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ABSTRACT

Ubiquitous and mobile technol ogies provide opportunities
for designing nove learning experiences that move out of
the classroom. Information can be presented and
interacted with in a variety of ways while exploring a
physical environment. A key issue this raises is when,
where, what and how much? Our research is concerned
with the design, delivery and interaction of digita
information when learning about ecology outdoors. We
present a framework of the different forms of digital
augmentation and the different processes by which they
can be accessed. Using the framework, we designed an
outdoors learning experience, aimed a encouraging
students to carry out contextualized scientific enquiry and
to reflect on their interactions. Pairs of 11-12 year olds
explored a woodland and were presented at certain times
with different forms of digital augmentation. Our study
showed that this kind of exploration promoted
interpretation and reflection at a number of levels of
abstraction.
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INTRODUCTION

Ubiquitous and mobile technologies offer opportunities
for designing a new genre of learning experiences that
move ‘beyond the desktop’. In addition to learning via
computers in the classsoom or a home, there is much
scope for supporting people learning while ‘on the move
— such aswalking, sitting on a bus or waiting at an airport.
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Two main directions that have been advanced for mobile
learning are eLearning and mLearning. The overarching
goal of the former isto enable learning to take place ‘any
time any where' [eg., 15], induding online learning,
web-based training and virtual universities and
classrooms [5]. The latter is viewed as an extension of
this. “it's elLearning through mobile computational
devices like PDAs or mobile phones’ [19]. The focus of
providing any place and any time learning has, to date,
largdly been to consider issues of accesshility,
communication and personalization. For example,
common concerns include new ways of delivering
courses, new modes of student-tutor or student-student
interaction and ‘small bite' learning (where students use
idle time to learn via their mobile devices). There has
been less emphasis on how the process of learning might
be augmented or extended in innovative ways. By
learning processes we mean those involved in
understanding and assimilating knowledge, including
reflecting, hypothesizing, integrating and evaluating. Our
research agenda is concerned with how we might enhance
and facilitate these through enabling digita information to
appear at opportune times when exploring physical
worlds. In so doing, our goal is to shift the locus of
computation out of the classroom into the environmentsin
which we live and interact [9, 13].

Our main research questions are: what mode of digital
information, how much to provide, when to deliver it,
where to provide it, how much control and interaction the
students should have with it, and importantly how best to
integrate the digita information with the ongoing physical
activity to optimize reflection and interpretation in
learning. Our particular goal is to encourage students to
carry out scientific enquiry in the context of their
discovering and exploring of an environment. As stressed
by Ackermann [2], in order to learn from experience, it is
necessary to step back from it and to reflect momentarily
upon it before diving back into the experience. Similarly,
our motivation was to enable students intermittently to



switch from their ‘here and now' experiences of the
physical world (e.g., observing a butterfly drinking nectar
from a thistle) and be able to reflect upon the ecological
processes that lie behind this interdependency (eg.,
pollenation).

The Ambient Wood learning experience was designed to
enable this form of contextualised scientific enquiry to
take place. Pairs of students explored different areas of a
physical woodland and at certain times received and
interacted with different forms of digital information. To
facilitate reflection the students were encouraged to talk
with one another and a remote facilitator. A number of
interconnected mobile and pervasive devices were
designed, through which digital information appeared at
various locations in the physical environment. Our study
showed much evidence of scientific enquiry taking place.
The extent to which students reflected upon their physical
experiences with the different digitd forms of
augmentation were mixed, depending on their current
activity, their previous activity and how easily
information isintegrated with their ongoing activity.

BACKGROUND

Handheld, pervasive and wireless technologies are
increasingly being used to support learning in the
classroom [1, 23]. In addition, tangibles, in the form of
paper, walls and various man-made artifacts (e.g., bricks,
cubes, mats) have been embedded with RF tags and other
sensor technologies to create novel forms of learning
experiences [eg., 7, 17, 21, 27]. A main clam made
about the benefit of using tangiblesin learning isthat they
can promote reasoning about the world through discovery
and participation [e.g., 3, 24, 31].

In addition to devel oping new technologies for classroom
use, teachers and researchers have begun experimenting
with handheld and mobile devices outdoors. A main
motivation is to enable learning to occur any place and to
improve communication among students and independent
study [25]. One of the benefits of providing learners with
handheld computers is that they have the potentia to be
‘ready-to-hand’ tools; students can use them within the
context of their learning, such as collecting data or
accessing the internet, whether in the field or eating lunch
in the café [16, 25]. Web material has been provided via
PDAs for children learning on the move [12]. Fidd trips
have been augmented with handheld technologies [e.g.,
10, 11]. Other forms of probes have also been used to
support data collection and scientific enquiry [29].
Software running on PDASs has been devel oped to provide
individualized scaffolding, including bird watching
learning [6] and concept map building [16]. More
ambitioudly, a mobile collaborative virtual environment
has been developed where learners in a physical
‘experimental  forest” (a wired outdoor space) use
handhelds with GPS, video cameras and audio to
collaborate with their virtual peers connected from

classroom based laptops [18]. The shared collaborative
environment maps the augmented redlity space onto the
‘augmented virtuality' space.

At a conceptual level, Roschelle [22] points out how
distributed wireless learning environments create
opportunities for participation in and mappings between
three kinds of learning space: physical, informational and
social. Physical interactions with networked handhelds
and multimodal data capture facilities (e.g., probes, video,
images, sound) can be linked to virtual collaboration
spaces changing the forms of social interaction that are
possible. All of the above examples, from the smplest in
technology terms to the most sophisticated, create their
own particular learning spaces, interweaving physical,
digital and socia topologies. However, little is known
about how best to map out these new learning spaces,
especially how to assemble, design and choreograph
them. Our research explores how this can be achieved.

THE LEARNING EXPERIENCE

To facilitate the students engagement with the different
processes of scientific enquiry two Ambient Wood
learning experiences were designed to include the
following activities: (i) exploring the woodland, (ii)
reflecting and hypothesizing in a den area (a purpose built
classroom-like setting), (iii) experimenting in the
woodland and (iv) consolidating the experiences in a
classroom. Our focus here is on the first of these
activities, where the students discover, identify and
integrate information about the woodland.

The Ambient Wood was designed loosely around the idea
of a fieldtrip. Fieldtrips are often task-based, involving
searching, identifying and counting and where checklists
or a set of questions are provided to structure and guide
the learning [e.g., 30]. In the Ambient Wood we chose to
design the learning activities to be much less structured,
with the aim of promoting more independent and student-
initiated scientific enquiry. Pairs of students were asked to
discover as much about the environment, themselves,
initially by looking, touching, smelling and listening.

A main objective was to get them to talk with one another
and with various facilitators about their discoveries. One
facilitator physically accompanied each pair in the
woodland, providing guidance when requested by the
students, while the other facilitator acted as a remote
tutor, responding to and asking the students questions
about what they had discovered and sending them
information, using a walkie-talkie to communicate with
them. Students were also encouraged to communicate
with the remote facilitator about what they were doing,
what they had discovered, what its sgnificance was and
what they planned to do next.

While exploring the physical woodland, the students were
provided with a range of mobile and fixed devices. The
goal was to provide them with contextualy-relevant



digitd information during their explorations of the
woodland at pertinent times that would provoke them to
reflect and discuss among themselves and the facilitators
its significance and implications for what & se was around
them. Another motivation was to reveal abstract processes
taking place in the habitat (e.g., photosynthesis), enabling
the students to discover things they might not notice
otherwise. In the next section we outline our conceptual
framework for implementing such digital augmentation.

A FRAMEWORK FOR DIGITAL AUGMENTATION

There are anumber of ways that different kinds of digital
information can be presented or discovered in a physical
environment. It can be displayed on handheld devices
(e.g., PDAS) or presented aurally (e.g., via speakers). The
information can be requested or obtained by the person, or
it can be serendipitoudy ‘pinged’ at them when they are
detected in the vicinity. A key concern is how we decide
which of these combinations to use for digita
augmentation, where best to use them in the physical
environment and when. This requires us to determine the
type of augmentation, the ddivery mode, the content
media and the kinds of devicesto use. We present these as
aframework for digital augmentation in Table 1.

Table 1 —Framework showing different modes and types of
digital augmentation using different devicesand mediain

parentheses
Type
Live Pre-recorded
Mode | Student *[** Probe * Periscope
initiated (visualizations) (videoclips)
Environment *Wirdess speakers
initiated (sounds)
*PDA (images/
VOi ce overs)
Hybrid **PDA (images)
**Horn (sounds)

* used in studyl, ** used in follow-up study (described below)

The framework conceptualizes augmentation in terms of
type and mode as axes. Type is classified in terms of
information that is live or pre-recorded and mode in terms
of student-initiated, environmentally-initiated or a hybrid
combination. For each type and mode we consider
delivery via a particular device using particular media (as
populated in the table cells). We describe how each of
these was designed for the Ambient Wood below.

(i) Type

The type of augmentation can be either pre-recorded data
that is played (e.g., animations, video, sounds) or live data
that is probed (e.g., readings). The students are provided
with mobile and wireless devices to access this data. This
enables them to ‘see or hear’ organisms not normally

apparent in the physical environment and to find out
about and reflect upon the hidden and invisible ecol ogical
processes. For example, a probe tool records aspects of
the environment providing feedback on a PDA and a
special  hearing device provides abstract sounds
representing abstract processes.

(ii) Mode

Two main methods of accessing digital information were
used when designing the Ambient Wood: student-initiated
and environmentally-initiated. The student-initiated mode
is designed to enable the students to be in contral of the
access and interaction with the type of digita
augmentation. As such it can provide them with the
opportunity to direct their own exploration by deciding on
where next to get areading. The environmentally-initiated
mode is designed such that the environment decides when
and what to ddiver to the students in terms of
contextually-relevant information. It also introduces an
edement of surprise; the students not knowing when and
what will arrive. Examples of this method are where the
augmented information is presented to the students
pervasively, as visual images or non-speech sounds, via
PDAs or wireless speakers, when their presence in a
particular location is detected. A hybrid method combines
the student-initiated mode with the environmentally-
initiated mode. All methods can be reflected upon through
collaboration with the remote facilitator, who can then
provide further digital information via the PDA. This
enables the students to articulate what they have seen or
heard. In so doing, it can prompt students to think about
their environment and information they receive, and offer
guidance in terms of other activities like probing, finding
more physical evidence.

(iii) Media

Given that the focus of the student’s attention is meant to
be primarily on their exploration of the environment, we
were conscious of not wanting to overload the students
with too much digitd information. The digita
augmentation provided should not distract the students
from what they are doing but provoke and trigger them to
think of how it relates to what is around them and what it
means. To this end, we provided small chunks of pre-
recorded information to augment the student’s ongoing
exploratory physical activity. These were: (i) domain
relevant information in the form of videoclips (showing
seasonal changes over time) and images with voice-over
descriptions, (ii) non-speech sounds (e.g., the sound of
root uptake) and (iii) simple visualizations of dynamic
processes in the woodland. The more abstract forms
provide information not normally available in the wood,
triggering the students to contemplate and reflect upon the
processes they represent.

(iv) Devices
The media was delivered and displayed using a variety of
off-the-shef and home-made devices. The former



included PDAs and wireless speakers and the latter a
probe tool, a periscope, and an ambient horn.

The PDA was used to present environmentally triggered
images of plants and animals to the students at pertinent
times to draw their attention to particular aspects of the
physical environment.

Figure 1. Using the probe to take a moistur e reading

The probe tool was designed to enable student-initiated
collection of real time measurements of light and
moisture. It is very simpleto operate; place it anywherein
the environment, select ‘light' or ‘moisture and then
press the ‘read’ button (Figure 1). Whilg it is possible to
record these variables using existing insruments our
device provided feedback as redative dynamic
visualizations, intended to provoke the children to
hypothesize what they meant rather than write them down
as precise numerical readings. In addition, the probe tool
was designed to transmit and store dl the readings and the
location at which they were collected in the woodland
(using GPS) for further reflection at alater stage.

Figure 2. The Periscope

The periscope was designed as a stand-alone viewing
tool, to provide students with access to pre-recorded
videos about the habitat [32]. The periscope assembly
consisted of a hooded flat panel display mounted on an
upright stainless sted stem with horizontal handlebars
(Figure 2). The display is controlled by rotating the
handles attached to the periscope. This results in
crosswires on the screen moving to thumbnail images,
each triggering different videoclips to play.

Wireless loudspeakers were placed around the wood
where the students would be exploring to provide
environmentally-initiated pre-recorded information. When
they passed particular locations a sound was delivered via
the loudspeakers (e.g., chiff-chaff bird song, butterfly
sipping nectar and woodlice scuttling).

The Ambient horn was designed to present pre-recorded
abstract sounds that represented plant or animal processes
[20]. These were also triggered according to the students
location in the woodland. This device was designed with
the intention of providing the students with the ability to
initiate the hearing of sounds by having to press a button
on thehorn (Figure 3).

Figure 3. Listening to the Ambient Horn

An infragtructure was built that monitored the student’s
positions in the woodland, tracking the data the students
collected, and triggering location-based information. This
was achieved by the use of short-range FM transmitters
broadcasting to receivers, called pingers, attached to the
PDAs. The data was passed from the PDAs to a centra
server using a WiFi local area network ingaled in the
woods. The WiFi network was used to send images and
sounds to the PDAs and to monitor the students' activities
and their probereadingsinrea time.

Each pair of students carried a pinger receiver and various
pinging devices in a backpack. The receiver detected
proximity to location pingers situated at pre-determined
places of interest in the environment. The contextual
information was processed locally to create notifications
of events to a network server as they happened. In its
simplest form the pinger design consisted of a single PIC
microcontroller connected to a FM transmitter module.
The location pingers had a range of 10 meters and were
deployed at points of interest in the environment. The
GPS pinger was also carried in the backpack, enabling a
timed record of their movementsto be logged.

STUDIES AND FINDINGS

Two studies were carried out to evaluate the different
forms of digital augmentation in relation to the students
local interactions and collaborations. In the first study we
compared the benefits of using student versus
environmentally initiated augmentation. Overdl, the
findings showed that the student-initiated method was
most effective at promoting collaboration, reflection and
hypothesizing. Based on these findings, a follow-up study



was conducted to investigate in more depth the use of
student-initiated digital augmentation.

To collect data, a roaming camera-person was assigned to
follow the students at a distance (so as not to interfere
with their explorations). The students paid little attention
to their presence, neither ‘playing up’ to the camera nor
appearing inhibited. The video data and recordings were
andyzed in terms of the kinds of collaborative
interactions and activities that took place during the
children’s explorations of the woodland and use of the
devices. Our analysis here focuses on the effects of the
different modes and types of digital augmentation.

Study 1

Eight pairs of students, aged 11-12 years, took part in the
study. Each session, involving two pairs, lasted
approximately one and a half hours, during which the
students explored the different woodland areas, reported
back to each other and the remote facilitators what they
had seen and collected, came up with hypotheses about
what would happen to the habitat areas if new organisms
were introduced and reflected upon their discoveries.

(i) Student-initiated

The main effect of using the student—initiated method (the
probing device) was to get the students to explore
particular aspects of the physical environment and
understand it at higher levels of abstraction. All the
students probed many different aspects of the woodland
(and themsealves), taking it in turns to either probe or read
the outcome on the PDA. On average each pair took about
80 readings, of which half were for light and haf were
moisture. This frequency of probing indicates the
collaborative activity to be highly successful at provoking
further exploration. After taking a reading the students
would suggest to each other another place to go to
confirm or disconfirm their hypothesis about what the
reading would be there. They also suggested to each other
where to take the most extreme readings, and again, this
involved them making and then testing predictions about
the environment. In addition, probing sometimes led to
the discovery of new plants (e.g., moss) when the students
were looking for places or organisms that would provide
them with different readings. The following is an example
of hypothesizing where next to probe to find a similar
reading or the opposite:

Cl: “Shdl wetry adry leaf?’

They put the probe onto the leaf on the tree and

discuss

C2: “that didn’t do much at all —not very wet at all”

C2: “tryitinthisgrass’

C2:"that’ smuch wetter”

Cl: “Thisisredlly dry, shal | try it over here?’
There was also evidence of the students integrating their
probe readings with their understanding of the habitat. For
example, after taking a probe showing a dark reading

under a tree, one student observed that “the grass grows
where it is light and moist, but it is dry and leafy under
the trees’. The spontaneous conversations that took place
suggest that this method of interacting with the
environment provides the students with many
opportunities to ‘do’ scientific enquiry. Furthermore,
there was much evidence of ‘diving in’ to take the
readings and gepping back to interpret them in the
context of what they were doing and what next to do.

The periscope was another form of student-initiated
digitd augmentation. It was quite different from the probe
in terms of its form and device used: it was a fixed
viewing device that showed pre-recorded video snippets
about processes in the woodland. While exploring and
probing aspects of the woodland the students came across
the device standing among the trees. At first the students
were a little wary of how to approach it (they were not
told a priori what it did or how to use it). However, their
natural curiosity led them to put their heads into the hood
and grab hold of the handlebars. They took very littletime
to work out how to play a videoclip. After taking it in
turns to trigger a couple of the clips they reflected upon
what the clip showed in relation to what they had aready
seen in the woodland, for example, marks found on leaves
matched with a video showing how weevils cause these
markings. The periscope also generated exploration of the
physical environment for organisms that are naturally
hidden, e.g., woodlice under branches. Most of the pairs
interacted with the periscope as a one-off experience,
moving back to the woodland to do more exploring and
probing. Hence, this form of digital augmentation served
to cue and remind the students about biological processes
(e.q., life cycles, habitat independencies).

(i) Environmentally-initiated

In contrast to the successful use of the probe and the
periscope to facilitate reflection some of the
environmentally-initiated methods were less effective. In
most cases the students were taken by surprise when an
image/voice-over popped up on their PDA or they heard
an ambient sound, and they enjoyed talking about it with
each other and the facilitator. However, there were several
times when they missed the sounds. This was due to the
students being either being too engrossed in their ongoing
activity or smply not seeing or hearing it. This was most
prevalent with the ddivery of the ambient sounds via the
concesaled wireless speakers. Most of the students simply
failed to hear the sounds. The reason for this was that the
sounds were ‘too’ ambient; they simply blended into the
rich array of sounds in the wood. For example, the song
of the chiff-chaff sounded just like the real thing (there
was natural birdsong in the woodland at the same time).

The digital information pervasively delivered on the
PDAs was more successful at getting the student’s
attention. On noticing the first image/voice-over, the
students often held out their PDAs like metal detectors, to



find the next one. When they came across another one,
they showed much pleasure at having discovered it. In
some instances this led them to explore what they had
seen on the PDA in the woodland, in conjunction with
discussion about the relevant ecological issues. For
example, following the sighting of brambles on their PDA
the students sought to locate the corresponding brambles
in the wood and to explore and discuss what lived in the
brambles. In other ingtances the pinged information
initiated discussion that helped them to make links
between the different organismsin the habitat.

On occasons students chose to ignore the pinged
information because they were too engrossed in ther
ongoing activity. For example, one pair of students who
were pinged the information about blackberry bushes
were so engrossed in discovering the feathers from a dead
bird, that they consequently paid little attention to it. In
another example, when looking for something together in
the wood, the student with the PDA sometimes felt
compelled to look at what had just been pinged on the
PDA and relay this to the remote facilitator, while the
other continued with what they were looking for.

The findings from the first study suggest that
environmentally-initiated methods of digital augmentation
can lead to further discovery and discussion but because
of the richness of the woodland masking the information
together with the student being engrossed with other
activities, they can be somewhat limited. In a follow-up
study, we attempted to overcome these problems by (i)
developing a hybrid method where the environment till
triggered sounds based on the student’s location, but
which the students could decide when to play, and (ii)
replacing the pinging of images on the PDA by a student-
initiated method, where the student’s were required to
report and discuss with a remote facilitator what they had
seen and the significance of this. The remote facilitator
would send back confirmatory and relevant information
or questions to provoke reflection about what was being
described by the students. The am of the former was to
enable the students to hear the sounds in their own time
and not to miss them. The aim of the latter was to get the
students more involved in identifying and discussing what
they had seen in reation to the underlying ecological
processes, rather than using the PDA as ameta detector.

Study 2

12 pairs of students, aged 11 to 12, took part in a follow-
up study. The design of the learning experience was the
same asin thefirst study; the main difference being in the
design of the mode and type of the digital augmentation.

(i) Student-initiated

As hoped, the pairs of students talked about severa
different examples of organisms they had observed in the
woodland with the remote facilitator throughout their
exploration. This led to much discussion between the

students and provoked further exploration of the
woodland. As arule, the facilitator sent back images that
matched what the students had identified. On the odd
occasion, however, the facilitator inadvertently sent back
to their PDA the ‘wrong’ image of what the students had
described. Interestingly, rather than being problematic,
such mismatches led to further discussion and caused the
students to then look for those organisms. At other times
when the remote facilitator was unable to identify a
particular type of organism (e.g., a tree) from a student’s
description, they sent images of three different
possibilities. The students then used these asa basis to see
whether all of these grew in their habitat. The images that
were sent back to the students were stored on their PDA,
providing a record of the organisms they had seen and
which could be re-accessed at any time. The students
often looked back through the images to match new
organisms they were discovering. This also enabled
students to think explicitly about similarities or
differences between the organisms in the environment. In
sum, this method provoked more explicit reflection from
the students than the method used in the first study,
requiring them to describe and comment in a higher level
of detail what they had seen and its importance in the
habitat to the remote facilitator.

(i) Hybrid method

The other difference we ingtigated in the follow-up study
was for the sounds to be triggered according to where the
students walked passed a pinger, but this time delivered
via the ambient horn. A beep and flashing light indicated
the arrival of a sound. Students manually pressed a button
to listen to the actual sound. Changing the way the sounds
were delivered enabled the students to decide for
themsalves when to listen to them, rather than have them
automaticaly played. Additiondly, abstract sounds were
used to represent various relevant biological processes
like root uptake. The reason for this was to provoke
students into contemplating and puzzling over their
significance in the context of the woodland.

The study showed that the Ambient Horn was more
successful than the hidden speakers in getting the students
to listen and reflect upon the sounds. The students paid far
more attention to the sounds than in the first study. When
the horn indicated a sound could be heard the students
stopped and listened to it. Sometimes this would be
immediately and other times a few seconds after they had
finished what they were doing. They subsegquently
discussed what they thought it represented, and then
described it to the remote facilitator who prompted them
further to think how the sound related to the plant or
animal processes. There is evidence to suggest that the
sounds can facilitate students in making links between the
organisms and their environment. For example, students
exploring began by focusing on ‘collecting’ data, finding
plants and taking readings. After hearing and discovering
the sound representing ‘root uptake€ some pairs began



thinking more explicitly about factors important for plant
growth. In reference to the next plant found one pair
commented that “it might be getting moisture from the
tree and light for the nutrition and carbon dioxide”.

CONCLUSIONS

Our research is concerned with how to design, assemble
and choreograph handheld, pervasive and wireless
technologies to support learning processes outdoors. In
particular, we are interested in promoting augmented
learning, encouraging children to step in to learn from
their physical experiences and step out to reflect upon
these at higher levels, through the use of contextually—
relevant information delivered or accessed while ‘on the
move' . Our findings supported this students make
explicit links between what they are finding out via the
various types of digital augmentation with what they are
exploring and discovering in the physical environment. In
particular, live data enables the monitoring of the ‘here
and now’ that the students discover in the woodland (e.g.,
moisture levels) while prerecorded data enables the
framing up of information not available ‘live’, orienting
and cueing the students to think about what they are
currently doing at ahigher level of abstraction.

Our sudy also showed how student-initiated modes of
digitd augmentation provide impetus for reflection and
discussion. Much independent activity was promoted,
involving sdf-initiated exploration, hypothesis building
and testing, peer and facilitator collaboration and
reflection on why something was the case. One of the
main reasons for this is that the student-initiated method
gives students higher levels of control over how they
access the information. While environmentaly initiated
methods can provide much surprise and be contextually-
relevant to the ongoing activity they can aso be
overlooked or distract the ongoing activity.

The different devices used to present, play and interact
with the digital information can also affect what students
do with and after receiving it. PDAs are effective at
providing intermittent information and triggering the
stepping out. However, there is aso the danger they can
end up focusing the student’ s attention on the technol ogy,
for example, being used like metal detectors, and where
the goal of the environmentally-initiated augmentation is
perceived by the students to be one of finding all the
hidden sounds or images. In contrast, the home-made
devices like the ambient horn, the probes and the
periscope were readily appropriated by the children and
used in the manner intended. Children of this age, being
technology-savvy, ingantly took to them and readily
understood their purpose.

One of the potential problems of providing children with
a number of devices is, smply, their hands get full,
making it difficult for them to touch and pick things up in
the woodland. However, we found this not to be the case.
The children shared the devices; for example, one held the

PDA and the other the probe or the ambient horn,
intermittently switching between them, keeping the other
hand free. When not in use the children placed them in
their pockets. For them, it was not an issue. Another
potential problem that could have arisen is information
overload. As noted there were occasions when the
students simply ignored pinged information on their PDA,
suggesting that they were able to decide for themselves
how to manage it.

To conclude, we propose that digital augmentation offers
a promising way to enhance the process of learning,
especially encouraging the dovetailing of exploring and
reflecting when outdoors. The extent to which the
students achieve this depends on the design of the digital
augmentation; the way information is delivered, the
competition with what else the students are doing and the
kind of the device. Here, we have explored how scientific
enquiry can be enhanced when exploring a woodland. It
could equally be used to enhance and extend learning
processes that take place outside of the classroom in other
contexts, e.g., the application of maths during team games
and understanding chronology while visiting various
historical sites. Here, again, which devices to use and/or
design, what additional information to provide as
augmentation and how to ddiver it are important
questions. In sum, digital augmentation offers much
potential for stretching children’sminds[2].
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