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EXECUTIVE SUMMARY
IMPACT OF TELEVISION PRESENTATION FORMATS

ON UNDERSTANDING DRAGONFLYTV NANO CONTENT
MULTIMEDIA RESEARCH « JULY 24 2009

Produced by Twin Cities Public Television, St. Paul, MN, DragonflyTV (DFTV) is a weekly
television series of half-hour live action shows for 8-12 year olds, distributed by PBS Plus.
DFTV features real children engaged in real inquiry-based investigations in and around science
centers across America. Six 2009 episodes of DFTV focus on the world of nanoscale science
and technology. DFTV Nano highlights science centers and university research labs while
applying the DFTV “Real Kids ... Real Science” model to communicate basic concepts and the
scientific process in nanoscience. The themes of the six programs include Size & Scale,
Structure of Matter, Small is Different, Forces at the Nanoscale, Applications, and
Nanotechnology & Society.

Thirty female and thirty male fifth graders equally distributed across five national sites
participated in the study. Participants had not previously seen DFTV and reported that they were
somewhat or very interested in science. Half of the sample viewed the program Structure of
Matter, and half viewed Small is Different. Participants were interviewed individually both
before and after seeing their respective program. The pre-post same-sample study implemented
by Multimedia Research encompasses two studies (1) an assessment of what children can learn
about nanoscience from television and (2) an exploration into how viewers’ understanding of
nanoscience content varies with different television presentation formats.

The programs were very successful in communicating their main messages of nanoscience

The content in DFTV Nano is shaped for the 8-12 year old level of understanding. Both
programs used in this study illustrate the meaning of the words nano and nanotechnology and
show also how scientists work at the nanoscale. The program Small is Different covers the
meaning of surface area and demonstrates that when some things are nanosized, they change a
lot, influencing their reactivity and their color. The program Structure of Matter communicates
the message that how something is structured or made on the inside can change the strength of
the object or can change the color on the outside of the object. This program also addressed how
products use nanoscale material. Pre and post interview questions assessed changes in
nanoscience understanding.

Structure of Matter:

* Understanding of the words “nano or nanotechnology.” Although three-quarters of fifth
graders said they had heard of the words “nano or nanotechnology” before viewing Structure
of Matter, seeing the show significantly expanded their understanding of the meaning of
these words. Half of the sample, both before and after the program, understood “nano” to
refer to a very small size. After viewing, significantly more participants understood the
terms to refer to something that is too small to see with the naked eye (13% pre; 47% post).
In the pre-interview, none of the viewers brought up a property of matter, whereas in the
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post-interview a significantly larger proportion (50%) noted something about strength,
weight, color or structure in their description of the words “nano or nanotechnology.”

* Understanding that structure inside can impact strength of object. Significantly more fifth
graders in the post-viewing interview could explain how the structure inside something can
influence the strength of an object, referencing nanotubes or molecular structures (28% pre;
55% post).

*  Understanding that structure inside can impact color of object outside. Significantly more
children after viewing the program could explain how something is structured on the inside
can change the color of an object outside, referencing light reflection (pre 3%; 46% post).

Small is Different

¢ Understanding of the words “nano or nanotechnology.” Three-quarters of fifth graders said
they had heard of the words “nano or nanotechnology” before viewing Small is Different.
Viewing the program significantly increased understanding that nano means a very small size
(pre, 43%; post, 83%), but viewing this program did not significantly increase the percentage
of children who understood the nanoscale size as too small to see with the naked eye (pre,
7%; post, 17%). Significantly more children in the post-viewing interview noted something
about change in reactivity or color in their description (pre, 0%; post, 30%).

* Understanding that some things change a lot when nanosized. Viewing the program
significantly improved the fifth graders’ ability to verbalize an understanding that nanosizing
something influences its properties like reactivity or color. Prior to seeing the program,
none of the children made reference to the properties of matter as a function of size, whereas
after viewing, significantly more (47%( referred to the reactivity or color results of
nanosizing.

* Understanding surface area. Significantly more viewers could provide an acceptable
definition of surface area after seeing this program. (pre, 30%; post, 60%).

Viewers identified two distinct television presentation formats as most effective
in helping them learn nanoscience content:
“onscreen kids doing hands-on activities” and “the use of models to support content”

With each post-viewing interview question about nanoscience content (summarized above),
viewers were asked also what particular parts of the program helped them learn that content.
Four presentation formats widely used in the production of the two programs were of interest in
this study: (1) onscreen kids doing hands-on activities; (2) onscreen kids meeting with adults
who show them something; (3) use of models to support content explanations; and (4) the host,
Eric, explaining directly to the viewing audience.

* Viewers most frequently pointed to the presentation format of onscreen kids doing hands-on
activities as helping their understanding of the words “nano,” “nanotechnology” and “surface
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area;” that some things change a lot when nanosized; what happens when surface area
increases a lot; that structure inside can impact strength or color of an object; how scientists
work at the nanoscale; and what products use nanoscale structures.

* The second most-effective format supporting the learning of nanoscience content was the use
of models, which viewers identified as helping them understand the phrase “surface area;”
that some things change a lot when nanosized; and that structure inside can impact strength
of an object.

* Viewers less frequently referred to the presentation format of onscreen kids meeting with
adults who show them something. When scientists showed images of nanoscale structures
produced by large microscopes, viewers learned how scientists work at the nanoscale and
that nanoscale means smaller than can be seen by the naked eye.

* The format of the host Eric explaining directly to the audience was least noted in helping
viewers except in the recall of products using nanoscale structures.

Across the presentation formats, four production characteristics were identified
as most effective in helping viewers learn:
“clear demonstration of relationships, comparisons, procedures and results,”
“showing critical information visually,” “connection to the content” and
“clear age-appropriate explanations”

Viewers explained how different segments within the four presentation formats helped them

learn something. This part of the post-interview permitted the identification of production

characteristics that support learning, including:

* C(Clear demonstration of relationships, comparisons, procedures, and results was noted as
important to effective learning from all four presentation formats.

* Showing critical information visually was also described as a critical attribute for all four
formats.

* Viewers felt connected to the content of three of the four formats (hands-on activities,
models, host)

* Viewers emphasized that explanations were age-appropriate and clear in three of the four
formats (models, host, adults showing something to onscreen kids).

* The hands-on activity and host segments were described as fun or funny.
* Viewers felt that they could do the activity presented in the hands-on activity format.
e With respect to the segments where the onscreen kids meet with adults who show them

something, viewers felt they could learn along with the onscreen kids, that the scientists
know more, and that they could really see how small the nanoscale is.
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All viewers concluded that nanotechnology
will be very or somewhat important in the future

Viewers of the two programs came away thinking that nanotechnology will be important in the
future because it can be applied in many different ways; it may make life easier; it uses fewer
resources, saves money or has the potential to produce better sources of energy; and that
nanotechnology stimulates building or inventing new things.

In conclusion, this study demonstrates that the DragonflyTV Nano television programs can
significantly expand pre-teens’ understanding of nanoscience in terms of scale, properties,
methodology and applications. The television presentation formats of showing “onscreen kids
doing hands-on activity” and “models” were perceived by viewers as most effective in
communicating the nanoscience messages, and the characteristics of DFTV Nano’s presentation
formats that were identified as most helpful for learning include “clear demonstration of
relationships, comparisons procedures and results,” “showing critical information visually,”
“connection to the content,” and “clear age-appropriate explanations.”
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INTRODUCTION

Produced by Twin Cities Public Television, St. Paul, MN, DragonflyTV (DFTV) is a weekly
television series of half-hour live action shows for 8-12 year olds, distributed by PBS Plus.
DFTV features real children engaged in real inquiry-based investigations in and around science
centers across America. Six 2009 episodes of DFTV focus on the world of nanoscale science
and technology. DFTV Nano highlights science centers and university research labs while
applying the DFTV “Real Kids ... Real Science” model to communicate basic concepts and the
scientific process in nanoscience.! The themes of the six programs include Size & Scale,
Structure of Matter, Small is Different, Forces at the Nanoscale, Applications, and
Nanotechnology & Society.

Participants in this study viewed one of two DFTV Nano programs: Structure of Matter or Small
is Different.? Both programs illustrate the meaning of the words nano and nanotechnology and
also how scientists work at the nanoscale. The program Structure of Matter communicates the
message that how something is structured or made on the inside can change the strength of the
object or can change the color on the outside of the object. This program also addresses how
products use nanoscale material. The program Small is Different addresses the meaning of
surface area and demonstrates that when some things are nanosized, they change a lot,
influencing their reactivity and their color. The content in both programs is shaped for the 8-12
year old level of understanding.

The pre-post same-sample study implemented by Multimedia Research encompasses two
studies: (1) an assessment of what children can learn about nanoscience from television and (2)
an exploration of how viewers’ understanding of nanoscience content varies with different
television presentation formats. The four presentation formats of interest in this evaluation
include (1) the host explaining directly to the viewing audience; (2) the use of models to support
content explanations; (3) onscreen kids doing hands-on activities; and (4) onscreen kids meeting
with adults who show them something. Both the programs and presentation formats are
explained in more detail in the next section.

1 For a more complete description, see http://www.dftvpress.org/index.html
2 Full programs may be viewed at http:/pbskids.org/go/video/ . Individual video segments may be viewed at
http://pbskids.org/dragonflytv/nano/ as listed in Tables 1 and 2.
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METHOD

Sample

Sixty fifth graders participated in the study, equally distributed across five national sites (North
Miami, FL; Harvard, MA; Milwaukee, WI; Austin, TX; Sacramento, CA). Half of the sample
(15 girls, 15 boys) viewed Structure of Matter. Minorities comprised 27% of the girls’ sample
and 27% of the boys’ sample. A different half of the recruited participants (15 girls, 15 boys)
viewed the program Small is Different. Due to scheduling issues, few minority participants
(10%) viewed Small is Different. The study did not plan comparisons of the two programs so
this imbalance is not a problem for the research design but does influence generalization of
results. Children familiar with DFTV or with “little” or “no” interest in science were not
recruited for the study; thus, no viewers had seen DFTV previously, and viewers reported that
they were either “very” (53%) or “somewhat” (47%) interested in science. Gender and minority
status were not related to strength of interest in science.

DFTV Nano Programs

Two DFTV Nano programs were utilized in the study. Tables 1 and 2 present the program
segments of Structure of Matter and Small is Different along with their nanoscience messages
and presentation formats that are the focus of this study. The images displayed are thumbnail
versions of photos shown to participants in the second half of the post-viewing interview.

Table 1. Structure of Matter
Nanoscience Messages Presentation Formats Ilustration from program
used in interview

Host Intro
Meaning of nano and Host explains directly to
nanotechnology audience how different

Structure at the nanoscale combinations of carbon
impacts physical properties | atoms form different
at the macroscale structures.

Real kids hockey sticks inquiry (http://pbskids.org/dragonflytv/show/hockeysticks.html)
Nicholas and Jordan love hockey. They know that carbon nanotubes are used in some
hockey sticks but aren’t sure how the tiny structures change the equipment. They do some
background research at the Museum of Science and do an experiment with hockey sticks.
Balloon model of shape TR Y S
and structure of a carbon
nanotube at Museum of
Science, Boston.

Multimedia Research 2 DragonflyTV Nano Evaluation



Structure at the nanoscale
impacts physical properties
at the macroscale

Chicken wire used to
model how structure
changes strength of
material.

Kids do hands-on
activities, measuring and
graphing slap shot speed
with carbon nanotube,
wood, and composite
hockey sticks.

Host discusses nano applications, size, and introduces challenge question: How do you get
into space without a rocket?

nanotubes.
Meaning of nano and
nanotechnology

Structure at the nanoscale
impacts physical properties
at the macroscale

Real kids hockey sticks inquiry continued
At a Harvard University lab, Nicholas and Jordan compare tensile strength of the hockey
sticks, and Harvard scientists use powerful microscopes to help the kids “see” carbon

Kids do hands-on
activities, measuring the
weight and strength of the
three types of sticks.

Kids meet with adult who
shows them pictures of
carbon nanotubes using
transmission electron
microscope.

Host discusses carbon nanotube applications, size, gives hint about challenge question

Scientist profile: Lesley Hamming, mussel scientist, discusses nanoscale mussel glue
http://pbskids.org/dragonflytv/scientists/scientist64.html

Structure at the nanoscale
impacts physical properties
at the macroscale

Host discusses nano in nature

Host explains directly to

audience that spider web’s
nanostructure makes it, by
weight, stronger than steel.

Zoomcab: Host rides animated car, zooming through macroscale images down to nanoscale
images of an iridescent moth wing.

Multimedia Research
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Structure of Matter (continued)

Nanoscience Messages

Presentation Formats

Ilustration from program used
in interview

them and others don’t.
Structure at the nanoscale
impacts optical properties
(i.e., iridescence) at the
macroscale

Real kids butterfly wings inquiry http://pbskids.org/dragonflytv/show/butterflywings.html
Emily and Julie check out the Magic Wings Butterfly House at the Museum of Life and
Science in Durham. They wonder why some butterfly wings change color when you tilt

Kids do hands-on
activities, observing that
the color of soap bubbles
has something to do with
the thickness of the soap
film.

Meaning of nano

Structure at the nanoscale
impacts optical properties
at the macroscale

Real kids butterfly wings inquiry continued
At a Duke University lab, Emily and Julie learn that iridescence in some butterfly wings —
like the iridescence of soap bubbles — results from their structure. They test whether colors
in butterfly wings are the result of pigment or nanoscale structures.

Kids meet with adult who
shows them pictures of
Blue Morpho wings using
scanning electron
microscope.

Kids do hands-on
activities, testing the
presence of pigment or
nano structures in
butterfly wings.

Host Expansion
Structure at the nanoscale
impacts optical properties
at the macroscale

Host explains directly to
audience how a future
nanofiber shirt will
change color with a tiny
electrical charge.

Hey, Wait a Nanosecond shows interviews with real kids answering the question: Would
you want to know if a product was made with nanotechnology?3
http://pbskids.org/dragonflytv/nano/wans_702.html

Host closes with discussion of the challenge question about the possibility of traveling into
space without a rocket with a nanotechnology-based space elevator.

3 Societal and ethical aspects of nanotechnology were noted in the program but not addressed in this study.
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Table 2. Small is Different

Nanoscience Messages

Presentation Formats

Ilustration from program used
in interview

Host Intro
Meaning of surface area

The same substance can
behave very differently
when nanosized

Host demonstrates
directly to audience how
surface area of antacid
tablet (whole or crushed)
influences dissolving
speed.

Museum of Minnesota.
Meaning of nano

Meaning of surface area
The same substance can
behave very differently

when nanosized

Surface area affects
reactions

Real kids surface area inquiry http://pbskids.org/dragonflytv/show/surfacearea.html

After discovering that ordinary flour dust can be explosive, Lara and Anushua coat small
and big cookies with sugar and then explore surface area to volume ratio at the Science

Kids meet with adult who
shows them how flour
dust can explode when
surface area is increased,
at Mill City Museum in
Minneapolis.

Kids do hands-on
activities, discovering
that cookies of different
sizes require different
amounts of sugar to cover
them.

Blocks used to model
surface area to volume
ratio at Science Museum
of Minnesota, St. Paul.

-
27 2 6=182

pieces?
Meaning of surface area

Meaning of nano

Host demonstrates surface area and introduces challenge question: What can you find in
your kitchen that could help propel rockets into outer space, if broken down into nano-sized

Sugar used to model the
difference in surface area
of a sugar cube, powdered
sugar, and nano-sized
powder.
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Small is Different (continued)

Nanoscience
Messages

Presentation
Formats

Ilustration from program used in
interview

Meaning of surface
area

Meaning of nano and
nanotechnology

Surface area affects
reactions

Real kids surface area inquiry continued
Lara and Anushua conduct soda explosion experiments, investigating how surface area
affects reactions. At the University of Minnesota, scientists demonstrate solar cells designed
with nanotechnology to increase the cells’ surface area.

Kids do hands-on
activities, measuring
the height of geysers
produced by adding
the same weight of
rocks, pebbles and
sand to soda.

Kids meet with adult
who shows them the
electrical energy of
different solar cells,
including one with
high surface area
nanowires.

The same substance
can behave very
differently when
nanosized

To model how
strange stuff happens
at the nanoscale, the
host imagines a
dinner plate changing
so much that it
becomes a
cheeseburger at the
nanoscale.

Scientist profile: Christy Haynes, chemistry professor, discusses safety of nano material
and how exposure to nanoparticles can affect communication of cells.
http://pbskids.org/dragonflytv/scientists/scientist65.html

A Marco Polo game
is played by graduate
students to model
how cells respond
after exposure to
nanoparticles.

(T

Host gives hint about challenge question

images of an eye.

Zoomcab: Host rides animated car, zooming through macroscale images down to nanoscale
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Small is Different (continued)

Nanoscience Messages

Presentation Formats

Ilustration from program used
in interview

Meaning of nano and
nanotechnology

The same substance can
behave very differently
when nanosized

Size of particles can affect
light reflection/color

Real kids stained glass inquiry http://pbskids.org/dragonflytv//show/stainedglass.html

Alettie and Yvonne visit the Glass Experience exhibit at the Museum of Science and
Industry, Chicago, and learn that nanoparticles are responsible for colors in some medieval
stained glass. At Northwestern University, they produce nanoparticles to explore the
relationship between size and color, making their own glass suncatchers.

Kids meet with adults
who show them the
making of glass.

Kids do hands-on
activities, making gold
and silver nanoparticles of
different sizes that turn
solutions different colors.

Host Expansion
Meaning of nano and
nanotechnology

The same substance can
behave very differently
when nanosized

Size of particles can affect
light reflection/color

Host explains directly to
audience how regular zinc
oxide sunscreen reflects
light as white and
nanosized zinc oxide does
not scatter light and goes
on clear.

Hey, Wait a Nanosecond shows interviews with real kids answering the question: Do I
think nanotechnology is safe or unsafe 7+
http://pbskids.org/dragonflytv//nano/wans _703.html

surface area.

Host closes with discussion of the challenge question: aluminum becomes very flammable
at the nanoscale because the nano aluminum particles are more reactive due to greater

4 Societal and ethical aspects of nanotechnology were noted in the program but not addressed in this study.
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Procedure

Pre-viewing procedure. A pre-interview focused on what the fifth graders knew about
nanoscience. Participants were reassured that there were no right or wrong answers to the
questions. Two opening questions were asked of all participants:

1. Have you ever heard of the words “nano or nanotechnology”?

2. Give me your best guess about what you think the words “nano or nanotechnology” means.

Different content questions were asked prior to viewing the respective program:
Structure of Matter

3. How something is structured or made on the inside can change the strength of the object.
Give me your best guess about what you think that statement means — how something is
structured or made on the inside can change the strength of the object.

4. How something is structured or made on the inside can change the color on the outside. Give
me your best guess about what you think that statement means — how something is structured
or made on the inside can change the color on the outside.

Small is Different

3. When some things are nanosized, they change a lot. Give me your best guess about what you
think that statement means — when some things are nanosized, they change a lot.

4. Have you ever heard of the phrase “surface area”?

5. Give me your best guess about what the phrase “surface area” means.

Viewing procedure. One week to a few days after the pre-viewing interview, children viewed
one of the two half-hour programs in their home and were interviewed immediately after.

Post-viewing procedure. The first half of the post-interview established viewer understanding of
the nanoscience content by repeating the pre-viewing questions listed above. Additionally, the
interview explored the relationship of learning to presentation formats by asking viewers after
each content question to identify and reflect on what parts of the program helped them to learn the
content. For example, after asking “what do you think the words ‘nano’ or ‘nanotechnology’
mean,” the interviewer asked “what particular part in the show helped you learn that?” An
additional question was asked for each program related to the nanoscience content: For Structure
of Matter, the interviewer asked: “Some parts of the show explained how nanoscale structures are
used in products. What part do you remember that explained this idea — how nanoscale
structures are used in products?” For Small is Different, the interviewer asked: “Some parts of
the show explained what can happen when surface area increases a lot. What part do you
remember that explained this idea — what happens when surface area increases a lot.”” For both
shows, interviewers also asked: “What part of the show helped you understand something about
how scientists work at the nanoscale?”

The second half of the post-interview focused specifically on the four presentation format
categories. For each category, researchers showed viewers the segment photos that appear in
Tables 1 and 2 and asked them to choose one segment that helped them learn the best and to
reflect on how that segment was effective in helping them learn. Viewers also chose the most
effective presentation format from among their four category choices. Finally, viewers were
asked how important they thought nanotechnology will be in the future and why. Upon
completion of the procedure, each family received an honorarium of $35.
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Data Analysis

The interview data are both quantitative and qualitative in nature. Quantitative data are
presented with frequency distributions in percentages. Qualitative data are coded by key word or
phrase to identify patterns and themes related to the goals of the study. Note that all quotes from
viewers in this report are verbatim and reflect the fifth graders’ abilities to verbalize answers.
Non-parametric statistics’ are used to test the statistical significance of proportion differences. In
this study, a statistical test that gives a p-value, or probability value, lower than .05 is reported as
“statistically significant.” Tables present rounded percentages, so columns may not add to

100%.

3 Non-parametric measures (McNemar Test of Paired Proportions, Chi-square) are used when the assumptions of
parametric tests may not be met, small samples are used, and when data are in ordinal or nominal scales. In this
report, footnotes present the statistical test results.
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RESULTS: STRUCTURE OF MATTER

Understanding of the Words “Nano or Nanotechnology”

Although three-quarters of fifth graders said they had heard of the words
“nano or nanotechnology” before viewing Structure of Matter, seeing the
show significantly expanded their understanding of the meaning of these
words. Half of the children reported both before and after viewing the show
that nano means a very small size. Significantly more children in the post-
viewing interview added that nano could not be seen with the naked eye and
noted some property of matter in their description. Viewers identified two
presentation formats as helping their understanding the most: The format of
“onscreen kids meeting with an adult who shows them something,” in
particular microscope images of carbon nanotubes, helped viewers to
understand that nano means too small to see with the naked eye. The “hands-
on activity” format, particularly the hockey stick inquiry, helped viewers to
understand that nanotechnology has to do with properties of matter.

Before viewing DFTV Nano: Structure of Matter, three-quarters (73%) of fifth grade participants
said they had heard of the words “nano or nanotechnology”. Before viewing the program, the
children were asked: “Give me your best guess about what you think the words “nano or
nanotechnology” mean?” After viewing, they were asked: “Now that you have watched this
show, what do you think the words “nano or nanotechnology” mean?” The goal of these
questions was not to elicit a specific scientific definition but to assess how viewing the show
might expand viewers’ understanding of the terms.

Viewing the program significantly improved the children’s ability to verbalize some relevant
understanding about the terms, with 37% of the sample indicating no relevant understanding
before seeing the program and 100% showing some relevant understanding after viewing® (see
Table 3).

Table 3. Understanding of the Words “Nano or Nanotechnology” (N = 30)

Category of % Pre Examples of pre answers % Post
Response
No relevant 37% | Well, I've heard it as in iPod nano. 0%
understanding How something works.

1 think it’s a special type of a laptop or a computer.

6 McNemar One-Tailed Test of Paired Proportions, as applied here, assesses the equality of before and after
proportions for the same sample. p = 0.0004.
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Half of the sample, both before and after the program, understood “nano” to refer to a very small
size. After viewing, significantly more participants understood the terms to refer to something
that is too small to see with the naked eye; 13% gave this category of answer prior to viewing
and 47% after viewing. 7 (see Table 4).

Table 4. Understanding of Size Related to Words “Nano or Nanotechnology” (N = 30)

Category of | % Pre Examples of pre answers % Post Examples of post answers
Response

Understands 50% | It has to do with something that is 53% | I think nano means like r