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I
n recent years, the number of online 

courses has shown explosive growth, 

which has allowed students to partici-

pate in opportunities for higher education 

while eliminating the traditional constraints 

of scheduling, cost, and location. The Sci-

ence Media Group at the Harvard-Smithso-

nian Center for Astrophysics has contributed 

to this growth by investigating how to make 

effective use of video-based materials to con-

vey diffi cult ideas in science. One of our most 

recent productions, created in partnership 

with Annenberg Media, is a series of online 

course materials on environmental science.

A course designed to improve environmen-

tal science literacy for all adult learners and to 

serve the professional development needs of 

high school science teachers, The Habitable 

Planet: A Systems Approach to Environmen-

tal Science (www.learner.org/courses/envsci/) 

provides a road map to current environmental 

science issues. The course considers the Earth 

in a planetary context, one in which large geo-

chemical cycles and transfers of energy in the 

atmosphere and ocean shape the habitat in 

which we live. The content for the course was 

developed by our colleagues at the Harvard 

University Center for the Environment, in col-

laboration with many world leaders in the fi eld 

of environmental science. All course materi-

als are offered without charge by Annenberg 

Media, via learner.org, a Web site offering a 

large collection of multimedia resources for 

students, teachers, and adult learners.

The conceptual backbone of the course 

consists of 13 units that cover key ideas in 

environmental science. Faculty from differ-

ent fi elds in environmental science specifi ed 

the scientifi c content and then closely edited 

several rounds of drafts written by a journal-

ist with expertise in environmental science, 

which allowed us tap into knowledge at the 

frontiers of environmental sci-

ence from more than a dozen 

individuals, but to maintain 

a consistent voice in the fi nal 

product. A carefully crafted 

Web navigation system allows 

users to browse the content 

in whatever order suits their 

needs and to access its diverse 

components (which include 

text, video, interactive labora-

tories, animations, and graph-

ics) (see the photo, right) from 

anywhere within the course. 

Online instruction has been 

part of science educators’ pro-

fessional lexicon for but a few 

decades, and our understand-

ing of how to use this medium effectively is 

rapidly changing. One lesson our group has 

learned is that using this medium to teach 

for understanding can be extraordinarily dif-

fi cult. Our foray into this fi eld began with A 

Private Universe (1), a video famous for its 

scenes of Harvard graduates struggling with 

“simple” concepts in science (e.g., the causes 

of the seasons). This video, together with the 

online courses we developed as part of the 

Private Universe Projects in Science (2) and 

Mathematics (3), demonstrates that, even 

under the best of circumstances, students all 

too often fail to adopt the scientifi c under-

standing intended by the instructor. Such 

challenges may only be exacerbated in online 

settings where student-teacher interactions 

are often curtailed.

One of the reasons science learning may 

be diffi cult is that there is a conceit implicit 

in the traditional approach to instruction that 

confl icts with the way we make sense of sci-

entifi c ideas. All too often instruction assumes 

that students build knowledge sequentially, 

from one prerequisite idea to the next, in a 

linear, hierarchical manner that mirrors the 

design of traditional textbooks and lectures. 

In real life, however, we tend to advance our 

understanding through a process that is much 

more haphazard and stochastic. Our knowl-

edge builds from confl icting ideas 

(often only partially formed) that 

we weigh, one against the other, so 

that the understanding that emerges 

is the weighted sum of probabilis-

tic beliefs. Thus, while the tradi-

tional approach to instruction pres-

ents ideas in a linear progression, we 

make sense of this material through 

a process that is much more mallea-

ble and fl uid and is subject to many 

more infl uences than we currently 

understand or acknowledge.

This process of nonlinear reason-

ing, inherent in science, mirrors how 

the human brain makes meaning 

from sensory inputs. For example, 

our eyes perceive the world as being 
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The scientifi c process is diffi cult to convey by words alone. 
A video in The Habitable Planet shows scientists working with 
the Smithsonian Tropical Research Institute measuring seed-
lings to study changes in species diversity in the rainforest of 
Panama.
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stable and connected, despite the fact that 

our vision is interrupted by dramatic shifts 

in gaze direction that alter the visual aspect 

of the scene presented to the brain (4). Fur-

thermore, although we imagine we see the 

world to be sharp and detailed everywhere, 

in reality only a very small patch in our vision 

(roughly 2° across) perceives the world at 

the level of clarity matching our beliefs (5). 

It is remarkable that, despite the fact that our 

senses present only an imperfect sample of 

information to our brain, the world we believe 

we see is detailed and contiguous. Clues as 

to why this is the case can be found in the 

literature on visual attention (6), which sug-

gests that information that is sampled periph-

erally is augmented by higher-order concep-

tual frameworks, built from experience, that 

act to fi ll in detail missing in our senses (7). 

Even at the level of perception, our brains 

appear to be wired so as to resolve ambigu-

ity—actively fi lling in detail with informa-

tion that is peripherally observed— to build 

an understanding that is consistent with our 

experience.

The Habitable Planet gives an overview 

of the Earth’s systems—geophysical, atmo-

spheric, and oceanic systems, as well as 

ecosystems—as they exist independently of 

human infl uence. It builds on this theoretical 

presentation through the inclusion of videos 

that extend the text to tell stories of scientists 

engaged in cutting-edge research. These case 

studies afford students an opportunity to tag 

along on virtual visits to the fi eld or to the 

research laboratory, to expose them to a level 

of “messy” peripheral detail we feel is essen-

tial for learning (8). The videos defi ne a broad 

(often visual) context that serves as counter-

point to the linear structure defi ned by the 

narrative text, to help learners make sense of 

ideas they may only partially understand (see 

the photo on page 1119, bottom).

One compelling video depicts the pro-

cess a glaciologist uses to gather evidence of 

changes in global temperatures across geo-

logic time and shows how a team drills deep 

into tropical glaciers to extract ice cores hold-

ing the history of atmospheric conditions over 

centuries. The video shows how scientists 

take ice from the drill tubes, sort and label it, 

and then slice it to analyze samples for isoto-

pic signatures of temperature change.

Voice-over commentary serves to move 

the video’s linear narrative forward. At the 

same time, the video also provides a great deal 

of other more amorphous content, to quickly 

paint a broad picture of the experimental pro-

cess at a level of detail that would be diffi cult, 

if not impossible, to convey in words. In the 

example of the video on glacial ice cores, we 

see what controls the scientists use to prevent 

contamination of their samples, and even get 

an appreciation of the temperatures involved 

by observing the brittleness of the ice as it is 

cut, all without any need for explicit exposi-

tion. In this way, the videos help advance the 

learners’ understanding through a process 

that is more stochastic than what is possible 

in a traditional treatment, such as what a text-

book or lecture might offer alone.

An important reason, perhaps intangible 

to the user, that the videos are so effective is 

that they were produced through a collabora-

tive process between the faculty responsible 

for the text and the producers responsible for 

the video. Discussions between the two led 

to the selection of the subjects for the videos, 

and continued interaction ensured that the 

videos addressed key ideas vital to the learn-

ing goals of the course. The resulting pro-

grams, presented as case studies, put a human 

face to the research and provide a close-up 

look at the methodologies underlying the 

science, while offering a panoramic view 

of the frontiers of environmental research 

as it appears today. Topics range from how 

air samples obtained from around the globe 

document the rise in atmospheric CO
2
 con-

centrations to how observations of wolves in 

Yellowstone demonstrate that changes in a 

single species alter the distribution of plants 

and animals across the food web. The videos 

depict subjects of pressing concern (biodiver-

sity, water and energy resources, overfi shing, 

and climate change) by focusing on essential 

questions whose answers are not yet known, 

to show how scientifi c teams, driven by a pas-

sion for knowledge, collect their data and 

carry out research.

The Habitable Planet supplements the 

instruction provided through text and video 

with interactive laboratory simulations that 

challenge users to systematically experiment 

with models of environmental systems. These 

interactive laboratories simulate systemic 

trade-offs, such as predator-prey relations or 

the impact of energy on atmospheric CO
2
. In 

addition, the course includes a professional 

development guide to assist those using the 

course for teacher education.

Our course in Environmental Science has 

so far proved extremely popular, and in Feb-

ruary 2010 alone, its Web site recorded more 

than 200,000 page views. Our plans are to 

extend these developments in our next course 

offering (to be released in 2010), Physics for 

the 21st Century, which will help undergrad-

uates learn about ideas such as dark energy 

and black holes, ideas that occupy the inter-

ests of physicists working today. We will fol-

low this with a course on Learning and the 

Brain (to be released in 2011). This course, 

targeting preservice and in-service teachers, 

will examine how an understanding of cogni-

tive processes in the brain can inform teach-

ing—ideas we ourselves hope to apply in our 

design to thus refi ne our models for effective 

online instruction.
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