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Abstract ¾  According to the Gartner Group, more than 
70% of the Information Technology budget in today’s 
enterprises is destined to maintenance. The IT (Information 
Technology) infrastructure in schools is not different. 
Deployment, management and performance are the main 
problems. We address the ICT (Information and 
Communication Technology) with a model proposition to 
support the evolution of the IT infrastructure for education 
based on Gartner’s Infrastructure Maturity Model. It defines 
four evolution stages: Basic, Standardized, Rationalized and 
Dynamic. We introduce an extending level to address a 
common scenario in education, which can be defined as the 
Chaos Level. In this level, there is no network or 
management policies, and limited access to the Internet. We 
propose a guideline for schools’ IT infrastructure in 
emerging markets with focus on Chaos and Basic scenarios. 
By following these steps, schools should be able to provide 
an effective learning experience using technology.   
 

INTRODUCTION 
 

According to the Gartner Group, more than 70% of the 
Information Technology (IT) budget in today’s enterprises is 
destined to maintenance, such as servers, operating systems, 
storage and networking. Add to this the need to refresh and 
manage desktop and mobile devices and there is a unique set 
of challenges the IT infrastructure faces. Less than 30% of 
IT’s annual budget is allocated to new products, services and 
solutions. The Information Technology infrastructure in the 
schools has a similar fate with control, management and 
updating as its main concern. 

Managing IT resources is an ever-increasing problem 
for most organizations. While there is a decrease in the cost 
of hardware and software, the costs of managing and 
supporting infrastructure is increasing. When businesses 
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achieve critical mass, the demands placed on their IT 
infrastructures increase significantly. Companies add an 
application here, a new functionality there and more 
employees across the board.  This adds more variables on 
the current infrastructure with the risk of a greater exposure 
for failure.   

An unreliable infrastructure is a challenge for 80% of 
companies throughout Latin America (June, 2007). If it is a 
fact in businesses, imagine the IT environment in schools. 
The larger the student population, the higher the exposure 
for failure if the wrong infrastructure is in place.  

To better understand this IT concept, consider the 
evolution of a school system. A community just built their 
first school. It has one classroom only, with a chalkboard, 
chairs and desks. Students of all ages attend the same class 
at the same time, learning from the same teacher. As the 
community evolves and receives more investments, the 
school now has two classrooms, paves the playground, and 
fresh water is provided.  

More students are attending school, so a new expansion 
takes place: 10 classrooms, 10 teachers, one room with TV 
for long-distance education, a school principal and a staff. 
By now, the school principal is an active participant of the 
community’s board. After a couple of years, the city (no 
longer a community) has five schools, provides meals to the 
students, has built a library and  distributed the school 
handbook where students and parents can understand how 
the school system works and how to comply with it. 

An IT infrastructure evolves like the school system in 
this example. It grows and becomes more complex as the 
teaching and learning experience evolves. If the city did not 
prepare for it, it could end up with an over-populated single-
class and single-teacher school, diminishing the success of 
educating students adequately.  

When implementing effective IT in schools, decision-
makers may ask: Where do we begin? How will we evaluate 
progress? How will technology work better for my school? 
What is the learning experience I want to provide to my 
students while improving their education?  

In this white paper, we address the evolution of ICT 
(Information and Communication Technology) 
infrastructure in schools in order to support its pedagogical 
use. There is a rapid expansion of ICT in education, from 
school labs to 1:1 computing (one computer per student) and 
the extensive usage of the Internet as the main source of 
content and interaction. This is a significant trend that is not 
only a privilege of developed markets, but emerging markets 
as well.   

Teachers and students are coming closer to technology 
more than ever before. The IT infrastructure is the 
foundation for providing an effective contribution to the 
learning experience. How can schools cope with this 
evolution? We propose a model to evaluate existing 
infrastructures and to prepare it so schools may provide the 
ultimate learning experience. 



Our model proposition to support the analysis of the 
ICT infrastructure in schools is based on Gartner’s 
Infrastructure Maturity Model and Microsoft’s Blueprint for 
Primary and Secondary Schools. There are four stages of 
evolution in our model:   
·  Basic: Schools at the Basic level rely on manual and 

localized processes. There are no enforced IT policies 
and standards for security, backup, image management 
and deployment, compliance, and other common IT 
practices. This is an individual-level of computer 
management with minimal central control.   

·  Standardized: At this level, schools maintain standards 
and policies to manage desktops and servers, to control 
the way computers are introduced into the network, and 
to use the Active Directory to manage resources, 
security policies, and access control. Remote 
management may be enabled by telecommunication 
services to help decrease or eliminate the need for 
individual software management. The resources 
available in the computer environment enable a more 
dynamic usage of technology by delivering to students 
live, multimedia content and collaboration environments.  
This brings the academic community closer to the 
school through web portals, e-mail and live 
communications.  At this level, IT enables the school to 
achieve greater operational efficiency. 

·  Rationalized: At the Rationalized level, the costs 
involved in managing desktops and servers are at their 
lowest. Processes and policies are optimized. At this 
level, IT systems are self-sustainable in schools and 
represent an important part of the teaching and learning 
routine. 

·  Dynamic: The Dynamic level is characterized by IT 
systems that are self-managing and dynamic. When 
educational institutions reach this level, IT teams 
capture and use the knowledge to design and deploy 
manageable systems while automating ongoing 
operations using system models. 

 
AN OVERVIEW OF ITC EVOLUTION IN 

EDUCATION 
 
Prior to discussing the proposed infrastructure maturity 

model, it is important to understand the evolution of ICT in 
education. It is moving forward more rapidly in recent years. 
Its use is ever-expanding, increasing the complexity of 
infrastructure support while stressing management. This 
dilemma is the focus for our model proposition. 

We will not explore the pedagogical use of ICT in 
education, but rather briefly describe its evolution. It is the 
basis of our thinking on how technology must evolve to 
support its use in the 21st century’s school. 

We have long progressed beyond the discussions about 
the computer as a “teaching machine” or a “learning 
machine.” Today we are aware of its impact on the school as 

a whole, a re-conceptualization in which the nature of 
education and the roles of the school and teachers are under 
review. They are acting in a privileged environment of 
learning, which, in turn, finds itself in a society that already 
thinks of itself as the information, knowledge and learning 
society. In the words of Professor Eduardo Chaves (Chaves, 
2007), this is a “society that not only encourages and fosters 
learning, but it learns and evolves itself in the process.” 

Pedagogy has evolved from activities on disconnected 
computers to activities on computers connected in local 
networks. The evolution of the technology, according to 
Moran (2006), is occurring to the extent that the teacher has 
mastered the practices of teaching technology — first, by 
replacing his/her traditional activities, such as presentations, 
moving on to educational software and then to the students’ 
learning technologies, such as publications (blogs, photo 
logs, video logs, websites, etc), and research on the Internet.  

Furthermore, according to Moran (2006), the Internet 
gives a greater dimension to the ability of students to express 
themselves, making their ideas and research visible. Then, 
there are mailing lists, forums, chat rooms, blogs, open and 
mediated publication portals, and so on. It’s the world 
opening up to the school. 

Finally, the school is opening up to the world when it 
reaches the stage of building collaborative learning 
environments (Palloff, 2002), creating learning networks 
(Harasim, 2005), teaching in the knowledge society 
(Hargreaves, 2004) and the providing constructivist distance 
learning environments (Amaral, 2006). Participation in these 
virtual communities, according to Pierre Levy (2002), builds 
collective intelligence, where individuals can rely on, to 
exchange information and knowledge. They become 
intelligent filters, helping others to deal with the excess of 
information. 

Aligned with this movement of communication and 
interactivity, new programs have come into use, such as 
simulation and virtual reality, MUVEs (Multi-User Virtual 
Environments) and interactive learning spaces. In addition to 
it, there are new equipment and devices, such as PDAs, set 
top boxes, smart cards, wireless networks, etc. All of them 
enrich the educational environment and increase the 
complexity of the computer infrastructure. 

The environment that characterizes the 21st century 
society requires a new education model that leaves the 
traditional approach and incorporates technology as a 
learning tool not only in the classroom, but also in the 
community. The great challenge for today’s schools is to 
coordinate the learning experience and the community needs 
(Narayanan, 2007) enabling new models where teaching and 
learning occur anywhere and anytime.  

 
 
 
 



THE EVOLUTION OF ICT IN 
EDUCATIONAL ENVIRONMENTS  

 
Latin America is experiencing a significant movement 

to shorten the digital gap, beginning with schools. 
Governments recognize this gap, and are including it as an 
integral part of their agendas to enter the digital age.  
However, our experience shows that focusing investments 
on IT for education is not sufficient. The Federal 
Government has a plan, but it is seldom made available on a 
consistent basis. Each local school system follows its own 
plan. And, most of these plans are seriously limited.   

There needs to be one template or model available that 
would serve as a guideline for the technology investments, 
applying resources more efficiently, while avoiding the 
“repetition of the same mistakes.” The public school system 
needs to implement a model for the development of a 
technological infrastructure that is consistent with the 
pedagogical needs and within limited emerging countries’ 
budget.  

For emerging countries, a reliable IT infrastructure 
within public schools is critical. Schools are most likely the 
primary location where the majority of students have contact 
with IT. According to Waiselfisz (2007) in his RITLA (Rede 
de Informação Tecnológica Latino Americana) study, 
schools are the Internet access provider for low-income 
students.  

ICT in public schools must be carefully and responsibly 
planned, making it the “carrier of the country’s future” while 
preparing students for today’s competitive job market. 
Schools must provide students with access to all 
technologies, allowing them to experience, explore and 
choose what best works for them. The blueprint to evolve 
the IT infrastructure must consider three main points:  
·  Management effort 
·  Available resources in the computer environment to 

help improve the dynamics of the teaching and learning 
·  Access availability and educational resources through 

the Internet.  
 
In 2004, Gartner introduced the Infrastructure Maturity 

Model. The model defined seven levels of infrastructure 
maturity for enterprises. These are step-by-step guidelines to 
establish a plan for evolving an enterprise’s IT infrastructure. 
The model was simplified by Microsoft to four levels of 
maturity that addresses cost and complexity reductions, 
more effective security, and simpler management. 
Additionally, Microsoft adapted its model for schools, 
addressing everyday issues in education.  

With the experience gained in Latin America, we 
propose to go further and introduce the Chaos level (as 
shown in figure I) to Microsoft’s maturity model for schools, 
a common scenario in education. In the Chaos level, there is 
no network infrastructure, management policies do not exist, 
and, there is basic or very limited dial-up access to the 

Internet. This is a scenario where the dynamics of teaching 
and learning are reduced to the level of the individual in a 
disconnected school.  

 

FIGURE I 
Moving from the Chaos to Standard level is the main focus of IT planning 

for most of the schools in emerging markets. 
 

How do you identify your school’s maturity level? What 
are the milestones for each level? There are two simple 
aspects to consider: the presence of a server and the level of 
automation.  
·  Server – the existence of a server is the milestone 

between the Chaos and Basic levels. Without a server, it 
is impossible to implement any kind of service 
automation, security or management. A simple software 
upgrade would require one workday for a small lab of 
20 desktops. 

·  Automation – the level of automation (need of human 
intervention on a daily basis) defines the transition from 
Basic to Standardized levels. 
o A server with an ordinary operating system and no 

automation services requires approximately the same 
work as needed at the Chaos level. However, the 
simplest server currently in place is an advantage. 

o An effective operating system with resources of 
recovery policies, desktop backup and security tools, 
upgrades the IT to the Standardized level. This 
requires only a few hours of maintenance per week. 

o Adding the functions of client management (software 
distribution, asset management, desktop backups, 
desktop management and configuration), network 
anti-virus, and Internet firewall and filtering, upgrades 
the school’s infrastructure from the Standardized to 
Rationalized level. The need for human intervention 
is reduced to a few hours per month. 

o And finally, by implementing an external data 
warehouse or datacenter, the ICT infrastructure 
reaches its highest level of maturity, the Dynamic 
level. Services include disaster and recovery, remote 
management, remote software distribution and remote 
support. 

 
The maturity model provides a proven guide that 

supports schools to become effective and efficient when 



using technology as a tool to enhance the learning 
experience.  

 
MAPPING THE ICT EVOLUTION ON A 

SCHOOL PERSPECTIVE 
 
The ultimate learning experience is the sum of rapid 

Internet access with an effective pedagogy support. Because 
of this combination, we address the importance of 
telecommunication access in schools added to its IT 
infrastructure, and what it delivers in terms of management 
resources, devices, applications and learning content.  

Table I is a chart showing the IT infrastructure in 
relation to telecommunication services. This table depicts 
how investments in IT infrastructure and Internet access 
must be planned together to offer essential management, 
content and dynamic resources to system administrators, 
school staff, teachers, students and the community. 

We map three scenarios: 
·  Disconnected schools: no Internet access 
·  Semi-connected schools: limited dial-up connection 

with low rates 
·  Connected schools: broadband, unlimited Internet 

access. 

 
TABLE I 

MAPPING THE EVOLUTION OF CORE INFRASTRUCTURE AND TELECOMMUNICATION SERVICES 
 

 
 

 
In each of these scenarios, the following networking 

capabilities are possible:  
·  Isolated computers: computers are “information 

islands.” Managing such an environment is very time 
consuming. Lab usage is limited to stand-alone 
activities including collaboration, and content access 
occurs only through removable media such as floppy 
disks or CDs. 

·  Unmanaged computer network: limited management 
resources. Computers are configured and managed 

individually. Adding computers to the network requires 
individual configuration (such as assigning manually IP 
address and the Internet gateway.) Collaboration and 
file sharing is possible, but challenging due to the lack 
of file sharing services in the network. 

·  Managed computer network: management resources 
are enabled by the school server using a basic operating 
system to support networked environments. This 
operating system delivers automated configuration to 



new computers, provides file and Internet access, and 
resource sharing to networked computers.  

·  Managed wireless computer network: enables simpler 
and effective computer networking for desktops and 
devices, including the 1:1 computing approach. 
Wireless networks are sensitive to security and seamless 
configuration. Managed wireless networks offers 
automated configuration for new computers on the 
network and enforces IT policies. 

 
The green path in Table I indicates milestones in the 

schools’ ICT infrastructure. Following the green path, it is 
clear that investments in telecommunications are of no value 
with an unprepared IT infrastructure. If the school has 
broadband access and non-standardized network 
infrastructure, it will face serious security, management and 
policy challenges. It can become a problem rather than an 
educational asset.   

The green path relates to the graph in Figure II. This is  
a summarized view of paving the way from basic technology 
usage in education to a connected school.  

 

 
 

FIGURE II 
The technology maturity level and the challenges of the 21st century in 

education 
 
Although the availability of broadband Internet 

connectivity is essential to improve the usage of ICTs in 
education, the lack of a manageable network infrastructure 
due to the absence of a computer server may limit the 
learning experience, as indicated in Table I. The 
infrastructure optimization (orange box in graph) is the pre-
requisite for schools to incorporate new broadband Internet 
services (light blue box in graph).  

 
CONCLUSION 

 
The 21st century is the century of digital convergence. 

All aspects of a human life are influenced by technologies 
that somehow are connected to each other and all of them 
connected (directly or indirectly) to the Internet. This 

“digital life” is becoming more accessible with the wide 
adoption of mobile phones, low-cost computers and digital 
inclusion government programs.  

As the knowledge society evolves, schools must also 
evolve and stay connected to its new scholar community. It 
is visible that government programs are accelerating the 
adoption of the ICTs in education. However, governments 
must have a consistent plan to deploy technology, following 
the footsteps of successful businesses.  

The proposed infrastructure model is based on five 
levels of maturity. Each level analyzes the impact of the IT 
infrastructure over the management efforts and resources 
available. It supports the improvement of the teaching and 
learning dynamics, and the accessibility to resources 
available in the Internet.  

The analysis showed that a planned and standardized 
infrastructure is the key that enables today’s learning 
experience and paves the way for the upcoming technologies 
and pedagogies, such as 1:1 computing, distance learning 
environments and automated remote management. 
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