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Abstract The “hole-in-the-wall” experiments of 1999, as named by the popular media, 
started with an Internet-connected computer being embedded in a wall facing a slum in 
Kalkaji, New Delhi, India. Several studies showed that groups of children, when given 
access to the Internet, can learn by themselves. Children’s academic marks improved, and 
their interest in learning new things increased, resulting in a significant decrease in school 
dropouts and increase in school attendance. Soft skills, such as confidence, communica-
tion, and self-regulation improved. This article traces the history of this experiment, the 
formation of “hole-in-the-wall education” (HiWEL) as an organization, technological 
and pedagogical advances, and how this simple idea is touching the lives of millions of 
children.

Keywords Hole in the wall · Minimally invasive education · Self Organized Learning 
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India, with a population of 1.3 billion in 2020, faces huge challenges, including not having 
enough schools or teachers for all children (British Council 2019). Such challenges are not 
restricted to developing countries (UNESCO 2018) but are also faced in rural and remote 
areas of the United States, Canada, Australia, and Europe, where distance and remoteness 
often result in the absence or shortage of teachers (Mitra et al. 2008). Emerging countries 
(e.g., Brazil, Russia, the Latin world, and large parts of Africa) face similar challenges. In 
addition, while nations such as the United States, Canada, and the United Kingdom have 
tried to address issues of performance metrics, capabilities, and workforce provision, they 
are increasingly not able to prepare students with the skills required to succeed in 21st-
century careers. These skills can now change many times over a lifetime (see, for example, 
Krach 2017).

The HiWEL learning station

In 1999, the “hole-in-the-wall” experiments, formally called minimally invasive education 
(MIE), suggested that unsupervised use of the Internet can lead to the accelerated learning 
of skills by children.

The idea of unsupervised learning was first pointed out in two papers on the use of 
diagnostics (debugging) as a learning tool (Mitra 1988; Mitra and Pawar 1982). After the 
experiments of 1999, a decade of extensive research was undertaken on the impact of hole-
in-the-wall computers across India. The Ministry of External Affairs, as part of the govern-
ment of India, funded the setting up of similar computers in public spaces in Bhutan, Cam-
bodia, and several countries in Africa. Research studies found that children aged 8 through 
14 years can learn basic computing skills on their own, irrespective of their social, cultural, 
religious, and intellectual background or their geographical location (Mitra 2000, 2003; 
Mitra and Dangwal 2017; Mitra and Rana 2001; Mitra et al. 2005). All they need is access.

In 2000, National Institute of Information Technology (NIIT), along with the Interna-
tional Finance Corporation, set up a subsidiary named Hole-in-the-Wall Education Ltd. 
(HiWEL). The original design of the hole-in-the-wall experiments was adapted by HiWEL 
into a product called the HiWEL learning station (LS).

HiWEL LSs were based on the following findings:

1. Groups of unsupervised children, given access to the Internet in safe and publicly visible 
spaces, can learn how to use the Internet, irrespective of who or where they are. This 
was called MIE (Mitra 2000).

2. Groups of unsupervised children, given access to the Internet in safe and publicly visible 
spaces, can learn anything by themselves (see, for example, Mitra 2018). These spaces 
are called Self Organized Learning Environments (SOLEs).

SOLEs are derived from self-organizing systems. In physics, self-organizing systems move 
from chaotic disorder to spontaneous order. Sometimes this is called emergent behavior—
it is not planned or programmed; it just happens (Mitra 2019a). Learning and knowing 
can be considered examples of emergent behavior in self-organizing networks of children. 
The design of LSs possibly encourages self-organization among children, leading to emer-
gent behavior. However, this paper is not about the theory of self-organized learning; it is 
about the evolution of HiWEL LSs in three distinct areas: organizational, technological, 
and pedagogical.
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Criticism of the hole in the wall

The hole-in-the-wall experiments have been criticized (Arora 2010; Bennett 2015; War-
schauer 2007, 2010), although such criticism has been quite rare. The criticism has 
appeared in a peer-reviewed paper, some web articles, and many blog posts. The criti-
cism falls under the following categories:

1. The original hole-in-the-wall installations are often found abandoned and dysfunctional 
after about 10 years.

2. Children cannot learn from unstructured material and without supervision.
3. The research is flawed.

Each of these accusations has some merit, and a brief discussion is necessary before 
proceeding further with this article.

Of the original 22 locations where the hole-in-the-wall experiments were done (Mitra 
et al. 2005), none are currently functional, as far as we know. This is because the local 
communities were unable to maintain or update the computers or to pay for the Internet 
connections. Moreover, most parents in these locations were unable to understand the 
purpose of these computers because they could not understand or accept the idea of 
education without teachers. By about 2010, all the computers became dysfunctional. 
In this context, it must be remembered that these facilities were created for the pur-
pose of carrying out an experiment with MIE. This experiment was carried out between 
2002–2005, after which financial support became unavailable and the computers were 
handed over to the local community. The results were published (Mitra et  al. 2005), 
which established the idea of self-organized learning among children.

It is unfortunate that later researchers, finding these derelict experimental sites, con-
cluded that “the hole in the wall does not work”. (This is somewhat like looking at 
the derelict Los Alamos Lab in the United States and concluding that nuclear energy 
does not exist.) However, the two peer-reviewed papers on the subject did point out 
that the experiment established the idea of MIE (Arora 2010; Arora and Mitra 2010), 
and that fact should not be confused with the present condition of the sites where the 
experiments were done. Blog reports that are neither peer reviewed nor examined by an 
independent editor continue to refer to a dysfunctional site as an example of an idea that 
“does not work”.

The idea that children cannot learn without supervision and structured learning mate-
rials is somewhat dated. Rapid increase in Internet access around the world and subse-
quent research (see, for example, Mitra and Dangwal 2010; Inamdar and Kulkarni 2007; 
Kiili et al. 2012; Yang and Li 2013) on Self Organised Learning Environments (SOLEs) 
have shown that groups of unsupervised children can learn almost anything by them-
selves if they share an internet connection.

Much of the research on this topic was conducted with small samples, often without 
control groups. While this is undesirable, it is often unavoidable. Live research on chil-
dren, either in classrooms or in the streets, is not amenable to control. We do not con-
sider this a reason not to do experiments in an area that is clearly important and timely. 
Indeed, controlling such environments can detract from the validity of studies. We have 
found that repeated experiments with small samples produced similar or identical results 
around the world. The fact that many of these studies have been accepted by the referees 
of journals is a pointer to the importance and expected validity of the results.
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It is common practice, particularly in the natural sciences, to independently repeat an 
experiment to check the validity of the findings. In the case of the hole-in-the-wall experi-
ments, there is one case of independent verification of the Indian results in South Africa 
(Foko et  al. 2017; Gush et  al. 2004). However, apart from the efforts in South Africa, 
none of the criticism reported here was by anyone who had made any attempt to repeat the 
experiment themselves.

Later work on SOLEs and schools in the cloud was independently verified by teachers 
around the world, although most of the results remain within social media. The hole in the 
wall, SOLEs, and schools in the cloud all survive inside schools and not in communities or 
independent settings. This is because schools have maintenance infrastructures and budg-
ets, and not so much because of teacher supervision. These results are described elsewhere 
(Mitra 2019a).

Organizational change

What was to become the HiWEL LS started as the hole-in-the-wall experiment in India in 
1999, undertaken by the Centre for Research in Cognitive Systems (CRCS), NIIT. Soon 
after, International Finance Corporation joined hands with NIIT to set up HiWEL. The idea 
was to broaden the scope of the experiments and conduct research to prove and streamline 
the hole in the wall.

In July 2013, the corporate entity, HiWEL, was dissolved and NIIT Foundation (NF) 
was entrusted to implement HiWEL as a project. For the purpose of continuity, we will 
continue to call this project HiWEL in this article. NF was started in 2004 as a not-for-
profit society with a mandate to reach the unreached, uncared, and unattended and to 
ensure inclusive development in India.

By 2019, NF had implemented 1100 LSs in India, which touched the lives of millions of 
children. Figure 1 shows the locations of the 245 LSs under HiWEL’s supervision in 2019. 
LSs are handed over to the school concerned after 4 years. NF is expected to scale up the 
idea of hole in the wall to make a significant contribution to improving elementary educa-
tion and life skills of children across the world, especially those in disadvantaged commu-
nities in rural areas and urban slums.

Technology and design evolution

The initial experimental design from 1999 consisted of a wooden case, with a glass front 
that was constructed around a desktop computer and fixed to a wall by making a hole in it 
(Figure 2). The computer was connected to the Internet. It had a touchpad, also mounted on 
the wall. No keyboard was provided.

From 2000 to 2002, a small room (8 feet by 6 feet, and a user gallery of 6 feet, not 
unlike a newspaper kiosk in many cities) made of brick and mortar was constructed (Fig-
ure  3). Inside the room, two hole-in-the-wall windows were installed for accessing two 
computers. An aluminum window kit was created for each fixture (Figure  4). Typically, 
Intel Pentium-based computers were used, which were then state of the art. A mechanical 
button mouse with a joystick was created. This was subsequently replaced with a new ver-
sion without a joystick, which was named ToBu and is described later.
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Figure 1  The location of HiWEL LSs across India in 2019

Figure 2  Design of the 1999 
hole-in-the-wall experiment
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A window kit was designed to protect the system, keyboard, power supplies, and input 
devices. Bright red and yellow colors were introduced to attract more children. A keyboard 
was introduced in a separate box, with a keyboard mask to prevent damage. The window 
kit and keyboard enclosure were fixed to the front of the wall, while the power supplies, 
CPU, and other wiring were located at the back of the wall. Later, aluminum windows were 
changed to steel windows. The new window kit (Figure 5) had three parts: (a) a window 
panel, which protected the monitor and speakers; (b) a keyboard box, with a keyboard and 
mouse; and (c) an outer panel, which had a shutter to cover the window.

By 2009, it was increasingly obvious that maintaining standalone installations in remote 
areas was not possible, as described in the criticisms cited in this paper. A new design 
was created for installations in walls and corridors of schools and community halls. Rooms 
were sometimes offered, but either they were too small to install the HiWEL LS or their 
walls were of mud and bamboo. Also, research from Newcastle University in the UK 
helped to move the idea of MIE into schools. Because constructing with brick and mortar 
was difficult inside schools, a standalone model was made with all the features of the ear-
lier version of the window kit. This design change made installations more flexible and less 
time consuming and required less space.

The standalone kiosk had three parts: upper, lower, and underground. The total height of 
the kiosk was 6 feet. Of this, 2 to 3 feet went underground, depending on the depth avail-
able. The underground part was fixed in a way that the system could be turned 90 degrees 
for repairing or maintenance work (Figures 6 and 7).

In Figure 7, the lower part is the system/equipment box, which holds the CPU, uninter-
ruptible power supply (UPS) and an auto power system (autoPSy). The red box, the upper 
part, contains the monitor, camera, keyboard, and mouse. An exhaust fan was introduced to 

Figure 3  The hole-in-the-wall 
design in 2002

Figure 4  Close up of the 
window in a hole-in-the-wall 
installation
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remove hot air from the computer’s power supply unit. A camera was situated on the side 
of the monitor to capture children’s expressions while working on the computer.

In 2014–2015, through a grant from Sony Corporation (India), the desktop computer 
used at the LS was replaced by a much smaller laptop and a smart TV for the display. The 
yellow box at the bottom was made more compact to hold the laptop, smart TV, UPS, and 
other electrical connectors. A small laptop tray was introduced to facilitate the use of the 
laptop by administrators and engineers. The system was powered by a UPS.

The upper part (Figure 8) was redesigned to fit the smart TV, speaker, and camera. A 
new mouse was introduced, with USB plug-and-play features.

In 2019, it was decided to change the look of hole-in-the-wall kiosk by building in new 
features. This new (HiWEL 2.0) model is easier to install. An iron stand facilitates fast and 
multiple installations because it uses a nut-bolt mechanism to fix the kiosk on the ground. 
The screen size increased to 22 to 24 inches. The camera was shifted to the top of the mon-
itor to capture better user shots for user management features of HiWEL 2.0 (Figure 9).

Figure 5  The redesigned win-
dow kit of 2003

Figure 6  The standalone model 
of 2009
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Figure 7  The standalone model 
from the back

Figure 8  The 2014 design, 
using a laptop and smart TV

Figure 9  The 2019 design
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Input devices: Evolution of the ToBu mouse

During 1999–2000, a trackball mouse was used. This did not work, because children would 
take out the ball or cut the mouse wire. The trackball mouse was replaced by a touch pad. 
This too did not work, because children would accidentally scratch it with their fingernails. 
An experimental infrared mouse also did not work.

All available off-the-shelf computer mouses (as listed here) were not suitable for out-
door installation because the breakdown and vandalism rates were very high.

In 2000, NIIT R&D decided to develop its own suitable pointing device, specially 
crafted for hole-in-the-wall LSs. The target was a device that could withstand outdoor 
installation, resist vandalism by users, and reduce the downtime by 99%. The first of these 
devices was created using a joystick and mechanical buttons (Figure 10).

In 2001, the joystick was replaced by four buttons for cursor movement and two buttons 
for left and right clicks (Figure 11). It was a serial port device and was named a mechanical 
button mouse 2.0.

This device was somewhat successful. However, the mechanical buttons had jamming 
problems and electrical and electronic failures. It was decided to replace any moveable 
parts with a different design. This resulted in the ToBu mouse 1.0, which was based on 
touch sensitive buttons, had no moveable parts, and retained the same design elements of 
the mechanical button mouse 2.0. ToBu is derived from “touch button”.

A new version of the ToBu mouse (2.0) was introduced in 2005. It was sleeker in design 
and better integrated with the hole-in-the-wall Kiosk design elements, including its red and 
yellow colors (Figure 12). This new version of the specially designed pointing device was 
rugged, intuitive, and scratch proof. It was still a serial port mouse, which was well inte-
grated into the computers and operating systems of the time. This was later changed to a 
PS-2 model.

Around 2009, with the introduction of new-generation computer systems, motherboards, 
and plug-and-play hardware features, PS-2 and other serial port-connected devices became 

Figure 10  The joystick-based 
pointing device of 2000
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obsolete. A ToBu 3.0 with USB was developed and was integrated into the kiosk with a 
new-generation operating environment. HiWEL LSs currently use this specially designed 
pointing device. It is suitable for rough usage, multi-user environments, and varied weather 
conditions.

AutoPSy

Because most HiWEL LSs are located in rural and remote areas of India, the supply of 
electricity is often extremely poor. Frequent shutdowns, an irregular power supply, and 
exceptionally low voltages result in the frequent shutdowns and closures of LSs. To address 
this issue, HiWEL introduced a specially designed device (Figure 13) called AutoPSy.

Figure 11  The 2001 design of a 
pointing device

Figure 12  The ToBu mouse variations of 2004

Figure 13  The power manage-
ment system called AutoPSy
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AutoPSy has a single button on/off switch to control the start-up and shutdown process of 
the LS, thus reducing the requirement of a skilled facilitator at the LS. The features include 
controlled start-up and shutdown, higher security, enhanced battery life, and a remote moni-
toring system through which activity on the LS can be monitored over the Internet.

Pedagogical innovations

During the period 2006–2019, as HiWEL LSs were evolving, several pedagogical changes in 
how children learn were developed in England. SOLEs were developed in Gateshead, Eng-
land (Dolan et al. 2013; Mitra and Crawley 2014; Mitra and Quiroga 2012). SOLEs represent 
an evolution of the hole-in-the-wall idea into a method that can be applied in classroom set-
tings. Along with SOLEs, the idea of “beamed in” mediators, called the Granny Cloud, was 
developed in England and India (Mitra 2009). Subsequently, SOLEs and the Granny Cloud 
were combined into a facility called The School in the Cloud (Mitra et al. 2015, 2016; Mitra 
2019b). These developments are not discussed here because this paper is concerned with the 
physical evolution of the hole-in-the-wall model.

Reach and impact of HiWEL LSs

As of February 2019, HiWEL has installed 1,100 LSs. Most of these contain two user win-
dows. It is not possible to track children’s attendance. Instead, the following estimation was 
used to gauge how many children were reached:

1. We know from installation reports that communities or schools where we have LSs have 
an average of 500 children. There are large variations, and in some locations, the number 
can be as high as 1500.

2. We have observed from supervisor’s reports that each user window caters to approxi-
mately 50% of the children in a year’s time; that is, 100% of the children use the LS over 
a period of one year. We therefore estimate that 500 children use one LS in a year.

3. The usual project period is 4 years, after which the stations are handed over to the com-
munity or school. We estimate that 2000 children, 500 children per year over a period 
of 4 years, use the LS. We feel this is a conservative estimate.

4. The overall impact, or lives touched so far, can be estimated at 1,100 LSs times 2000 
children, or a total of 2.2 million children.

There is a project modeled after the Hole-in-the-Wall. This is a project called HelloHub 
(https:// hello hub. org/) and consists of LSs that can be assembled by local communities. These 
have mostly been implemented in Africa, and we do not have access to data showing how 
many children were reached.

Future plans

The HiWEL LS has evolved both in terms of technology and impact. The hardware and 
software of HiWEL LSs have evolved over the years. The users of today are millennials, 
irrespective of whether they were born in privileged or underprivileged societies. One of 

https://hellohub.org/
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the biggest challenges of the information-drenched environment of today is to examine 
what children should learn and how they should be assessed.

In a world where the Internet is instantly available to most people, does one need to 
know things in advance? However, our schooling system still expects children to know a 
lot of things just in case they ever need that information. This design needs to change so it 
has the ability to acquire knowledge and skills just in time, when they are needed. Children 
should be assessed on solving problems, finding information, and answering questions, 
using the Internet. It has been argued that the use of the Internet results in children hav-
ing “blank brains with a smartphone in their pockets”. The brain is not designed to remain 
blank. Our brains remember what they want, understand what they consider important, and 
learn (even know) what they consider worth learning. Brains are self-organizing systems 
that move from one spontaneously ordered state to another—always at the edge of chaos 
(Mitra et al. 2016). When children learn continuously off the Internet, their brains absorb 
and retain what is considered important. When you google something once, you usually do 
not google it again. This form of learning is just in time, instead of just in case. It is patchy 
and spread over time. It is incredibly useful in a rapidly changing world.

Wherever we get information from (e.g., the Internet, books, films, voice, gestures), 
three basic skills are required: comprehension, communication and computing.

• Comprehension:

• answering questions about a subject
• applying subject knowledge, acquired from anywhere at any time, to solve a prob-

lem
• applying subject knowledge to create something

• Communication:

• explaining a subject or topic to someone else
• describing what can be done with acquired knowledge or skill
• directing someone else to complete a task
• asking questions to acquire knowledge or skill

• Computing:

• searching for relevant content from the Internet
• detecting different points of view
• detecting bias, misinformation, or doctrine
• using appropriate technology to solve a problem

We suggest that reading, writing, and arithmetic will be subsumed into the three Cs (com-
prehension, communication, and computing). These will be the new pillars of primary edu-
cation for all children. We need to develop appropriate tests for comprehension, commu-
nication, and computing and to use these tests to study the impact of HiWEL LSs on the 
millions of children who use them.
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