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Executive Summary
The Live Show at the end of the Mythbusters exhibit was studied to analyze its impact on scientific knowledge, inquiry and scientific attitudes of the guests.  Results show minor, but positive and significant increases in knowledge and attitude. There was no change in awareness of the stages of scientific inquiry.
· Children aged 7-18 participated
· 333 children took the pre-test
· 80 children took the post-test after they explored the exhibit but before they watched the Live Show (control group)
· 191 children took the post-test after they watched the Live Show (treatment group)
· 30 children were interviewed after watching the Live Show
Key Findings
· Children’s knowledge about the factors that relate to response time (namely, cue type and distance) positively increased after watching the Live Show. 
· Children’s attitude towards science, participating in science and learning about science in a group all positively increased after watching the Live Show.
· Children’s ability to identify and define stages of the scientific method did not change after watching the Live Show.
· Interviews reveal exclusively positive responses to the live show.
· The study is limited due to high overall response scores on the test. However, the positive changes detected are all very likely to be real (statistically, they have a >95% chance of being real). 



Background
In September, 2012 the Museum Evaluation & Research Team conducted a basic evaluation of the live facilitation segment of the Mythbusters exhibit (hereafter: “Live Show”). The evaluation was driven by a request from the Guest Experiences team to find out more about the effectiveness of using live facilitators in an interactive, semi-scripted demonstration and exploration within the Mythbusters exhibit. 
The Mythbusters exhibit was a temporary exhibit that premiered at the Museum in March, 2012 and closed on the subsequent Labor Day. The exhibit experience can be divided into two experiences. The first is a go-at-your-pace exhibit space with a collection of artifacts from the television show and interactive demonstrations testing myths that have been tested on the television show. The second experience is the performance of a stage show near the exit of the exhibit. Sometimes the guests visited the stage show at the end of their Mythbusters exploration and sometimes they returned to the open floor of the exhibit after watching the show.
The show itself consisted of two live facilitators on a small stage that extended into the audience. A paintball gun was setup at one end of the stage and a gong at the other. The facilitators went through a program that introduced the audience to the concept of response time and the differences in response time due to two types of warning cues: light and sound. At the end, an audience member was selected to attempt to dodge a paintball (wearing appropriate protective gear) while being provided different levels of warning time. The show is highly interactive. Three members of the audience make it on stage during the show, one of whom is shot with a paintball. And many more are called upon to participate from the audience. Two members of the research team informally observed three shows and counted the number and type of interactions. They found an average of 22 general interactions where a facilitator asked the general audience to do something (verbally respond, clap, etc.) and 9 targeted interactions where a specific member of the audience was asked to respond in front of the rest of the audience. When a child was chosen to respond, they were rewarded with a high-five, sticker or both. The shows were designed to run 10-12 minutes in length.
The research team focused its research on three aspects of the show:
· Knowledge: What scientific knowledge did children acquire by watching the Live Show?
· Inquiry: How did the understanding of the scientific method change by children who watched the Live Show?
· Attitude: How did children’s attitude towards science and learning about science change by watching the Live Show?
The knowledge and inquiry questions were chosen based on the stated goals of the Live Show as taken from the “Dodge a Paintball Outline” document provided by Guest Experiences. Specially, the document says that guests will “Understand and experience some of the factors that influence reaction time” and “Use the Scientific Method to investigate a question”(p. 27). The attitude question was chosen based on discussions with Heather Barnes, Director of Guest Experiences, who expressed an interest in how the audience was personally responding to the live facilitators. 

Methodology

This mixed-method, experimental study consisted of a one-page test given as a pre-/post-test to both a control and a treatment group. The control groups are those who entered the Mythbusters exhibit and had explored the exhibit floor, but had not yet watched the Live Show. The treatment groups are those who had also watched the Live Show. Some participants were offered the option of taking part in a 10-12 minute structured interview in lieu of taking a post-test. 
The target audience of this study was children aged 7-18. They were recruited with their families in front of the entrance of the Mythbusters exhibit. Each child was offered a $5 gift card to a Museum store for filling out the pre-test. They were also told they would be offered another $5 gift card to take the post-test at the end of the exhibit, but that it would be optional. Those who opted instead to participate in a structured interview were offered a $10 gift card. 
The Test
The test (Appendix A) was designed to fit on one page and not require any writing on behalf of the guest. This limits the effectiveness of the test somewhat, making it a very broad measure. However, it also helped to insure that the test did not interrupt the guest experience.  It was originally pilot-tested with 42 children and revised based on results of the pilot and feedback from Guest Experiences staff.
Two items were designed to measure knowledge gains about factors related to response time. The first item was a simple two-answer multiple choice question:  “What is the fastest way to get someone’s attention?” .Respondents were  given the option to choose either “light” or “sound” in response. The second item was a ranking item where the guest was asked to rank how hard it would be to dodge paintballs shot from various distances away. Both of these topics were explicitly addressed in the Live Show.
One item of the test was designed to measure change in knowledge of the scientific method. This item consisted of three words (experiment, hypothesis, conclusion) circled above a collection of three phrases and three definitions. The guest was asked to draw a line from each phrase or definition to the word that best describes it. The definitions were taken from vocabulary used in the Live Show. The phrases used were real world examples of the word in practice, using a freezing cup of water as the context. For each word there was one correct definition and one correct phrase associated with it. 
Three items of the test were designed to measure change in attitude of the guests. One item was about how much fun they associated with science (“Science is fun”). Another was about whether they liked to participate in science (“I like participating in science”). The last item was about whether they liked to learn about science in a group (“I prefer to learn about science in a group”). Guests were asked to choose one item from a 5-point Likert scale ranging from Strongly Disagree to Strongly Agree. The levels of agreement they could choose from were communicated to them through a series of emotion laden face drawings which they could put a check mark under to indicate their responses to the prompts. 
The pre-test version of the test also included two questions about age and gender.
Interview Protocol
Interviews were used to elicit more in depth responses to our core questions. The protocol (Appendix B) was designed to last around 10-12 minutes.  Guests were sat at a small round table on the Museum floor with the interviewer on one side and the guest on the other. Interviews were digitally recorded and field notes were taken by the interviewer. Most of the time the guests were separate from the rest of their groups, but on occasion a parent or guardian would be nearby and would intervene. When they happened it was noted by the interviewer. The recordings were later transcribed for analysis.
Results
A total of 333 children took the pre-test. The post-test was given to 80 children before they watched the Live Show and to 191 children after they watched the Live Show.  30 children chose to be interviewed in lieu of taking the post-test. 39 children chose to neither take the post-test nor be interviewed. The average age was 11 years old and 63% of the children self-reported as male and 37% female.












Tests
The item regarding the best way to get someone’s attention saw an increase in correct answers by those who watched the Live Show (Figure 1). There is no difference between the pre-test and control group’s post-responses. All absolute scores are likely to be inflated due the fact that random guessing on the item will score 50% on average. However, the increase in correct answers from 69% to 88% is statistically significant.


Figure 1.  Asterisks reflect likelihood of result being not caused by chance:
* = not likely and ** = extremely not likely








The item regarding delay time also showed an overall increase in correct answers by those who watched the Live Show (Figure 2).  There is no difference between the pre-test and the control groups on all three ranking items. However, there is a statistically significant increase in the percentage of correct answers on the post-test for the ranking items associated with the shortest distance/response time and the longest distance/response time. The fact that the middle ranking item showed no significant increase is likely due to it being the middle choice in a ranking item that had three choices. So people were likely to choose “2” (the correct answer) regardless of whether they thought distance was positively or negatively related to the amount of time it takes a paint ball to reach its target.

Figure 2. Delay Time Scores.








The item measuring knowledge of the scientific process showed no major change in correct answers between the pre- and post-test (Figure 3). Of the six pairs of definitions and phrases included in the item, there were no significant differences between the pre-test and the control group or between the pre-test and the post-test given to those who watched the Live Show. The phrase “A test with results” came close to showing significant gain, but it failed a statistical test to see if the difference could reasonably be attributed to random chance.

Figure 3. Scientific Process Scores.










The three items measuring change in attitude all showed an increase between the pre- and the post-test (Figure 4). As with all other items on this test, these items showed no difference between the pre-test and the control group. And they all showed statistically significant increases in attitude by those who watched the Live Show.  Overall, scores were high on this item, as expected from attendees of a science museum. Attitudes towards learning in a group were the lowest of the three measured attitudes, yet the average response was still “Agree” (coded as “4” on our scale). 


Figure 4. Likert scores on a scale where 1= Strongly Disagree and 5=Strongly Agree.
None of the results reported here were correlated with gender or age.
Interviews
In the attitude items, the item regarding group participation had scores that were lower than the other two items on both the pre- and post-tests. Interview results suggest this is not related to the exhibit or the Museum. Children who did not prefer to work in groups cited reasons such as personality conflicts in groups, being limited in hands-on time they would get with experiments and worry those other group members would slow down their learning. None of these reasons would apply to a Museum setting or the Mythbusters Exhibition.  Those who do prefer learning in groups cited the social interaction and the ability to complete tasks quicker.
When asked overall about their experience with the Live Show, comments were almost exclusively positive. One of the strongest themes was references to the dodge-a-paintball demonstration. Three interviewees had family members chosen to dodge a paintball and expressed both initial concern and overall excitement about the experience.  A couple of guests wished they were older so they could have qualified for that portion of the show. There were no negative comments about the Live Show in any of the interviews, other than the show being “scary” at times.
Conclusion & Remarks
The Live Show at the end of the Mythbusters exhibit had a small but measurable and positive impact on the audience’s knowledge of the factors that relate to response time (namely, cue type and distance) and on their attitudes towards science and learning about science. There was no measurable change regarding their knowledge of the scientific method. However, these results are heavily mitigated by the facts that the audience is a self-selected group of guests who are already somewhat interested and knowledgeable about science. As a result, scores across this test were already high from the very beginning. For example, on the pre-test guests already scored above 90% on two of the phrases used in the scientific method item. This naturally high baseline limits how much change the test can measure. So the fact that no change was measured regarding knowledge of the scientific method can possibly be attributed to the test simply being too easy. 
In our experience, these results are relatively strong statements in support of the Live Show having a positive impact on the scientific education of the audience. Seen holistically, even with some of the limitations of this ad-hoc study, these results are solid and we believe would hold up under external scrutiny.  
We feel like this was an effective test of a model of evaluation of future guest programs. In particular, the use of the original learning goals driven by the programmatic developers followed by an experimental study following industry standard techniques will be valuable for measuring the impact of future programs.  
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Appendix A: Pre- Test[footnoteRef:1] [1:  Post-test was identical except for absence of gender and age.
] 

[image: ]
Appendix B: Interview Protocol
Screener: Did you watch the live paint ball show testing “can you dodge a paint ball?”
Interview Guide
 (Aim: 12 minutes with pre-screened respondents, $10 gift card incentive)
1. Did you enjoy the MythBusters exhibit? 
a. Why?
If no: 
b. Why not?
2. What was your favorite part of the whole MythBusters exhibit?
a. Why?
3. Did you learn anything new by watching the paintball show?
a. If yes: What did you learn?
b. If no: please give me an example of something you knew before that was mentioned in the show?
4. Did you participate in the show? If so, what did you do?					
Probes: 
a. Did you go on stage and hit the real buzzer?
b. … go on stage to dodge the paintball?
c. … raise your hand and answer any of the questions? (did you get a sticker?)
i. What question did you answer? 
1. and what did you say?
d. … use your imaginary buzzer?
PROBE for each: 
4.1 How did you feel about participating?
4.1 (If they still don’t respond) Was it fun? (If not) Was it Scary?
If no:	
e. Why didn’t you participate in any part? 
e.1. Optional probes: Was it scary? Too loud?
5. Please describe your favorite part of the paintball show.
a. Why was it your favorite?
6. What did you like better: the paintball show or the exhibit before it?
Why?
Section 2. Measure learning
Great! Now I have some questions about what you may have learned in the exhibit.
1. What was the conclusion or end result to the “myth” they were trying to bust?
a. What did you guess the outcome would be? (Optional probe: Confirmed, Busted, Plausible – referring to either light v. sound or if a paintball can be dodged)
b. Were you surprised by the outcome?
2. Can you tell me what a “Myth” is?
a. Is that what you thought it was before today?
3. What does it mean if the MythBusters call something “plausible”?
4. Please look at this page. (show them the half page with item 2 on it). 
· “Please draw a line from “A test with results” to which ever oval at the top you think fits (Experiment, Hypothesis, or Conclusion).”
· “As you’re doing this, please tell me out loud what you’re thinking and why you’re choosing that answer.”
a. Why did you choose that answer? 
b. Did you answer the same way on this as you did on the first test?
i. If it changed, why? 
5. Do you know what the “scientific method” is?
a. If yes, Can you tell me what it is?
b. (If struggling to answer): What words come to mind when you hear “scientific method?”
c. Did you learn that in the show or did you know that before?
6. Have you ever done an experiment using the scientific method at home?
a. Please tell me about it. 
b. What were the steps you took to do the experiment?
(Alternative probe: If they’re unable to give their own example, use this:) 
c. What would you do to test a question like: “Does hot water freeze faster or does cold water freeze faster?” What is the first step of the Scientific Method you would use to answer the question?
d. What would you do next?
e. And what is that called?
f. What next?
7. How would you describe the paintball experiment to your friends?
8. If you wanted to convince them to go to the show, what would you say?
General Science-Based Questions:
9. Do you like participating in science?
a. Why? why not?
10. Is science fun for you?
a. Why? why not?
11. Do you like to do science in a group or on your own? 
a. Why do you think that is?
Background info: (Maybe ask with parent there to help) 
12. Have you ever been to the MSI before now?
13. Did you explore the museum before you came to the Mythbusters exhibit?
14. Have you seen any other Live Shows or performances while you’ve been here at the Museum today?
a. Did you like them?
b. How do they compare to the mythbusters show?
c. What was your favorite Live Show you’ve seen today?

Cue Type
Pre	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	Sound vs. Light**	0.69059999999999999	Control	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	Sound vs. Light**	0.67110000000000003	Post	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	Sound vs. Light**	0.87790000000000001	Correct
Delay Time
Pre	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	Distance - 100*	Distance - 175	Distance - 250**	0.77385159010600701	0.85460992907801503	0.74295774647887403	Control	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	Distance - 100*	Distance - 175	Distance - 250**	0.796875	0.8125	0.703125	Post	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	Distance - 100*	Distance - 175	Distance - 250**	0.86394557823129203	0.88965517241379299	0.86486486486486502	Correct
Scientific Process Identification
Pre	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	Prediction	Water	Compare	Glass	Time	Test	0.903474903474903	0.78039215686274499	0.79847908745247198	0.93798449612403101	0.61199999999999999	0.52554744525547503	Control	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	Prediction	Water	Compare	Glass	Time	Test	0.95081967213114804	0.81034482758620696	0.74576271186440701	0.91803278688524603	0.69491525423728795	0.5	Post	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	Prediction	Water	Compare	Glass	Time	Test	0.93835616438356095	0.82575757575757602	0.83802816901408494	0.92805755395683398	0.63768115942029002	0.60402684563758402	Correct
Attitude
Pre	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	1.8385198194705299E-2	2.5975475893866201E-2	2.4782275920961602E-2	1.5044626373034199E-2	3.0881038748993998E-2	3.02218493142637E-2	2.4911567465823899E-2	2.10280103146031E-2	2.59771259414192E-2	Participation**	Fun*	Group*	4.4812499999999966	4.5672782874617708	3.8984374999999978	Control	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	2.7917026829387501E-2	5.1925399928434403E-2	5.7174971835864903E-2	3.5413883597857201E-2	6.0459168847107003E-2	6.4018439966448001E-2	5.06881587209854E-2	4.91747370293402E-2	5.75615935635162E-2	Participation**	Fun*	Group*	4.5625	4.5999999999999988	3.886075949367088	Post	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	1.9973063437597399E-2	3.3141151034356699E-2	3.1026979446399101E-2	2.1995837962776599E-2	4.1066431701643202E-2	4.0200377787210202E-2	2.8374165377368601E-2	2.61099234289668E-2	2.8196785457151399E-2	Participation**	Fun*	Group*	4.6741573033707882	4.7182320441988947	4.0196629213483144	Disagree < Agree
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