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Executive Summary
Rockman et al (REA), an independent research and consulting firm specializing in the study of technology interventions in education, conducted an evaluation the University of California at Berkeley Museum of Paleontology’s (UCMP) evolution comic strip called Survival of the Sneakiest. This evaluation was designed to assess the comic strip’s impact on student learning and measure appeal for middle school and high school students using paper and computer versions of the comic.

The study involved 159 Bay Area middle school and high school students, including a subset of 25 middle school English Language Learner (ELL) students. Students took a pre- and post-test to measure learning and a survey to measure the appeal of the comic. 

Overall, findings revealed that both middle and high school students, regardless of paper or computer-based format, learned from and enjoyed the UCMP comic, Survival of the Sneakiest. 

Learning:

· Based on pre- and post-test scores of student understanding, the comic was effective at increasing students’ conceptual understanding of survival of the fittest. Ninety-nine of 134 non-ELL students had a positive change from pre-test to post-test, with no significant difference between computer and paper formats or by grade level. ELL students increased their scores in the paper version of the comic only, which may be due to the fact that the population of students who viewed the comic on computer reported low levels of computer use for school-related activities.

· In response to an open-ended survey question, 3/4 of students reported that they felt they learned something new from the comic. Students reported learning new information the area of cricket mating behaviors and what survival of the fittest really means. 

Appeal:

· Students found the comic clearly appealing, in both formats: 96% of computer and 79% of paper said that they liked the format, 83% felt the story was not too long, 74% reported that the information was interesting, and three-quarters agreed, many of them enthusiastically, that they liked the drawings and that the drawings helped them understand the story (N=133). ELL students reported the same level of appeal, with the exception of ELL students who read the comic on a computer, who did not like the format as much as ELL students who read the comic on paper. This difference is most likely due to the fact that ELL students reported lower levels of computer use for school-work, thus were not as comfortable with the format. 

· The most popular aspect of the comic, according to students, were its drawings, pictures and colors, principally because they helped clarify concepts presented in the text. Students also enjoyed the humor of the comic, with 68.8% of the students liking the characters, primarily for being “funny”. 

· Thirty-six percent of the students indicated there was nothing they liked least about the comic. 

· Based on student behaviors while reading the comic, including focused, quiet reading and laughing out loud, as well as positive response in an informal focus group with high school students, students seemed very engaged and excited about learning from Survival of the Sneakiest.
Suggestions:
· The most common student suggestions for improving the comic included: adding scientific information, adding more humor, lengthening the comic, adjusting the drawings to add detail, and improving readability of the text.

· In the appeal survey and in the focus group, students suggested creating comics based on different characters and a variety of animals.

· Based on the overwhelmingly positive appeal and learning measured by pre-test, post-test and survey data, it is recommended that UCMP make the above adjustments to the comic without dramatically changing the comic.  It is also recommended that the comic be available in both paper and comic-based versions and be used with both middle and high school students.

Overall, these findings speak strongly for the future of this comic as an appealing, effective educational tool for teaching the concept of the survival of the fittest

Introduction

Rockman et al (REA), an independent research and consulting firm specializing in the study of technology interventions in education, conducted an evaluation the University of California at Berkeley Museum of Paleontology’s (UCMP) evolution comic strip called Survival of the Sneakiest. This evaluation was designed to assess the comic strip’s impact on learning and measure appeal for middle school and high school students using paper and computer versions of the comic.

The study involved 159 Bay Area middle school and high school students, including a subset of 25 middle school English Language Learner (ELL) students. Students took a pre- and post-test to measure learning and a survey to measure the appeal of the comic. Overall, non-ELL students’ test scores increased from pre and post-test, indicating that students learned from the comic, regardless of age or format. Furthermore, ELL students’ scores were significantly different from pre- to post-test when using the paper comic. The appeal survey indicated a very positive response by both middle school and high school students, including middle school ELL students.

Method

Instruments 

Rockman et al, in partnership with UCMP staff, developed a pre/post test to measure student learning and a survey to gather information on students’ technology use and the appeal of the comic. The pre/post test focused on common misconceptions about the concept of “fitness” in evolution and included true/false, multiple choice and short answer items. The test was aligned with comic content, misconceptions about evolution identified on the UCMP teacher’s website on evolution, as well as Anderson, Fisher, and Norman’s (2002) Development and Evaluation of the Conceptual Inventory of Natural Selection, outlined below.

Figure 1: Common misconception about “fitness” in evolution

	Topic
	Scientific Concept
	Alternative Conception

	Differential survival
	Survival in the struggle for existence is not random, but depends in part on the hereditary constitution of the surviving individuals. Those individuals whose surviving characteristics fit them best to their environment are likely to leave more offspring than fit individuals.
	a) Fitness is equated with strength, speed, intelligence or longevity.

b) Organisms with many mates are biologically fit.


The pretest and post-test contained 7-items consisting of 1 true/false item (worth 1 point), 4 multiple-choice items (worth 1 point each) and 2 short answer questions (worth up to 3 points each). The maximum scores for the pre- and post-tests were 11 points. Open-ended short-answer questions were scored according to a rubric developed by UCMP staff. [See Appendix A and B for pretest and post-test.]

The survey instrument contained questions about student demographics, several scaled, closed-ended questions, and several open-ended questions about perceived learning, difficulty the comic’s text, the appeal of the comic’s characters, what students liked most and least, and what they would improve.  [See Appendix C for the survey.]

Pilot Study

Once instruments were developed, the study was piloted in August 2005 with students in the Summerbridge college preparatory program in San Francisco in order to test and refine instruments for full-scale implementation. Seventeen middle school students participated in the pilot, during which time researchers asked students to identify confusing questions in the pre-test, post-test and survey.  Researchers also tested out an implementation protocol for directing the students through the study.  The pilot revealed that most instrument items were not confusing for students, and required only minor wording changes to clarify meaning for a few items on the survey.  Researchers also changed the implementation protocol to include reading aloud the pretest, post-test and survey to support student understanding of instrument items.
Study Implementation
Participants

Rockman et al sought schools large enough to have multiple classes of the same subjects (science) taught by the same teacher. Thus, instead of trying to match different teachers’ classrooms within the same school or across different schools, a single teacher served as the source of multiple classes. This strategy allowed for the inclusion of classrooms comprised of the same student population and controlled for teacher variation in classroom management.

Student participation was coordinated by a middle school science teacher in San Francisco and by a high school science teacher in Santa Clara who taught General Life Science and Human Biology, respectively. A total of 159 students participated, including 91 middle and 68 high school students. Among the 91 middle school students was a sub-set of 25 ELL students whose study data were set apart from the larger group in the findings below. Teachers provided general demographic information about participating students.

Implementation

The study was conducted in September 2005. To compare computer and paper comic formats, classes were divided into two smaller sub-groups; one sub-group read the comic on paper and one sub-group read the comic on a computer. Overall, 56% of participants read the comic on paper and 44% read the comic on a computer). For the study, students:

1. Completed a pre-test to gather baseline information on their background knowledge of evolution.
2. Read the comic in assigned pairs (either in computer or paper format). 
3. Completed a post-test to gather information about whether or not they learned from the comic.

4. Responded to a survey to gather information about their computer/Internet use and their opinions about the comic.

It should be noted that the comic was read in pairs both on the computer and on paper. This design was to account for real-life scenarios of computer usage; in most classrooms, students are asked to use computers in pairs, thus the study simulated this situation. In order to account for the effect of working in pairs on the computer, students reading the comic on paper were also paired.

Students reading the comic on computers accessed the .html and image files locally on the computers, as opposed to directly from the UCMP website. This was also a design choice based on worst-case scenarios of computer usage; school servers can be unreliable and teachers often make the choice of downloading files from the Internet to local computers to avoid connectivity issues, as well as unsanctioned student Internet surfing.  The study design also accounted for this real-use scenario.

Upon completion of participation, students received pencils or star charts as “thank you” gifts for their participation. The two coordinating teachers were given incentives in the form of $50 gift certificates to Amazon.com. 

In order to gather additional qualitative data from participants, an additional informal focus group was conducted with 36 of the 68 high school participants. During this focus group, students were asked to explain and discuss their responses to the appeal survey. Information gathered in the focus group is included with the survey results. Also gathered during the study was information on observable student behaviors, included in the general discussion of the findings below.
Findings

Student Demographics

Participants represented a diverse student audience, including gender, racial/ethnic background, socio-economic background, special needs, and ELLs. Table 1 below describes the demographics of all participants.

Table 1: Student Demographics

	Demographic/Factor
	Middle School Participantsa 

(% of Total, N=159)
	High School Participants b
(% of Total, N=159)
	Total Students Combined

(N=159)

	Grade Level
	57%
	43%
	100%

	Gender
	Male
	25%
	18%
	43%

	
	Female
	32%
	25%
	57%

	Race/

Ethnicity
	Asianc
	40%
	8%
	48%

	
	Latino
	3%
	13%
	16%

	
	African American
	0%
	4%
	4%

	
	Caucasian
	14%
	18%
	32%

	Free/Reduced Lunch
	18%
	---d
	

	Special Needs
	<1%
	3%
	3%

	English Language Learners
	15%
	4%
	19%

	Format of Comic
	Computer
	26%
	18%
	44%

	
	Paper
	31%
	25%
	56%


aMiddle school students were grade 7 only.
bHigh school students included grades 10, 11, and 12.

cThis category includes Pacific Islander and Filipino, as one teacher reported student categorized the demographic in this manner.
dThis percentage is unknown because the district does not release this information.

Student Technology Use

Students were asked about their technology use at school and at home to gauge familiarity with technology among those students who read the comic on the computer. Students were asked 1) if they have a computer at home, 2) how frequently they use a computer and the Internet at home to do their homework, and 3) how frequently they use a computer and the Internet at school. A majority of the non-ELL students who read the comic on a computer (95%) reported having a computer at home.  To do their homework at home, the majority of students use a computer (63%), and the Internet (60%), more than once a week. 

Comparisons were conducted to determine if there was a difference between non-ELL middle school and high school students who viewed the comic on a computer.  Analyses revealed significant differences in school computer use between middle and high school students. Specifically, while at least 75% of the middle school students said they never used a computer or the Internet at school, the majority of high school students said they did so once a week or more (computer = 26.8, p < .05, Internet = 38.7, p < .05).

A separate comparison analysis was done to determine if there were differences between non-ELL and ELL middle school students who used the computer to view the comic. Overall, while ELL and non-ELL middle school students reported similar percentages of having computers at home (93% and 96%, respectively), there was significant difference in their computer use both at home and at school. ELL students reported using the computer significantly less to do school-related tasks at home and at school than non-ELL middle school students. (home computer (3, N = 42) = 16.2, p < .05; home Internet (3, N = 42) = 12.6, p < .05; school computer (3, N = 42) = 12.0, p < .05, school Internet (2, N = 42) = 8.8, p < .05).
 

Impact on Student Learning

Pre- and Post-Tests Scores

Student scores on the pre- and post-tests were analyzed to determine whether students’ scores increased after reading Survival of the Sneakiest comic strip and whether there were differences in scores based on the curriculum format (computer or paper) or grade level.  Non-ELL and ELL pre- and post-test scores were analyzed separately.

Mann-Whitney U tests were conducted to determine whether differences existed between students’ pre/post test score differences by comic format (computer, paper) and grade level (middle school and high school).
 

Analyses revealed that all non-ELL students began with the same level of understanding regardless of grade level and format. There was no statistical difference between middle school and high school students on pre-test score (Mann-Whitney z = -1.46, p > .05). Similarly, there were no pre-test differences between the paper and comic formats (z = -1.26, p >.05).  

Analyses of post-tests indicated that after reading the comic, students gained the same level of understanding regardless of grade level and format. There was no statistical difference between middle school and high school students on post-test score (Mann-Whitney z=-.106, p>.05.  Similarly, there were no post-test differences between the paper and computer formats (Mann-Whitney z=-.353, p>.05).

Because there was no statistically significant difference between middle school and high school students, nor by format, Table 4 presents the change in average score for the combined group:

Table 2: Change in Mean Test Scores
	Test:
	Overall 
(N=134)

	
	Mean
	SD

	Pre-Test
	4.41
	1.74

	Post-Test
	5.99
	1.86


Analysis also revealed that the above increase in understanding from pre-test to post-test for the combined group of non-ELL participants was significantly significant (Mann-Whitney z=-7.86, p<.05).

Scores from the ELL class were analyzed by format (n = 25). There were no differences on the pre-test between students in the computer and paper comic conditions (Mann Whitney z = -1.65, p > .05). The pre-test/post-test comparison, however, showed that ELL students in the paper condition tended to increase their scores (N=11, Wilcoxon z = -2.60, p < .05), while students in the computer condition did not (N=14, Wilcoxon z = -.81, p > .05).

Survey Measurement of Students’ Perceived Learning

The survey asked students whether they learned anything new from the comic.
 Three-fourths of the 132 responding students said that they learned something from the comic. These percentages did not vary by grade level or comic format.

The subsequent item asked students to explain what they had learned. Students offered a total of 108 comments. Overall,

· Students mentioned learning about cricket mating behaviors most frequently (41%).

· A little over a quarter of students said they learned “what survival of the fittest really means” (26%). 

· Some students said they learned that fitness “doesn’t necessarily mean you’re the biggest or strongest” (18%).
Examples of their comments are included below:

I learned you don't have to be the fittest, you just have to be somewhat fit and smart. [Middle school student]

[I learned] the fittest doesn't have to be the strongest or fastest. It could be the smartest. [Middle school student]
I learned more about survival of the fittest and it is not just about being strong, it’s about being clever. [High school student]
I had no idea that cricket would do that—intercept the female of another male who's calling. [High school student]
Students’ Ratings of the Comic Appeal

To measure the appeal of the comic, students were asked to complete a survey that included scaled-response and open-ended items. Due to language difficulties and time constraints, most of the ELL subpopulation completed only the scaled-response items, analyzed separately below. 
The scaled-response items were designed to gauge students’ perception of the comic’s appeal based on a series of statements to which they responded with how much they agreed or disagreed with the statement (scale: 1= strongly disagree; 2= disagree; 3= agree; 4= strongly agree). Overall, students clearly found the comic appealing, as follows:

· The majority of students agreed or strongly agreed that they enjoyed each format (computer=96%, paper=79%).

· About three-fourths of the students agreed or strongly agreed that they liked the drawings and that those drawings helped them understand the story.

· A majority of students also agreed or strongly agreed that the information was interesting (74%).

· Most students disagreed or strongly disagreed that the story was too long (83%).
For most of the closed-ended survey items, students’ positive opinions about the comic did not differ significantly by grade level or by format.  Table 5, below, shows these items: 
Table 3: Student Perceptions of Comic Appeal
	Statement
	Distribution of Overall Responses (N=133)

	
	I strongly disagree
	I disagree
	I agree
	I strongly agree 
	I’m not sure

	The story was interesting.
	4.5%
	12.8%
	63.9%
	10.5%
	8.3%

	I would like to read more comics like this one.
	6.8%
	21.1%
	34.6%
	12.0%
	25.6%

	Overall, the story was too long.
	22.0%
	61.4%
	8.3%
	1.5%
	6.8%

	I liked the drawings.
	2.3%
	6.1%
	45.5%
	30.3%
	15.9%

	The drawings helped me understand the story.
	3.8%
	9.8%
	60.2%
	15.8%
	10.5%

	I’d like to read more stories about the same characters. 
	15.0%
	31.6%
	17.3%
	4.5%
	31.6%


Analyses were conducted to determine whether responses to these items differed by format or grade level. Chi square analyses revealed two survey responses that differed either by format or grade level.  First, students who read the computer version of the comic were more likely than the students reading the paper version to say that they liked the format of the comic 2 (4, N=133) = 10.71, p < .05).  Second, high school students found the comic easier to understand than middle school students 2 (3, N=132) = 10.07, p < .05). Table 6, below, shows differences for these two items in the appeal survey:  
Table 4: Difference in Student Perceptions of Comic Appeal
	Statement
	Distribution of Overall Responses

	
	N
	I strongly disagree
	I disagree
	I agree
	I strongly agree 
	I’m not sure

	I liked the format of the comic. Computer
	56
	1.8%
	0%
	83.9%
	12.5%
	1.8%

	Paper
	77
	1.3%
	7.8%
	63.6%
	15.6%
	11.7%

	The story was easy to understand. 

Middle school 
	66
	0%
	15.2%
	45.5%
	28.8%
	10.6%

	High school
	66
	0%
	4.5%
	62.1%
	31.8%
	1.5%


ELL students responses, analyzed in comparison, displayed a similar pattern of appeal as non-ELL middle school students.  The only difference between English Language Learners and non-English Language Learners was in their response to the computer version of the comic; ELL students did not show a preference for viewing the comic on the computer, while non-ELL did ( (3, N=42) =15.56, p < .05).

Text Difficulty

The survey asked students if the words were hard to read, why they were hard to read. The responses did not vary by grade level or comic format (N=132). The most common concern was that the vocabulary was difficult to understand (10.4%), followed by too many words in the text (9.7%), other responses (9.7%) (e.g., “the screen was blurry”, “the words were underlined between shots”, “too many words in one area”, “there wasn’t enough space between words”, and “they were boring”), and the text being too small (6.0%).

Characters
The survey asked students whether or not they liked the characters and to explain why they did or did not like them.  A majority of students said that they liked the characters (67.9%), with no significant differences by grade level or comic format (N=131).  Students who liked the characters provided 89 comments about why they liked the characters. The top reasons are as follows:
· The majority of students thought that the characters were funny or entertaining (61%). 

· Some students liked that the characters because they were “human-like” (9%).

· Students liked that the characters explained information (6%). 

· Students also liked that the characters were crickets (6%).

The following quotes further illustrate what students liked about the characters:
The characters all had a personality, even the crickets. They were funny and acted like humans. [Middle school student]

[The crickets] were kind of human-like and that caught my eye. [Middle school student]

They explained stuff that you might not know. [Middle school student]

A cricket is a good character, because not many people think a lot about crickets. [Middle school student]

The singing cricket was funny. The quiet one who was supposed to have a nice body was scratching and had parasites. [High school student]

I thought that they were very funny and interesting. But the guy was a little creepy. If I were the woman, I would have flipped out on that fool! [High school student]
The characters gave me a good image so I could understand what was going on in the story. [High school student]
Respondents who said they did not like the characters (32%) gave 39 comments explaining why they did not like the characters. Of those who did not like the characters, their top reasons were: 

· Students thought the characters were not funny.

· Some students did not like crickets.

· Some thought that the characters were “weird.”

The following quotes further illustrate what students did not like about the characters:
The human was unrealistic and the crickets were marginally amusing and crickets are not the most interesting creatures in my opinion. [Middle school student]

I don’t care for crickets. [High school student]

Best Overall

The survey asked students to explain what they liked best, overall, about the comic. A total of 148 comments were given by 133 students.  If a response cited more than one reason, it was counted as more than one comment. The responses are as follows:

· The aspect of the comic that students liked best were the drawings, pictures and colors (33% of comments). Students explained that the pictures helped clarify concepts presented in the text and made the comic more interesting. Others felt they added a helpful level of detail.

· Students praised the humor of the comic (18%). Students reported especially liking specific comedic incidents (“when the bat ate the cricket”, “when the sneaky male got the girl” and “when the chick at the beginning left him”).

· Students made positive comments about the story, including the setting, the narration, the dialogue and the title (18%).

· Students appreciated that the comic gave them a learning experience (14%). One student commented the comic “was funny and helped me learn, too.” Two students (one middle and one high school) compared the comic to a text book saying, “It's more interesting than reading a long page from a text book.”

· Students praised the characters, including the crickets and the narrator (8%).

· Students said that they liked that the story was easy to read (5%).

· Students also liked the length of the comic (3%).

The following quotes further illustrate what students liked best about the comic:
I like[d] the pictures and the story was cute. I like the fact that it was colorful. [High school student.]

I liked the pictures, the very good drawings and how they showed the crickets interacting like humans. [High school student.]

[I liked] that it was easy to read and not all boring text-booky. [High school student.]

[It is a] very creative approach to teach kids about evolution! [High school student]
[I liked] that it was funny, but I still learned a lot. I was having fun and learning at the same time. [Middle school student]

[I liked] that it was amusing. [Middle school student]

It's short and interesting and had pictures. It's more interesting than reading a long page from a text book. [Middle school student]
Least Overall

The survey also asked students to explain what they liked least, overall, about the comic. A total of 160 comments were given by 131 students If a response cited more than one reason, it was counted as more than one comment). Thirty-six percent of students’ comments indicated that there was nothing that they liked least about the comic. Responses of what students liked least are as follows:

· About a third of students critiqued some aspect the story, either overall or in part (30%). Students made general comments alluding to the story being boring, not interesting, or not exciting (14%). Some students commented they did not like the beginning (4%), that the story was too short (4%), that they didn’t like the tone (3%), that the story was too long (2%), “everything” (2%) and “the ending” (1%).

· Some students did not like specific characters, including the bat and the narrator (14%).

· Students pointed out that the words in the comic should be more spaced out, saying that in certain frames there were too many words (11%).

· Some students mentioned “not understanding” the information presented or some of the words used in the comic (6%).

· A few of the students indicated that the drawings could be improved (3%). 

Students’ Suggestions
The survey also asked students for suggestions to improve the comic. Suggestions were given by 64 high school students and 65 middle school students. These responses focused on adding scientific information, adding humor, making the comic longer, adjusting the style of the drawings, and improving the comic for easier reading, as explained below:

· Add scientific information: Responses dealing with adding scientific content ranged from explaining more about evolution and survival of the fittest to spreading scientific information throughout the comic, not just at the end. 

· Add humor: Students said that the comic should be “funnier.”

· Lengthen the comic: Students said that they could get more information from a longer comic. 

· Adjust the drawings: Comments here ranged from making the comic more “realistic” and adding detail to the background colors to making the comic more “manga-like”.

· Improve readability: Comments about improving the readability of the comic included increasing the size of the font, making the text “neater” and writing less words in a single text box, particularly toward the end of the comic.

Informal Focus Group and Observable Behaviors

An informal focus group conducted with 36 high school students further supported the positive response described above. Students remarked that the story was funny, that they liked to learn about evolution from the comic and that they would like to read more comics like Survival of the Sneakiest. Comments included:


It’s funny!


I’d rather learn from a comic book than from a regular textbook!


The drawings gave you a good image of what the story was about.

Researchers asked focus group students for specific feedback about the format of the comic, the drawings, and the text. Students were split on the format of the comic, with about half saying that they preferred paper and half preferred computer. Students also said that they liked the drawings, although some wanted “more detail”. Students generally thought that the text was fine, although in some spots it had “too many words crammed into the box” and “too many words at the end”. One student suggested that the text be improved by “drawing different styles of bubbles so you can easily distinguish between the narrator and the main character, or when the main character is thinking versus talking.”

Focus group students were also asked about ideas for future comics, including using the same or different characters. Most focus group students indicated that they preferred different characters in future comics and the idea of featuring different animals while maintaining the same overall style of comic. When asked what animals should be featured, a few suggested monkeys.  Students thought that each comic could focus on a different animal and show how each kind of animal exhibited survival of the fittest (or fit enough).

Focus group students were also asked who they thought would be the best target audience. The majority of the students said that the comic would be appropriate for middle school and high school students. They thought the topic of “horny crickets” was perfect for their age group, with one student commenting, “Maybe that’s why everyone was paying attention!” 

Researchers also noted a significant lack of noise as students read the comic during the study. In general, students read quietly and/or laughed out loud while reading. They appeared to be very focused, paying attention to details in the drawings—as evidenced in the very specific feedback collected in the survey, including one student who said he liked “the little comments like ‘uh-huh’ ‘yeah’ and ‘I’m no dummy’.” 

Conclusion
Overall, findings from this study show that both middle and high school students, regardless of paper or computer-based format, both learned from and enjoyed the UCMP comic, Survival of the Sneakiest. These findings speak strongly for the future of this comic as an appealing, effective educational tool for teaching the concept of the survival of the fittest.

Analyses of pre- and post-test scores of student understanding revealed that the comic was effective at increasing students’ conceptual understanding of survival of the fittest. The large majority of students, regardless of grade level and format, demonstrated significant positive change from pre-test to post-test. ELL students also increased their scores in the paper version of the comic.

In response to an open-ended survey question, the majority of students reported that they felt they learned something new from the comic.  Most students said that they learned about cricket mating behaviors and what survival of the fittest really means. 

Analysis of survey data revealed that all students, both middle and high school, found the comic appealing.  Students also liked the comic regardless of format, with the exception of the middle school ELL students who read the computer version, although this may be due to the fact that they reported low use of computers to do school work, thus were less comfortable with the format.  Students found the information interesting, liked the drawings and said that the drawings helped them understand the story.    

The most popular aspect of the comic, according to students, were its drawings, pictures, and colors, principally because they helped clarify concepts presented in the text. Students also enjoyed the humor of the comic, especially that the characters were “funny”. When asked what they liked least about the survey, most students indicated there was nothing they liked least about the comic.  Students’ positive response as reported in the student survey was also observed by researchers during the study; students read quietly and/or laughed out loud while reading the comic.  Students also spoke very positively of the comic during an informal focus group, saying that they were very engaged and excited about learning from Survival of the Sneakiest.
Based on the findings above, it is recommended that the comic not be changed dramatically from its current form.  However, students offered some suggestions for improving the comic, including the following: adding scientific information, adding more humor, lengthening the comic, adjusting the drawings to add detail, and improving readability of the text. Based on these suggestions, it is recommended that UCMP develop a set of slightly longer, slightly more detailed (in terms of both scientific information and drawing detail), and humorous comics on a variety of animals to continue to successfully engage and teach students about evolution.  These comics should be made available in both paper and comic-based versions and be used with both middle and high school students.
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Appendix A

Pre-Test

Name  __________________________________ Date ________________

Class period _______________________Teacher _____________________

True/False: (Circle one response.)

1. In the natural world, an animal can use a variety of strategies to survive and reproduce, and the strategies are always successful. 


a. True 


b. False 

Short Answer: 

2. Have you ever heard of the idea “survival of the fittest?” 



 FORMCHECKBOX 
 Yes 
 FORMCHECKBOX 
 No 

If “Yes,” please answer the following two questions. If “No,” please skip to #3.


a. What do you think “survival of the fittest” means? (2-3 sentences)

b. Why might the term “survival of the fit enough” be more accurate than “survival of the fittest?” (2-3 sentences)
Multiple Choice: (Circle one response for each question.)

3. 
Complete this sentence: In natural selection, “fitness” is measured by the success of certain organisms over others, and their success depends ultimately on ___________.


a. a large body


b. the ability to reproduce successfully 


c. long legs for speed


d. being the most attractive

4. Which of the following is a good “strategy” for a cricket to attract a mate?


a. Chirping


b. Having a healthy appearance


c. Having a glossy exoskeleton


d. All of the above

5. Which of the following is the most important to allow evolution to occur?


a. To escape predators


b. To pass on your healthy genes to your offspring (children)


c. To live the longest


d. To find the most food

6.
Below are descriptions of four imaginary female lizards found on an island. Which lizard might a scientist consider to be the “fittest”?

	
	Lizard A
	Lizard B
	Lizard C
	Lizard D

	Body length
	12 cm
	20 cm
	10 cm
	15 cm

	Total number of healthy offspring
	28
	19
	22
	26

	Age at death
	5 years
	4 years
	4 years
	6 years

	Comments
	Lizard A has mated with many lizards.
	Lizard B is very healthy, strong, and clever.
	Lizard C is dark-colored and very quick.
	Lizard D has the largest place to live of all the lizards.


a.
Lizard A

b. 
Lizard B

c.
Lizard C

d.
Lizard D

Appendix B

Post-Test

Name  __________________________________ 

True/False: (Circle one response.)

1. In the natural world, an animal can use a variety of strategies to survive and reproduce, and the strategies are always successful. 


a. True 


b. False 

Short Answer: (2-3 sentences for each question)

2. 
Now that you’ve read the story, what do you think the term “survival of the fittest” means? 

3. 
Why might the term “survival of the fit enough” be more accurate than “survival of the fittest?”

Multiple Choice: (Circle one response for each question.)

4. Complete this sentence: In natural selection, “fitness” is measured by the success of certain organisms over others, and their success depends ultimately on ___________.


a. a large body


b. long legs for speed


c. the ability to reproduce successfully


d. being the most attractive 

5. Which of the following is a good “strategy” for a cricket to attract a mate?


a. Chirping


b. Having a healthy appearance


c. Having a glossy exoskeleton


d. All of the above

6. Which of the following is the most important to allow evolution to occur?


a. To escape predators



b. To live the longest


c. To pass on your healthy genes to your offspring (children)


d. To find the most food

7.
Below are descriptions of four imaginary female lizards found on an island. Which lizard might a scientist consider to be the “fittest”?

	
	Lizard A
	Lizard B
	Lizard C
	Lizard D

	Body length
	20 cm
	12 cm 
	10 cm
	15 cm

	Total number of healthy offspring
	19
	28
	22
	26

	Age at death
	4 years
	5 years 
	4 years
	6 years

	Comments
	Lizard A is very healthy, strong, and clever.
	Lizard B has mated with many lizards. 
	Lizard C is dark-colored and very quick.
	Lizard D has the largest place to live of all the lizards.



a. Lizard A


b. Lizard B


c. Lizard C


d. Lizard D

Appendix C

UCMP Comic

Student Survey

First Name:_________________ Last Name Initial:____    

Check one:    ( Male
( Female
Grade Level: 



We are interested in what you think about this comic strip, “Survival of the Sneakiest.” Please answer the following questions as honestly and completely as possible. Your feedback will help us improve the comic for future readers. All identifying information will be kept confidential, and no individual names will be released. Your answers will NOT affect your grades. Thank you!
Background Information

1. Do you have a computer at home?  ( Yes     ( No

2. Please check one box for each question below.

	Question
	Never
	Less than once a week
	Once a week
	More than once a week

	At home,
	
	
	
	

	a. how often do you use a computer to do your homework?
	(
	(
	(
	(

	b. how often do you use the Internet to do your homework?
	(
	(
	(
	(

	At school,
	
	
	
	

	c. how often do you use a computer?
	(
	(
	(
	(

	d. how often do you use the Internet?
	(
	(
	(
	(


How Did You Feel About the Comic?

3. Please rate your level of agreement with the following statements. 

    Check one box for each statement.

	Statement
	I strongly disagree
	I disagree
	I agree 
	I strongly agree 
	I’m not sure

	a. 
I liked the format of the comic.
	(
	(
	(
	(
	(

	b. 
The story was interesting.
	(
	(
	(
	(
	(

	c. 
I would like to read more comics like this one.
	(
	(
	(
	(
	(

	d. 
Overall, the story was too long.
	(
	(
	(
	(
	(

	e. The story was easy to understand.
	(
	(
	(
	(
	(

	f. 
I liked the drawings.
	(
	(
	(
	(
	(

	g. 
The drawings helped me understand the story.
	(
	(
	(
	(
	(

	h. 
I’d like to read more stories about the same characters.
	(
	(
	(
	(
	(


4. 
a. Did you learn anything from this comic?    ( Yes     ( No

      b. If “Yes,” please explain what you learned:

5. If the words were hard to read, check the reasons below:  


_____ The text was too small.

_____ There were too many words.

_____ I didn’t know some of the words.

_____ Other reason—please explain: 








6. Did you like the characters?     ( Yes     ( No

Please explain why: 
7. What did you like most about the comic?

8. What did you like least about the comic?

9. How would you improve the comic?

� Chi-square analyses were conducted because the small size of some of the samples (N<16), such as students who used computers for middle and high school groups, were better suited to chi-square tests than to t-tests.


� Descriptive data showed that the distribution of scores did not fit a normal curve, therefore parametric statistics such as t-tests could not be used and non-parametric statistics such as Mann-Whitney and Wilcoxon tests were required instead.


� Note that while most of the ELL subpopulation complete the closed-ended questions on the survey, few responded to open-ended survey questions due to language difficulties and time constraints.  None of the ELL students responded to this open-ended item on perceived learning.





