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Introduction

From March through May 2005, Rockman et al (REA) evaluation staff conducted a pilot study of “The Arthropod Story,” an interactive module developed for the University of California Museum of Paleontology’s (UCMP) student Web site on evolution, with a group of middle and high school students and their teachers. The purpose of this summative evaluation was to collect qualitative and quantitative data on the clarity, appeal, and usability of the module among teachers and students who use the module in their classrooms. The evaluation was also designed to measure the site’s effectiveness at increasing students’ knowledge of concepts related to arthropods and evolution. 

Of the 8 teachers recruited for the study, 7 completed the evaluation activities, comprising teacher and student paper-based surveys, as well as a pre- and post-test of student knowledge. One additional (middle school) teacher whose student data was lost in the mail completed the teacher survey. This report synthesizes the data collected from 8 teachers, 111 high school students, and 89 middle school students. 

Methodology

Instruments:  The student survey requested background information about students’ frequency of computer use, and students’ feedback on the clarity of the site’s content and presentation, ease of navigation, and overall appeal of the site. It also asked students to rate the extent to which the site enhanced their learning and impacted their knowledge about arthropods and evolutionary concepts.  

The teacher survey began by asked participating teachers for demographic information about the class in which the module was piloted, and for information about the context and length of time in which their students used the site. The survey also asked teachers to rate the Web site on its usefulness for teaching several evolutionary concepts, its quality in comparison to other available resources, and the clarity and usefulness of specific site components. The survey then asked teachers to give their impressions of students’ reaction to the site and how effectively they felt the site increased their students’ knowledge about aspects of arthropods. Future plans for using the site, barriers to using the site, and recommendations for improvement were additional dimensions that the teacher survey addressed.

The student pre- and post-test was a 5-item instrument developed by UCMP, consisting of 1 open-ended item and 4 multiple-choice items designed to measure students’ learning of concepts related to arthropods and evolution. The maximum score for the test was 8 points: the open-ended item required multiple responses and was thus worth 4 points, whereas each of the 4 multiple-choice items was worth 1 point each. 

Recruitment: The selection criteria sought geographic diversity, a balanced mix of grade levels (high school and middle school), and the inclusion of both novice and experienced teachers in the sample. Prior to their recruitment for the study, the teachers had completed an online screener survey, which collected information about their teaching experience and grade levels and subjects taught. 

REA researchers initially emailed recruitment solicitations to 19 middle and high school science teachers, as follows:                                                            

· 5 teachers who had participated in the formative study of “The Arthropod Story” in Spring 2004

· All teachers (8, many of them from California) who completed the screener survey between August 2004 to February 2005 and who were not participating in another evaluation activity at the time

· A random selection of 6 non-California teachers who had completed the screener survey prior to August 2004

Due to the low initial response from non-California teachers, the targeted sample was enlarged by sending an email solicitation to an additional 40 teachers:

· All remaining non-California middle school teachers (28) who had completed the screener survey

· 12 additional, randomly selected non-California high school teachers

Evaluators encouraged teachers to participate by offering an incentive of a $35 gift certificate to Amazon.com, to be sent to them after they completed the study and returned their materials. 

Pilot Study Implementation:  Upon teachers’ enrollment in the study, REA researchers mailed out packets of surveys and pre/post tests, with instructions for pilot study participation. Teachers were asked to select one of their classes to participate in the pilot test, to familiarize themselves with the module, and to devote the time necessary to complete all of its sections (an estimated 2 class sessions). They were furthermore asked to administer the pre-test prior to students’ use of the module, and the post-test and survey at the conclusion of the module. After completing their own teacher survey, teachers were to return all the completed materials to REA in the pre-addressed, postage-paid envelope that was provided. 

Sample

Eight teachers and 200 students, representing 4 middle schools and 4 high schools, participated in the study. The participating schools are located in 6 different states, representing the Western, Northeastern, and Midwestern United States. 

Five of the 8 teachers administered the pilot study to one of their classes, whereas the remaining 3 participants (2 middle school and 1 high school teacher) each administered the study to two of their classes. Student data was received from a total of 9 classes, representing 111 high school and 89 middle school students, for a total of 200 students. Table 1 illustrates the numbers of participating students, by school division-level (middle and high school) and by state. 

Table 1: Student demographics (N=200)

	
	Frequency
	Percent

	Division level:
	
	

	
Middle school
	89
	44.5%

	
High school
	111
	55.5%

	States:
	
	

	
California
	98
	49%

	
Colorado
	39
	19.5%

	
Connecticut
	21
	10.5%

	
New Jersey
	13
	6.5%

	
New York
	60
	(student data not received)

	
Ohio
	29
	14.5%


The subject areas of the participating classes ranged from Biology, Life Science, and Earth Science, to Science and Ecology, and their grade levels ranged from 6th to 12th grade, as shown in Table 2.

Table 2: Teachers’ Classes

	Subject Area
	Grade Level(s)
	Number of Classes
	Number of Teachers
	Number of Students

	Science
	6
	1
	1
	29

	Life Science
	7
	1
	1
	21

	“Core Knowledge Science”
	7
	2
	1
	39

	Earth Science
	8
	2
	1
	60*

	Biology
	10
	4
	3
	98

	Ecology
	11/12 
(with 1 
10th grader)
	1
	1
	13

	Totals:
	
	11
(data from 9)
	8
	260 
(data from 200)


*Student data not received

Seven of the 8 participating schools are situated in suburban settings, whereas the remaining school (one of the California schools) is in an urban setting. According to data from the teacher surveys, the student sample encompasses a variety of ethnic groups, socioeconomic levels, and academic abilities. 

With respect to the ethnicities represented among the students, the sample is composed primarily of Caucasian students (75%). Ethnicities comprising a minority of the sample include: Latino (12%); African American (8%); Asian (3%); Native American (<1%); Pacific Islander (<1%); and Arab (<1%). 

Eligibility for free or reduced-price lunch, as reported on the teacher surveys, was used as a proxy for the socioeconomic levels represented in the sample. Among the participating classes, the percentage that qualified for free or reduced-price lunch is as follows:

· In 1 class of 29 students: 61-70% were eligible

· In 2 classes totaling 41 students: 21-30% eligible

· In 3 classes totaling 70 students: 11-20% eligible

· In 3 classes totaling 81 students: 0-10% eligible

· 1 teacher did not indicate the percentage for her 2 participating classes

The majority of the participating classes (7 of 11) contained only a small percentage (0-10%) of English language learners, whereas for 3 of the classes--all of them high school level--the percentage of English language learners was higher (21-30%). In addition, none of the classes contained many students classified as having special needs: 10 classes contained 0-10% special-needs students, while the remaining (high school) class contained 11-20% special-needs students. 

The survey also asked teachers to estimate the average performance level of their students participating in the study, as compared to the national average. Table 3 shows that more middle school classes than high school classes were reported to perform at a better-than-average level. 

Table 3: Average performance level of participating classes

	Average Performance Level
	Number of MS Classes (and Students)
	Number of HS Classes (and Students)

	High performing
	2 (60)
	

	Medium-to-high performing 
	2 (39)
	--

	Medium performing 
	2 (50)
	3 (69)

	Low-to-medium performing 
	--
	1 (29)

	Range of levels 
	--
	1 (13)


There were no classes characterized as low-performing in this sample. The two middle school classes characterized as high performing are those from which student surveys and pre/posts tests were not received.

According to data from the teacher survey, the amount of time teachers spent reviewing the module (including the Teacher’s Guide) to prepare for sharing it with their students ranged broadly, from 15 to 120 minutes, with an average of 48 minutes per teacher. Not including the time their students spent taking the pre/post tests and surveys, high school teachers reported that their students took 1-2 periods to complete the module, with an average of 1.75 periods, or 116 minutes. Middle school students spent more time on the module: 2 to 5 periods, with an average of 3.25 periods, or 148 minutes. 

The majority of teachers (5 of 8) reported that their students used the module individually. In addition, two teachers had their students use the module in pairs, and 2 in small groups. One of these teachers took multiple approaches: his students worked individually for the 1st class session, in pairs for the 2nd session, and as a whole class for the 3rd session, with whole-class work necessitated by difficult computer lab access and unexpected Internet disconnections. 

Technology Context

All 8 of the participating teachers reported that their students were connected to the Internet via DSL/cable, using Internet Explorer, while navigating “The Arthropod Story.” 

The survey posed a series of scaled questions pertaining to computer and Internet usage on the student survey (scale: “never,” “less than once a week,” “once a week,” “more than once a week”). Table 4 shows the results. 

Table 4: Frequency of computer and Internet use among students 

	Question
	Distribution of Overall Responses

(N=199)
	Mean Scores*

	
	Never 


	Less than once a week 
	Once a week

 
	More than once a week
	

	At home,
	
	
	
	
	

	…how often do you use a computer to do your homework?
	11.6%
	33.7%
	24.6%
	30.2%
	HS: 3.02

MS: 2.38

	…how often do you use the Internet to do your homework?
	16.1%
	32.7%
	25.1%
	26.1%
	HS: 2.87

MS: 2.28

	At school,
	
	
	
	
	

	…how often do you use a computer?
	7.5%
	36.2%
	14.6%
	41.2%
	2.85**

	…how often do you use the Internet?
	13.6%
	36.7%
	13.6%
	36.2%
	HS: 2.93

MS: 2.47


*Scale: 1=Never, 2=Less than once a week, 3=Once a week, 4=More than once a week

**Overall mean is shown; no significant difference was found between middle school and high school mean responses. 

A large majority of the participating students (92%) have a computer at home. To do their homework, the majority of students use a computer (54.8% of students), and the Internet (51.2%), at least once a week (N=199). At school, the majority (55.8%) of students use a computer at least once a week, with 41% of the respondents using a school computer more than once a week. The frequency of Internet usage at school was evenly distributed, between once a week or more (50% of students), and less than once a week (50%).  

Statistical comparison of the high school and middle school means, using an independent samples t-test, revealed a significant difference between the two groups (p<0.05) on 3 measures: overall, the high schoolers use a computer and the Internet to do their homework, and the Internet at school, more frequently than the middle schoolers. 

Student Sample for Items Measuring Learning

Four of the 200 participating students (all high schoolers) did not take the pre-test, thus they are not included in the pre/post-test results. In addition, one of the high school teachers (the teacher from Ohio) developed and provided her students with “guided study worksheets” to encourage them to look closely at the site and to enhance their learning. The test results from this class are analyzed separately. In addition, the survey data for this class was removed for a subset of survey items that ask students about their learning, to avoid skewing the overall results. 

Findings

The following discussion of findings is organized by the overarching dimensions along which data was collected: clarity of the site, navigation, overall appeal, impact on learning, usefulness for teaching, and suggestions for improving the site. 

Clarity

The student survey asked students to indicate their level of agreement--on a scale of 1 (strongly disagree) to 4 (strongly agree)--with a series of statements pertaining the clarity of the site and its components. As shown in Table 5, responses from the majority of students (74% to 90%, depending on the statement) suggest, overall, that the site was clear and understandable. In particular, students agreed:

· The ideas presented by the site were understandable

· The text was easy to understand

· The pictures and graphics enhanced their understanding of the content

· The text was easy to read

· The interactive section-end questions were helpful

Students expressed the greatest amount of enthusiasm on the statement pertaining to the pictures/graphics, with over half of them “strongly agreeing” that the pictures/graphics helped them to better understand what they were learning. 

Statistical comparison of the means, using an independent samples t-test, revealed significant differences between middle schoolers and high schoolers on two measures (p<0.05). Interestingly, middle schoolers agreed more strongly than high schoolers that they understood the ideas presented by the site, and they also agreed more strongly that the pictures/graphics helped them to understand what they were learning.

Table 5: Student Perceptions of Site Clarity
	Statement
	Distribution of Overall Responses
	Mean Scores*

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

	I understood the ideas presented by this website, “The Arthropod Story.” (n=169)
	.5%
	4%
	67.5%
	20%
	8%
	HS: 3.05

MS: 3.27

	It was easy to understand the meaning of the text (paragraphs and sentences). (n=199)
	2%
	5%
	68%
	19%
	6%
	3.11**

	The pictures/graphics helped me to better understand what I was learning. (n=198)
	1.5%
	7.1%
	37.4%
	52.5%
	1.5%
	HS: 3.31

MS: 3.57

	The size and style of the text made it easy to read. (n=198)
	1.5%
	8.6%
	55.6%
	28.8%
	5.6%
	3.18**

	The interactive questions at the end of each section helped me to learn the information. (n=199)
	3.5%
	14%
	50%
	24%
	8.5%
	3.03**


*Scale: 1=I strongly disagree, 2=I disagree, 3=I agree, 4=I strongly agree.

**Overall means are shown; no significant differences were found between middle school and high school mean responses.
The survey furthermore asked students to state the main idea or purpose of “The Arthropod Story.” A total of 97 high schoolers and 75 middle schoolers provided a total of 115 and 91 comments, respectively. (Some individuals wrote responses that had multiple ideas and were therefore counted as multiple comments.)  Most students cited the topic of arthropods (180, or 87% of all comments). The most common main ideas cited by students who mentioned arthropods are as follows (N=180):

· An overview about arthropods (32% of comments)

· The evolution of arthropods (18%)

· What arthropods are (14%)

· Arthropod traits (6%)

· The history of arthropods or what they were like in the past (6%)

Evolution (generally) or the evolution of arthropods (specifically) was mentioned in 46 (26%) of the comments. More middle schoolers than high schoolers cited this theme (30% of middle school versus 17% of high school comments, respectively). 

Examples of typical student responses follow:

In my opinion the main ideas of this web site was to inform us about arthropods and give us an example of how evolution works. [Middle school student]

To tell about fossil (and modern) arthropods and their stories to see if they have common traits. [Middle school student]

To teach. Explain what an arthropod is in an easy way. [High school student]

To learn more about arthropods and evolution. [High school student]

Teachers were asked to rate the clarity of several site components, on a 4-part scale ranging from 1 (not at all clear) to 4 (very clear). As shown in Table 6, teachers generally felt that all of the listed components were “clear” or “very clear.” The Overview, Content Background for Teachers, assessment materials, and student section-end questions were deemed especially clear, with most teachers rating them as “very  clear.” Although fewer teachers gave the highest clarity ratings to the lesson plans, handouts, and student “Side Trips,” they still felt that these components were clear. 

Table 6: Teacher Ratings of Clarity of Website Components
	Components
	Frequency (N=8)
	Mean Rating*

	
	Not at all clear
	Not very clear
	Clear
	Very clear
	

	Student Investigation:
	
	
	
	
	

	· “Side Trips”
	0
	0
	6
	2
	3.25

	· Questions at the end of each section
	0
	0
	3
	5
	3.63

	Teacher’s Guide:
	
	
	
	
	

	· Overview for teachers
	0
	0
	2
	6
	3.75

	· Content background for teachers
	0
	0
	2
	6
	3.75

	· Lesson plans
	0
	0
	5
	3
	3.38

	· Handouts
	0
	0
	5
	3
	3.38

	· Assessment materials
	0
	1
	2
	5
	3.50


Scale: 1=Not at all clear, 2=Not very clear, 3=Clear, 4=Very clear

Navigation


The student survey asked a series of questions designed to gauge the ease of navigating “The Arthropod Story.” For each item, students had the option of selecting “yes,” “no,” or “I don’t remember or didn’t try this.”  Based on their responses, it appears that the majority of students did not have navigational problems when exploring the site. In other words, most students were able to navigate successfully to the page they were seeking, most did not get “lost” within the site, and most were able to easily return to their previous stopping place. Table 7 summarizes their responses.

Table 7: Ease of Navigating the Website (N=200)

	Statement
	Yes
	No
	Don’t remember or didn’t try this

	I was able to get to where I wanted to go easily.
	81.5%
	14.5%
	4%

	There were times when I got lost.
	23.5%
	73.5%
	3%

	I wasn’t able to easily return to where I had visited before.
	23.1%
	68.8%
	8%


In addition, students were asked whether they experienced certain technical problems when using the site, and were given a space for recording any other problems. A total of 87 students (44%, N=200) responded to this item, indicating that they had one or more technical problems. However, the low percentage of students indicating each problem, overall, suggests that technical problems were intermittent, not chronic. The most prevalent technical problem appeared to be slow page loading time, as reported by 31% of the students (at least a few students in each participating class reported this issue). Responses are summarized in Table 8.

Table 8: Technical Problems Reported by Students (N=200)

	Problem
	Number and Percentage of Students, Overall, Reporting Technical Problems

	Links that didn’t work
	24 (12%)

	Information that did not fit the screen
	13 (6.5%)

	Pages that took too long to appear/load
	62 (31%)

	Buttons that took me somewhere I didn’t expect to go
	22 (11%)

	Other problems
	8 (4%)


The 7 students who indicated “other” problems identified them as follows:

· The graphics or animations did not work or appear sometimes (3 students)

· The URL was too long and difficult to enter (2)

· The computer froze (2)

The teachers were also asked to identify barriers to using the site, including any technical issues. Three of the 8 teachers identified technical issues, and their individual responses follow:

· Slow interface due to server issues on one of the days teaching the module

· Internet connection would shut down unexpectedly when all students were on separate computer terminals, necessitating whole-class instruction on Day 3 of teaching the module

· Difficulties with Flash on a few machines prevented some graphics such as the interactive map to work 

In addition, one teacher mentioned that her high school students were put off by the number of pages to the site and the relatively small amount of information on each page:

[My students were] frustrated by how little information was given for each web page, but yet there were so many [pages] to navigate through. It took a long time navigating through the site, but yet they could have gotten all of the information presented in much less time.
Overall Appeal

On the survey, students responded to four scaled-response items designed to gauge their perception of the site’s appeal (scale: 1=I strongly disagree; 2=I disagree; 3=I agree; 4=I strongly disagree). Overall, students clearly found the site appealing, as follows (N=198):

· 74% of students agreed or strongly agreed that they enjoyed the website

· 83% of them agreed or strongly agreed that the information was interesting

· Most students (57%) expressed agreement or strong agreement with the statement, “I wish there were more websites like this one.” 

· According to most students (55%), the website increased their interest in learning about arthropods and how they evolved.

Statistical analyses using independent samples t-tests revealed that middle schoolers found the site significantly more appealing than high schoolers (p<0.05) on 3 of the 4 measures. Furthermore, it was found that high schoolers, with a mean item rating of 2.52, only marginally agreed that the website increased their interest in learning about arthropods and how they evolved, 

Table 9: Student Perceptions of Site Appeal
	Statement
	Distribution of Overall Responses
	Mean Scores*

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

	I enjoyed this website. (N=198)
	5%
	13%
	58%
	16%
	8%
	HS: 2.82

MS: 3.05

	The information was interesting. (N=197)
	3.5%
	9%
	61%
	22%
	4.5%
	HS: 2.90

MS: 3.25

	This website increased my interest in learning about arthropods and how they evolved. (N=199)
	10%
	25%
	37%
	18%
	10%
	HS: 2.52

MS: 2.91

	I wish there were more websites like this one.  (N=198)
	8.1%
	16.7%
	38.9%
	17.7%
	18.7%
	2.81**


*Scale: 1=I strongly disagree, 2=I disagree, 3=I agree, 4=I strongly agree.

**Overall mean is shown; no significant difference was found between middle school and high school mean responses.
To gauge the appeal of “Side Trips,” a component of the site that is designed to enable students to further extend their knowledge, the survey asked whether students took the Side Trips, and if so, whether they found them interesting. Thirty-six percent of the students (N=200) took the Side Trips, representing 41 middle schoolers and 30 high schoolers. The definite appeal of the Side Trips is demonstrated by the fact that among the students who took them, the majority found them interesting.

Furthermore, not only did a greater proportion of middle schoolers take the Side Trips--46%, as compared to 27% of the high schoolers--but a greater percentage of middle schoolers found them interesting--73%, versus 53% of high schoolers (n=89 middle school students and n=111 high school students).

The survey asked students to explain why they did, or did not, find the Side Trips interesting. A total of 19 high schoolers and 33 middle schoolers responded, for a total of 68 comments (if a response cited more than one reason, it was counted as more than one comment). 

Reasons given for finding the Side Trips interesting fell into the following categories (n=68 comments):

· 31% of comments mentioned that the Side Trips gave interesting information. Most of these students did  not explain specifically what information they found interesting. However, 12% of comments (n=68) mentioned that they found the Weird Facts interesting.

· 28% of comments explained that the Side Trips helped students to learn more information or better understand the information presented on the site.

· 19% of comments noted that the Side Trips were interesting because they gave further information or explanations for things not elaborated in the regular part of the site.

· Additional positive comments suggest that the Side Trips also interested students because they were fun or funny (3 comments), exciting (1), or interactive (1). 

A sampling of comments about the Side Trips are as follows:

I thought the side trips was good. They had some weird facts that were pretty funny and I learned more looking at the side trips. [Middle school student]

The side trip explained things that aren’t mentioned in the text. [Middle school student]

I found it interesting because of all the weird creatures and bugs and how they eat or live. [High school student]

They had interesting facts and cool little stories that further increased my knowledge of the subject. [High school student]

Only 11 students--comprising 10% of the middle schoolers and 23% of the high schoolers who took the Side Trips—indicated that they did not find the Side Trips interesting (n=41 middle schoolers and n=30 high schoolers). Their explanations characterized the Side Trips as too long (2 comments), boring (3 comments), not interesting (3 comments), not fun (1 comment), or not relevant (1 comment). Their comments, however, are not representative of the total sample of students who took the Side Trips.

The survey asked students to explain what they liked best, overall, about the website. A total of 286 comments were given by 182 students (98 high schoolers and 84 middle schoolers). (If a response cited more than one reason, it was counted as more than one comment.) The responses are as follows (N=286):

· By far, the aspect of the site that students liked best was the photos, graphics and animations (43% of comments). Students explained that the photos and graphics helped clarify concepts presented in the text and made the website more interesting. Others felt they added a helpful level of detail. Some comments (14%) suggested that students liked the animations because they were engaging, funny, and informative. 

· 16% of comments praised design aspects of the site. Several students reported especially liking the interactivity (9%)  Some comments (7%) cited the site’s organization, mentioning that the well-designed layout made it easy to read, and that the answers and information were easy to find. Five students praised the large, easy-to-read text.

· 14% of comments mentioned liking that the website gave them a learning experience, and that the website—either as a whole, or specific components such as the “interactive games” and animations—made it easier for them to learn the information. 

· In 7% of the comments, students said that they found the information on the site interesting. 

· In 6% of comments, students praised the site for being clear and easy to understand (11 comments) or for giving clear and helpful explanations (5).

· Other aspects less frequently cited as reasons for liking the site included the following: it gave visual examples, such as those showing arthropods and their traits (8 comments); the website was fun thanks to its interactivity, animations, and graphics (7); it was easy to use (5); the Side Trips gave great examples and were “fun to read” (3); the site was humorous with its animations and cartoons (3); it was self-paced (3); and it had helpful section-end questions (2). 

The following quotes further illustrate what students liked best about the website:

The animations made things more interesting and held my attention better. [High school student.]

How everything like the information was organized and a little bit of info on each page with a picture or something to go with it. [High school student]

I liked the pictures and the interaction sections. It made it more fun and I actually wanted to play with them and that helped me learn. [High school student]

The weird facts – I will never look at an arthropod another way! [Middle school student]

I loved the pictures they helped me understand better and learn more. [Middle school student]

The cartoons because they were very humorous! [Middle school student]

I liked that it was very interesting and didn’t just give the information but also explained it. [Middle school student]

The survey also asked students to explain what they liked least, overall, about the website. A total of 194 comments were given by 182 students. (If a response cited more than one reason, it was counted as more than one comment.) The responses are as follows (N=194):

· 19% of students’ comments indicated that there was nothing that they liked least about the site. 

· 14% of comments pointed out that the site was too long and had too many pages (15 comments), or that there was too much text to read (13 comments).

· 14% of the comments reflected a negative reaction to the site’s content, either overall or in part. The majority of these (14 of the 27 comments) alluded to the information being boring, not interesting, or not exciting. (Interestingly, 11 of these 14 comments came from high schoolers.) Five students (4 of them high schoolers) stated that they did not like the site, overall. Among other comments, a small number of students disliked some of the examples used (4 comments), or the concept of evolution (2 comments). 

· 12% of comments alluded to navigational issues, such as the page loading time (10 students from 4 classes), and the long length of the URL address (4 students). Two additional students felt they had to click too much to get where they wanted to go, while 2 others felt that the site was too linear in its organization, making it difficult for students to jump around. 

· 11% of comments dealt with the clarity and presentation of the site, though the comments within this category were quite diverse: 6 comments mentioned that the site was sometimes confusing; 4 students felt the paragraphs were too long; 3 students mentioned the amount of information on each page, though they were inconsistent as to whether it was too much or too little; and 2 students mentioned that they least liked the explanations.

· 7% of comments mentioned the questions, with some students noting they were difficult/not always obvious, took a long time to answer, or were “in the way.”

· 5% of comments alluded to aspects of the graphics: 4 students would prefer annotated photos that are more interactive, and 4 students felt that the cartoons were unnecessary or more appropriate for a younger audience. 

· A total of 11 students (6 high schoolers and 5 middle schoolers, i.e., 6% of the respondents) provided compliments about the site, using phrases such as, “great website,” “it was put together well,” “strong website,” or “it was good.” 

The teacher survey asked teachers to indicate their level of agreement with two statements pertaining to their impressions of student reactions to the site (scale: 1=strongly disagree, 2=disagree, 3=agree, 4=strongly agree, with the additional option of “I’m not sure”). The frequencies of their responses are shown in Table 10, along with the mean scores.

Table 10: Teacher Perceptions of Student Reactions

	Statement
	Level
	Response Options
	Mean score*

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

	My students appeared genuinely interested in the content of the website.
	HS
	0
	1
	1
	2
	0
	3.25

	
	MS
	0
	0
	2
	2
	0
	3.5

	My students appeared motivated to explore the website’s subject matter in greater depth.
	HS
	1
	0
	2
	0
	1
	1.75

	
	MS
	0
	1
	1
	2
	0
	3.25


*Scale: 1=strongly disagree, 2=disagree, 3=agree, 4=strongly agree

Seven out of the 8 participating teachers agreed or strongly agreed that their students appeared “genuinely interested” in the website’s content. The only exception to this trend was one high school teacher, who disagreed. The number of teachers agreeing that their students appeared “motivated” to explore the website’s subject matter is lower than the “interest” measure, though it still represents a majority (5 out of 8). 

The mean scores for both of these items are lower among the high school teachers, suggesting that middle school students appear more interested in the website or more motivated in its subject matter. However, it should be noted that the sample size is too small to test whether or not this is a statistically significant difference.

Impact on Student Learning

The survey asked students whether they learned anything new or exciting from the website. Not counting the class whose teacher used guided study worksheets, total of 166 students responded to this item. Broken down by school level, the results indicate that students felt they did learn things from the site, as follows:

· High school subsample: 78% reported yes (n=79)

· Middle school subsample: 89% reported yes (n=87)

The subsequent item asked students to explain their answer. Students offered a total of 161 comments, overall, explaining what they learned. 

· 80% of the comments mentioned arthropods, examples of arthropods, or aspects of their history, behavior, population size, anatomy, or evolution.

· 6% of students’ comments generally reiterated that what they learned was exciting or interesting. 

· 5% of the comments cited other related topics, such as evolution (in general) (2 comments); relationships between animals (2); aspects of jellyfish anatomy (2); prehistoric animals that lived in water (1); and classification of animals (1). 

Ten percent of the comments (N=161) came from students who reported not having learned anything new or exciting. The majority of these negative comments (11 of the 16) were given by high schoolers. Among these comments, 12 mentioned disliking the topic or finding it boring or not very interesting; 3 mentioned that they already knew most of the material; and 1 found the website too long. 

The following is a sampling of comments illustrating what students felt they learned:

I learned stuff about arthropods and I never knew anything about them. [High school student]

I learned a few new things, like: arthropods inherit their traits. [High school student]

It was interesting how so many different creatures are related. [Middle school student]

I learned new things...I liked classifying all of the animals by knowing the characteristics. [Middle school student]

The student survey also offered a set of scaled-response items asking students to rate their agreement with statements that described their learning about a variety of evolution- and arthropod-related concepts. Table 11 shows the distribution of responses and mean scores.

Table 11: Student Perceptions of What They Learned
	Statement
	Distribution of Overall Responses
	Mean Scores*

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

	I learned new things about how organisms are related.  (n=171)
	1.8%
	7%
	69.6%
	12.9%
	8.8%
	HS: 2.92
MS: 3.12

	I learned new things about what inherited features can tell us about common ancestors. (n=171)
	.6%
	13.5%
	61.4%
	15.8%
	8.8%
	HS: 2.85
MS: 3.15

	I learned new things about the fossil record. (n=169)
	1%
	27%
	53%
	9%
	9.5%
	HS: 2.60
MS: 2.93

	I learned new things about arthropod traits. (n=169)
	0%
	5%
	60%
	31%
	5%
	HS: 3.17
MS: 3.36

	I learned new things about the evolution of arthropods. (n=171)
	1%
	10.5%
	60%
	21%
	8%
	HS: 3.00
MS: 3.19

	I learned new things about the diversity of arthropods. (n=171)
	0%
	14%
	54%
	20%
	12%
	3.07**

	I learned new things about opportunities and constraints in evolution. (n=171)
	2%
	18%
	48.5%
	16.5%
	15%
	HS: 2.70
MS: 3.13


*Scale: 1=I strongly disagree, 2=I disagree, 3=I agree, 4=I strongly agree.

**Overall mean is shown; no significant difference was found between middle school and high school mean responses.

As indicated in Table 11, the majority of students, overall, agreed or strongly agreed that they learned new things in each of the conceptual areas listed. The area of arthropod traits received the highest mean rating, suggesting that students felt they learned the most in this area. Students also rated their learning in the areas of arthropod evolution and arthropod diversity relatively highly. Interestingly, a comparison of high school and middle school means using an independent samples t-test revealed that the middle schoolers, as a group, agreed more strongly than the high schoolers that they had learned new things. This significant difference (p<0.05) held true for all but one of the measures of self-reported learning.

Teachers, similarly, were asked to rate their impressions of the site’s effectiveness at enhancing student learning. As shown in Table 12, all of the teachers felt that the site was “effective” or “very effective” at increasing student knowledge on the topics of arthropods, diversity of arthropods, relatedness of arthropods, and evolution of arthropods. In particular, the  majority of teachers felt that the site was “very effective” at increasing students’ knowledge in the first three areas listed. 

Table 12: Teacher Ratings of Site’s Effectiveness at Increasing Student Knowledge

	Area
	Frequency of Teacher Responses (N=8)
	Mean Scores*

	
	For increasing student knowledge, the website was…
	

	
	Not at all effective
	Not very effective
	Effective
	Very effective
	

	Arthropods
	0
	0
	2
	6
	3.75

	The diversity of arthropods
	0
	0
	3
	5
	3.63

	The relatedness of arthropods
	0
	0
	3
	5
	3.63

	The evolution of arthropods
	0
	0
	5
	3
	3.38


*Scale: 1=Not at all effective, 2=Not very effective, 3=Effective, 4=Very effective.

The administration of a pre-test and post-test enabled evaluators to assess the site’s actual effectiveness at increasing students’ conceptual understanding. As mentioned earlier, the student pre- and post-test was a 5-item instrument consisting of 1 open-ended item (worth 4 points) and 4 multiple-choice items (worth 1 point each). The test was designed by UCMP to measure students’ learning of concepts related to arthropods and evolution. The maximum score for the test was 8 points. 

As shown in Table 13, the mean scores increased from pre- to post, for each school level subsample (middle school and high school), as well as for the overall sample. In particular, the analysis of test results revealed the following: 

· Overall (N=167), the student sample showed statistically significant gains (p<0.05), based on the results of a paired samples t-test comparing the mean scores, pre- to post. Student scores increased from a mean of 1.92 to a mean of 5.31, representing an average 177% increase in scores. 

· Within each school level, the test score gains were also significant, with  high schoolers increasing their mean score from 1.92 to 4.97, representing a 159% gain (n=78), and middle schoolers increasing their mean score from 1.92 to 5.60, for a 192% gain (n=89). 

· Interestingly, statistical analyses using an independent samples t-test revealed that the pre-to-post increase in scores was significantly higher among middle schoolers (p<0.05) than high schoolers. It should also be noted that there was no significant difference between the pre-test scores of high schoolers versus middle schoolers, indicating that both groups began on the same footing in terms of their knowledge of the content that the test was assessing. 

Table 13: Change in Mean Test Scores

	Test:
	Mean Test Scores

	
	High Schoolers* (n=78)
	Middle Schoolers (n=89)
	Overall 
(N=167)

	Pre-Test
	1.92
	1.92
	1.92

	Post-Test
	4.97
	5.60
	5.31

	Average Score Gain
	3.06 (159% gain)
	3.68 (192% gain)
	3.39 (177% gain)


The reasons for the higher mean score increase among middle schoolers may be due to a variety of reasons. Based on teachers’ self-reported survey responses, it appears that the participating middle school classes were, in general, higher performing when compared to the national average, than the high school classes (see Table 3), which may help explain the higher test score gains among the middle school subsample.

Scores from the class that was analyzed separately (n=29) also showed an increase in mean scores, from 3.07 to 5.74, with a smaller, yet still sizeable, overall gain of 87%, pre- to post. A paired samples t-test comparing the means revealed that this, too, was a significant increase (p<0.05). 

Further insight on the results for the overall sample (again excluding the class that was analyzed separately) may be gleaned from a comparison of the gains from each test item. Figure 1 shows the percentage of students who responded correctly to each pre/post-test item. (Because Item 1 was worth 4 points, the percentages for Item 1 include students scoring 3 or better.) 
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Figure 1: Students Responding Correctly on Test Items 
Table 14 shows that across all of the items, the percentage of students scoring correctly increased from 19% to 56%, pre- to post. These results suggest that “The Arthropod Story” effectively teaches concepts that the test was designed to assess: arthropod traits, the natural history of arthropods (i.e., fossil arthropods), and opportunities and constraints in evolution.

Table 14: Students Responding Correctly on Test Items

	Percent of students with correct response...
	Test Item Number

	
	1*
	2
	3
	4
	5

	...on Pre-Test
	2%
	41%
	56%
	13%
	32%

	...on Post-Test
	58%
	73%
	87%
	32%
	64%

	Change in % of students responding correctly 
	56%
	32%
	31%
	19%
	32%


   *Item 1 was worth 4 points; the percentages for Item 1 include students scoring 3 or better.

Test Item 4, dealing with opportunities and constraints in evolution, showed the smallest increase in the percentage of students responding correctly (19%). Item 1, an open-ended item dealing with characteristic arthropod traits, showed the largest increase  (56%). Because arthropod traits comprise a substantial portion of the module’s content and its interactive exercises, it is reasonable that a large proportion of students increased their score on Item 1 after completing the module.

The substantial percentages of students with correct responses on Item 2 (dealing with the topic of arthropod fossils) and Item 3 (involving recognition of arthropod traits) suggest that students already had a relatively moderate level of prior knowledge about the subject matter tested by these two questions. The low pre-scores for Items 1 and 4, in contrast, imply that students did not possess much familiarity with the content assessed by these questions (for Item 1: identification of characteristic arthropod traits; for Item 4: opportunities and constraints in evolution). 

Although Items 1 and 3 both involve knowledge of arthropod traits, Item 1 may be considered as requiring more knowledge to answer successfully, because it involves listing the characteristic arthropod traits, and because it is open-ended, a format that can be more challenging than multiple-choice. Item 3, on the other hand, involves recognizing traits from a diagram of an arthropod (without necessarily requiring the knowledge that the traits are characteristic of arthropods), and then selecting the correct response from the options provided. This difference in difficulty sheds light on the difference in mean pre-test scores between these two items that address similar topics. 

Table 14 shows that Items 2, 3, and 5--the items which more students answered correctly on the pre-test, suggesting more prior knowledge--showed smaller pre-to-post gains than Item 1, which fewer students answered correctly on the pre-test. However, regardless of the item, there was a strong performance gain for each of the items, as measured by the change in the percentage of students scoring correctly.

Overall, these test data suggest that students who explore UCMP’s “The Arthropod Story” increase their overall understanding of key concepts related to arthropods and evolution. Specifically, they show that students who are initially unable to list or recognize arthropod traits, unable to understand certain aspects about fossil arthropods, or unable to recognize evolutionary opportunities and constraints are considerably better able to articulate this information after having completed the module. 

Usefulness for Teachers

Several items on the teacher survey were designed to gather information about the usefulness and anticipated future use of the module among teachers. 

Usefulness of Components: Teachers were asked to rate the usefulness of several of the site’s components, on a four-part scale ranging from 1 (not at all useful) to 4 (very useful). The results are shown in Table 15. The findings are summarized as follows:

· On average, teachers felt that all of the listed components were useful. 

· The Content Background for teachers and lesson plans were viewed as especially useful, with most teachers rating them as “very  useful.” 

· The Side Trips, the handouts, and the assessment materials received slightly lower mean ratings, though they were still considered useful. 

Table 15: Teacher Ratings of Usefulness of Website Components
	Components
	Frequency (N=8)
	Mean Rating*

	
	Not at all useful
	Not very useful
	Useful
	Very useful
	

	Student Investigation:
	
	
	
	
	

	· “Side Trips”
	0
	2
	4
	2
	3.00

	· Questions at the end of each section
	0
	0
	5
	3
	3.38

	Teacher’s Guide:
	
	
	
	
	

	· Overview for teachers
	0
	0
	5
	3
	3.38

	· Content background for teachers
	0
	0
	3
	5
	3.63

	· Lesson plans
	0
	0
	3
	5
	3.63

	· Handouts
	0
	1
	6
	1
	3.00

	· Assessment materials
	1
	0
	4
	3
	3.13


*Scale: 1=Not at all useful, 2=Not very useful, 3=Useful, 4=Very useful

Usefulness for Teaching Science Concepts:  The survey also asked teachers to rate the usefulness of the website in teaching certain evolutionary concepts, on a 4-part scale ranging from 1 (not at all useful) to 4 (very useful). Table 16 shows the distribution of responses. On the whole, the teachers found the website “useful” or “very useful” in teaching all 7 of the concepts listed. The findings are summarized in greater detail, as follows: 

· For 5 of the 7 evolution concepts, teachers unanimously found the module “useful” or “very useful” for their teaching. 

· For the remaining 2 evolution concepts, the majority of teachers (7 out of 8) rated the module “useful” or “very useful.” 

· Only two teachers departed from this trend: 1 high school biology teacher found the module “not very useful” for teaching the concept “evolution acts on what exists,” and 1 other high school biology teacher found the module “not very useful” for teaching the concept, “inherited traits provide both opportunities and constraints.” These opinions were in the minority, however.

Table 16: Teacher Ratings of Site’s Usefulness for Teaching Science Concepts
	Concept
	Frequency of Teacher Responses (N=8)
	Mean Rating*

	
	For teaching these concepts, 
the website was…
	

	
	Not at all useful
	Not very useful
	Useful
	Very 
useful
	

	Life forms of the past were in some ways very different from living forms of today, but in other ways very similar.
	0
	0
	6
	2
	3.25

	Present-day species evolved from earlier species; the relatedness of organisms is the result of common ancestry.
	0
	0
	3
	5
	3.63

	There are similarities and differences among fossils and living organisms.
	0
	0
	4
	4
	3.50

	The fossil record documents the biodiversity of the past.
	0
	0
	3
	5
	3.63

	Similarities among existing organisms, combined with evidence in the fossil record, provide evidence for evolution.
	0
	0
	3
	5
	3.63

	Evolution acts on what exists.
	0
	1
	4
	3
	3.25

	Inherited traits provide both opportunities and constraints.
	0
	1
	2
	5
	3.50


Scale: 1=not at all useful, 2=not very useful, 3=useful, 4=very useful

Grade-Level Appropriateness: A scaled-response item asked teachers to indicate their agreement with a statement about grade-level appropriateness: “On average, the website is appropriate for my students’ grade level” (scale: 1=I strongly disagree, 2=I disagree, 3=I agree, 4=I strongly agree). All but one of the teachers agreed or strongly agreed with this statement. Only one teacher (a high school biology teacher) disagreed with this statement. 

Teachers subsequently responded to a question asking their opinion on the most appropriate grade level and subject area for using the website. 

· Five teachers indicated that the site was most appropriate for the grade level and subject of the classes that they themselves taught, and these courses ranged from 7th grade life and general science, and 8th grade Earth science, up to high school-level biology. 

· Three teachers indicated that the site was most appropriate for a subject or grade level other than the one they taught: the 6th grade science teacher felt it was most appropriate for 7th grade; the 11th/12th grade ecology teacher felt it was most appropriate for high school biology; and the 10th grade biology teacher (mentioned previously) felt it was most appropriate for 7th and 8th grade.

· The 8th grade Earth Science teacher was more inclusive, indicating that it was most appropriate for “any Biology and Earth Science class from grade 7 up to high school level.”  

· 5 teachers indicated the module was most appropriate for middle schoolers, while 4 of them indicated it was most appropriate for high schoolers. 

These findings suggest that the website is suitable for using with middle school classes as low as 6th grade, and with the majority of high school classes up to 12th grade. Although the website can be used with both  middle school and high school science classes, however, some high school teachers may find it more suitable for middle school classes.

Value Relative to Other Resources: The survey asked teachers to indicate how “The Arthropod Story” compares, in terms of content and usability, to other materials/resources they have seen that teach similar concepts, including textbooks, other print materials, and other websites. The response scale for these items included “much better,” “better,” “about the same,” “worse,” and “much worse.” 

Overall, the teachers reported that the content and usability of “The Arthropod Story” is “better” or “much better” than other comparable resources they have seen. The breakdown is as follows:

· In terms of content, the majority (7) of the 8 teachers reported that “The Arthropod Story” is “better” or “much better,” with 4 of the teachers agreeing that the site is “much better.

· In terms of usability, the majority (5) of the 8 teachers reported that the module is “much better” or “better.” The remaining 3 teachers reported that it is “about the same” as other resources/materials they have seen. 

Plans for Future Use: Most of the participating teachers reported plans to use “The Arthropod Story” again. In response to the question, “Do you plan to use this website again?”, teachers gave the following responses:

· Yes – 5 teachers (2 high school plus 3 middle school teachers)

· Maybe – 2 teachers 

· No – 1 teacher (This was the high school biology teacher who felt the module was more appropriate for middle school.)

When asked why, the teachers planning to use the site gave the following explanations:

Students enjoyed it, seemed to be learning. [High school teacher]

The more ways I can present evolution, the better. Many students like online activities. [High school teacher]

Interesting and accurate information in the context of how natural selection works. [Middle school teacher]

Great resource, I will use it to teach the arthropod as a replacement unit. [Middle school teacher]

It was a very valuable tool for a website based unit. This was an invaluable activity for my students and they thoroughly enjoyed it – in fact they were somewhat disappointed when it was completed! I plan on using the site with all my classes next year, including my below-average class. [Middle school teacher]

The teachers who indicated they would “maybe” use the site indicated that computer access is an issue for them. The only individual who does not plan to use the site--a high school teacher--commented that her students felt it was more appropriate for middle school: 

Students felt that the presentation style was ‘too easy’ for them. They said that it felt like it should be for a middle school level instead of at the high school. 

Although this was a unique finding and not representative of all the high school classes, the comment should be viewed as an indication that not all high school classes may find the module appropriate for their grade level. 

Teachers were also asked to describe whether they experienced barriers to using the website. Aside from the issues mentioned previously by a few teachers (technical issues, limited computer access, and one teacher’s concern over grade-level appropriateness), one teacher cited the reading level of her 6th graders as a barrier, while another (high school) teacher mentioned that not all of his students had the background needed to make the best use of the site, as he did not teach a prerequisite.

When asked how they planned to use the site, given a range of possible responses (and the option for a write-in response), teachers indicated a broad range of future uses:

· As classroom lessons (6 teachers)

· As an optional extension (3)

· As homework (2)

· As extra credit (1) (a write-in response)

In terms of how the overall unit would support learning, teachers reported that they would use the module to introduce concepts (5 teachers), expand existing knowledge of concepts (6), and review concepts taught previously (2).

The survey asked teachers planning to use the site whether they would use the module’s “Special Assignment: Exploring Success.” Their responses were divided, with 2 replying “yes,” 3 replying “maybe,” and 2 replying “no.” Their explanations are as follows:

· Both of the teachers replying “yes” teach middle school. One of them explained that he would use it to extend his students’ “understanding of the topic, especially for highly interested/motivated beginners.” The other teacher commented, “It is an excellent resource and worked well with my two classes this past year.”

· Among the teachers responding “maybe,” 2 high school teachers cited time constraints, though 1 of them indicated that she might use the Special Assignment for a class report if time allows. Another high school teacher indicated that it “would be overly ambitious for many of my students, but appropriate for the best and for extension.” The fourth teacher, a California middle school teacher, indicated that she would need to have her students use the Web since her library does not have the resources needed, and she would also need to provide additional guidance for her students.

· The 2 teachers replying “no”—a middle school teacher and high school teacher—explained that time constraints would prevent them from using the Special Assignment, and one of them added that her school (a public charter school in Colorado) does not allow discussion of human evolution in the 7th grade. 

Suggestions
The survey asked students for suggestions to improve the website. Students gave a total of 82 comments. Their responses related mostly to adding graphics or extra features, improving navigation (particularly page loading times), reducing site length, adjusting content, and reducing the amount of text. 

· Graphics (13 comments): Responses dealing with graphics ranged from adding more annotated photos, more realistic cartoons, and more animations, to more charts. 

· Navigation (11): Comments included shortening the page loading time and shortening the URL.

· Site length (11): Shorten the number of pages. Some suggested accomplishing this by condensing the information, while others suggested putting more information on each page.

· Content adjustments (7): Comments here ranged from increasing or decreasing the number of questions, to providing more examples and explaining the evidence for the information presented.

· Additional features (7): Suggestions ranged from adding a game or adding music, to adding a “search department.”

· Text (6): Comments dealing with the text called for decreasing the overall amount of text or shortening paragraphs.

· Presentation/formatting (5): Suggestions here included adding variety or brightness to the  color scheme, boldfacing definitions, and making the table of contents link more noticeable.

· Interactivity (3): Make the site even more interactive.

· Grade levels targeted (2): One middle schooler and one high schooler suggested adjusting the tone of the site to make it more appropriate for higher grade levels. 

The teachers provided the following suggestions for improving the website. Unless otherwise indicated, each suggestion was provided by an individual teacher.

· Fix a few content errors: (1) One teacher reported that "segmented bodies" and the arthropod checklist did not agree for onychophorans, adding that her textbooks also say that chordates (mouse) show segmentation. (2) On the page ending with "_intro_04text", 4th bullet down: "Hey, may be gross, but it's a living" does not make sense.

· Clarify aspects of the content: According to one high school teacher, her class found the explanation of ophabinia's classification confusing (i.e., is it an arthropod or not?). The same class was confused about the jellyfish and segments, as the tentacles looked segmented to them (perhaps a simpler jellyfish could be substituted).

· Shorten the website: Reduce the number of pages, possibly by putting more information on each page. (This comment was from the high school teacher whose students did not like having to click through so many pages.)

· Add supplemental materials: Two high school teachers suggested providing a worksheet with questions for each web page, or an activity that students must complete before they go to the next web page. This would prevent students from flipping through the site without reading it. 

· Shorten the URL: Several students had trouble typing in the exact URL the first time.

· Fix a link: One teacher reported: “There is an incorrect link in the table of contents: under the Cambrian explosion, if you click on Naraoia it takes you to Hallucigenia...”

· Improve the color scheme: Brighter colors for the text and animation pages would be useful, according to one middle school teacher.
· Develop more modules: Create more modules about different topics.
Conclusion

A number of interesting findings are revealed through the analysis of surveys completed by the 8 participating teachers as well as the surveys and pre/post tests completed by their 200 participating students. 

Technological Context:

· Most of the students who participated in this study (92%, N=200) have a computer at home. 

· Most students use a computer and the Internet at home at least once a week, with roughly one-quarter using them more often. Their level of computer and Internet use at school is comparable. 

· Overall, high schoolers tend to use the computer and the Internet more often than middle schoolers. 

Amount of Time Exploring Module:

· The amount of time students needed to complete the module ranged from an average of 1.75 periods (high schoolers) to 3.25 periods (middle schoolers).

Clarity:

· Overall, students found the site to be clear and understandable. In particular, they strongly agreed, overall, that the graphics aided their understanding of the subject matter. Teachers, similarly, felt that the components of the website were clear or very clear, particularly the overview and content background for teachers, as well as the end-of-section questions for students. 

Navigation: 

· The majority of students did not experience navigational problems while using the site. Some students, however, experienced technical problems, with the most significant problem being slow page loading time (experienced occasionally by one-third of students).

Appeal:

· The students found the site clearly appealing: 83% reported that the information was interesting, and three-quarters agreed, many of them enthusiastically, that they enjoyed the website (N=197).

· Among the students who took the Side Trips,  a majority of them (65%, N=71) found them interesting. According to these students, the Side Trips gave interesting information and intriguing facts, helped students learn the information better, and explained things or added a helpful level of detail. 

· The most popular aspect of the site, according to students, was its wealth of photos, graphics and animations, principally because they helped clarify concepts presented in the text, and also because they were engaging and humorous. Students also liked the design of the site, particularly its interactivity. Some students most appreciated that the site gave them an insightful learning experience. 

· The positive reaction of students was also observed by their teachers: 7/8 of them reported that their students appeared genuinely interested in the site, and 3/4 reported that their students appeared motivated to explore the subject matter in greater depth.

· One-fifth of the students indicated there was nothing they liked least about the site. The length of the site and its amount of text was the aspect most disliked by 14% of the students, and this sentiment was echoed by one high school teacher on behalf of her students.  Another 14% disliked the content covered by the site. Other students cited navigational problems such as slow page loading or a cumbersome URL. 

 Learning:

· In response to a series of closed-ended, scaled-response items, students reported having learned several key concepts pertaining to arthropods and evolution. It appears that students felt they learned the most in the area of arthropod traits. Students also rated their learning in the areas of arthropod evolution and arthropod diversity relatively highly.

· All of the teachers felt that the site was “effective” or “very effective” in increasing student knowledge on the topics of arthropods, as well as the more specific topics of arthropod diversity, arthropod relatedness, and evolution of arthropods.

· Based on pre- and post-test scores of student understanding, the site is unequivocally effective at increasing students’ conceptual understanding of key evolutionary concepts. The change in scores on a 5-item, 8-point instrument was dramatic and statistically significant, with middle schoolers increasing their mean score from 1.92 to 5.60, and high schoolers experiencing an average gain from 1.92 to 4.97.   

· Students increased their stores by an average of 177%, pre- to post.

· The percentage of students scoring correctly on each of the 5 test items increased from 19% to 56%, depending on the item.

· Overall, these test data provide solid evidence that “The Arthropod Story” effectively increases students’ understanding in the areas of arthropod traits, the natural history of arthropods (e.g., fossils), and opportunities and constraints in evolution.

An interesting finding is that the middle schoolers differed from the high schoolers in this sample of students on several counts:

· They used a computer and the Internet to do their homework less often than high schoolers.

· They used the Internet at school less often.

· They reported greater understanding of the ideas presented by the website, and more strongly agreed that the graphics aided their understanding.

· Middle schoolers were slightly more enthusiastic than high schoolers about their enjoyment of the site, their interest in the information it contained, and their interest in learning more about the subject matter of the site.

· A greater proportion of middle schoolers found the Side Trips interesting.

· Though only a minority of students, overall (7%), reported finding the website not interesting or even boring, this group consisted of more high schoolers than middle schoolers. Additionally, fewer high school teachers than middle school teachers observed that their students appeared interested in the site’s content and motivated to explore its subject matter. 

· A greater percentage of middle schoolers than high schoolers felt they had learned something new or exciting from the site (89% vs. 78%, N=166). Middle school students also expressed stronger agreement that they learned new things about key concepts in the areas of evolution and arthropods. 

· The score gains from the pre/post test, similarly, reflected a significant difference, with middle schoolers showing a greater increase in scores than high schoolers. This may be due to the higher performance level of the middle school classes, as compared to high school classes, based on teacher survey data. 

Usefulness and Potential Use:

· On average, teachers felt that the components of the module were useful for their teaching.

· Two of the components—the content background for teachers and overview for teachers—were deemed, overall, to be very useful. 

· Teachers also found “The Arthropod Story” useful for teaching key evolutionary concepts. 

· The module offers a great amount of flexibility, as it can be used for several grade levels. It appears suitable for use with both middle and high school science classes, though there are indications that some high school teachers and their students may find it more appropriate for middle school. 

· The module compares favorably to other resources that cover similar content. Seven out of 8 teachers reported that its content is “better” or “much better” than other comparable resources.

· Based on their experience with the site, 5 of the 8 participating teachers indicated they would use the site again in their teaching, and 2 more would “maybe” use the site, depending on computer access. The majority would use the site in their classroom lessons, either to introduce or expand existing knowledge of concepts. 

Suggestions:

· The most common student suggestions for improving the site include: adding more graphics, shortening the page loading time, reducing the length of the site. and adding some additional features such as games. 

· Teacher suggestions were diverse, ranging from a few areas of content clarification, to adding supplemental teaching materials (such as a worksheet) and shortening the URL.

Overall, these findings speak strongly for the future of this module as an appealing, effective educational tool for teachers and students alike.

PAGE  
R o c k m a n   e t  a l                                                                                     
25                       

