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Abstract
Children’s health and well-being are suffering 
because of a growing disconnect with nature.  
Although pervasive technology is among the reasons 
cited for keeping children away from nature, 
paradoxically, it may also be the way to connect 
them.  The project assumes that Digital Natives must 
be met where they are: (1) existing with technology 
seamlessly integrated into their daily routines; and 
(2) in need of program complexity that has become 
possible only with the advent of ubiquitous 
computing.  Scenarios are used to help define and 
discover attributes of a design model capable of 
making todays’ children feel engaged, inspired and 
empowered by nature.  Differences between existing 
programs and this modeled program are assessed to 
better understand preferred design attributes.  A 
design brief is presented for ongoing development of 
Pockets-Full-of-Wonder, the program designed after 
this preferred model.  This project is also offered as a 

case study to help advance the conversation about 
appropriate integration of technology into nature 
programs for children. 

Keywords 
Children and nature, interactive technology, DIY, 
service design, nature interpretive programs, 
handmade books, printmaking, electronics, citizen 
monitoring, environmental stewardship, citizen 
monitoring.

Introduction
Children need nature. Without it, their health and 
development suffer.2  Yet a growing body of 
research, some of which is detailed in Richard 
Louv's 2005 book, 'The Last Child in the Woods: 
Saving Our Children from Nature Deficit Disorder,'3 
calls attention to the diminished role of nature in our 
lives and the impact on children's mental and 
physical health. 
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According to a 2006 journal article, a 25% drop in 
visits to National Parks between 1987 and 2003 is 
correlated, in part, to technology related factors: time 
spent on the Internet, with video games or watching 
movies.4  This study posed a concern that videophilia 
(tendency to focus on sedentary activities centered 
on the video screen) was replacing biophilia, E.O. 
Wilson’s term for man’s innate emotional affinity for 
other living organisms.  Louv cites other troubling 
statistics: A drop in enrollment in college 
undergraduate conservation programs; a drop in sales 
for entry-level camping gear and bikes.5 The 
disconnect with nature is cited as a partial reason for 
increased rates of childhood obesity, diabetes, 
depression and attention disorders.6 Ultimately, if 
kids are not going outside, how will they develop the 
connection with nature that fosters their 
transformation into conservation leaders?  

Although pervasive technology is one of the reasons 
cited for the disconnect between children and nature, 
paradoxically, technology may also be a way to 
reconnect them. In my thesis, I assume that 
videophilia and biophilia coexist, then ask, “What do 
videophiles need and expect and what is the 
appropriate role of technology in programs designed 
to make children feel engaged, empowered and 
inspired by nature? 

I feel justified in looking at the problem from this 
somewhat counterintuitive point of view because 
technology is here to stay. Children exist seamlessly 

with the technology around them. The situation calls 
for us to meet them where they are.  

I initiated this design evaluation from several 
personal and professional perspectives. First, I 
observe Digital Natives with curiosity and empathy. I 
use the term ‘Digital Native’ for convenience sake 
only. The project targets youngsters who, having 
grown up with digital technology seamlessly 
interwoven into their lives,7 have unique needs and 
expectations of program environments.  

Second, as a Digital Immigrant and a Skeptical 
Technologist, I offer this project as a case study to 
help bridge the gap between practitioners and others 
who sit on either side of the technology divide.  I am 
a biophile. I grew up playing in the woods at the 
suburban fringe. Childhood trips to National and 
other parks inspired my decision to become an earth 
scientist.  I am trained as a field geologist 
specializing in landscape processes or ecologies. 
Professionally, I advise communities interested in 
environmental stewardship. More recently, I began a 
journey to realize the role of new media technology 
in my own creative and technical work after 
conventional tools failed to achieve the results I was 
looking for: Communities unified and empowered 
around environmental goals.  In the process, I 
became interested in the growing disconnect 
between children and nature and the potential for 
technology to help reconnect these two. 

Description & User Scenario    
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4 Zaradic, Patricia and Oliver Pergams, “Videophilia and our Changing Relationship with Nature,” <http://
parksandrecreation.idaho.gov/assets/content/docs/NASPD/Zaradic%20Keynote.pdf>

5 Ward, Jennifer, I Love Dirt, (Trumpeter, 2008) [Richard Louv’s Forward]

6 ibid.

7 Prensky, Marc, Listen to the Natives, Educational Leadership, December 2005/January 2006 | Volume 63 | Number 4 Learning in the 
Digital Age   Pages 8-13
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Pockets-Full-of-Wonder is a system designed to get 
today's child, the Digital Native, outdoors through 
informal play, sensing and foraging and their techie 
sensibilities.  Using materials available from the 
local discount store and online, I created a mock-up 
to display field observation gadgets and electronic 
gadgets (eGadgets), foraging containers, pocket-
covered apparel, and do-it-yourself (DIY) kits 
(Figure 1).  A computer and printer sits on an 
adjacent table, on hand for working with templates 
included with the demonstration DIY kit, Speak Out: 
Book and Printmaking.  Sample books and prints 
from this DIY kit are stored in a portfolio book 
hanging with the curiosities or spread out on a table.  
Inspired by the curiosities and DIY samples, children 
are inspired to collect impressions and materials 
from the outdoors to incorporate into their own 
projects.  A community website provides a platform 
for sharing programming, projects and data.

The project is a proof of concept.  Design principles 
were defined based on reactions to the program from 
children 7 - 10 years old and adults. 

The user scenario is a richly layered set of activities 
and prompts. Greeted with a wall of curiosities, the 
children see  possibilities for play, and fill their 
pockets with gadgets that help make nature come 
alive.  The gadgets act, implicitly or explicitly, as 
creative field observation devices.  They range from 
the traditional, like binoculars, to mock-ups of 
natural objects equipped with electronic sensors for 
collecting data, images and audio.  Pockets-Full -of-
Wonder taps a child’s instinct to gather materials and 
information once outdoors -- a manipulated 
photograph, a pressed leaf, water quality data from a 
stream, for instance --- that can be used in the DIY 
projects when they return home or to a nature center 
workshop.  Before they know it, they are teaching 
their friends, for instance, how to make a handmade 
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Figure 1: Pockets-Full-of-Wonders. Mock-up.  The eGadgets, DIY kits and Gathering Places integrate technology. 



book, print or data visualization using materials or 
information they collected outdoors. 
Other DIY kits are planned.  Children tackle the 
challenge of making their own wired field gadgets 
and play with science.  The DIY possibilities are 
almost endless.  With eGadgets that act more like a 
ball, a stick and a cardboard box than an iPod or 
iPhone, children imagination and innate 
inventiveness are tapped. For instance, eGadgets are 
just as much ‘street game’ tokens as they are data 
collection tools. Kids will undoubtedly invent 
modern twists on good old-fashioned games like 
hide-and-seek with these objects.

Kids drive the experience with little intervention 
from adults. The range of possibilities will tempt 
even the most apathetic and squeamish child.  
Interpretive staff, teachers and parents see the system 
as an antidote to the adverse impacts of pervasive 
technology. Pockets-Full of Wonder makes a child 
see nature as their playground.

The program could be deployed either as part of 
workshops sponsored through institutions and 
organizations or through online and retail outlets. 

Project Goals and Objectives
Pockets-Full-of-Wonder, as a system, is designed to: 

Make children, specifically Digital Natives, 
feel engaged, empowered and inspired by 
nature; 
Complement existing programs in ways that 
allow children the opportunity to create 
personal and situated meaning of their own 
making;

Serve as a case study for discussions about 
appropriate technology in such programs.

The project’s primary concern is the intangible 
effects of a rich environment, rather than the singular 
purpose of an object or interface, building 
intellectual competencies or prompting a prescribed 
role play, such as junior scientist.  As such, my focus 
is the system as a whole: context, process, objects/
interfaces and people through time. 

I am interested in a child’s emotional response. 
Studies show that memories associated with strong 
emotions are more easily retrieved in the future and 
affect future behavior8. 

Because our connections with nature are formed 
largely through these intangible qualities, the system 
attempts to prompt a sensory experience and 
informal play through which the participants take on 
a sense of ownership.  Technology is used to this 
end, not for its own sake. 

Design attributes were defined for inclusion in a 
Design Brief (Appendix A) to be used in ongoing 
system development.  The brief will guide, among 
other things, ongoing discovery, more rigorous 
prototyping of the eGadgets, the DIY kit templates 
and the community website. The biggest and most 
rewarding challenge will be to design a 
technologically driven program that ultimately is not 
about the technology.
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Methodology
Service Design9 as a discipline is concerned with the 
intangible effects of tangible touch points 
encountered by a participant through time.  A 
systematic practice with accepted methods, 
techniques and principles, Service Design provides a 
framework for organizing, communicating and 
analyzing ideas, objects and effects, and for 
evaluating and measuring outputs and outcomes.  

A service is defined by its context within today’s 
networked world; the people using and delivering a 
service (co-creation); the process through time in 
which the service is systematically manifested; and 
the objects/interfaces enabling service delivery, their 
relation to owners and users and their state of 
presence (degree of interconnectivity; 
ubiquitousness).  Service design creates ecologies of 
touch points that elicit intangible affects when 
people feel compelled or are compelled by external 
means to interact with them. 

Service design techniques10 employed in this project 
include:

Scenarios and Personas
Quick-and-Dirty Prototyping (Rapid 
Prototyping)
Workshops and Play Testing
Experience Prototyping
Secondary Research
Targeted Questioning
Service Blueprinting11

Models

Among the many models used, two were particularly  
helpful in developing design principles from the 
scenario and organizing the user feedback sessions 
for Pockets-Full-of Wonder

 The Analysis-Synthesis Bridge Model12; and
 The Experience Cycle.13 

Being a proof of concept, this project covers the first 
two stages of the classic five-part design process: 

 Discover
 Define 
 Design
 Develop
 Document

The results of these two phases are typically a 
Strategy Document and a corresponding Design 
Brief, which is used to communicate design 
principles and intentions for the Design phase. This 
Thesis Report partially serves as the Strategy 
Document and includes a Draft Design Brief 
(Appendix A).  

Scenarios
After studying existing programs and toys designed 
to help children interact with nature and researching 
a wide range of topics including memory, childhood 
foraging, neuroscience and cognitive development 
and game play, boredom and ambiguity, I developed 
a model of the preferred program.  As a way of 

              Pockets-Full-of-Wonder, Cynthia Hilmoe, 2009  Page 9
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10 IDEO Method Cards, distributed by William Stout Architectural Books. methodcards@ideo.com
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12 Dubberly, Hugh and Shelley Evenson and Rick Robinson, The Analysis-Synthesis Bridge Model, Interactions, March/April 2008

13 Dubberly, Hugh and Shelley Evenson, The Experience Cycle, Interactions, May/June 2008
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illustrating its design attributes, I defined two 
contrasting scenarios.  One is represented by an 
existing program presently employed by the National 
Park Service, Junior Ranger. The second is 
represented by my thesis project, Pockets-Full of 
Wonder.  I observed the Junior Ranger program 
while attending a Ranger-led hike and Pockets-Full-
of-Wonder through a system mock-up and play 
testing. 

Junior Ranger

The Junior Ranger story starts with two boys, John 
and Griffin (Plate 1), who had joined other children 
for a Junior Ranger hike in a National Park.  On this 
short hike, the children completed worksheets as the 
Ranger directed their attention to things along the 
trail or gave clues and asked questions, prompting 

discovery.  Sometimes the 
Ranger pressed the children 

to inquire or explore further. Kids were presumably 
learning something new.  The children have the 
satisfaction of completing the activity workbook. 
They are eligible to receive a badge after completing 
12 of the workbook activities and 2 ranger-led hikes 
(Plate 2).

  

The program format was classroom-like (Plates  
3-4).  The Ranger was the teacher. The hikers were 
the students. Adults accompanying the children 
facilitated the Ranger’s directions.  The classroom-
like format required the children to stand or sit in an 
orderly group, following the Ranger’s lead rather 
than necessarily acting on their curiosity.  The group 
was predominated by girls. There was very little 
child -to-child interaction.  The hiking trail set the 
program’s boundaries.  

The Ranger was faced with an almost impossible 
challenge:  Meet the needs of a group spanning a 
wide range of ages, ability and interest levels using a 
program model that relies solely or primarily on the 
Ranger for content and direction.  Never sure of 
attendance numbers until the start of the program, 
the Ranger is hard pressed to select a site suitable for 
the actual group size.  For a large groups, some of 
the children could not get close enough to hear or 
see.  In response to distracted participants, the 
Ranger turned her attention from content to 
classroom management.  
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Plate 1: John and Griffin

Plate 2: Junior Ranger Workbook



After a while I noticed John and Griffin had left the 
group.  I found them off to the side.  One was 
sketching action figures in the workbook and the 
other was standing nearby fiddling with a stick.  I 
overheard them asking each other if they were 
participating in the formal activity.  They admitted 
disinterest and boredom through what sounded like a 
sense of guilt.  A few minutes later, I noticed both 
collaborating, rather industriously, in an architectural 
project, balancing found sticks around the base of a 
nearby tree.  As is usual, given the right context, 
children always turn boredom into something 
purposeful.  The boys, directing their own 
experience, had found an activity that had personal 
meaning and connected them with nature and the 
outdoors (Plate 5).  This illustrates an important 
concept, that of child-driven experience. 

The Junior Ranger Program is very successful.  Yet, 
on this day, I wondered if there was a way to make it 
more inclusive or if there was a complementary 
program that could be developed or tweaked.  On 
this day, the idea for Pockets-Full-of Wonder was 
born. 
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Plate 5: Child-Directed --- Constructing Own Project

Plates 3 - 4: Classroom-like Format



Pockets-Full-of-Wonder

On that particular day, the Junior Ranger program 
left me wondering what it would take to make a 
range of children feel truly engaged, inspired and 
empowered by the wonders of nature.  What would it 
take to give them a sense of ownership over their 
experience?  

My hunch involved informal play, sensing and 
foraging and a Digital Native’s techie sensibility.  
Based on my research, my primary audience, 7 - 10 
year old Digital Natives, expect and need:

 To have agency and control: Accustomed to 
a tech-rich environment, they are used to 
having access to content and controlling its 
flow;
To multitask: Slow and controlled release of 
information is distracting to Digital Natives;
To be co-producers: Children today do not 
just consume programming; they also create 
programming with the help of online and 
other resources;
To be stimulated by multisensory sources: 
Visual, audio and tactile queues are more 
critical initially than text; 
To be challenged as critical thinkers and 
problem solvers.  Children are accustomed to 
program complexity now possible through 
ubiquitous computing.  They thrive as part of 
cross functional teams and in settings that 
depend on distributed knowledge.  Their 
technical literacy expands rapidly as tools 
become readily available and have honed 
interpersonal skills through the connectivity 
of social networks.

Approaching the design holistically, looking at  
context, objects/interfaces, process, people together, 
ensured that the intangible effects of the program 
will remain as important or more important than the 
tangible elements.

 Context
Pockets-Full-of-Wonder, as I envision it, could be 
deployed in an institutional setting, such as a 
museum or nature center or, once fully prototyped, 
from online and retail outlets.  The Wall of 
Curiosities provides multiple hooks: Gadgets, do-it-
yourself kits (DIY), apparel and actual and Internet-
based gathering places (Figure 1).  In response, 
children will take the initiative to take the gadgets 
and foraging supplies outside. In the process of 
figuring out how to use the supplies and considering 
options for developing a DIY project from their 
“field work,” they will interact with the natural 
surroundings and collect material, impressions and 
information.  

Rather than explicitly driving or supervising the 
experience, adults will oversee the experience from 
the sidelines. Children will feel in control of their 
experience.  The experience will be ‘spacious’ 
enough to provide different levels of mastery to keep 
the children of different abilities and with different 
interests coming back for more. The process will 
provide just the right degree of tension by tempting a 
child’s threshold for boredom and ambiguity while 
challenging him as a critical thinker and problem 
solver.  The participant’s sense of ownership over his 
experience is solidified through situated or 
contextual meaning and by constructing artifacts of 
his or his and his collaborators own design.  By 
deviating from conventional programming in these 
ways, Pockets-Full-of-Wonder connects children 
with nature in return for the commitment to execute 
the program with these particular design challenges 
clearly in mind:

For purposes of scenario play testing, I played the 
role of Adult or Youth Mentor. Because the design is 
to be child-centered or child-driven, it is critically 
important that these individuals act more like a 
facilitator or mentor than a teacher in terms of 
authority and responsibility.  Rather than having a 
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central presence, they remain on the sidelines, almost 
invisibly managing rather than leading the 
experience. Staff at the Children’s Museum of Art in 
Manhattan14 set a great example, mostly picking up 
or replenishing supplies at the activity tables, 
keeping instructions and guidance to a minimum.  
Their role appears to be artfully detailed as adults 
give up their natural tendency to lead those younger 
than themselves.    

 Objects & Interfaces

Technology is integrated into the system through the 
eGadgets, the DIY kits and the online community 
gathering place.

Field Observation Gadgets & eGadgets: 

The electronically networked eGadgets (Plate 6) 
include:

placePebble: This pebble shaped object is 
intended to rest in a child’s hand.  It is designed 
to be location-aware and equipped with a 
Galvanic Skin Response (GSR) sensor. If the 
location aware technology is GPS, then the 
gadget will record locational data that 
corresponds to a picture taken, a note recorded in 
the eFieldbook, etc. Alternatively, the location 
aware technology will work more like that of a 
garage door opener or key fob, turning the pebble 
into a receiver sensitive to the location of the 
seedPods.  The place Pebble also reads GSR data 
which is an indication of how the user may feel 
about a location.  
  
seedPod: Just like in nature, the seedPod will be 
designed to disperse, in this case mechanically or 
with the power of a child’s toss, to just beyond 
the edge of the hiking trail or path.  By enticing 
the child off the trail, the seedPod leads them to 

things they might not otherwise find. The pods 
are equipped with transmitters that talk to the 
placePebble. to make it fun to find them.  These 
two eGadgets can be adapted by the children to 
be used as game pieces or tokens of some kind in 
games children invent and share through the 
community website. 

pokingStick: This eGadget acts like a stick, but 
fits in your pocket because it’s made on a pole 
that breaks down along a shock-cord, like a tent 
pole.  It will be equipped with environmental 
sensors at its tip. Imaging collecting water 
quality data from your favorite stream and 
uploading it to a national database, then building 
cool looking visualizations from the data. 
Children from across the nation, the globe, 
become a network of citizen monitors.
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Plate 6: The eGadgets pictured here include 
placePebbles, seedPods and the pokingStick. A mock-
up of the eFieldbook is not pictured.
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eFieldbook & Playbook: This eGadget will 
provide a camera, audio recorder/player and 
touch LCD on which to take notes and make 
sketches or annotate photographs in the field. 
The eFieldbook will store and display data 
collected from other eGadgets.  It will act as the 
interface with the community website, 
facilitating upload and download of information 
and applications.  This gadget could provide 
computational support for big games that use the 
eGadgets as game pieces or tokens. If the 
eFieldbook is built as an open source platform, 
applications designed for game status tracking or 
randomizing could be built by participants and 
their mentors. 

Using mock-ups simulating functionality intended 
for the placePebble, seedPod and the pokingStick 
(Plate 7), children were able to give some limited 
feedback regarding their electronic design. 

As part of project research, some toy and program 
precedents were considered, but rejected because: 

Approach was too prescriptive for purposes of 
Pockets-Full-of-Wonder.  The technology is 
front-and-center rather than being an 
enhancement that opened up the possibilities for 
a child’s own interpretation of the object’s 
purpose. Guidebooks translated into digital 
devices, fall into this category.  This included 
specialty items like iFlyer BirdSong Scanning 
Wand and IdentiFlyer and the GPS Ranger15 
Alternatives applications more consistent with 
Pockets are under development. 

The “device” appearance or form factor had 
strong associations with behaviors inconsistent 
the Pockets-Full-of-Wonder vision. Form factors 
of Pockets’ gadgets spark the participant’s 
imagination and carrying his attention beyond 
the device itself and its content. Existing form 
factors, like iPhones or iPod Touch and other 
screen-centered applications and devices keep  
attention focused on internal content or the 
device itself rather than one’s surroundings.  As a 
result, iPhones and iPod Touch were ruled out as 
platforms for the eFieldbook.  More appropriate 
prototyping platforms include the Nokia N810 
portable tablet and BugLabs’ BUG. 

Field functions required wired woods or the 
Internet.  Pockets-Full of Wonder devices do not 
require Internet access in the field and do not 
support the idea of wiring the actual landscape.  
While the eGadgets are electronically networked, 
the associated activities deliberately exclude the 
need for Internet connections while out in the 
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Plate 7:  Electronic mock-ups simulate placePebble, 
seedPod and pokingStick eGadget functionality.
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field for both practical purposes and to help keep 
focus on the natural surroundings rather than the 
technology itself.  Content for downloading to 
the eGadgets or uploading from the eGadgets is 
managed once the participant is at a home- or 
workshop-based computer. 

Cost.  When possible, the system is designed in 
favor of making costly technology optional.  

Traditional field observation gadgets (Plate 8) 
include binoculars, monocular, magnifying loupes, a 
mechanical bird call whistle, a puzzle like 
magnifying and binocular gadget, a small digital 
camera, and audio recorder (with no effective storage 
or download function).   A sketchbook, ruler and 
mechanical and colored pencils and pens are 
available for taking notes and sketching.  Pocket 
guidebooks with intriguing structures or diagrams 
are included for the more studious participant.

Because the act of field observation can sometimes 
include reflective time, a few items that might be 
nice diversions for a child’s imagination and senses 
include finger puppets, magnetic rocks in a velvet 
pouch and a kaleidoscope (Plate 9).  A poncho can 
double for a groundcloth, encouraging children to sit 
or lie down surrounded by nature. The array of 
gadgets is rounded out with a water bottle and 
flashlight. 

Plate 9: Idle-Away-the-Time Objects
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Plate 8: Traditional Field Observation Gadgets



The Foraging Supplies:

Screw cap and pop top containers and vials are 
included for specimen collecting (Plate 10).  Labels 
and a permanent marker are included for naming or 
recording location and time collected.  Two sizes of 
botanical presses are available.  

Pocket Covered Apparel or Dress Ups

People conceive their identity partly through the 
clothes they wear.  Apart from serving as a container 
for the gadgets, the apparel subtly offers children a 
way to explore the edges of their comfort zone.  In 
order to make a connection with nature, children 
need to identify with the context.  For some, nature 
presents an enticing, but scary threshold to cross 
over. For others, this threshold may be so scary that 
they avoid it. Clothing or dress ups and the 
associated narrative (implicit or explicit) can be one 
way for kids to tap their most adventurous persona, 
thus overcoming inertia.  In addition to the 
traditional field vest, Pockets-Full-of-Wonder could 
include more theatrical selections for the more 
imaginative or less self-conscious child.  Some 

children, however, prefer to use their own pockets. 
(Plates 11(a) and (b))
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Plate 10: Foraging Containers

Plates 11 (a) and (b):  Pocket-Covered Apparel



The Do-It-Yourself (DIY) Kits:

The DIY kits (Plates 12 (a) and (b)) are designed to 
extend the outdoor experience to activities in which 
the children build or make something of their own: 
A personal artifact, if you will.  Once the memory of 
their outdoor experience is embodied within their 
own workmanship, their connection with nature and 
the meaning of their experience becomes 
internalized. 

The mock-up of one of three kits initially envisioned, 
Speak Out: Book, Poster and Print Making, was play 
tested with the children. Materials collected from 
outdoors, including photographs, plant specimens, 
their own impressions marked up as journal entries 
or sketches are processed, if necessary, at the 
computer and printer and incorporated into the book, 
poster or other structure.  Electronic templates can be 
printed out with content entered or blank for the 
children to mark up by hand.  

The DIY kits provide an opportunity to construct 
something of the children’s own, but also introduce 
relevant topics. The projects are meant to bridge 
science and art. Some topics include:

Selecting a book/print design compatible with 
data, images, impressions of interest;
Nature photography --- it’s history;
Psychogeography and contemporary artists;
etc. 

Sample templates (Plate 13) and books, boxes and prints 
with instructional cards (Plates 14 (a) through (d)) were 
constructed for the following projects in the Speak Out 
DIY kit: 

 Nature Makes Sense: A Journal
 Pebble Places: Bio Mapping
 Seeing 3D: Photo Stereo Pairs
 Seeing Through Nature: Photos As Stained Glass 

Windows
 Say What? A Leafy Letter to a Friend 
 Changing with the Seasons: A Timeline of Me and 

Mother Nature 
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Plates 12 (a) and (b): Demonstration DIY Kit

Plate 13: Electronic Book & Print Templates



An electronic  template for making a poster or 
broadside containing data visualizations is under 
development. 

Other DIY kits will focus more on science and 
electronics.  Another DIY kit called Rock-A-Mock, 
exploits the way the eGadgets mock or mimic nature.    
The Rock-A-Mock DIY kit will prompt children to 
use characteristics such as shape, color and grain size 
to tell a story of each of the fake rocks’ origin and 
history just as a geologist would with a real rock.   

The fake rocks are presented as collectibles in 
contrast to the way a child would gather rocks while 
foraging in the woods or along a seashore.  As 
collectibles, the fake rocks can be turned into 
eGadgets with electronic modules included in the 
DIY kit for trading with Pockets-Full-of-Wonder 
friends.  Or kids could build a cache of eGadgets for 
using in ‘street or big games.’ 

Another DIY kit, deviating from core Pockets-Full-
of-Wonder design principles, would combine iPhone 
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Plates 14 (a) through (d): Selected projects from Speak Out DIY kit.  



and iPod technology with modern, inexpensive 
sensor technology for cooperative science projects.16   
With the iScience DIY kit, children will enjoy basic 
science and electronics experiments. 

All DIY kits will be delivered with the outdoor 
activities, apparel and community gathering places, 
including an Internet-based social network, as part of 
an integrated system.  

Gathering Places: 

Ultimately, Pockets-Full-of-Wonders is about 
community, distributed knowledge and experience. 

 Trading Post Kiosk: 
A kinetic sculpture serves as a trading post for  
specimens collected from the woods (Plates 15 (a) 
and (b)).  Bring something of meaning from your 
visit to the woods to trade. Leave something of your 
own in an acrylic box and retrieve something that 
someone else left.  Have fun spinning the sculpture 
around its pole and the acrylic boxes around their 
spindles. 

 The Wall of Curiosities:  
Imagine: Children meet at the wall (Figure 1) to 
outfit themselves for a group play date with Mother 
Nature.  When they return, they get about helping 
each other make handmade books and prints or a 
science project using the DIY kits or sharing or 
socializing on the community website. 

 Community Website: 
The structure and organization of the Pockets-Full-
of-Wonder community website is currently under 
development.  After registering, children will have 
access to:

Galleries (upload DIY and other work); 

Forums; 
DIY instructional podcasts produced and 
presented by Youth Mentors;
Children-designed street games especially 
suited for the eGadgets; 
Local and Pockets’ specific programming for 
download to the eGadgets; 
A community database to share images, audio 
and environmental data.

  

An interactive interface currently under development 
for downloading to the eFieldbook uses shape 
recognition to identify plants and draws children into 
a sequence of questions meant to introduce them to 
the work of artists and scientists inspired by nature. 
The intention is to prompt the children to imagine 
and execute their own works of creativity inspired by 
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Plates 15 (a) and (b):  Kinetic sculpture that serves as a 
trading post and kiosk.. 



nature.  A simulation of the program is being 
developed using Apple Keynote and QuickTime 
software under the name “Talk to Me, Mother 
Nature.” (Plate 16) 

Rather than prescriptive, Pockets-Full-of-Wonder 
objects and interfaces are intended to provide both 
structure and extensibility to the program, keeping 
just the right balance between boredom, ambiguity 
and the kind of challenge necessary for children to 
master critical thinking skills and refine their 
creative instincts.

 Process: The Experience Cycle

The Experience Cycle defined by Dubberly and 
Evenson17 was used to organize the processes 
evident in the Pockets-Full-of-Wonder experience: 

1. Attracting and Connecting (first impression)
2. Becoming Oriented (Understanding what’s 
possible)
3. Interacting with the Product (Direct experience)

4. Extending Perception or Skill and Use (extend and 
retain, mastery)
5. Telling others, advocate (teaching or spreading 
activities)

The Wall of Curiosities is intended to be a point of 
attraction and a place where children could spread 
out with the program contents while orienting 
themselves to the possibilities at their own pace.  
Because the purpose of the eGadgets is less intuitive 
than the other contents, signage is incorporated to 
prompt understanding or questions and inquiry.  
Children depend on an attentive adult or youth 
mentor nearby or available via the community 
website at home or a workshop to respond to 
inquiries or calls for help.  The adults will not be 
driving the orientation process.  If the child appears 
to require permission to interact with the Wall of 
Curiosities, then a simple sign of encouragement 
from the adult or mentor, such as handing one of the 
objects to the child, might be appropriate.  

Next, children depend on the degrees of freedom 
offered by the objects and interfaces (i.e., their 
adaptability to imaginative uses and their ability to 
accommodate the child’s own preferred meaning for 
any given context) and the levels of interaction built 
into the DIY kits and community website to 
experience a cycle of mastery that keeps the child 
coming back.  By extending the experience beyond 
the gadgets themselves to projects in which children 
find personal meaning and construct artifacts they 
can own, the program generates intangible effects 
that connect children with nature.  

By stringing together the processes of gathering field 
observations using gadgets, collecting specimens 
using foraging supplies, making their own artifacts 
using the DIY kits, and socializing in real time or 
online, the entire experience is intended to create 
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Plate 16: Screen shot from “Please Talk to Me, Mother 
Nature.”



personal and situated meaning of the child’s own 
making.  In the process, as the children’s enthusiasm 
and sense of wonder is tapped, they become program 
advocates and teachers.

 People: Feedback 

Feedback collected during play testing indicates that 
the anticipated effects of the Experience Cycle, 
including the intangible elements, were realized to 
one extent or another.  The context, processes, 
objects/interfaces and participants defined by the 
stages of the Experience Cycle combined to create 
an experience characterized by emotional affects and 
lasting memories.  The program prompted informal 
play and sensory experiences.  The children’s 
comments suggest an increased sense of personal 
investment in their connection with nature.  Children 
report sensing the wonder of nature and increased 
self-confidence interacting with nature.  Adults gave 
very little to no direction, leaving the experience up 
to a child’s drive and curiosity.  The  primary role of 
adults was organizational; coordinating the schedule 
and materials for activities.

Six children and staff at PS 9 (elementary school) 
and Prospect Park Audubon Center in Brooklyn, NY, 
and from Tamarack Nature Center in Ramsey Co., 
Minnesota as well as parents of children involved in 
play testing were all intrigued by the project.

Here are some quotes from the children: 
[The Wall of Curiosities] seemed kind of 
interesting. Then I figured out it was one of those 
people that worked in parks with a kind of camp 
for kids; when they get to look through 
binoculars and find stuff.
The thing that first caught my attention was one 
of the gadgets that talked to another. I thought, 
"Hey, what is this? It kind of looks funny and 
unusual."  So I picked that one up first and then I 

went to explore.”

It felt amazing.  It felt like I could just relax, and 
run around, and have fun, and discover things. 
The electronic gadgets were exciting because we 
got to experiment with that, too.  When I was 
holding one part of the gadget, as I was walking, 
it all of a sudden started beeping [as I was 
walking to find the other part].  I was wondering 
where the other part was. The electronic gadget 
sort of made it like a scavenger hunt.  
The stick is cool.
Just out here messing around. 
Having the gadgets made it more fun because we 
get to experiment:. We ask, “What does this do 
and what does that do?” It was fun trying to 
figure out what the gadgets do and how they help 
us [explore nature].”
I agree that the gadgets made the experience 
more fun. We used the bug catcher a lot to pick 
up snail shells. 
[Making the journal was great.] I didn't expect to 
put the pictures from the site in the journal, or the 
[ivy] leaf, or the feather and the fuzzy leaf.
The journal is something we'll keep working on;
[that we’ll continue to fill in as time goes on]. 
[Next time] I think that I would pick up and 
touch more things and I would explore more. 
Pockets-Full-of-Wonder is a good name because 
our pockets were full of gadgets that we got to 
use with nature and nature is a really good 
wonder. That's what I learned on our trip. So it 
was very fun. 
 Pockets-Full-of-Wonder is a great name because 
when we were catching the snail shells we put 
them in our pockets so you kind of wonder about 
these things.
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Attracting and Connecting (First Impression)

When the Wall of Curiosities (Figure 1) was set up 
outside in a park near a Nature Center, a child 
approached easily and asked if I was selling 
something. I didn’t answer because he quickly 
realized that the mock-up presented gadgets like a 
child would use during a nature center workshop or 
camp.  In an institutional setting (elementary school) 
where many behavioral norms exist, children were 
hesitant to approach until I gave them permission, 
but based on words and body language, they were 
clearly intrigued by what stood in front of them. 

Becoming Oriented (Understanding what’s possible)

All children, once attracted to the Wall of Curiosities 
and the computer and printer sitting off to the side 
with the DIY kit, immediately and relentlessly went 
about orienting themselves to the contents. 

Based on what I observed, apparently because there 
are plenty of options to challenge a child’s curiosity 
at the Wall, kids did not seem frustrated by objects 

that did not make immediate sense to them. They 
replaced items not clear to them and moved onto the 
next before showing any signs of frustration or 
boredom.  There was always something, an object 
itself or the possibilities related to using the object, 
that challenged their competence and sense of 
mastery.18  

I responded to direct inquiries about what an object 
was and intervened if a child appeared determinedly 
interested, but perplexed by an object and too shy to 
ask about it.  In some cases, I grabbed a sample of a 
book or print from the DIY kit as a way of 
explaining the function or purpose of any of the 
gadgets or supplies in the Wall of Curiosities. The 
idea was to help them make the relationship between 
the outdoor activities and the DIY projects. Fewer 
words from adults the better.

After a short period orienting themselves to the 
contents of the Wall of Curiosities and the DIY 
project samples, children started to fill up their 
pockets or vests with things they wanted to play with 
outside. 

 Interacting with the product (Direct experience)

The children had no problem putting the objects to 
use, in each case inventing ways to use them outside 
the designed intent:  Binoculars used backwards 
magnified a view.  The pokingStick became a guitar 
or a Kung Fu tool.  The capacity for objects and 
interfaces to elicit this sort of ownership is critical to 
the project’s objective to create an environment in 
which the children assign their own meaning to their 
experience.

Children became so engaged, using these gadgets to 
explore and get up close to nature, that they were not 
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Plate 17: Orienting to what is possible at the Wall of 
Curiosities



ready to stop playing by the time I had to close up 
shop.  One said, “What, we’ve been here this long? It 
feels like we just got here.”  This child, in particular, 
pleaded with us to stay out longer.  Available through 
retail outlets, the Pockets-Full-of-Wonder experience 
would not be artificially constrained by an 
institutional setting’s time and space limitations.  

The eGadgets are one of three places where the 
Pockets-Full-of-Wonder system integrates 
technology (in addition to the DIY kits and the 
community website).  Both the form factor and 
electronic functionality of the eGadgets will be used 
to attract a child’s interest. For now, the electronic 
function is simulated in separate mock-ups.  The kids 
responded with curiosity to all electronic simulations 
using these mock-ups, actively experimenting with 
them and intrigued by their output.  They seemed 
compelled to figure out what made the eGadgets 
respond differently to the different inputs.  The 
children had the most fun with the pokingStick form. 
Even the more street-wise and older play testers said, 
“The stick is cool.” 

Extending perception or Skill and Use (Extend and 
retain; mastery)

The prospect of returning outdoors to explore and 
experiment with the gadgets along with the 
possibilities offered by the DIY kit projects give the 
program extensibility and multiple levels of mastery 
that sustains children’s varied range of ability and 
interest.  While playing outside with the gadgets was 
fun, constructing a nature journal from the 
impressions they took away from their trip to the 
urban garden and in response to the collectibles 
gathered there brought the children additional 
meaning and a sense of ownership and mastery. They 
expressed a new found confidence.  Originally 
squeamish, they now wanted to return to the garden, 
ready to touch and explore more things.  

The flexible structure provided by the templates are 
intended to give just enough structure to avoid a 
sense of boredom, confusion or ambiguity without 
prescribing the content or the way in which the book 
or print is constructed.  

Pockets-Full-of-Wonder caught the interest of both 
newcomers to nature as well as the initiated; the 
earnest child as well as the street wise. In this way, I 
consider it inclusive of children with a relatively 
wide range of interests and competencies. 
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Plates 18 (a) - (d);  Interacting with the objects and 
interfaces. 



In constructing their own project, the children are 
given the kind of control and access that they have 
become accustomed to from using the Internet and 
other connected media.  During play testing, children 
made the handmade book using the “Nature Makes 
Sense” template, in which each sense is given two 
pages for text or graphic representations entered by 
hand and/or through the computer using Apple 
software  (Plates 19 (a) and (b)).  Children who made 
a journal without completing all the sections sounded 
excited by the prospect that they could continue to 
fill the journal with observations and collectibles 
from their ongoing nature experiences.  

Pockets-Full-of-Wonder appears to have tapped the 
play testers’ interest and drive to develop their 
connection with nature through repeated encounters. 

Telling Others; Advocate 
(teaching or spreading; activation)

One of the play testers who was initially squeamish 
told me that next time she had a chance to go out and 
play in nature, she will touch and explore more.  She 
said she’d pick up snails next time to show friends 
she brought along. 

The children told friends about their experience with 
Pockets-Full-of-Wonder.  Children made sense of the 
name ‘Pockets-Full-of-Wonder’ in a way that left 
them able to broadcast its value to friends and 
family. (Plate 20)
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Plates 19 (a) and (b) : Constructing Personal Artifacts

Plate 20: Advocating. Teaching. 



Preferred Model: 
Design Principles
The Junior Ranger Program (Scenario #1) and 
Pockets-Full-of-Wonder (Scenario #2 ) represent two 
models distinguished by the design continuums 
listed in Figure 2.  Play testing confirmed my hunch 
about a system like Pockets-Full-of-Wonder as a way 
to make children feel more engaged, empowered and 
inspired by nature.  As a preferred model, its richly 
interconnected context, objects and interfaces, 
processes and activities evoke intangible qualities of 
the kind  that form our sense of connection to nature.  
The design principles defined by the continuums are 
the foundation for the Draft Design Brief posted in 
Appendix A.  They are supported by fields of 
research as far ranging as memory; childhood 
foraging; neuroscience and cognitive development; 
and gameplay, boredom and ambiguity. 

Pockets-Full-of-Wonder could potentially operate as 
a stand alone program or as a complement to other 
programs.  Other program precedents reviewed 

during this analysis and development of the preferred 
model include: 

Ambient Woods19 
Tamarack Nature Center20 
Fairchild Challenge at the Fairchild Tropical 
Botanical Garden21 
Programs described through Edutopia,22 
USDA and Conservation Fund grant 
programs.

Construct / Own Artifacts & Meaning

For the purpose of this analysis, classroom-like 
refers to a teacher-centered environment in which 
children do not have the authority to operate outside 
a prescribed set of expectations held by the teacher. 
Relatively strict adherence to the domain to be 
mastered may mean that a child is less apt to or 
necessarily encouraged to follow his curiosity and 
impulse to probe the unknown on his own with 
adults and mentors coordinating rather than directing 
activities.  Competency or mastery in classroom-like 
settings is expected with little attention to creating a 
space in which personal meaning can be assigned by 
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21 Fairchild Tropical Botanical Garden, Fairchild Challenge http://www.fairchildgarden.org/index.cfm?
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22 Edutopia: What Works in Public Education  http://www.edutopia.org/

Figure 2: Design Principles Defined by Five Continuums

Scenario #1: Many Existing Programs Scenario #2: Preferred Model
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the child.  In contrast, constructionism is based on 
the premise that people generate their own 
knowledge and meaning from their experience by 
crafting artifacts that represent something personal 
and contextual.  Childhood memories like these are 
the foundation for an adult’s environmental ethic.  
Situated meaning arises from activities presented in a 
real-time, authentic context. Pockets follows this 
model, letting children drive their own experience.

Unstructured Play

For the purposes of this analysis, structured play 
means that constraints are placed on the system in an 
attempt to ensure the program accomplishes a given 
set of milestones in a given domain. Unstructured 
play, while also quite possibly capable of delivering 
a set of milestones in a given domain, allows the 
child to define the play space on his own terms.  The 
resulting emotional state or response of the child is 
of utmost importance.  Memories associated with 
strong emotions are typically more easily retrieved 
and do affect future behavior.  The result is typically 
more personal and  related information is more likely 
to be retained. 

  

Designing an experience that prompts unstructured 
play is typically more challenging than one that 
allows structured play.  Unstructured play has 
intention; it does not look or feel like chaos.  While 
children feel like they are driving their experience in 
unstructured play, their activity is serving a purpose 
defined by this intentionality. 

Successful unstructured play is often more 
sustainable because it is driven in part by children’s 
natural curiosity rather than the effort of a teacher’s 
lesson plan.  Paradoxically, if attended skillfully, 
unstructured play can indeed accomplish the same 
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Plates 21 (a) - (c): Classroom-like setting vs. 
constructing own meaning and personal artifacts.

Plates 22 (a) - (b): Structured vs. unstructured play. 



educational milestones of a more traditional lesson 
plan.  Unstructured play, used in this way, may help 
a teacher stay present by avoiding burnout associated 
with the demands of classroom management 
common to didactic lesson plans.

Greatest Degree of Freedom

In this case, the phrase ‘degree of freedom’ refers to 
the degree of flexibility and adaptability that a 
program offers children of different competencies, 
interests and abilities. Are the outcomes prescribed 
or does the cycle of mastery invite a child to return 
again and again and invent unintended uses? 

The greater the degree of freedom, the more capable 
a program is in allowing deviations from a narrow or 
prescribed set of expectations from participants.  
When a program offers space to children beyond a 
narrow focus, it holds the potential for children to 
invent uses for its objects and interfaces and discover 
meaning of their own.  The experience space thus 
accommodates children of varied competencies, 
interests and abilities better than a more narrowly 
focused program might. 

The eGadgets in Pockets-Full-of-Wonder are meant 
to act like a ball, a stick, or a cardboard box.  The 
Strong National Museum of Play 23  inducted the 
stick and cardboard box into its Toy Hall of Fame.  
in the 2008 press release announcing the induction of 
the stick, the Museum explained: 

Found in all sizes in nature, sticks inspire 
spontaneous, unstructured play and can 
be used in unendingly imaginative ways
—to draw in the sand on a beach, or to 
use as a magic wand, slingshot, light 

saber, fishing rod, or walking stick; not to 
mention playing stickball, toasting 
marshmallows, or playing “fetch” with 
your dog. Sticks are the original 
construction toys: children make toy 
buildings out of sticks and design toy 
boats with leaves for sails. Many an adult 
has picked up a driftwood souvenir from 
the beach, and artists and crafters use 
sticks in wreaths, chairs, and sculptures. 

The stick now keeps proud company with 
another untraditional “toy”—the 
Cardboard Box—inducted into the hall in 
2005. After all, the best toy is often a 
plaything that’s free, easy to get, and a 
source of endless creativity. 

The National Toy Hall of Fame® at 
Strong National Museum of Play® 
recognizes toys that have engaged and 
delighted multiple generations, inspiring 
them to learn, create, and discover 
through play. Criteria for induction 
include: Icon-status (the toy is widely 
recognized, respected, and remembered); 
Longevity (the toy is more than a passing 
fad and has enjoyed popularity over 
multiple generations); Discovery (the toy 
fosters learning, creativity, or discovery 
through play); and Innovation (the toy 
profoundly changed play or toy design). 

Arthur C. Clarke, the English physicist & science 
fiction author, once said, “Any sufficiently advanced 
technology is indistinguishable from magic.”24  I 
hope the eGadgets, once fully developed, meet this 
criterion. For starters, though, children could use 
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them as tokens in a game of their invention or to 
structure a personal quest to observe and reflect on 
nature.  

  

  

Spacious Technology

Spacious technology is a provisional term that refers 
not only the the degrees of freedom a particular 
technological object or interface offers, but also to 
the specific range of behaviors and inspirations they 
elicit.  The objects and interfaces are integrated into 
the system so seamlessly that they act just like 
technology that children associate with their daily 
routines ---its role in a child’s life is second nature.  
In this way, the program gadgets imbue an otherwise 
unfamiliar activity -- interacting with nature -- with a 
sense of familiarity and comfort.  Rather than 
distracting the child from nature, they connect hims 
with it. The technology attracts a child’s initial 
interest, of course, but immediately thereafter it 
serves as a means to an end, not the end in itself.  

25 26
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26 For the Birds Inc. IdentiFlyer and iFlyer BirdSong Scanning Wand, http://www.identiflyer.com/index.html

Plates 24 (a) - (e): Prescriptive tech or tech for techʼs 
sake vs. spacious tech of the eGadgets, DIY templates 
and community website programming, which offers a 
cycle of mastery and higher level of program complexity.

Plates 23 (a) - (d): Prescribed, narrow focus vs. greatest 
degree of freedom.
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Spacious technology accommodates smart tools, 
distributed knowledge, cross-functional teams and 
computational capacity.  All these contribute to the 
feeling of program complexity, fun and relevance 
that Digital Natives have come to expect and need in 
order to maintain a high degree of interest.  They 
contribute to the cycle of mastery which keeps a 
child coming back. 

Technology is integrated into three elements of the 
Pockets-Full-of-Wonder system:

eGadgets;
DIY Kits; and
Community Website.

Applying the idea of spacious technology means that 
this technology-driven program will not be about the 
technology. Rather it will act as a means to an end; 
namely, connecting children with nature.

Transformative Event

Experiences that only fulfill external expectations 
can limit personal ownership or agency. In contrast, a 

transformational event or a series of them serves to 
connect children with nature on their own terms.  

Pockets-Full-of-Wonder attempts to create a cycle of 
mastery through which the children return again and 
again to nature to engage in an ongoing cycle of 
consolidation.27  The challenge transforms them into 
teachers and advocates.  A child like our play tester 
Briteny, who was squeamish at first, in the end said 
she will touch and explore more next time she is out. 
She will certainly be the one who picks up a snail to 
show her classmates next time.  These children show 
signs of being the next Rachel Carson. 

Briteny asked about how her family can get access to 
the garden we visited.  She found a baby snail on a 
shell she collected from the garden. At last report, 
she set it up in a jar and was feeding it vegetable 
matter from her yard.  Another play tester, Tanbir, 
showed up to the book making workshop with a 
report that, when you look closely, snails appear to 
be covered in scales.  He would not have known this 
if he had not initiated his own research after our field 
trip and found close-up photos that showed details of 
a snail’s skin. 
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Plates 25 (a) - (d): A classroom-like setting is less likely 
to create a sense of ownership and the personal 
investment that transforms a child into a potential 
Rachel Carson.

http://www.academiccolab.org/resources/documents/Good_Learning.pdf
http://www.academiccolab.org/resources/documents/Good_Learning.pdf


  

   
The emotional or intangible effects of informal play, 
sensory and foraging activities experienced during 
their trip to the urban garden and the act of 
constructing their nature journal gave these two 
children a sense of connection with nature that 
prompted a desire for more. 

Pockets-Full-of-Wonder uses a rich mix of activities 
and experiences, mediated in part by technology, to 
connect children with nature.  Making a physical 
artifact in response to an encounter with nature; 
teaching a friend about something out in the woods; 
making up a game on the fly with eGadgets for 
tokens; wearing apparel that draws out a less 
dominant persona, one that finds nature’s wonders 
---  in these ways, programs like Pockets-Full-of-
Wonder  are more likely to make todays’ children 

feel engaged, inspired and empowered by the 
wonders of nature and transform them into future 
conservation leaders.

Theoretical Foundation
The intangible effects of a program can impact a 
child’s ability to connect with nature, to feel 
inspired, empowered and engaged by nature.  A 
program design must look holistically at context, 
objects and interfaces, process and the participants’ 
interactions together as a whole help to ensure 
intangible effects are achieved.  Research into fields 
ranging from memory, childhood foraging, 
neuroscience and cognitive development and game 
play, boredom and ambiguity helped identify the 
needs and expectations of Digital Natives’ through 
which intangible effects are delivered.  Digital 
natives need and expect to:

Have agency and control;
Multitask;
Be co-producers;
Be stimulated by multisensory 
sources;
Be challenged as critical thinkers and 
problem solvers through program 
complexity, cross-functional teams 
and settings that depend on 
distributed knowledge and the 
connectivity of their social networks. 

The Junior Ranger program left some participants 
relatively unenthused about their experience and 
marginally engaged with nature compared with the 
eager or excited response to the Pockets-Full-of-
Wonder mock-up.  Evidently, Pockets-Full-of-
Wonder provided for these needs more successfully 
by allowing the intangible effects of informal play, 
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sensing and foraging, and techie sensibilities do their 
magic.  

Ian Jukes, Anita Dosaj, JP Gee and Daniel Pink do a 
good job summarizing the ways in which the needs 
of Digital Natives affect the way we design 
programs.  

Because our brains are plastic, adapting to the 
environment around us, children’s brains are actually 
being rewired in response to their technology-rich 
environment.  That means their needs and 
expectations are different from previous 
generations’ needs.28  

With the increased power of computing at their 
fingertips, Digital Natives have become used to more 
complex transfer of information. They prefer parallel 
processing and multi-tasking; images, video and 
sound before text; random access to hyperlinked, 
interactive media; and to interact and network 
simultaneously with others. They learn “just in time” 
and move seamlessly and instantaneously between 
the real and virtual worlds. They prefer learning that 
is relevant, instantly useful and fun.  Only programs 
utilizing the latest technology can really address 
these challenges.29 

Digital Natives operate in the conceptual rather than 
information age.  Skills most relevant to them, 
sometimes referred to as 21st Century skills, are 
detailed by Daniel Pink30 as: 

Design (not just Functional)
Story (not just Argument)

Symphony (not just Focus)
Empathy (not just Logic) 
Play (not just Seriousness)
Meaning (not just accuracy)

James P. Gee31 lists 16 characteristics of a Digital 
Native’s reality.  Able to connect online, they thrive 
as part of cross-functional teams, leveraging the 
power of distributed and collective knowledge to 
accomplish their goals. “The level of collaboration it 
takes to track each others’ skills points to 
investments in technology to get things done. They 
identify with technology and appreciate its ability to 
present challenges at the pleasantly frustrating level 
that enables performance, competence building and 
mastery.”  

“Digital Natives feel a real sense of agency and 
control.  Playing video games, they have learned the 
role of failure in becoming a master, so the presence 
of technology signals a risk-taking realm. They 
expect feedback and well-ordered experiences, and 
are most comfortable when  provided with 
information in context,with images actions and 
dialogues that relate to the information.”  Even 
though the experience space is flexible within 
Pockets-Full-of-Wonder, it is situational, contextual.  

Additional references used in support of the Pockets-
Full-of-Wonder model are provided in Appendix B: 
Annotated Bibliography. 
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29 ibid.
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31 Gee, James Paul, Good Video Games and Good Learning, http://www.academiccolab.org/resources/documents/Good_Learning.pdf

http://www.academiccolab.org/resources/documents/Good_Learning.pdf
http://www.academiccolab.org/resources/documents/Good_Learning.pdf


Making a Difference: The 
Projectʼs Value
The value of Pockets-Full-of-Wonder lies in its 
ability to meet Digital Natives’ needs and 
expectations while eliciting intangible effects that 
form children’s connection with nature.  This is 
achieved primarily by:   

Meeting Digital Natives’ Needs and Expectations: 
Research shows that Digital Natives expect and need 
more complex and interactive programming and that 
they require a different set of skills for the 21st 
Century. Pockets-Full-of-Wonder, as a system, is 
designed to produce enriched experiences and 
encourage skills development that today’s children 
need. 

Employing Service Design Methodology: Because 
Pockets-Full-of-Wonder is developed through a 
Service Design lens, where the intangible effects are 
of utmost importance, children are more likely to 
have deep experiences that elicit personal meaning 
and lasting memories. This systematic design 
method also makes it easier to monitor and achieve 
intended results.

Integrating Appropriate Technology:  Technology is 
known to distract today’s children from nature and 
the outdoors. In contrast, the technology integrated 
into Pockets-Full-of-Wonder acts more like a ball, a 
stick, a cardboard box than iPhones or iPods. It 
provides, in the same way that these traditional toys 
do, the degrees of freedom necessary to provide 
children an experience space that both reassures and 
challenges children to make nature a second home.  
This project is intended to advance the conversation 
about appropriate integration of technology in nature 
interpretive programming. 

Anticipated outcomes of Pockets-Full-of-Wonder, 
deployed either as complement to more conventional 
or traditional programming or as a stand alone 
service, are listed in Appendix A: Draft Design Brief.  

Next Steps & Considerations
Positive feedback from play testing and general 
consultation with educators and professionals 
concerned about children’s connection with nature 
justifies ongoing development of Pockets-Full-of-
Wonders. Priority tasks are listed here; 

Build out and play test more robust 
prototypes (eGadgets and DIY kits);
Develop and beta test the community website 
structure and preliminary content;
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Test project scenarios, perhaps as a 
complement to existing programs that were 
used as precedents for Pockets-Full-of-
Wonder;
Introduce the project as a case study to assist 
the public conversation about technology in 
children’s environmental programming; and 
Determine the level of operational interest, 
then develop a production plan accordingly. 

Pockets-Full-of-Wonder is an ambitious vision.  
Ongoing development requires funding, partners and 
sponsors.  A creative team, including skilled 
managers, and an advisory board must be assembled 
to gauge production value and to scale operations 
strategically and appropriately.  Strategic decisions 
must be made regarding open or closed source 
applications.  Options for delivering DIY kit 
instructions (e.g., instructional podcasts, tip sheets, 
and background sheets) need to be considered.  
Sponsorships for covering equipment (computer, 
printer) and apparel needs must be explored.  A 
business strategy needs to be crafted from the Draft 
Design Brief presented in Appendix A. 
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Appendix A: Draft Design Brief32 

Project Brief Pockets-Full-of-Wonder
© 2009 Cynthia Hilmoe
May 8, 2009
vers. 1.0
Cynthia Hilmoe

Project Summary Problem/Opportunity: 
Many people are talking about the diminished role of nature in our lives. 

Childhood health: 
Children’s disconnect with nature is blamed, in part, for increased rates of childhood 
obesity, diabetes, depression and attention disorders.
Fostering Future Conservation Leaders:
Disengaged children become disengaged adults. Who will be our future conservation 
leaders?
Is Biophilia Being Replaced by Videophila? 
Will our growing fascination with technology surpass the need for humans to connect 
with other living organisms and Mother Nature? Research correlates time spent with 
technology with a decreased number of visits to National Parks. Other signs are 
consistent with this trend. 

Response:
Pockets-Full-of-Wonder....

Looks at the role of technology in strengthening a child’s connection to nature. The 
program uses context, process, objects and interfaces in relation to its participants to 
elicit intangible qualities that form our connection with nature.
Offers a richly layered program to help children feel engaged, empowered and inspired 
by nature.  Pays special attention to the unique needs and expectations of “Digital 
Natives.”
Serves as a case study regarding appropriate integration of technology into children’s 
nature programming.  

This counterintuitive approach --- using technology to overcome adverse impacts of 
technology on the child/nature connection --- is justified by the fact that technology is here 
to stay. Because children exist seamlessly with the technology around them, the programs 
we design need to meet them where they are by creating the same effect. 

Project Participants Creative team and advisory board include experts in the following areas:  Physical 
computing, computer programming, natural and physical sciences, graphic design and art, 
web development, game design, communications/broadcasting, elementary education, 
creative and grant writing, business planning and management. 
Corporate sponsors include Apple Computers and BugLabs. Participating venues include 
National Parks, Audubon Centers, Regional Parks, Botanical Gardens. Funding 
organizations include, among others, NSF, MacArthur Foundation, Audubon Society 
TogetherGreen Fellowship Program.
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Key Dates Summer 2009: Create concise visual project pitch. Begin next iteration of eGadgets 
with digital/electronic functionality. Get assistance with eFieldbook and website 
coding or simulations.  Obtain Macintosh Computer corporate sponsorship.  Identify 
and pursue grant and other funding and professional and project development 
opportunities. Consult with advisors and others regarding theoretical foundation, 
lessons from Spring 2009 play testing and funding/resource options.  Convene creative 
team and advisory board to scope 6-month, 1- year and 5-year plan. Seek funding and 
in-kind resources.
Fall 2009: Identify venues for Spring/Summer 2010 workshops and outreach 
(including development sessions). Build out program prototypes, simulations and Beta 
versions of program interfaces (including community website, eFieldbook content and 
DIY instructables). Seek project resources. Continue working with team and and 
advisors. Finalize menu of program performance indicators.
Winter 2009-2010: Schedule Spring/Summer 2010 workshops and outreach.(including 
development sessions). Continue definition, design and development work. 

Project Objectives Design a system that makes todays’ children feel engaged, inspired and empowered by 
the wonders of nature through intangible qualities and meaning of their own making.
Present Pockets-Full-of-Wonder as a case study to advance a conversation about 
appropriate integration of technology into children’s nature programs. 
Provide educators and institutions whose mission it is to interest children in nature, 
through art, science or a blending of the two, with new tools and complementary 
programs specifically designed with Digital Natives and 21st Century skill sets in mind.    

Target Audience Kids (7 - 10 year olds), their parents, teachers and mentors. Program development officers 
at institutions such as museums, park visitor centers and schools.

Audience Mindset Ranges from apathetic or ambivalent to curious, enthusiastic, hopeful, playful. Tech-savvy.

Key Themes, Messages, 
Context

Meet the Children Where They Are: Digital Natives brains are being rewired as they 
adapt to ubiquitous technology. Needs and expectations have changed as a result.  

The Power of a Ball, a Stick, a Cardboard Box: When designing elements of the 
Program, remember the power of a Ball, a Stick, a Cardboard Box. These toys are 
known for the way children can adapt them to their own needs through their sense of 
invention and imagination in a way that can be pleasantly challenging. Build the 
greatest degrees of freedom into the system so that the essence of play drives the 
program. 

Situated Meaning: The Content is Context. Use context to elicit personal meaning. 
Keep the program child-driven, centered around context, relevant and fun.

Transformation: Because contextual experiences carry a sense of authenticity, they 
can be transformative within the everyday.  The program needs to transform a Digital 
Native’s perception of nature in a way that it becomes a preferred destination. 

Service Design: Keep the program child- and context-driven. Apply User- and 
Activity-Centered design to define measurable outputs, and outcomes.  

Tone of Voice Tech savvy, geeky, cool, playful, encouraging, helpful, accommodating.
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Desired Outcomes Short-, medium- and long-term outcomes and impacts could include: 

The Great Outdoors is a preferred destination for Digital Natives.
Children are more confident and comfortable in nature.
Peer-to-peer and youth mentoring relieve adults of the burden to interest children in 
nature. 
Parents, teachers and mentors utilize the system’s degrees of freedom (flexibility and 
adaptability to children’s needs and expectations) to help build the child’s self-reliance, 
self-confidence and sense of wonder.
Practitioners (environmental educators, interpretive program staff, scholars, etc.), 
inspired by Pockets-Full-of-Wonder and other case studies, are engaged in a 
conversation about appropriate integration of technology. They find the Service Design 
framework especially useful for systematically evaluating different options. 
Institutions whose mission it is to interest children in their natural surroundings, either 
through science, the arts or by blending both, use the Pockets-Full-of-Wonder and 
other case studies to rethink how their programming meets the needs and expectations 
of Digital Natives. 
Institutions are confident in the scalability of Pockets-Full-of-Wonder. As a product 
and service, this project works in a number of scenarios. 
Partnerships and resources critical to the Pockets-Full-of-Wonder business model are 
defined or established. 
Long-term impacts (condition changes) include: 

Adults cite childhood exposure to Pockets as influential in becoming conservation-
minded or professionals in environmental fields. 
Environmental data collected by participants using eGadgets and community 
website is contributed to national or global database and used for innovative data 
visualizations. 
Environmental education and interpretive programming begins to integrate 
technology in ways that help sustain the Digital Natives’ interest without 
distracting attention from Mother Nature. 

Other considerations Ongoing project discovery, definition and design are supported by funding organizations 
and corporate sponsors listed in this brief.  Theoretical basis for the project is backed or 
considered by selected scholars whose research is cited in project bibliography. Creative 
team and advisory board convene on a semi-annual basis to review project scope and 
progress.  Creative team convenes monthly to review progress and adjust projected 
milestones and quarterly timeline. Participating venues’ published schedules include 
Pockets-Full-of-Wonder workshops or outreach events. 
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Appendix B: Annotated Selected Bibliography
Selections are listed from among the sources of secondary research that supports the idea of using informal play, 
sensing and foraging and a techie sensibility to help children feel engaged, empowered and inspired by nature. 

• A Call to Action: Adverse impacts attributable to a disconnect between children & nature are preventable. 
o Louv, Richard, The Last Child in the Woods: Saving Our Children from Nature Deficit Disorder 

(Algonquin Books, 2005)
o Children and Nature Network, http://www.childrenandnature.org/research/

• Facilitating a Personal Connection with Nature
o Memory: In the case of this project, a critical outcome of a nature experience needs to be a sense of 

connection and personal meaning.  Recent memory research points to the importance of forgetting and the 
conditions under which a memory becomes entrenched and imbued with personal meaning. 
Gayatri Devi, NYU School of Medicine & James McGaugh, University of California-Irvine.
Midmorning Show, Minnesota Public Radio, January 27, 2009
http://minnesota.publicradio.org/radio/programs/midmorning/?date=01-27-2009

o Foraging: Taking ownership of local resources. 
• Hunt, Ed, “Why Children Must Forage,” The Christian Science Monitor, (August 6, 2001)
• Gyllenhaal, Eric D., “Aaron’s Treasures,” Chicago Parent, (July 2002)

o Play, Toys and Games
Play, ambiguity, the threat of boredom can be used to affect a child’s sense of immersion in natural 
surroundings or as a dynamic means of engaging children in relevant activities.  The nature of toys, 
games and social networks plays into this.

 Koster, Ralph, A Theory of Fun for Game Design (Paraglyph Press, 2004)
 Hughes, Linda, “Beyond the Rules of the Game: Why Are Rooie Rules Nice?,” The Game Design 

Reader, Katie Salen and Eric Zimmerman (MIT Press, 2005)
 McGonigal, Jane, “This is Not a Game: Immersive Aesthetics and Collective Play,” Melbourne 

DAC, the 5th International Digital Arts and Culture Conference., May 19 - 23, 2003 http://
www.seanstewart.org/beast/mcgonigal/notagame/paper.pdf

 Fullerton, Tracy, Game Design Workshop, A Playcentric APproach to Creating Innovative Games 
(Elsevier, 2004)

 Wassail, Dennis and Lust, Matt  "Role-Playing and Playing Roles: The Person, Player, and 
Persona in Fantasy Role-Playing" (2004). http://www.colorado.edu/ibs/pb/thornberry/socy5031/
pdfs/waskul_lust_role_playing.pdf 

 Henry Jerkins, Game Design as Narrative Architecture, http://web.mit.edu/cms/People/henry3/
games&narrative.html

 Tech in Real Life: Students See Devices as Tools, Not Toys
http://www.edutopia.org/clearfield-high-school-technology-video

 Strong National Museum of Toys, The Toy Hall of Fame, Inductees Stick and Cardboard Box, 
http://www.strongmuseum.org/nthof/inductees.html

 Jerkins, Henry, Convergence Culture, (2008)
 Shirky, Clay, Here Everybody Comes. (2008)
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• Service & Experience Design

o IDEO Method Cards, 2002, http://www.ideo.com/work/item/method-cards
o Dubberly, Hugh, Shelley Evenson, Rick Robinson, The Analysis-Synthesis Bridge Model, Interactions 

Magazine, March/April 2008
o Dubberly, Hugh, Shelley Evenson, The Experience Cycle, Interactions Magazine, May/June 2008

• Theory of Knowledge, Child Cognitive Development, Skills for 21st Century Success, Technology: Immersed in a 
technology rich environment, today’s children are wired with particular needs and expectations.  

o Jukes, Ian and Anita Dosaj, Understanding Digital Children (DK): Teaching & Learning in the New 
Digital Landscape (Singapore MOE Mass Lecture, 2006)

o Gee, James Paul, Good Video Games and Good Learning, http://www.academiccolab.org/resources/
documents/Good_Learning.pdf

o Pink, Daniel, The Whole New Mind (Riverhead Books, 2005)
o Crawly, Kevin and Melanie Jacobs, “Building Islands of Expertise in Everyday Family Activity. http://

www.museumlearning.org/mlc-05a.pdf
o Lave, J, “Situated Learning,” http://tip.psychology.org/lave.html)
o PBS Kids Play http://www.pbskidsplay.org/flash2/default.php?page=welcome&lang=en
o MacArthur Foundation, 2008, Living and Learning with New Media: Summary of Findings from the 

Digital Youth Project. http://digitalyouth.ischool.berkeley.edu/report
o Wood, Chip, Yardsticks (Northeast Foundation for Children, 2007)
o Constructivism, constructionism, situated learning. Various Wikipedia sites. 
o Prensky, Marc, Don’t Bother Me, Mom, I’m Learning: How Computer and Video Games Are Preparing 

Your Kids for Twenty-first Century Success – and How You Can Help. http://www.marcprensky.com/
writing/

o Edutopia,What Works in Public Education, www.edutopia.org.

•  Program Precedents and Curriculum
o Fairchild Challenge, Fairchild Tropical Botanical Garden, http://www.fairchildgarden.org/index.cfm?

section=education&subsection=fairchildchallenge&page=overview
o Ambient Wood, http://www.informatics.sussex.ac.uk/research/groups/interact/projects/Equator/

ambient_wood.htm
o Children’s Museum of Art, Manhattan, New York, http://cmany.org/intro.php?pn=home
o Tamarack Nature Center, Ramsey Co., Minnesota, http://www.co.ramsey.mn.us/NR/rdonlyres/265D5142-

BAA0-4DB3-9CFC-DA3B819C6E8B/10773/DestinationfordExecutiveSummaryPDF.pdf
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