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The future of reading is often equated with the use of electronic
books, which support the consumption of hypertext and
hypermedia on a single screen-based device. In this study we
report some early findings from the exploration of an
alternative future, based on the simulation of augmented paper
connecting printed content to screen-based resources. Six pairs

of 10 year-old children were asked to find answers to questions
about nature using a printed encyclopedia, a CD-ROM version

of the encyclopedia, and an augmented paper booklet that
linked the two resources. They also designed their own
augmented pages by annotating a double page spread on
seabirds. Although the CD-ROM was the most efficient medium
for answering the questions, children thought the augmented
paper booklet was more fun to use, and preferred it to the
conventional book. Analysis of their behaviour, comments and
designs revealed that augmented paper has the potential to
radically increase the learning and comprehension of textbooks,
through simple reading aloud facilities combined with
multimedia explanations and demonstrations of concepts in the
text.
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1. Background

Despite the ubiquity of computers, €ectronic documents and the World Wide Web,
people continue to read and study from printed documents and books. In fact to be
more accurate, in most workplaces, reading and writing on paper isnow done in
combination with reeding and writing on screens (Luff, Hindmarsh & Hegth 2000).
Even as| type, | am experiencing the truth of this observation, snce | am surrounded
by papers srategicaly placed around my PC and will soon print out a dreft of this
introduction to proof reed and amend on paper.

Some technologists argue that this hybrid phase of paper-and-screen reeding will
eventualy be superseded by screen-based reading on better reading appliances (e.g.
Harrison 2000, Schilit, Price, Golovchinsky, Taneka & Marshdl 1999). They point to
the latest generation of e-books such as the Softbook from Softbook Press, as devices
that support amore ‘ paper-like' reading experience and may eventualy take over
from conventiona books. However, most socid scientists who study the process of
reading ard writing are more cautious; pointing out the advantages and disadvantages
of each medium for various actions such as searching, browsing, navigating, sharing
and creating information (e.g. Sellen & Harper 2001, Luff, Heath & Greatbatch
1992).

While the god of designing more effective reading gppliancesis agood one, it need

not be pursued to the excluson of other approaches that acknowledge the interplay of
paper and screen-based resources. In this report we describe some early resultsfrom a
30-month European Union project to explore anew leve of integrated paper-and-
screen reading. The project, caled Paper++, is developing a new form of augmented
paper which alows the user to cal up screenbased information by touching

anywhere on its surface with a sensing wand (http:/paperplusplus.net/).

Previous approaches to the design of augmented paper have chosen largely to tag
whole documents, pages or specific areas of apage with optical marks or radio
transponders (e.g. Aral, Aust & Hudson 1997, Heiner, Hudson & Tanaka 1999, Back,
Cohen, Gold, Harrison & Minneman 2001, Johnson, Jelinek, Klotz, Reo & Card

1993, Masui & Siio 2000, Nelson, Ichimura, Pedersen & Adams 1999, Rekimoto &
Ayatsuka 2001, Want, Fishkin, Gujar & Harrison 1999). Other methods track
pointing or writing movements over the entire surface of apage by usng adigitisng
underlay or document image processing from an overhead camera (eg. Mackay &
Pothier 2001, Robertson & Robinson 1999, Stifleman, Arons& Schmandt 2001,
Wdlner 1993). However, these methods are expensive, restrict mobility and require a
document-tracking infrastructure. Our method builds on the active surface gpproach
by usng a 2D overlay patern, printed in invishle conductive ink and sensed with a
nibbed pen. In thisrespect it ismost Smilar to the gpproach announced by Anoto,
who are deve oping patterned paper for use with an optica pen sensor for handwriting
capture (http://www.anoto.conV). In both cases the whole surface of the paper is
made ready to accept manua pertbased input, dthough our emphasisis on capturing
and rlaying document, page and position information & low latency and cost. When
relayed to aweb databese, thisinformation can be used to fetch any arbitrary web
content which has been previoudy associated with a specified region of the current

page.




The use of thiskind of surface-augmented paper establishes a more intimate
connection between paper ard dectronic maerids. Thisin turn opensup alarge
design space for multimedia publishing and consumption. The Paper++ project is
exploring this design space within the educationa domain, through a combination of
naturdigic gudies of reading and writing, interviews with publishers and teaching
professonds, conceptud design work, prototyping, Smulaions and evauations. This
report describes the findings of our first Smulation study, in which we contrast the
reading behaviours of 10 year-old children on paper, screen and augmented paper.
The main am of the study was to understand the relative strengths and wesknesses of
each medium for reading, learning and enjoyment, and the prospects of augmented
paper for enhancing the paper reading experience.

2. M ethods

21 Experimental materials and design

Given our basic interests in understanding the properties of paper, screen and
augmented paper in an educationd reading activity, we set about searching for acore
educationd textbook that was asopublished in web or CD-ROM format. Thiswould
alow usto present children with separate but Smilar paper and screenbased
materids, and aso to compose an augmented section of the book from their overlgp
onthe sametopic. We eventudly sdlected the Encyclopedia of Naturefrom Dorling
Kinderdey, sncethisis published in atractive book and CD-ROM formats, both of
which are readily accessible in leading bookshops and are commonly found as
teaching resources in primary school dassroomsin the UK. Furthermore, Dorling
Kinderdey (now part of the Pearson Group) were quick to grant permission to use
these materids in the study, and aso agreed to become alonger-term partner in the
research by participating in future content-provider interviews.

An augmented paper booklet was crested out of a subsection of the printed
encyclopedia We chose a Six-page section on prehigtoric life sretching from pages
12 to 17 of the book. Since these pages are viewed two at atime as double-page
spreads when the book is opened, the booklet was printed on 4 double-Sded A4
sheets with additiona cover and back pages added to the 6 interna pages (see
Appendix A). Because the core Pgper++ technology was not mature enough to usein
this sudy, we chose to smulate it by using multiple UPC 6-digit barcodes on each
page (see again Appendix A). Each barcode indexed an associated piece of
information stored on a remote web server and displayed in aweb browser. Further
details of thisimplementation are given in the next section. Associated items were
taken from the Prehistoric life part of the CD-ROM, represented as a giant fossil on
the home screen.

A vaiety of asociations were chosen to reflect a diverdity of possible data types such
as audio, video, gragphic animation, text and images. These data types were dso used
to cover diversity of semantic links such as definitions of terms, expansions of the
text, examples, and explanations.  The reader can view associations from an on-line
Paper++ emulator at the following webste:

http://gordon.inf.ethz.ch/dinosaurs/'stati ¢/search.htm

Theinput codes for some typica associations are asfollows:

A textud definition of DNA (ID 1, Page 01, x 30, y 230)

A video of avolcano erupting (ID 1, Page 01, x 150, y 50)



A graphic animation of the evolution of the horse (ID 1, Page 03, x 100, y 220)
An auditory explanation of the Jurassic period (ID 1, Page 05, x 152, y 68)
An extrabox on Reptiles with spoken text and graphics (ID 1, Page 06, x 38, y 45)

Given this booklet, ard the origind book and CD-ROM, we designed a repested
measures experiment in which pairs of children began with ether one of the origind
resources and transferred to the augmented booklet. Thisalowed usto collect a
modest amount of control data.on how children interact with conventiond printed and
eectronic materids, but a maximum amount of experimenta data.on their interaction
with the augmented paper booklet. It dso dlowed the children themselves to make
direct comparisons between at least one conventiond medium and the augmented
paper medium, when used for the same kind of task. In addition, pilot work suggested
that children themsdlves were capable of expressing augmented booklet design
preferences by annotating pages of the printed book. We asked them to do thison a
double-page spread on seabirds (pages 212 and 213 in the book) at the end of the
experiment. The seabird pages are shown in Appendix B while asummary of the
experimenta design is shown in Table 1 below.

SUBJECTS SESSION 1 SESSION 2 SESSION 3

Pair 1 Paper book Augmented booklet | Re-design booklet
Pair 2 CD-ROM section Augmented booklet | Re-design booklet
Pair 3 Paper book Augmented booklet | Re-design booklet
Pair 4 CD-ROM section Augmented booklet | Re-design booklet
Pair 5 Paper book Augmented booklet | Re-design booklet
Pair 6 CD-ROM section Augmented booklet | Re-design booklet

Table 1. Experimenta design.

2.2 Equipment and system architecture

We used an HP lgptop running Windows 2000 as the presentation device for the CD-ROM
materid and the augmented paper asocidions. To trigger the associations, the laptop was
equipped with a standard Agilent barcode reader wand (HBSW-8300). This plugged into
the RS232 s=rid port at the rear of the lgptop and could be stretched about 150 centimeters
from the port on a coiled wire.

The Paper++ sarver framework was developed and implemented by ETH Zurich. It

condgs of three man components as shown in Fgure 1. a bacode decoder and
visudization component, the XIMA server component supporting database access from

various types of dient devices and the interaction and application modd implemented
using the OM S Java data management system.



HTTP Request
(document, page, (x.y))

—
HTTP Response

Paper++ Barcode Transformation & XIMA Server Transformation &
Augmented Book Result Visualisation Application Data

Figure 1. Server framework for the augmented paper smulation.

In a typicd usx session, the wand tranamits recognized barcode information in a
preprocessed ASCII format to the dlient device, which then decodes relevant information
such as the unique document ID, the page number and the x- and y-podtion form the
barcode. In the next sep, an HTTP request including this information about the physicd
location on the paper document is sent to the XIMA sarver component. Based on the
interaction modd and its tranformation data, the sarver retrieves the appropriate
infformation from the gpplication datdbase and returns the result in the desired output
format (Sgner, Grossniklaus & Norrie 2001). The format of output is dependent on the
digital presentation device. For this experiment it was rendered in HTML format in a web
browser window on the laptop screen. However, the output format can be modified to suit
a vaiety of devices incuding a WAP-enabled phone or a normd voice tedephone.  The
output is sent back to the digitd presentation device as an HTTP response and then
visudized on that device.

2.3 Subjects

The project is committed to researching the learning activities of children, students
and members of the public in three digtinct phases. In this phase we chose to examine
the learning behaviours of young children a the top end of primary school who tend
to be taught dl subjects by asngleteacher. The childrenin this study were 9 or 10
years old and about to begin year 5 of primary school (Key Stage 2). In addition, we
decided to recruit pairs of children to comeinto the Labs together. Thiswas partly to
recregte classroom conditionsin which children are often asked to work together in
pairs, especidly around a computer. It dso dlowed usto study the collaborative
activitiesinvolved in socid reading, and to gain further ingght into each individud’s
cognitive activities through the talk and actions they direct to eech other. Six pairs of
children were recruited during the summer holidays of 2001 through responsesto an
email request sent out to the HP Labs Brigtal site. They tended to be the children of
individud staff members, who cameinto the labs with afriend.

24  Tasks

Since the am of the experiment was to examine the effect of different presentation
media on reading, learning and enjoyment, we attempted to design tasks that were
both educationd and yet potentialy fun to perform. The tasks were expressed as a
series of questions children had to answer in each of the first two sessions. Questions
were chosen to reflect three different kinds of reading adapted from taxonomy of
reading types (Adler, Gujar, Harrison, O'Hara & Sellen 1998).

Q1. Searching for afact



Q2. Comparing between dternatives

Q3. Browsang for interegting items

Ingantiations of these kinds of questions were formed for the augmented paper
booklet and dso for a separate section of the book and CD-ROM on Birds These
questions were presented to the children on the question sheet shown in Appendix C.
The answersto questions 1 and 2 in each sesson were written on this sheet. Since
guegtion 3 involved generating a quiz for parents to answer later, the children were
given separate blank question and answer sheetsto write on for this.

In Session 3, we invited children to design their own augmented book pages. This
was done by gicking the double-page soread on Seabirds shown in Appendix B onto a
flipchart, and giving children pens and stickers with which to annotate it. Children
were asked to draw around regions of the printed pages to indicate active aress that
might be ‘scanned’ for extrainformation. They were dso asked to draw lines out
from these areas to the border of the flipchart where they could describe the extra
information in words, and attach stickers corresponding to different kinds of data. We
made 4 types of gickers available: Silent Video (V), Sound (S), Picture (P) and Text
(T). These could be used multiple timesin any combination.

25 Procedure

The experiment was carried out in a usability lab within HP Labs Brigtol. An
indication of the arrangement of children, equipment and materidsin the room is
shown in Figures 2, 3and 4. Theseimages were taken from video recordings of the
experiment, and include up to three camera views mixed into the same frame.

Pairs of children worked in the lab for aout two hours, comprising three haf hour
‘sessons asshown in Table 1, with haf an hour' srest. Typicaly the children were
keen to try the augmented booklet immediatdly after ther initid sesson on the printed
book or CD-ROM, and therefore took a break before the find design sesson. In eech
sesson, children were given about 20 minutes unasssted time to work through the
question sheet or perform the design exercise. Thelast 10 minutes of each sesson
were oent interviewing the children about their answers, annotations and experiences
(see Appendix D).

Figure 2. Arrangement of materiasin the paper book condition



Figure4. Arrangement of materidsin the augmented paper booklet condition

3. Results

31 Overall preferences and performance

After Sesson 2, we asked the children which medium they preferred for answering
the questions on nature. Their responses are summarised in Table 2. This shows thet
preferences depended on whether they used the paper book or the CD-ROM in
Sesson 1. If they used the printed encyclopediafirst then they tended to prefer the
augmented booklet. If they used the CD-ROM firgt, they tended to prefer the CD-
ROM to the augmented booklet. When asked to include the missing third mediumin
their ranking, the children dways ranked the printed book third below the other two
media which fought with each other for firgt place in the children’sminds. There



seemed to be some agreement that athough the CD was probably the most efficient
medium for answering the questions, the augmented booklet was more fun to use
These responses reflected a genera attraction towards multimedia materias for
learning and a heightened sense of expectation around the *hidden’ informetion
contained behind the barcodes on the bookl et.

PAIR SESSION ORDER PREFERENCES
1 Book - Booklet Book, Booklet
2 CD — booklet CD, CD
3 Book - Booklet Booklet, Booklet
4 CD — booklet CD, CD
5 Book - Booklet Booklet, Booklet
6 CD — Booklet Booklet, CD

Table 2. Summary of media preferences

There was little difference in the accuracy of answers to questions across media. All
pairs managed to answer the factua questions correctly within the giventime. The
groups differed only in the number of quiz questions they generated towards the end

of Sessons 1 and 2. An average of 5 questions (and answers) were generated when
working with the CD-ROM, whereas an average of 3 questions were generated when
working with the book or the augmented booklet. Insofar asthis reflects efficiency on
the task, then the CD-ROM can be said to be a dightly more efficient medium for
learning than the other two media

32 Experiences with the printed book

3.21 Benaviour

Using the video recordings from each experimental session, weanaysedthe
behaviour of children when completing the tasks. Thisinvolved making adetaled
index of activities, identifying routine procedures or recurrent problems, and making
collections of various interactiond phenomenafor doser examination. Inthis section
we draw on this analys's to summarize some of the most obvious properties of the
children’s interaction with the printed book. Smilar summaries are presented for the
CD-ROM and augmented booklet mediain later sections.

Widerange of actions (tactile and flexible properties of the book)
The children exhibited awide variety of physicd actions when using the reference
book. These behaviours were afforded by the physicad dimensions and structure of
the book aswell asthe materid qudlities of the paper. Behaviours were dso
shaped by the perceived vaue of the book and socid models of use eg. books are
mobile objects that can be borrowed and touched. Table 1 ligs arange of
activities performed on the book.

. Equal accesstoinformation

Although the book islarge and heavy, its discreet and robust nature dlowed the
children to moveit by dragging and pushing it around on the desk. This medeit
easy and quick for the children to re-configuretheir workspace, and so children
tended to swep activities frequently, sharing the tasks equaly. They usudly
began with the book placed between them, where both children could eesily



access it. When the tasks change or the children swap rolesin an activity the book
is often moved to accommodate the dhift in activities, for example it might be
pushed towards the back of the table to make room for writing activities. In order
for one child to get a better view the book can be temporarily moved or tilted. For
example Lydiain Par 5 is reading an item and struggles to understand aword or
sentence, S0 shetilts the book towards herself and lann to give them both a better
view then laysit back down on the desk when she hasfinished (see Figure 5). In
another ingtance Lydia moves the book to help her draw lann back into an
activity. She can view the book and is struggling to adapt a sentence from the
book into a question. lann has sat back and does not gppear to beinvolved in the
activity a this point. Lydia explains her problem to lann, and & the sametime
drags the book to the nearside of the table. She turnsto face him as shefinished
explaining. lann now has better access to the book, and within seconds is back at
the book and focussed on the areashe is looking &.

Book activities

Fmdng the information
Linear searching- turning pages page by page
Sipping - turning severd or alarge chunk of pages
Scanning- flicking rgpidly through ablock of pages
Comparing - moving back and forth between different pages, held open.
Comparing - bending pages to look items on different pages
Collaborative searching — sharing page turning, directing/controlling
another’ s page turning
Book-marking — inserting fingers and hands between pages to mark places
they want to go to, or places they have been

VlaNlng the information/performing tasks
Identify an item or area of a page for another - point a paper, tapping
paper pen on paper
Fattening the centre fold of the pages with wrigt or hand. Or flattening
sngle page with hand — fingers spread.
Tying reading/looking activity to the text - tracing words with fingers or
pen as they are being read
Marking an item or area of page for salf or another — finger held on page
whilst words are being copied, framing page with arm, framing section of
page with fingers
Performing distinct and separate activities - separate activitiesusing the
same page, and separate activities on different pages

Accessing the book/changing the nature of the task/or divison on labour
Repostioning the book to gain a better view either themsdves or for the
other - dragging, pushing or tilting the book
Reorganizing the workspace to make room for other activities- pushing or
pulling the book on the desk.

Table 3. Actions performed on the book




Foure5. Re-postioning the book during reeding.
Collaborative properties (including parallel activities)

Children often search for the same item together. Both children become involved
in turning the pages. Children often literdly turn pages together as shown in
Fgure 6. Sometimes one child begins asearch, and the other will joinin or take
over.

Fgure6.  Turning pages together

Because of the wide range of information displayed a one time on the pages, and
the easy accessto the pages their atention can wander separatdly, and focus on
separate items, dlowing them to do separate tasks in parald. This could be
navigation or reading. For example one child can navigate to an item while the
other reads something on another page (see Figure 7: Lydiareads from one page,
whilst lann browses through other pages).



Fgure 7. Padld use of book

The books pages are designed to be touched, unlike a computer screen which
children are often told not to touch. The horizonta orientation of the book (flat on
the table) together with the tactile reture of the pages makes this easy. Pointing
and holding finger on the page to mark an item was a common activity. Most
often pointing was used to identify an item of interest for the other child, and
possibly to mark it for themselves. Once anitem of interest is identified the
children tend to keep their fingers next to an item as they examine and discussiit.
Furthermore one child will often mark aword or fact for the other child to
reference while they copy it onto their answer sheet or useit to construct a
question. For example lann and Lydia were using the book to find the weight of a
puffin. They have moved to the right page using the index, and are looking for the
puffin. Lydia spots the puffin, and points it out to lann. lann then spots the weight
of the puffin and marks the information with his finger. They both examine the
information together kegping ther fingers on the page. lann then moves to write
the answer down and Lydia holds her finger next to the information while he
copiesit down (seeFigure 7).

Fgure7. Usng afinger asaplge-holdér.

10



Use of awider range of information
In books dl the information is presented on one levd. All information exists on
the level of apage and there is no hierarchica structure to the access of
information. Ingtead information is organized by postion in the book and on the
page. Thisdlowed the children equd accessto dl the information including
information that was unrelated to the task a hand. The children sometimes used
previoudy unreaed information to help them achieve their tasks. E.g. when
writing the false answers for their multiple choice questions the children would
spot facts related to other animas and use these to cregte convincing dternatives
to fool ther parents.

3.2.2 Comments

Interviewing children about their experiences with the printed book was hard work.
Thefamiliarity of printed textbooks made them the least * noteworthy’ medium in
children’s minds. Their overdl attitude was that ‘itsjust abook’. Thiswas despite, or
perhaps because of, being extremdy skilled in the handling and use of the book asa
resource for answering questions (see above). However, when pressed for comments
on the design of this particular book, three responses emerged.

- Moreindexing
Some pairs of children said there could have been better indexing of materid in

the encylopedia, through an improved contents list or index. This comment

usudly emerged when discussing the difficulty of finding information on the
weight of a Puffin or on which birds eat insects (Bird questions 1 and 2 in
Appendix C). Although Puffin was in the index, it was too specific aterm to
appear in the contents list where children tended to look firgt. Insects were essy to
find in the contents and index, but not in conjunction with bird diet. The children
were frustrated by this, and tended to recommend a quick fix where theitemsin
question were Smply added to the contentslist. In practice, they reported using
the contents list more gpproximeatdly to chose a place fram which to start
browsng:

L: Instead of looking through the pages welooked in the contents... and he said
pigeons(Lydia, Pair 5).

- Morecontent

Severd children complained that there was not enough detailed information on
individud birdsand their diet. Such information was restricted to a breakout box
on one hird within each double-page section. Others requested a grester use of
spacein the layout of exigting text and graphics, since these tend to be packed
quite densely on apage. The fact that these changes might result in a bigger book
did not seem to deter children in the dightet, as shown in the following didogue:
M: I think it could be a little more spaced out

I But that would make it bigger. Do you mind if it’s bigger?

M: Shakes head.

I:  What if it was twice as thick?

M: | don’t mind ‘ cos I’ ve got one at home that’ s twice as thick (Maxine, Pair 3)

11



Re-organisation of content for the task at hand
Some of the layout conventions used in the book were too subtle for the children
to notice a fird. This gpplied to the breakout boxes of bird details, which were
aways pogtioned a the top right of each double-page, and even to the use of
double-pages to represent a bird category.  Consequently some pairs
recommended more obvious methods of organisation that may have worked better
for the task a hand, such asfinding Puffins or other birds by namein an
aphabetic sequence:
A: It would be good if they could put all the animalsin alphabetic order (Alex,
Pair 1).

33 Experiences with the CD

3.3.1 Behaviour

The children using the CD did not display such arich set of physicad interactions as
when using the book. Thiswas largely because of the limited physicd accessto the
digita information. However this did seem to initiate more discusson betweenthe
children as to how tasks were approached. In this sesson the children discussed
actions that seemed to be achieved without explicit discusson when using the book.
For example, a child with the mouse might explain to the other child what they intend
to do next, and the other child may respond to this with other ideas about this course
of action.

Multiple window navigation

The children’ s success in navigeting the content on the CD depended partly on
their undergtanding of the various interface conventions used in the design of
the CD. Children that had previous experience of smilar interfaces navigated
more eadly than those that did not. One particular convention that caused
problems was the use of multiple overlapping windows for presenting
successvely more detailed information. When a new window pops open it
conced's the one below on which the last choice was made. This made it
difficult for the children to see other choices they had made on a previous
window, and aso to retrace their steps. For example Pair 2 had difficulty
dosing windows, and consequently crested dl of their quiz questions from
one bird type.

Unequal access to information

The position of the screen and mouse affected the children’s accessto the
information. The laptop was never moved during the session (perhaps because
of its percaived vaue, satus, or trailing wires). This meant that one child
aways had better access to the CD-ROM information than the other. The
lgptop screen was usudly positioned closer to one child than the other, while
the mouse was usudly controlled by the closest child (see again Figure 3).
This often means that the passive child cannot see the screen clearly without
leaning over the table in an awkward position. Furthermore their contributions
to any search task are limited to verbd directions to the active child

controlling the cursor.



Some pairs of children atempted to share the Igptop and mouse more equaly,
with mixed success. Pairs 4 and 6 began with the |gptop placed between them
0 that both children had good visua access to the screen (see Figure 8).
However this meant that the passive children in each pair had to lean over
their partner’ s desk space if they wanted to reach the mouse. This caused
Fabian in Pair 4 to sland up during the sesson. Hattieand Elliein Pair 6
ended up moving the mouse and met into the center of the table, where Hattie
had to useit left-handed (she was right-handed). Pair 2 swapped seets half-
way through the session as another way of sharing access to the CD, but this
dtill didn’t achieve the same level of collaboration on the task asin the case of
the printed book.

Figure 8. Shared accessto the screen but unequal access to the mouse.

Distinct division of labour

A consequence of the unequa access to the CD was that the children tended to
assume two separate roles in completing the activities: navigating the CD and
writing. This often seemed to result in one child passively waiting for the other
child to complete an activity before they moved on with the next task. For
example when Sophie and Grace in Pair 2 are creating questions, Grace has
browsed to information on the Village Weaver from which she formulates a
question. Having conveyed this question to Sophie, she Stsand waits, ams
folded, as Grace writes down the questions and answer.

On-screen reading problems

Thevertica orientation of the screen meant that there was alot of looking up
a the screen and then down &t the paper, and its possible that this made the
process of copying from the screen alittle more laborious. Also, the child with
the mouse often used the cursor to point things out on screen, wheress the
child who was writing tended to use their pen to point at the screen. The
children did not touch the screen. So behaviours shown in the book session
such as using the finger to trace words when reading were not present.
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3.3.2 Comments

Children were more forthcoming in giving comments on their experiences with the
CD. Thisis probably because the contents and user models for individud CD-ROMs
are more varigble and |ess predictable than those for printed books. Unlessthe
children dready had this particular CD-ROM, they were unlikely to understand how it
worked straight away and therefore more able to comment on the experience of
learning to opereteit.

Need for an opening tutorial
A lot of comments concerned the initial phase of learning how to find your way
around the CD-ROM. The consensus was thet thisisinitidly difficult but, once
mastered, it makes dl subsequent activity essy:
G: Onceyou get the hang of it its easy to get around (Grace, Pair 2).
Children with other Dorling Kinderdey CDs a home were a an advantage over
othersin this respect:
E: I've got a space CD that’s almost exactly the same so | kind of know the set-
out and that makes it easier (Ewan, Pair 4).
These discussons usudly culminated in suggestions for some form of ingructions
or tutorid on the opening screen to help them over this orientation process.
G: They could maybe tell you how to get around it at the start (Grace, Pair 2).
Interestingly, there are a series of help indructions available through asmal
framed question mark hanging on the left hand wall of the opening screenshot.
However, this was never selected by the children who tended to be drawn Sraight
into one of the drawers of information relating to Birds.

Difficulties with hierarchies

To answer the firgt two questions on the sheet, children had to navigate down

through five leves of a hierarchy from the home screento a‘Key Facts' box

describing the characteristics and diet of particular birds. For example, the

hierarchy for finding the weight of a Puffin is as follows

Home

-Birds
-Water birds
-Selected species
-Atlantic Puffin
-Key Facts

In reflecting on the process of learning and navigating this hierarchy, the children
described a series of false sarts, dead ends and ‘lucky chances which eventudly

resulted in the discovery of the right informetion:

F: We explored the different category of birds and it was just by chance that we
found-

E: -We knew the puffin was a water bird so we, there is a water bird section.
First we went into fact file, but it didn’t have the right infor mation we wanted, so
we went into selected species instead, went to puffin and then to key facts.

I: ...And do you remember how you got the three birds that eat insects?

F: Wejust did the same asfor the puffin | think. We guessed the category, went to
that and by luck we found one. (Ewan & Fabian, Pair 4)
Althaugh they seldom complain directly about this process, the children do

mention having to ‘dick through alot of windows and work hard to find things
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organisad inthisway. Ironicdly, thereis asearch facility thet could have taken
them directly to particular birdsin the hierarchy, located behind asmdl A-Z icon
on the right hand side of the home screen. Only one pair discovered thisin the
experiment, and quickly left it unused, asthey couldn’'t see what it was for.

34 Experiences with the augmented booklet

3.4.1 Behaviour

Use of the augmented booklet exhibited many of the flexible behaviours used with the
printed book, but with the addition of multimedia content more typica of the CD-
ROM. In this respect it combined the best of both worlds. However, amoredetailed
look at the course of children’s' interactions with the booklet and screen reveded
some problems with the interface and content, raising suggestions and issues for
design.

The design of the wand and bar codes

The children often had difficuty swiping the barcodes to trigger the clips. A
successful scan depended on afairly precise swipe action in ether direction,
darting and ending outside the boundaries of the barcode and made a an
optima speed. Swipes that were too fast, too dow or too short failed to work.
Children often helped each other to get a barcode ‘working’, taking it in turns
to have ago and sometimes even holding the wand together as they swiped
(see Figure 9). The most effective type of swipe action for children turned out
to be a scribble back and forth across the barcode!

Figure. Joint use of the barcode wand

Another design issue arose as the children shared the wand. Its wire often
became entangled in the pages of the booklet. However the wire ataching the

pen to the computer could aso be an advantage, kegping thewand in
proximity of the laptop. One child used it to red in the pen, which was out of

reach to them!
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One notable advantage of the wand over the mouse isthat it doublesasa
pointing device. In one example Ellie uses the wand to point things out on the
screen to her partner Hattie (see Figure 10).

Mor e equal access

The augmented booklet enabled the children to share the tasks and activities
evenly and fluidly - aswith the book. Even though the child can only access
the digital information with the pen, the book is till passed between the
children to access the information on the paper. For example, when Alex and
Catherinein Par 1 are just beginning to make up questions, Alex has the wand
and the book, but Catherine has an idea. Catherine takes the book from Alex,
dragging it across the table, and begins to look for other things. The wand is
as0 shared between the children more than the mouse, and is often passed
between the children.

Figure 10. Use of the wand for pointing at the screen.

The booklet dso dlows the children to perform separate activities in tandem,
aswith thebook. Thedigita information provides ancther Ste for

information, which can be usad by one child, while the other browses the book
(see Figure 11: Lydiais copying from the screen, whilst 1ann browses the
book). However problems can arise here. In the example shown, lann decides
to look for the next answer to Question 2 while Lydiais till copying down the
answer to Question 1 from the screen. In his search, he triggers another clip
that removes the dlip Lydiais copying. Lydiathen talks over the top of the
new dlip tdling lann to find the origind clip she till needs. Once they have
done this they retur n to the dlip lann triggered.
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Figure 11. Pardle screen and paper use.

Control of multimedia playback
Because of the nature of the tasks the children often had to play adlip severa

timesin order to get one word. For example, Ellie and Hattie in Pair 6 were
making up aquiz question for their parents. They began by looking for
something to make a question from. Hattie pointed & the barcode, and Ellie
swiped it with the wand. They listened for awhile as avoice narrated some
facts about early horses. It says the name of the first horse, and Ellie sartsto
say something and points at the screen when thisis said. She paused, waiting
for the dip to finish, but then talked over the top asit ends, tdling Hettie her
ideafor aquestion (“What was the first horses name?’), and Hattie wrote it
down. That done, Ellie then triggered the clip again to caich the complicated
name of the first horse (hyracatherium), which aswell as being read out,
appears briefly on the screen in text. Ellie sees the name and triesto quickly
copy it down, but doesn't fully catch it fully. To get the name Ellie and Hattie
played the dip 5 timesin dl, with both of them working on it to try and make
sense of it, and get the right spelling. This example aso demondtrates arother
problem that results from the lack of control over the playback of time-based
clips. They often have to compete with the narrative to talk over the top of
them, or put their conversation on hold as they wait for the narrative to end.
Shortly after this example Hattie says to Ellie “ Shall we turn the sound
down?’, and Ellie says, “We can't”.

Predicting hidden information

Children seemed to enjoy the surprise factor of the hidden information often
spent time swiping alot of barcodes seemingly randomly to find out what they
would trigger. However severd problems arose from the unknown nature of
both the content and the mediatype. In the first place when children are
searching for information its not clear to them where they should be looking:
there isno dear divison between the type of media or content they will find in
the book, and the type of media or content they will find in the dips.
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Because the content of the clips was not represented on the paper (and the
subject of the itemsin the book and the links were not often clearly matched)
children often found it difficult to return to adlip they viewed earlier asthere
little on the paper to help them locate a specific clip. For example, Charlotte
and Maxine (Pair 3) arelooking for information to help them creste questions
for thelr parents. Maxine uses informeation on screen to write the question,
“Write the name of afamous mest egting dinosaur”. Whilst sheiswriting the
guestion Charlotte triggers other clips, which they Maxine is distracted by.
Maxine takes a while to write the question down, and then redlises she needs
to find the spelling for “Tyrannosaurus Rex” . Even though they are ill
looking & the same page of the booklet Maxine cannot remember which
barcode triggered the clip she used and says, “I’ ve forgotten which barcode it
wason”. They try swiping afew clips, and then Charlotte remembers which
oneit was.

Because the content of the clips was not represented on the paper children
sometimes swiped alink that was not useful, because of its proximity to a
relevant item in the book. For example Lydiaand lann (Pair 1) were looking
for pre-historic mammals. Lydia spots the eephants and lann swipesthe
barcode near them. This triggers a clip about pre-higtoric species of horse —
and Lydiawrites“horsg” astheir first answer. They are then looking for other
mammals, and lann sees the e ephants and says that these too would be
mammals. Lydiasuggests that they swipethe dlip to find out, lann doesthis,
and they get the clip about horses a second time, they both groan and laugh.
They then spend some time trying to hunt for the dlip about eephants, and
after ashort time give up, and write “eephants’ astheir second answer

anyway.

Findly because children do not know what media format the clips will take
they often come to expect that dipswill produce something specific from
having seen saverd dips of aparticularly media sort eg. audio visud media
For example, Fabian and Ewan in Pair 4 are looking for prehistoric mammals.
They have seen severd dips with pictures and audio. Ewan then triggers adip
that isatext box only, and, even though he sees the text box gppear on the
screen to replace the other picture, he continues trying to swipe the barcode,
After Fabian has a g, they give up assuming its not working and move to
another barcode.

342 Comments

Children’sinitid reactions to the augmented booklet were generdly very enthusiagtic.
They liked the smplicity of touching the book to fetch extra information on the screen
and felt made the booklet more exciting. The following detailed comments begin to
unpack these reactions, and go on to critique the approach and make suggestions for
improving it.

Draw and fun of hidden information
Children found the whole concept of hiding extrainformation behind printed
codes very intriguing. This created a psychologica pull towards the ‘ hidden’
information and made the scanning activity both excditing and didtracting. For
example Pair 3 spent alot of their time just scanning barcodes, compromising
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ther time to generate quiz questions. Even in the interview they continued to play

with the wand, and accidentaly scanned a barcode to greet peds of laughter. We

a0 noticed that most quiz questions generated by children in this condition were

based on screenbased information. This seemed to be based on a belief that

hidden screentbased information was somehow moreinteresting or advanced than
printed information:

G: Wethought it (the laptop) might have interesting information ingead of just
what’ s written in the book (Grace, Pair 2).

Value of reading aloud
Asdefrom the ingtinctive desire to find out what was behind each barcode,
children learned to distinguish and prefer certain kinds of screenbased content. A
surprisngly strong preference was expressed for spoken content in which the
extrascreen-based information was reed doud. Many children reported reading
the text in time with the voice, and said that this helped them understand the text
better. The improved comprehension gppeared to result from being taken more
dowly and carefully through the text, and having difficult phrases and words
gpoken in the correct intonation and pronunciation:
L: Whenitreadsittoyoul canunderstandit more...If youread it you might miss
aline out or something whereas with that you don'’t.
I:  When it speaks to you, you can follow it much easier. It makes me learn a lot
more.
L: Sometimes you might pronounce the words differently, but on thereit
pronounces themrightly (Lydiaand lann, Pair 5)
Most children wanted the printed text read doud in thisway, but aso reproduced
on the screen with animated highlighting in time with the speech. Some pairsaso
indicated the need for control over reading doud facilities
E: Ilikeit readingto you but | also liketo read it on my own sometimes (Ewan,
Pair 6).

Unreliable bar codes
All the children commented on the difficulty of getting the barcodes to work
religbly. Although this was an artefact of the way we chose to smulated surface
augmented paper, it did reved the shortcomings of barcodes when used by
children, and generated a number of dterndive technology suggestions by the
children themsdlves. These tended to favour atouchrsenstive or gesturd
interface:
G: You could havewirescoming fromthe book or have quite expensive chipsinit
or something so that if you pressed a button it would work (Grace, Pair 2)
M: You could have electricity on your finger and touch the book and then touch
the screen (Maxine, Pair 3).
C: You should havethisgadget you just stick in the palmof your hand and just go
like that (waves hand over paper), (Catherine, Pair 1)

Labelsfor barcodes
Children complained explicitly about the difficult of predicting what information
would be generated from any barcode (see adso section 3.4.1 above). They dso
commented on the difficulty of finding black and white barcodes in aress of black
and white text. Thisled to anumber of suggestions for labelling barcodes and
distinguishing them visudly from the surraunding text:
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G: You just don’t know which barcodes to swipe, and you don’t know what
information each one has. ...It could be quite good if you had a section here
(bottommargin) with all the barcodesin one place... Because we sometimes found
it quite hard looking around the pagesto find them. They are the same colour as
the writing.

I:  But then you would need to draw linesto where they relate to

G: Either that or you could have labels (Grace, Pair 2).

E: If ontop of thisit could say ‘Ear here’ or something like that, so that you
know what information you are going to. Cos on thisthey are like scattered
around and you don’t really know what you are going to (Ewan, Pair 4).

Control of playback
The difficulties of talking over recorded speech and reading animated text
(Section 3.4.1), led some children to ask for better control over the time-based
clips presented on the lgptop. They tended to think of asmple pause or stop
button, dthough the full range of standard multimedia controls might dso ke
useful:
H: I didn’t like the way with the horse one it kept going on and on and on. We
had to keep going back to the beginning again to get to where we were last time.
E: We kept having to go back to try and spell it.
H: I didn’t like the way you couldn’t stop her talking (Hattie & Ellie, Pair 6).

Interaction with screen
Asafurther extenson of this kind of multimedia control, some children dso
expressed the desire to interact directly with screentbased content. Thisimpliesa
different kind of augmented reading paradigm in which users can move fredy
back and forth between the paper and screen interfaces, exploring printed or
screenbased materid a will. A further implication of this paradigm for
collaborative reading is that each member of a pair of readers could control
different input device (wand and touchscreen/mouse):
G: In my head when we got some information on the screen | was waiting for
Sophie to kind of get the mouse and click on something else ...The problem with
the screenisthat if you read loads and loads and loads of information at once
then your eyes can start to water
S Ifit'sbroken up a bit its better (Grace & Sophie, Pair 2).
L: Ifyou couldtouch pressthat (reaches over to touch screen) thenit could say it
for you, or get the mouse and click it on that (Lydia, Pair 5).

Rich link preferences
When children were asked about their favourite pieces of triggered content they
tended to cite links like the ‘ Reptiles' box on Page 6. This contained additiona
graphics, text and reading doud to creste arich multimedia extenson to the
printed booklet (ID 1, Page 06, x 38, y 45). Other preferred linksincluded the two
video dips and the animation on horse evolution. Conversdly, the children’s least
favoured links were the sllent text boxes and the ‘ears - audio only icond Infact,
any snge-medium link turned out to be a disgppointment to children who often
recommended adding the missing media types to make them more interesting:
A: 1t would be good if on those (silent text) boxes they talk to you (Alex, Pair 1).
M: Earswere a bit boring because they didn’t have any pictures (Maxine, Pair 3).
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F: You need pictures. If it’s explaining something to you that maybe you haven’t
heard of before... you might need it to explain it with pictures (Febian, Pair 4).

I: If that (bacteria video) had writing next to it with the writing actually saying as
well you could follow it and look at the picture (lann, Pair 5).

3.5 Children’sown designs of an augmented page

The children took very quickly to the task of annotating ordinary pageswith
additiond content. They generated 64 links on the 12 pages - an average of about 5
links per page (see Figure 12). Thefact that they found this task both easy and
interegting is afinding in its own right. It suggests that even children of this age could
be asssted to author their own textbooks or notebooks in the future,

SEARIRDS 'b_ =

.J-

Figure 12. Annotations by Par 2. Grace and Sophie.

A content analysis of dl 64 links generated in the design exercise reveded a number
of technica features of the *anchors and ‘associations used at each end of alink.
Figure 13 shows the types of printed items used as anchors for links. Theseinclude 4
links made up of composite items in which the children had drawn an outline around
some combination of image, text and diagram. However, the mgority of anchors
were sSngle images whose outline was carefully traced to form the active region for
triggering an association. The other common category was ablock of printed text.
Thiswas usualy an entire paragraph rather than a collection of sentences.
Occadsondly section headings were used as anchors for information describing what
was in a section. Interestingly, the children never used asingle word in the text itself
to trigger an asociation, as we had done to provide definitions in the booklet (pages
1,3and 4).

21



DIAGRAM
10%

TEXT
34%

IMAGE
56%

Figure 13. Typesof printed items used as anchorsfor links

Figure 14 shows the types of displayed items used as associations for links. These
show asoread of sdections of video, audio, pictures and text, with audio being the
most popular type. The popularity of audio reflects children's interest in having the
book reed itsdf doud to them, and aso their desire for ambient sound or commentary
with pictures and video.

35%

Figure 14. Typesof displayed items used as associations for links

In fact the use of multiple data types per association was another strong finding to
emerge from the andyss Thisisillugtrated in Figure 15 which shows how often
composite data types were used within the same association.  Children often designed
arich multimedia association as an explandaion or extenson of some topic or anima
mentioned in the booklet. For example Pair 5 linked video, sound, text and picturesto
an image of a Rockhopper penguin in order to show how it livesin the wild. What
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seemed to be requested in these cases was a documentary TV clip, with moving
images, ambient sounds and narrtion.
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Figure 15. Incidence of composite associations with multiple data types

In addition to reading aoud text and providing rich extensons, associations were used
to bring stetic imagesto life, illustrate processes, hear and compare birdcdls, and
change perspective on printed images. Taking these in turn, we found that children
often used video to visudise some action suggested by an image or diagram or
mentioned in the text. For example, the picture of a puffin with fish in its mouth
prompted severd pairs to design an associated video dip showing how it caught them.
In another example, the guillemat eggs were linked to video of the eggs hetching.
Textud descriptions of processes such as the swelling of blood vessdsin the kin
when penguins get hat, often led the children to ask for avisudisation in video or an
animated series of pictures. Ambient sounds were requested with most video clips
together with narration, but dso on their own to express bird calls. The diagram
showing agroup of birds feeding led one pair to design an audio link comparing
birdcals for dl the birds shown. Findly, severd children linked pictures to other
pictures or video in order to achieve the effect of rotating or zooming in on the printed
image to get a better view. This technique was used on the guillemot eggs to ingpect
egg markings and on various seabird images to see other parts of their bodies.

4.  Summary and discussion

Returning to the originad aims of the sudy we can now list some of the strengths and
wesknesses of paper, screen and augmented paper resources for reading and learning.
Thesein turn will hep usto identify improvements to augmented paper technologies
30 asto increase their effectiveness and redlisemore of their potentid.

Regarding the properties of thepaper book, we have found that these supported a

wide range of individua and collaborative reading actions. These actions ranged
from micro-movements on a page such as turning, flicking, lbending, pointing and
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tracing, to more macro-movements on the entire book such astilting, dragging and
pushing. Thefact that these movements were equadly available to both partners at any
time in the interaction, meant that the initiative for controlling and discussing
information on the task could pass fredy between them. Thisadso resulted in arather
fluid switching of tasks roles, where individud children could be writing down
answers rather passively a one moment, and turning pages to find particular facts at
another.  On the negetive Sde, the book was itsalf perceived to be rather passive and
boring in contrast to the CD-ROM and augmented booklet, both of which contained
active pieces of multimedia content children could St back and watch or listen to.
Finding information in the book aso gopeared to be harder work, since there was less
opportunity for it to offer up information serendipitoudy in the same way thet the
other more active media might.

Regarding the properties of the C D-ROM , we found thet this afforded amore limited
st of physicd manipulations through asingle mouse and cursor that was seldom
shared between pairs of children. Thissmplefact dramaticaly closed down the
options for mixed initiative control of information an the task. Instead, it crested a
gtuation where children fell dmost accidentdly into the roles of user and assdant,
depending on where they happened to be seated at the table. Children fought back
againg this arrangement by changing seets, moving the screen and the mouse and
leaning across each other, but none of these actions were particularly effective in fully
equaising access to the information. Furthermore, the hierarchica organisation of
content resulted in arather laboured method of informeation browsing, involving
multiple sdections, dead-ends and backtracking operations. Despite, these
shortcomings the CD-ROM was the most effective medium for answering task
questions (by adim margin), perhaps because the children adopted such clear reading
and writing roles and were so fagt at dlicking through the hierarchies to the desired
information.  They dso greetly enjoyed the multimedia content available dong the

way.

Theaugmented booklet fdl somewhere in between the book and the CD-ROM as a
medium for reading and learning. The children were able to share the booklet

equaly, aswith the book, but aso to play multimedia content through the barcode
interface. Because two reading surfaces were involved in this arrangement, the
children could engage in more pardld reading activities than with a single surface.
We aso found that the barcode wand, dthough difficult to master reigbly in swiping
the barcodes, was easier to share than the mouse. It therefore supported a more equal
involvement of both children in controlling screentbased content. Most of the
difficulties with the augmented booklet were difficulties of predicting, controlling and
consuming this content. Children wereinitialy confused about whet kind of content
they were going to encounter for any barcode in the book. Without any printed
indication, and because of the fun and novety of reveding hidden information, the
children tended to swipe barcodes dmost randomly at first to see what was behind
them. Thelack of pause and mute control over time-based dips was annoying in this
phase and beyond, and the omission of mediain other clips was disgppointing. The
most satisfying clips were documentary TV-syle dips, usng video, audio, text and
pictures to expand on conceptsin the text. Children later reproduced these types of
associationsin their own designs, to bring static images to life and explain processes
step by step.
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In short, the findings suggest that augmented paper has considerable potentid to
enhance conventiond reeding activities, by bringing to bear the power of multimedia
content in anew way. However to redise that potentid, the partitioning of different
kinds of content between paper and screen has to be more carefully designed from
scratch, rather than reverse engineered from the intersection of paper and screen
based materias desgned separatdy.  Augmented paper isin fact anew medium in its
own right, and we are a the very beginning of a process of understanding its
properties and power. The interface between paper and screen resources also needs
re-designing to remove the more obvious usability barriers and generdly increase
interactivity. One-way of thinking of thisisin terms of a continuum between printed
books and dectronic content, whether on CD-ROMSs or the web. Our smulated
augmented booklet was too dose to the bookend of this continuum and too far away
from the eectronic end for the children’sneeds. To move it towards the digital
domain gppears to require an accentuaion of multimedia associaions, an ability for
the book itsdlf to somehow take initiative and guide the reader through the
information, (asin reeding itsdf doud to the children), and an opportunity to enter
into the digitd world exdusively so asto follow -up on screen-based information
presented a a surface level. Thiswill require more radica versons of augmented
paper than we have hitherto explored, where both the paper and the screenbased
content are more fluid and interchangeabl e than the metaphor of abook suggests. In
the next section, we ligt some implications for design that begin to move in this
direction.

5. Recommendations
Theresults of the study suggest a number of modifications that might be made to the
augmented paper interface technologies and to the augmented paper content of future
augmented books. We express these as a series of design recommendationsin two
ligs
Interface recommendations:
Make the sensing wand wireess
Utilise a pointing rether than a swiping action to read wand position
Add multimedia contrals to the wand (e.g. pause/play, mute, volume)
Provide auditory or visud feedback to indicate the success of sendng actions
Labd active regions with information about the type of associated content

Provide a touch screen interface to the screen component of the system

Explore the use of the paper surface as passive tablet interface to the screen
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Content recommendations:
Think of augmented paper-and-screen content as a new medium for design
Use paper for text ard graphics, use screen for moving images and audio

For any book, provide an audio version on a separate association layer which
can be invoked from any point on the page or text

Use ather layers to provide rich multimedia explanations of the printed text,
gopropriate to attributes of different user groups

Provide an active index on paper to facilitate searching screencontent

Explore custom printing of augmented books from a database search
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Appendix A. Theaugmented paper booklet.

Document ID 1, Page 01
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conditions were much more stable.
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WHEKE LIFE BEGAN
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eyt e A Shyrei s dhe e doms

HOW LIFE BEGAN

FIRST CELLS
Cells are the smalles unins
of Bving master, They are
surroaiiided by a prolective
mambsrane tha
essential chemicals 10

im and ot al them,
Althoigh celks ar oo
b essential for lde, scieitiss
are unsure how they cams
inlon exstence. However,
hialogivs can what the
first cofls may luve booked like.
They were probably very similar
e thie minsg pri.r:lili'lr kingda
of bawtenia, which have exised
Foer wiare than 3 billion vears.

Cgrm merOgrann of
ATt b

TEAMING UP
L'bnylinrrn ;J lidie are
comgalex amd consist of
thoissmds, or even millions,

ol cells living and working together.
Multiceliular life probably began when

some cells began o lve together after
divtabing, instead of splining up, Today, some
living things can switch between a single-celled
and multicellidas existence. Microscople slime
migaibils spend most of their lives as separate
cefls When they reproduce, they join to form
a shug-like blob that travels across the ground,

3 % LIFE BEVOMT EARTH
Bome whentivg bolicee Ui lifr may sxm on
Tl wiher plincis is well moon Esrih. Ahbroogh thore

1 e rvm evedenios (o provr this, sljecis thas ok
like Tovstils B Bt i Dot b s poomiies e Bilars
Eapnsisty e aleo wing special pelesopot D scwsch For
vendfie sagreas Troms apace Certain rypet of mda synad
arvgghi Bt @ dagme of imiciligene lils ebewhsre @ e aiirem

| Find owi more
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EVOLUTION P:ﬂl:i‘iiﬂziﬁ(h]u Drwin was the Ilr:l'p-er!rm

L assembde cvibence for evolughen and o suggest how it oceurs,

In 1ES1, Darwin et off on a me a ship called
E'U'E.R SINCE PEOPLE an tey HLId}' mature, the Beagle He vaited the Galdpagnos Islands in the h%ﬁ,:
they have been aware that living things are n:em where he realized that different finehes on the islands
superbly designed wo fir the wavs they live, re prabably descended from a single species that had flown

Birds" beaks, for example, seem to be just the |.1-m~c from Souh Ametica, Each species ol finch kad evalved

right shape for collecting particular tvpes of
food, while ears' elaws are perfect weapons H-r"‘-d- Modium ground Rash  Wiosd ﬂ-cl- v H-rh

.

a unique beak mteedmnoermanfﬁ,qnl

for catching their prey. But why should this Hiripisa finris

be sof Some people believe it is because each
different species has been specially created. 0..
Chher people - including most scientists -
believe it is because living species gradually

change, or adapt, to particul 5 ol
life. This process of change i:%;‘l]:d

Hﬁ‘]‘ummﬂ:rm
ullnu s whoen thiry
h'ﬂdhl.ulhlunfp o the oggs
lrrcemse addudes. Charkes tealiped thai
this kind of thinning out i i powerelul Tuece
force namurnal sslecton.

evolution. Evidence for evolu
can be seen in planis and ani
dlmhmdmﬂ:.epaeﬂ —and in

everything that is alive today.

EVIDENCE FROM THE PAST
Frssils are like a record book of life on
They shone thar lving things can
chanpe, bocause the species thal existid
im the I past @re not the same as
are alive today, Fossils also
the path that evolution
n, For examgple, fosils
exiinct species called

foaundd by pepries,

and some Features seen in birds

A auch as feathers. [T —
||ﬂ|||| s
EVOLLUTION OF ELEFHANTS

Arienmies can Glien e the smluion of & complers groop ol e

apacies by lanking &l lisile Elepharis, for e, :;mm; Fuu-u-:
group of inimah ralied protescideans, which meludes mars than
LGS0 spsernes that sae now eatincl Thie carical probescilrans s
wmall axirmly wnth sham
ks mned iranks, A

AT T} i BT Phicerin v sbocy Gomphomessm kel soowd Dlesrorhewem gD Limid Amzn chrphann
S 0N N B 8 i AT S A Y AT 1 i poars 300 | o maarmncl
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EVULAUTERN

EVIDENCE FROM THE

Evolution never sars

woks brm 'n!' thai I]r\e:.d]'ﬂ.u:

vrming e wo new wses. This means thag all
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like each od::r l.nd.

e, Lok

difereni ways from the same distant ancesior

TRACK
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IHE NAITUBEAL WAL

IR el ST i I
" a9 L SOl N e

PREHISTORIC LIFE Amemovom
were sucromopk: sitgocelba orpanissie, sach

Sivce LirE 8BGAN, more than 3.5 billion years ago, evolution 2% bacteria. By abaut 545 milllon years ago, animal

: e . with hard shells and body cases had a
has produced an enormous variety of living things. Some Thr il i iraier &:ﬁmfrm:hm

hive been preserved as lfcmihll:ha; tefl us about how they did not appear until 4% million years bier, The
lived. They show that animal life underwent an explosive firsi multcelbular lifedorms ts move onts land
buirst of evolution about 545 million years ago. The first were prokably plants. The Grst land animaks were
plants moved from water onte land abaut 440 million e, et i v pms wid cesitipadin,

vears ago, and by about 325 million years ago, the first
Flying insects had aken to the air. However,
there have also been sethacks - on at
least five occasions, mass extinctions

have: wiped out huge
numbers of species. i

g (A e e g

. e

Pty sparad ) i
mmn ape,

ﬂ.ﬂ ﬂ:ﬁ:—-

Mﬂ'h-:nmm_

IIII”I wun:lmjﬂ:

T TN i L

THE FIRST ANIMALS
arirna] life
abhot oane billinn

years aga, the first animaks
10 beanve: clear, lossilized

TETEAIRS A5e more recesil. . :
Fomsill animals from the Educara _,rﬁ'- —
Hills in Australia are abour 650

million years ald: those in Canada’s

Shale - a faenous, Fessil-rich ares in the Rocky FIORS? ST ey
Mounaing — date back abxa 550 milkion min SETA———
Soune of these animals had stran
that have not been seen sinee, HE:“ mu Tk KT
think that they were evolutionary “experiments” 07 Bemes Sk

LIFE EN THE SEx

Fir s thans 3 bilsom years, living

ﬂ-ﬁ#dnhd anty m waser, The fire
i ankbnsh were oll inverishrane.

bt by S silliosms years age they bad heen

poined b e Gl veriebeaies - the jawlms

fiah. Scimie of dhese Niah, such an Codhokug,

s ey armosiirrd b, Ty apent

st e thrw lives on smiheds or neer beds,

e kivgy ups ool thenugh their mouds.

ok Frmad of pow Exh Jeagied oF TN risilags
that ’-U"-‘SB‘P for survival, Cigshudangen, com @ pnaof T ST vaTaleabe
e B it oo skl o il

I“I' FOREST SWAMPS

J Around 310 million vears
aggos, Buamiied comdintbons
allerwed vast [orests Lo

fsrm o swemmgey
The rees in teese
were all non-flowenng relatves S
o ik s club mosses aned horsetsils ?Mﬁrmmmﬁmw].ﬂd

Thcﬁmnhmalmhunzmgmnl mmlmonmmn‘mu:-mh-

il ligsthiems, I:ﬂ":!‘l.‘lll:hrﬂ & whisch were ihe forerunnen
and d d'urlm'lgulmlh; af soday' lImphIh-uﬂ Thess animah
T0em (28 in) v There were s fonm sk, and their bodics sl
s birils o eraim because these Mﬂ;ul:ﬁfﬂhw el
had not yet evolved. Cher mallions g MT.:,_ M:::.:mﬁ“
of years, the remains of these et firns. Likie moleerm amphilsises, thew

frrmied hasge deposins of coal. warky ancesusn laid i eggs in waier,
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FREHIETORIC LIFE

THE AGE OF REPTILES
werkpehid DA, e first £
napeared about S el
years age. Unlike amphitsans,
early reptiles were well adapied
1o lice iul.d'g.'phuﬂl.nd thery
reidl 10 many new habisals.
21: wearly 200 million years,
repiles dominated kife on land -
aisd cErtaim ypsss o T

GIANT SCORPION

']'Mnhnrurrrrpmmmml!m-m
millian peacs aga. b wes nearly 190 e m by
an che largest soorpion alivg voday asad band @ luge
ming an the ened of s . [ nssilized
remaing wene foand in Sostdand -
a pan ol the workd

s - puiard amirg
phenomenal size. They also S A e II I!|-

|F|n:qd 1o waker, while svme -

|J‘_-:E|LC1’|EI.LH1th|BdlEI.|1ET\' .
= g 7 The diswosuss sere dhe angrai, ouss varied,
wings and cauld fy or mhide. ﬂpmm.#nq.mwm.ﬂm
wiat the siee of & chicken 1 giants s o the plang-

L A, 8 (- I!"]n matiing Burbimearne, which weighed wp i S o
RN R sy Uik poniry™s mizpibii, sonvee <dimwmanins. may b
ol AT

DAMOSALTRS

P ——— L XL

Elmrihartios: Wi vrygeans woridwds
Repriductios Froule prebahly gase taih o e
posag; and iy fimee carried shems on her back

Dhiriz lawerm and ather snimal

FRESERVED IN AMEER

Mt fosels are preseraed o pock, bt peehisees
el can be presrred in omher waps, Millom o
years age, dhe spides, grar, and saraer vag Il
b srappesd s sticky aree rean. The res thes
wrt sl anvd changed mus s hard wotsiance cafis
amber Anwmak tapped m amber ans wmenme
vl preseived gl tey book m i the
s jom dlicd. Ulinden = i noncope
ey wraoee in thetr baclies o

be cleschy sren

Sweny g i
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TR S

MASS EXTINCTION
Thiuugghiinn 1= By, miflons of

speecies have sty become extincL On
ST Orasans, hirwever. s Ssncnons
e S e p—— T
a relmirvety sl prrind - perhap because
of errronmental casarophes. The bt mas
exmietion. 5 mdlion vean age, sy b
bweni paiibe B @ weteoriie stikiog the
Farth, The sxundtion seep
TRl o I Arprm s vt by e ey the dinosssers aad
sy S Pow Earh ainod 550000 s s maary nthes reptibes

THE RISE OF MAMMALS
Mararnals first = redl whiile pepalbes duinbianed
Gt lanl and ﬁwprfn‘hg tame they remained small
znel unobtrusive, Bat when dinosaurs and oiher
reptales died oul, mammob ook their place.
Chver thir past 65 million years, mummals have
developed a hige range of shapes and sioes

hacl st
TR fakn
AT N e
==/ NN
Ty _/
Pammarh

Woslly
i Mammibi pryeie:

and huve spresd 10 most habitas. However, | s 3
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setinction — including mammoths, which Vemremares 182
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Appendix B. Design exer cise pages

ANIMALS

Ruwkhogygey
| Earfrpbe chrran oo

SEABIRDS

M-’LNT SEARIRDS SPEND MUCH of their lives LHEE om
the open oceans, and return to land omly o breed
and raise their young. They nest in colonies along
the shoreline or on chiff ledges away from
preditors, Most seabirds have webbed feet w help
them swim, and beaks adapred o catch sippery
prev. The sea is o rich source af food for birds -
thes surface water is full of fish, and the shoreling
prewvides worms, crabs, and other shellfish,

Some seabirds can remain at sea or more

than Five vears without rrun'inp'; hack o land.

SUPREME SEABIRDS
L3 adl sesbirrls, PeEnguins a
the mosr fully adipted bor
lifee i s warer, They e
et the power of Dight
complerely and their wings
haave been modificed oo
fbartened Bippers w proped
them throagh the waner,
Penguins have heavier bones
i ether bands io redoce
Bammancy and 1o make diving
wager, Their bodies have
become smonth and streamlined
o redluce e water's rlrag, anil

—

AL ESEATIHER OLrarny k
e ther thick plumage enables them
e o saErvive i very codd waders,
AT F i Epyranmr
ey 1
S0 (D
Burfine ol .
W rabnia
foatlers more / Safty dui
Hody & smooin T (e
— Py ST 5y e salT ==t o]
ateshats  wvatheer, lood cesels in the - , M
] bixilitser swell, hringing by ':'I“"‘:HI:'E
Erathory Bt o the shin's sl ki e :"':ﬁ";""l;l h‘L‘:" ~ B
A I umrenia A arge wili glars: 1
[ ric i i peeils, o
- Bl vy 1 remise sl (oo sea e,
] g svabirds need s ]
: . 5, 800 mnch o be harsdul, Thee
SWIMMING raneas xal rures et o Al rivmicil ek how

Mosi seabirds land on the groceves i the Hill, heferne orippriog off the bill .

warer s surlace b feed, Test,
ur prreen. Only a few swkm

for loa distances. Penguins E,:,ﬂ',’:‘ Frrrvactis Syzpam
can make long jourmews o —— Erepn he

underwater, bul every so often
they |!!il[|| in ane o af the
water, This eclnbgue (called
“porpeising” ) enahles the penguin
o beesuhae while trawvelling ar high
speeds. Penguing are the [astest swimmers
oball birds pentoo pengsens { Prgosois pufual
can peach speeds of wp o 30 kmbh (19 |||,|:.|I:|L.

o e, SEABIRD CITIES
oyl Many seabinds nest in huge, noisy
colonbes o clilfs. Colonies prosiche
sadiety in pombeers — Uvere are pleney

af eves o wateh for danger, snrl
the s of birds makes ir hard
foor presdaioss 1o pick ot a single
LargeL Various groaps of seabirds
nest a1 different bevels om o clifl,
divieling the seabid “cin™
vertically like a high-1ise block of
(hans. Chanmess and kitfiwakes nese
neear the wp, while comrmorang
and shags nest lower down,

Erivprad ir lors 3 sdogle ey om
& very narm L ledge. The
s prar shape helps w

wllirgg wif ehe
1 nlura anil

| =ich cpg bl
I maEgE Eitetr o prrifsiuian ¢ Bird 40 ooy

Kiflwikes “maiing ciosn gy N Dl DeeRgee ey Secdgrnong’ i msng thinmends of onhers.
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Appendix C. Subject question sheet

Questions on Birds

1. How much does a Puffin weigh?

2. Write down the names of 3 birds that eat insects.

3. Make up aquiz for your parents to answer. Write the questions
down on the question sheet provided. Write the answers down on
the separate answer sheet provided.

For example:

Q1. How do owlscatch their prey?
Q2. What does a hummingbird eat?
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Questions on the Beginning of life

4. When did dinosaurs live on the earth?

5. Write down the names of 3 pre-historic mammals.

6. Make up aquiz for your parents to answer. Write the questions
down on the question sheet provided. Write the answers down on
the separate answer sheet provided.

For example:
Q1. What werethe first vertebrate animalsto live on land?
Q2. Name a pre-historic plant.



Appendix D. Interview questions

Paper++ simulation study — INTERVIEW
David Frohlich, 31.7.01

SESSION 1

1 Let'sgothrough your answers.... How did you find that answer? Which
were the easiest/hardest questions? Why?

2 What did you think of the book/CD? How could the information have
been more interesting? Which parts were the best/worst?

3 Was the book/CD (interface) easy to use? Could you read the words &
find things. Did you know where to turn or click on the screen. How
would you improveit?
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SESSION 2 PAPER++ BOOKLET

Let’sgo through your answers.... How did you find that answer? Which
were the easiest/hardest questions? Why?

5 What did you think of the Paper++ booklet? Did you like the fact that you
could get more information from the barcodes? How could the information
have been more interesting? Which parts were the best/worst?

6 Was the paper++ booklet (interface) easy to use? Could you get the
barcodes to work? What problems did you have? How would you
improveit?

Which did you prefer, the paper book/CD or the Pgper++ booklet? Why?



