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Goals

The goal of this formative evaluation study was to determine the extent to which visitors could
successfully use the DNA Model exhibit to build and understand a replica of DNA.  In terms of
successfully using building a model, the developer wanted to know the degree to which the
exhibit was engaging for visitors and wished to learn about anything that was confusing or
difficult for visitors.  In terms of understanding the model, the developer wanted to know:

• whether visitors could build a model of DNA when they had only half a base pair, rather
than a full base pair, as a starting point:

Half base pair Full base pair

• whether visitors understood that the model represented the shape of DNA;
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• whether the model conveyed to visitors some of the key constraints inherent in the DNA
molecule, such as that some base pairs are possible while others are not; and

• whether the model conveyed to visitors some of the flexibility inherent in the DNA
molecule, such as that the base pairs can be stacked in any order.

Summary of Results

While building the DNA model:
• 7 of 8 visitors (88%) were able to build a structure with at least 6 base pairs.  Most

visitors used all the building block pieces, creating a structure with 15 base pairs.  The
one visitor who failed to build a structure reported having a Ph.D. in Biochemistry.

• Half (4) of the visitors mistakenly ignored problems in their construction, such as two
base pairs fitting incorrectly.  Nonetheless, 3 of those 4 visitors were able to build a
structure with 15 base pairs, even though it was not completely stable.

• Visitors who encountered only half a base pair as the starting point for the exhibit built
more stable structures than visitors who encountered a full base pair.

• An unstable structure collapsed once.  This could pose a small hazard to visitors.

During the interview:
• 7 of 8 visitors rated the experience as “engaging” or “very engaging.”
• Most visitors found something about the exhibit confusing, usually either the colors of

the bases or getting started with the exhibit.
• All visitors understood that the exhibit was showing something about DNA.  Most

visitors specified that the exhibit showed the shape, pattern or double helix nature of
DNA.

• Visitors felt it was especially clear that pairs of blocks make up DNA and that each pair
must be made up of a small block and a large block.  Visitors felt it was especially
unclear that any pair of blocks could be flipped over and still fit onto the structure.

Methods

We employed a cued interview method in which we recruited visitors, asked them to use the
exhibit, observed them as they attempted to build the model, and finally interviewed them about
their experience.

We only recruited visitors who were eight years old or older, because the physical manipulation
of the building blocks requires some degree of manual dexterity.  Recruitment occurred near the
exhibit, in the Life Sciences area on the Mezzanine, in close proximity to other genetics exhibits.
Individuals were randomly selected by choosing the third person to cross an imaginary line in the
floor.  We tried to recruit mainly individuals, but we allowed pairs of visitors to participate.
When a pair of people participated together, the visitor who had been randomly selected was
asked to answer each question first, then the other visitor was asked to answer.
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The demographics of the randomly selected visitors are shown below.

Demographics of interviewees
Age Females Males Special interest in DNA Total
8-18 1 1 None 2
19-29 0 1 None 1
30-39 2 1 None 3
40-49 0 1 Ph.D Biochemist 1
60+ 0 1 Family in biotech 1
Total 3 5 8

Detailed Results

Observations of visitors as they built a DNA structure

While visitors worked with the exhibit, we noted what they built, what problems they
encountered and whether they were successful.  The details are described below.

Visitors were successful
We found that nearly everyone (7 out of 8 visitors) could successfully build a structure of DNA.
The table below shows the final number of pairs the visitor used in their structure (which
indicates the height of the structure).

Number of
base pairs used

(max = 15)
Number of visitors

None 1
6 1

15 6

Visitors mistakenly ignored problems, made unstable structures
It is possible to force together two bases that do not belong together, despite the repulsion of the
connecting magnets in the blocks.  We found that half of the visitors did not notice that the bases
were repelling each other, and simply continued building.  This created unstable structures in
three instances.  In one case, a visitor was able to create a 15 base pair structure where more than
half of the base pairs (8 of 15) were mismatched.  In another case, the unstable structure
collapsed, grazing a girl on the head.  She was not injured, but this suggests that the blocks be
reconfigured to better prevent incorrect connections from being made.  A larger number of these
unstable structures might have toppled, had the evaluator not partially dismantled the top few
pairs to avoid another accident.
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Interestingly, most of the visitors who built unstable structures were those who had been
provided a full base pair, rather than only half a pair, at the start of their experience.  See the
table below.

Starting Base Built Solid
Structure

Built Unstable
Structure

Failed to Build
a Structure

Full Pair (two bases) 1 3 0
Half Pair (single base) 3 0 1

Difficulty getting started
Most visitors spent a large part of their time at the exhibit figuring out how to join the blocks
together and attach them to the exhibit platform or other base pairs.  Once this was determined,
visitors were able to build a tall structure relatively quickly.   In an unmediated situation, it is
unknown whether visitors would have stayed long enough at the exhibit to reach this rapid
assembly stage.

Interviews of visitors after they had finished using the model

After visitors built a structure (or failed to build one), we interviewed them about their
experience.  The questions and results are described below.

1a. First, how engaging was the exhibit for you?  Would you say it was...

Not engaging Somewhat engaging Engaging Very engaging
1 6 1

1b. Can you say why you chose ____ ?

Fun to put together/do a puzzle 5 of 8
Girl: I don't know.  [Anything?]  No.  Woman: Because it's building a puzzle and I like puzzles.
Woman: Because I like puzzles.  [Anything else?]  No.  Girl: Because I like to keep on going and

finish what I start.
Because there is fit, you can fit something somewhere.  My son is 4 years old, so if he got

engaged, then it's good.
Anything that is stacking blocks is engaging.  It would be cool if you had more colors so you

could do patterns.  It's cool how it twists and turns.
Boy: Because it was interesting to put it together and see how the parts fit.  It was worth the time

I spent.  Woman: I guess I would found it more engaging if I had known what the pieces
represent.  I've heard of the double helix before, but putting it together gives me a better
sense of it.
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Fun to make pattern 2 of 8
Man: It starts out not engaging, but after a while you build up a pattern and it's more fun.  Boy:

because it's just like a pattern.
Because I wanted to figure it out.  Once I figured out the pattern it felt fine. [what pattern?]  You

pack longer pieces on top of each other and shorter ones on top of each other.

Want to know what I'm building 2 of 8
Boy: Because it was interesting to put it together and see how the parts fit.  It was worth the time

I spent.  Woman: I guess I would found it more engaging if I had known what the pieces
represent.  I've heard of the double helix before, but putting it together gives me a better
sense of it.

If you knew whether you were building a mutant or not it would make it more engaging.  What
are you making?  If I put two orange on top of each other what would I be making?

2. Was there anything frustrating or confusing about using the exhibit?  Anything else? [to
exhaustion]

Getting started 4 of 8
Man: First getting it together, the first rows at first.  I didn't know how to put them together but

then the magnets helped me to figure it out.  [Anything else?]  The colors- I didn't know if
it was supposed to be stacked in an order of colors.

It was difficult to reach the top when it got high.  [Anything else?]  Starting it- how to stack them
correctly.  [Anything else?]  No.

Woman: It looks like it will be hard, but once you catch on it's good.  Girl: Not once you get the
pattern [what pattern?]  blue with yellow and orange with white.

At first.  It took a while to figure it out, but the 'click' [of the magnets] helped.  Not frustrating,
just puzzling.

Didn't understand colors 3 of 8
Girl: that was sort of confusing- the colors are confusing-  it's a weird pattern, it's not really a

pattern that we made.  Woman: The great thing is that these are never the same- the big one
can be on either side.  Girl: There IS a pattern- it goes from small to big to big to small.

Yeah.  It didn't allow him to build something like the model.  It's not enough for 4 or 10 year olds
to get- it would be frustrating to them.  If you put the initials of the bases on there and told
them what to connect that would help.

Man: First getting it together, the first rows at first.  I didn't know how to put them together but
then the magnets helped me to figure it out.  [Anything else?  The colors- I didn't know if it
was supposed to be stacked in an order of colors.
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Hard for kids 1 of 8
Yeah.  It didn't allow him to build something like the model.  It's not enough for 4 or 10 year olds

to get- it would be frustrating to them.  If you put the initials of the bases on there and told
them what to connect that would help.

Reaching the top 1 of 8
It was difficult to reach the top when it got high.  [Anything else?]  Starting it- how to stack them

correctly.  [Anything else?]  No.

Nothing was confusing 2 of 8

3.  What do you think the model is trying to show?  Did you get any sense of that?

Shape of DNA 3 of 8
Man: To me, how it builds up- now I can see, oh man- I built DNA.  Boy: What DNA looks like?
Woman: To show a model of DNA.  Girl: To understand what is inside your body.  Woman:

That that is a code and there is a pattern.
The shape of the DNA and how it's just building blocks.

Arrangement changes DNA 2 of 8
Girl: I'm not sure.  [guess?]  No guess.  Woman: It shows how everyone is completely different,

DNA is always different.
Boy: DNA molecular strands.  [Can you be more specific?]  I guess it could be meaning different

things depending on the arrangement, and the two halves could snap apart.  Woman: The
shape of the double helix.

Double helix of DNA 2 of 8
It shows the double helix of the DNA.  I'm not a geneticist, but I know enough from my kids to

know what it's showing.
Boy: DNA molecular strands.  [Can you be more specific?]  I guess it could be meaning different

things depending on the arrangement, and the two halves could snap apart.  Woman: The
shape of the double helix.

Complexity of DNA 1 of 8
Maybe how complicated DNA is put together.  [Anything else?]  That's what I got.

DNA has different kinds of bonds 1 of 8
The interacting (sic) between different DNA molecules. Some are chemical bonds, some are

molecular bonds.  I like the concept, but it's too hard to build.
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Pattern in DNA 1 of 8
Woman: To show a model of DNA.  Girl: To understand what is inside your body.  Woman:

That that is a code and there is a pattern.

4. Card task:

I’m going to show you 8 cards, and on each card is an idea that this model of DNA was
meant to show.  We think that, with the way this exhibit is built right now, it would be
pretty hard to have gotten these ideas from the exhibit, but we just want to test them out
and see what it did show well.

So without having you go back and use the exhibit, I’d like to ask you to put each card into
one of these two piles: “The exhibit made this pretty clear” and “The exhibit didn’t
make this clear."

The results indicate that visitors felt it was especially clear that pairs of blocks make up DNA
and that each pair must be made up of a small block and a large block.  Visitors felt it was
especially unclear that a pair of blocks can be flipped over and still fit onto the structure.

Number of visitors who
placed statement into pile

Statement on Card (in order presented) Clear Unclear
In the DNA structure, the gray “backbone”

pieces always spiral around each other 5 3

In any pair of building blocks, one gray
“backbone” piece is always “up” and the
other is always “down”

5 3

Pairs of  blocks make each “step” in the
DNA molecule 6 2

The pairs of blocks can be stacked in any
order 5 3

Any pair of blocks can be flipped over and
still fit perfectly into the structure 2 6

In putting together a pair of blocks, you
must always use one small block and
one large block

7 1

White building blocks can only connect to
Orange building blocks

3 5

Blue building blocks can only connect to
Yellow building blocks

3 5
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Conclusions

Based on our limited number of interviews with visitors, the DNA Model exhibit prototype
seems to be quite successful.  Visitors were able to build the structure, and they understood that
the structure shows the shape of DNA.  Several visitors even mentioned that the shape is a
double helix and that the arrangement of the blocks shows that DNA can differ from person to
person.

Still, there are some small problems to be worked out.  Visitors were able to incorrectly connect
bases that should have been impossible to put together.  This presents an inaccurate picture of
DNA, and worse, it creates an unstable structure that could result in injuries to visitors.  Also, the
graphics were relatively minimal in this version, and apparently did not strongly convey that
pairs of blocks can be flipped over and still fit perfectly onto the structure.

Recommendations

We recommend altering the blocks so that unstable pairings cannot be created.  We also
recommend augmenting the label to make more links between the attributes of the model and the
attributes of DNA, such as how certain base pairs are possible while others are not.  Perhaps
adding letters (A, T, G and C) to the blocks would help visitors with prior knowledge about
DNA better understand the model.  Finally, we recommend placing the exhibit on a low table.
Not only would this allow shorter visitors to reach the top of a tall structure without straining, but
would also reduce the likelihood of a visitor being hit in the head by the toppling pieces of an
unstable structure.


