ceibal operates and integrates large-
scale databases fed by a number

of management and educational
activities.

During the second half of 2014,
the Plan Ceibal network implemented
a national bring-your-own-device
(BYOD) policy focused on the
secondary education system. It
provided access in 400 facilities,
benefiting 300,000 users. This policy
also allowed students and teachers
to access the network from their own
devices, which may be one of the
drivers behind the explosive increase
in connections per antenna [5]. It also
suggests that even though the number
of connections to the network has
doubled (on average) every year since
2011, the ratio of traffic per connection
[6] dropped consistently in the
secondary education system.

Insights

—> This work provides an overview of a
unique national-scale education and
technology monitoring system to be
built in Uruguay.

- Different explorations are being
conducted to adopt alternative
metrics to monitor learning
regardless of where it takes place.
This work aims to provide effective
information tools for that purpose.

This work is conducted within the
framework of previous large-scale
“big data”-oriented initiatives from
Plan Ceibal and the Ceibal Foundation
[2,5]. These, among other initiatives,
will evolve into the creation of
alearning analytics data center
focused on providing information
tools to support teaching practices, a
project in partnership with the Inter-
American Development Bank.

Currently, in the academic [7] but
also the industrial [8] sector, different
explorations are being conducted
to adopt alternative metrics for this
purpose. In this context, Plan Ceibal
today is facing a turning point focused
on diversifying the tools and metrics
it uses to analyze learning regardless
of where it takes place.

OBJECTIVES
The general objective of the work
we discuss here is to generate
evidence-based knowledge that
can help Plan Ceibal make more
informed decisions in their upcoming
strategies. The idea is to design a
conceptual framework to be used
for conducting advanced analysis of
educational-system datasets to better
understand students’ and teachers’
online teaching and learning practices
throughout different virtual learning
environments.

Our first objective is to present
the key aspects and dimensions
of the global monitoring system for
network visualization to be deployed
in Uruguay by Plan Ceibal. This
monitoring system integrates access
and use variables such as location
of connection, type and brand of
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device (provided either by Plan Ceibal
or by users), content and services
requested, traffic load, and number

of simultaneous connections, among
others.

Our second objective is to present a
case study based on a synthesis of the
work in [5] in which access variables
are examined. We then describe
anumber of conclusions on the
potential for strategic planning in the
field of educational technology.

The global monitoring system
is conceived as a user-oriented
information tool that can help school
principals and educators interested
in understanding how the Internet is
used in their schools. An additional
goal is to serve end users through
personalized tools with comprehensive
information on their practices and
preferences, and based on that to help
them make better decisions.

KEY VARIABLES OF ANALYSIS
AND VISUALIZATION

The main variables we considered

in the analysis are access variables

and use variables. Access variables
include upload and download traffic
(per site, user, or application), number
of connections (per site, user, or
service), and multiple families and
generations of devices (laptops,
tablets, smartphones, others). Use
variables include taxonomy of

traffic (pedagogical or educational,
recreational or entertainment, among
others), origin and destination of
traffic (school, home, domestic,

or international, for instance),

and content production versus
consumption (either created, acquired,
or modified per user).

The group of variables related to
access illustrate, for instance, which
online services demand more Internet
bandwidth and access points than
others, whereas the use describes the
type of use as well as the motivations
for getting online.

ACCESS VARIABLES:

A CASE STUDY

The following case study, an

excerpt of Mateu’s 2016 study [5],
focuses on a set of critical variables.
Although not all the variables listed
are included, the study contains
information drawn from Plan Ceibal’s
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networks from 2011 to 2015.

We developed the case study in order
to answer the following question:
What was the evolution of the
aggregate demand for Internet access in
the Plan Ceibal network between 2011
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Design. This case study includes
the universe of urban schools in the

primary and secondary education
systems. This includes 1,535
facilities, each with its own wireless
LAN covering every classroom [9].
The variables we tracked were
download internet traffic, upload
internet traffic, and simultaneous
connections. These variables were
collected via a network monitoring
system hourly every day since 2011
and stored in Plan Ceibal’s database.
We took a sample of each variable at
busy hour [10] to conduct our analysis.
The number of potential users is
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Figure 1. Pattern analysis graphs.

625,000. Our records indicate that
during busy hour there were 120,000
simultaneous connections [11]
throughout Plan Ceibal’s network.

Analysis. The pattern analysis
focuses on regularities, cycles, and
seasonal effects, as shown in Figure
1. We present two charts; the first
one, aggregated in quarters, shows
a consistent increase in demand of
traffic from quarter to quarter. In the
second chart, the aggregation is by
month, showing a dramatic decrease
during summer break (December to
February), and a moderate decrease
during winter break (July).

The series analysis, shown in Figure
2, focuses on evolution, trends, and
projections. The analysis of traffic and
connections per school was calculated
(i.e., ratio between download
and upload traffic, ratio between
download traffic and simultaneous
connections, average traffic per
student).

The relationship between
demand of the network (traffic
and connections) and demand of
infrastructure is included in the
analysis. This information illustrates
the requirements that the network
supply (Plan Ceibal) has to consider
when planning the evolution of the
demand.

Figure 3 illustrates the evolution
of demand and capacity of Internet
bandwidth. Demand has increased
about four times in the past two years,
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Figure 2. Series analysis graphs.

whereas capacity has almost doubled
in the same period.

Preliminary results. Here we
summarize some of our early findings
from this on-going research.

Global Plan Ceibal Internet access.
Plan Ceibal’s Internet download
traffic has grown 13 times between
2011 and 2015. CISCO VNI reported
that global Internet download traffic
has grown five times in the same
period. In other words, Plan Ceibal’s
Internet use has grown about 2.5
times faster than the global Internet.

Download and upload traffic per
center. Download traffic has doubled
every 18 months during the period
between 2011 and 2015 (average
annual growth rate of 68 percent),
while upload traffic also doubled every
16 months in the same period (average
annual growth rate of 82 percent).

Simultaneous connections per
center. Simultaneous connections per
site have doubled every 12 months
between 2011 and 2015 (average
annual growth rate of 105 percent).

Plan Ceibal has a
number of stakeholders
who can be considered
end users: educators
and students, but also
parents.

Download/upload traffic per center.
The download/upload ratio has been
11 to 1 on average between 2011 and
2015.

Demand and supply. The ratio
between download bandwidth demand
and the installed capacity (supply) was
40 percent in 2015 and is growing ata
12 percent average rate annually. The
Wi-Fi capacity grew at a 57 percent
average rate between 2011 and 2015,
whereas Wi-Fi demand (connections
growth) grew at an 88 percent average
rate. Projections suggest a global
saturation of the Plan Ceibal Wi-Fi
connections by the end of 2019.

CONCLUSION AND

FUTURE WORK

Today’s growing professionalization
of the educational technology sector
in Uruguay demands the creation

of novel forms of organizing and
analyzing the use of Internet services.
Here we aimed to categorize critical
dimensions that Plan Ceibal needs to
consider when implementing future
global monitoring systems. Both
access and use were considered among
the key variables to examine how

the network is being used. We also
described a case study illustrating
data between 2011 and 2015.

Plan Ceibal has a number of
different stakeholders who can be
considered end users: educators and
students, but also parents. Having an
end-user-oriented global monitoring
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Figure 3. Demand and capacity graph.

system could help educators
understand how and where learners
spend their time online and what tools
are the most popular among learners.
Also, it can benefit students and
parents by identifying their online
preferences, enabling them to make
more informed decisions regarding
time and effort optimization, and if
needed, self-regulation.

Possible queries that could be
explored: Is Plan Ceibal’s ecosystem
moving from being driven by supply
to being driven by demand in terms of
hardware and software? Can users be
considered more content consumers
than content creators? What are
the differences between software
provided by Plan Ceibal and popular
external software?

The insight from the rest of the
variables will enable Plan Ceibal
to gain a more comprehensive
understanding of how the network
isused and to improve its decision-
making process and policies, not only
with respect to IT infrastructure but
also in terms of device (1:1 model)
and application strategies, as well as
future innovations.

Finally, the whole approach
is intended to consider privacy
and ethics by design [12]. Ethical
reflection and privacy analysis are
taking place early on in the design
and development process in order to

ensure the whole system will achieve
human considerations, not just
technical ones.
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