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Abstract: A pod of ten unattended "behind-the-glass" computer kiosks has been
running at the Raglan Road Multipurpose Centre in Grahamstown for more than
three years. The goal is to enhance computational thinking skills, and to provide
logic, mathematical, reading and computer literacy skills via edutainment and fun.
The technology is explicitly engineered so that usage is not dependent on having
willing teachers as supervisors. Initially targeted at 7-13 year old children, we've had
to make adaptations for younger children from the on-site pre-primary school. We
describe the innovative mechanism that allows unattended access while securing and
protecting our systems. We give a brief overview of the technology and content on
the kiosks, the implementation, and some observations about usage. Unusually, the
project was conceived and initiated from a technical perspective, and we discuss
some issues that have arisen around maintenance and division of responsibilities
between the parties involved.
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1. Introduction
BingBee[1,2] is an information kiosk designed to improve the newly emerging field of
computational thinking[3], logic, literacy, language and numeracy skills in children. It is
installed behind a window in a secured building, while still allowing operation from outside
(Fig. 1). This makes it deployable in areas that are susceptible to vandalism. Unlike school
computer labs, a BingBee site can be completely unattended, it can remain available at all
hours, it automatically turns on or off on a programmable schedule, and is remotely
manageable via the Internet.
Figure 1 : (a) BingBee @ SciFest 2005, showing a pad in use, (b) BingBee @ RaglanRoad

After the proof-of-concept technology was developed, a pilot roll-out project into the
Raglan Road Multipurpose Centre (RRMPC) in Fingo Village, Grahamstown was
conceived as a three-way partnership between RRMPC, the Centre for Social Development

(CSD) at Rhodes University [4], and the author. While some aspects of this relationship
have been very positive, others have not worked as well. We outline our observations in
section 6.

2. Objectives
South African children performed very poorly in the Trends in International Mathematics
and Science Studies 2003 [5]. The Human Science Research Council's annual report [6]
follow up was even more distressing "South Africa came last, which was not unexpected..."
[author's own emphasis]. This, together with increasing concerns around the worsening
shortage of skilled teachers, especially in Maths and Science, prompted us to undertake this
work to open another informal channel for children to acquire skills.
There is strong and growing evidence that computer games can contribute positively to
education, and can build high levels of skills [7, 8]. There are also important emerging
ideas about a set of thinking skills collectively known as computational thinking:[3]
"Computational thinking is a fundamental skill for everyone, not just for computer
scientists. To reading, writing, and arithmetic, we should add computational thinking to
every child’s analytical ability. Just as the printing press facilitated the spread of the
three Rs, what is appropriately incestuous about this vision is that computing and
computers facilitate the spread of computational thinking." Jeanette M. Wing
Software also has the most desirable property that it is a long-term investment. Once we
have developed a good resource, it can be used over and over again without any additional
demand on teachers: an especially important benefit in light of the skills shortage.
There have been many computer lab initiatives in schools, usually supervised, but often
with limited success, e.g. this case study from India[9]. Typically, the effectiveness depends
on motivated teachers who contribute extra time, labs are often locked and barred, and
ownership and control of the facility vests with the school or the responsible teacher. This
introduces administrative, political, curriculum and organizational overheads that slow the
momentum and effectiveness of the project. On the other hand, we see a valuable role for
Minimally Invasive Education (MIE) – a term coined by Sugata Mitra [10] in his Hole-inthe-wall project [11], to describe the unsupervised, independent learning that occurs at the
child's own pace.
BingBee's objectives are also somewhat self-serving: we want to ensure that we are
preparing children with the independence, attitudes and skills that might attract them into
and set them up for success in Computer Science courses in ten years time. We try to do
this by sidestepping intermediaries, and getting the children to engage and feel ownership
of the facility themselves. Our initiative is not intended to appeal to everyone either – we
particularly want to provide challenges for those who get hooked and thrive on the activities
that encapsulate foundational skills from our discipline.
To these ends, the kiosks are sited in a public community centre rather than a school,
away from the "control structures" of the centre, and much effort has gone into refining our
remote deployment technology so that the delivery mechanism between the lesson or
content author and the children is as direct as possible.

3. Technology Description
There are two major components to our kiosk: the TicklePad is the input device allowing
interaction with the system, and the WowBook Presenter provides outputs, menus and
content, and manages the running of the games and activities.

3.1 – The TicklePad
The most innovative aspect of BingBee is the low-cost mechanism for allowing the child to
control the computer behind the window. We place a multilayer pad on the outside of the
window. A cheap low-end webcam continuously watches the pad from the inside of the
window to detect when fingers are pressing or moving on the pad. The webcam and a LED
light which provides illumination for the camera are enclosed in an off-the-shelf plastic
postbox which isolates the mechanism from changes in the room lighting, and provides a
way to mount the device on the inside of the window. (Fig. 2)
The pad is constructed in four layers: a piece of upholstery fabric with a suitable
compressible pile rests pile-down against the glass. The pile flattens and provides strong
visual changes when the finger presses on the pad. A layer of black opaque vinyl, sticky on
one side, holds the pad on the window, and prevents the external light from blinding the
camera. On top of this we have a keypad printed on a vinyl label, and then a transparent
protective layer of contact film. All the layers need to be quite elastic so that the finger
pressure is accurately transmitted to the fabric. Pads are presently hand-made, taking about
20 minutes each to make. They typically last up to about six weeks if they are not
vandalized. There is no commercial incentive to steal the pads, which is the only part of the
installation accessible from the outside of the window.
Figure 2
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Our software continuously grabs the webcam images and subtracts them from a slowly
adapting averaged background, giving us a "difference analysis" – we can see what has
changed. After appropriate smoothing and threshold computations to clean up the noisy
data which is inherent in webcam technology, we calculate the "centre of mass" of current
changes, and the amount of change. From this we decide whether the finger is presently up
or down in the region we are analyzing, and the position of the centre of mass is the current
finger position. The software has a description of the layout of zones and buttons on the
pad, and a calibration step aligns the camera frames with alignment marks on the back of
the fabric. When a pad is replaced or the camera housing is moved we recalibrate. This
gives us enough information to determine which key has been triggered, or where the finger
is on the tracking zone of the pad. Fig. 3 shows the grabbed image on the left, and the
differences and the analysis on the right. Our current pad design is modelled after a
cellphone keypad, with some additional buttons and a zone for continuous tracking, so that
we can write or control software as one might use a touchpad on a laptop.

Figure 3 (a) Finger press compresses pile (raw video), (b) Difference analysis and centre of mass

Gesture analysis and higher-order tracking allows us to recognize some pad gestures
(e.g. double-tap on the pad, or drag the finger left, right, up, or down.) The stream of
recognized key presses and gestures is transmitted over a network UDP connection, for
consumption by the kiosk software. This software architecture allows us to use other
devices to control the kiosk, (e.g. a Personal Digital Assistant, or potentially a cellphone
using a Bluetooth connection). We can also control the presenter directly from the
keyboard, making it easier to write and test the kiosk presentation software without having
to use the TicklePad or camera technology at all.
3.2 – The WowBook Presenter
The WowBook Presenter organizes the kiosk content as a book of pages, where each page
presents a menu of activity choices.
There are presently about 60 different activities available on BingBee, mostly written
from scratch, ranging from 3D logic games, maze games, memory matching card games,
Sudoku, multiple-choice quizzes, telling the time, PowerPoint presentations, some galleries
of pictures (e.g. one about different snakes, one about popular artists) collections of video
clips - some educational and some entertainment, and an isiXhosa / English word drill
activity with about 1800 words organized into six levels of difficulty. We also have three
40-minute school plays done by local primary school children, and are presently
considering how best to interface our input mechanism to use the Schools Wikipedia[12].
Speakers are embedded in airbrick vents directly above each window, and are an
essential part of the multimedia experience.

4. Our Testbed Site at the Raglan Road Multipurpose Centre
Our test site is a purpose-constructed building housing 10 kiosks and a server, housed on
the grounds of the Raglan Road Multipurpose Centre. Five computers were initially
deployed when the building was completed in July 2006, but the demand soon required
installing another five to take the site to full capacity. The formal ribbon-cutting opening of
the site occurred in November 2006.
There was initial concern from our partners that the children wouldn't know how to
navigate, and they'd need instructions. We wasted some time creating colourful laminated
guides which proved totally unnecessary. We can confirm that the observations of the Holein-the-Wall project: even in a minimalist intervention setting, the children have little trouble
in acquiring the basic skills.
There were some interesting early observations: the community centre gates were
locked at night and on weekends, but the machines were left on. We were delighted that
children climbed over the fences and gates after hours to use the facility, but we were

eventually pressured into providing on/off timers to shut the systems down and remove the
incentives. Initially the site acted as a honeypot: children would congregate after school and
many of them would play soccer and marbles on the playground. We have observed
upwards of 30 children at the facility on occasions.
Some video clips proved so popular that we introduced hurdle activities: the child must
solve a logic puzzle before they can watch the Singing Hippo. One competent young puzzle
solver runs from one window to the next to help his friends clear our hurdles.
For a period, this success became its own undoing: funding was found for a new library
on the site, and we went through a period of almost a year of noise and builders rubble
wrecking the playground, and creating a dusty, unpleasant environment. This in turn saw a
major fall in kiosk usage, and eventual vandalism when the children played a game of
hurling building rubble to crack our robust safety glass. The library building is completed
now, we've replaced our cracked glass panes, and the grass is recovering. The playground is
now smaller than it was. We have seen some soccer again recently, but have not observed
the same level of engagement or excitement from the children.
The Multipurpose Centre also has a preschool on site, and we have some activities that
are targeted at very young children – for example, colouring books, bouncing balls, and an
application where one has to continuously "wipe" the screen to prevent it from fogging up.
We have recently laid extra bricks to help these smaller children reach the windows.
Teachers from nearby schools occasionally bring classes of children to the site as a kind
of "formal outing". BingBee was not designed for formal education, as such, but perhaps
the outing makes more sense now that the library is also available.

5.

Operational Support Systems
Figure 4: Managing the facility remotely: snapshots of current activity on each
of the ten kiosks. The black screens indicate that children are watching videos.

After the initial deployment, over the next two years a significant effort went into providing
tools for remote control and support of the site. The intention was to automate much of the
"per-site" maintenance to make our solution more capable of ramping up to many sites. An
on-site server with an internet connection allows us to remotely connect to the site. It
controls the kiosks, telling them when to switch on, switch off, update their content, or
update their software. Each kiosk also runs a software module to which we can remotely
connect. We are able to get screenshots of activities on the machines, interrogate their log
files, instruct the system to refresh or reboot itself, or even remotely take control of the
kiosk (Fig. 5). Our deployment systems can compare local and remote file repositories on

the server and on our development machines, and can update and copy just those changes
that need to be made.

6.

In Practice

One of the overriding principles of good software design is to ensure that responsibilities
and functions are partitioned into crisp, well-defined subsystems. This style of architecting
complex software permeates our thinking and informs how we tend to approach or organize
other activities and projects outside the domain of building software. So as technologists,
our primary objective was to provide good tools, and to remain focussed on our core
competencies, while isolating ourselves as much as possible from the roll-out, promotional,
fund-raising, operational, social, political, and even educational aspects.
Our partners, the Centre for Social Development (CSD), are well established (25 years
of operation) and primarily focussed on Early Childhood and Community Development [4].
They already had projects running at some centres where they were upgrading pre-primary
schools into more general multi-purpose centres. They have strong relationships with
sponsors, and good working relationships with those at the site they chose for this testbed.
They raised funds to get the building built and launched. Our separation of concerns
initially worked very well.
Operational aspects of on-going involvement and maintenance didn't work as well,
however. Our envisaged decomposition and handover of responsibilities was that we would
take care of all technology and equipment within the building, and would be responsible for
creating or loading new content. The CSD would appoint a "BingBee Evangelist" who
would "own" the project, call regular meetings of the parties, look for synergies with other
activities, get the local community involved in a steering committee relationship, and would
eventually hand over responsibility to the community members themselves.
There are many opportunities and some obligations that a facility like this provides. One
can monitor the activities of the children, respond to specific demands for different kinds of
content, try to guide the children into making more advanced use of the facility, get them
started with the more complex activities (e.g. get them started with easy Sudoku puzzles),
or use the computers to promote interest in activities like Sudoku, Checkers or Chess,
which can then be played on conventional boards without the use of the computer.
There are also numerous opportunities for collaborative research with other
departments, and opportunities to produce high-quality content, and to engage young minds
in virtually every field. Many disciplines (and the sponsoring organizations) do, however,
seem biased towards qualitative studies that track the progress of specific individuals: they
want to know how Johnny has progressed, and are less impressed by anonymous aggregate
data that shows average usage or achievement. In the conclusions we will revisit this issue
of identification of individuals.
Student Volunteers for community service at Rhodes University join a programme
which is facilitated by the CSD, and some of these were assigned to BingBee. Each
volunteer spends an hour per week during term time, interacting with the children. But very
few of these volunteers are isiXhosa speakers, and attempts to guide children or explain the
games proved frustrating, and lacked coordination. Mother-tongue mentoring appears to be
essential: a role for which local community members would be ideal. In our view, an hour a
week is far too little time to create meaningful preparation and engagement between the
volunteers, the children, and the project. We have proposed that BingBee volunteers should
instead cram their service into a single term at four hours per week.
There are also maintenance obligations: inspecting the site on a weekly basis to see if
any pads need replacing, painting the facia boards every few years, testing the burglar
alarm, cleaning the windows.

This partnership support and ownership and driving the non-technical aspects of the
project never materialized in the way we'd hoped. We ended up cleaning the windows,
replacing the pads, testing the burglar alarm, vacuuming the copious dust, and painting the
cement floor with suitable sealant. In the first four years of operation there was not a single
request, suggestion, or observation about the quality of the kiosk content, nor has there been
any attempt to leverage more value out of the system by guiding the children towards the
higher-value activities, or promoting cross-disciplinary work. Under extreme threats (and in
fact, having taken the drastic step of turning the facility off for four weeks), there was a
once-off response when some volunteer students repainted the weathering shade boards.
We have also struggled to come to terms with the very notion of a community centre
coupled to a pre-school. Previously, what this has meant is that as soon as school term ends,
the gates are all locked up for the holidays. (They are opened for occasional weddings and
church services in the hall on the weekends.) In the first year of operation we responded by
asking for community volunteers to unlock the gates and let the children access the kiosks
in the day. This didn't materialize, and our project ended up paying from technical budgets
for someone to sit at the centre for six weeks over Christmas. So while our technology can
operate unattended, the ground on which it is sited apparently cannot. There is some deep
irony in building and supporting community centres and libraries only to have them close
their doors at the very time that their intended clients could most benefit from them.

7. Future Work and Conclusions
Besides regular ongoing content improvements (we have generally programmed a couple of
new activities or games each year, a few as student projects), we have some main areas
which are presently the most likely candidates for work in the short-term future:
• We have a working laboratory implementation of the Version 2 input mechanism that
eliminates the pad completely, and allows the window to act directly as a touch screen.
This requires some reworking of existing software, with a handful of existing BingBee
activities already converted. It provides a more adaptive interface and will allow us to
display a keyboard for full-text entry, and will require less maintenance.
• Social networking has become a huge worldwide phenomenon [13], and we are toying
with the idea of adding a social networking portal to BingBee. To do this we will need
to start tracking the identity of each user so that we can provide email-like facilities,
message boards, and allow individuals to subscribe to information sources of interest.
One possible starting point is a local Citizen Journalism initiative [14], where citizens
can get local information about events, voice comments, or submit stories to the local
newspaper, either via an existing laboratory of computers where they are actively
trained and assisted, of by using SMS or MMS or voice messages. With full-text entry,
BingBee will be in a position to join initiatives like this, rather than simply be used as a
"push" device for our content. Another candidate linkage is with the awareNet [15]
initiative which is providing "walled garden" social network for schools in our region.
• With four years having elapsed since our initial equipment was purchased, computer
technology has improved tremendously. In particular, Notebook PCs now represent the
technology of choice in that they are self-contained, have lower power consumption,
and the batteries allow them to survive power outages. In one future planned
deployment, we are investigating a dual-use mechanism for having the notebook
retractable, so that it can be used in a laboratory for lessons, but turned around and
slotted into a window fixture for after-hours use as a kiosk.
Technically our field trial has met all expectations. The kiosks continue to attract children
to the Multipurpose Centre in viable numbers. The children have a sense of ownership of
the facility, and we've effectively sidestepped the need for an intermediary teacher before

they can use BingBee. We're convinced the skills we value are being learned, although
from our technical island, we continue to regard questions like this as "beyond our scope".
So while we initially saw the field trial as a "trial of the technology", it is now evident
that what has primarily been on trial is our partnership arrangement. We have not yet seen
the synergies that we hoped for: we've failed to partition the project ownership into
technical and non-technical modules in such a way that we can focus solely on content and
software. Paradoxically, the very success of the technology as an "unattended, hands-off"
facility has allowed the partners to sidestep more active engagement, and made it more
difficult for us to hand off responsibilities. Perhaps housing the kiosks in shipping container
might have afforded us the threat of "use-it-or-we'll-move-it-somewhere-else".
Our lesson for software developers and technologists (including ourselves) is that we
need to be a lot more specific about decomposition of responsibilities and establishing crisp
boundaries, about who the champion of the facility will be, and what performance levels are
required from all parties. Those outside our software development mindset often do not
share the same ground-rules that we use on a day-to-day basis, and take for granted.
For non-technologists who manage projects with software development components, our
advice is to take careful heed of how software architects are trained to separate and
untangle issues and package them into independent islands of responsibility. Our apparent
reluctance to get involved in "bigger picture" issues is not simply intransigence: it is a core
conceptual skill that we learn and practice to enable us to deal with complex systems.
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