UCMP Teacher Website on Evolution: Summary of Evaluation Methods and Findings

Rockman et al (REA), an independent research and evaluation group with expertise in technology interventions in education, conducted a thorough, multi-component evaluation of WWW.evolution. Over the course of the website’s development, the evaluation explored multiple aspects of the website and its constituent elements, ranging from its appeal and utility, to its ability to help users understand new concepts and acquire strategies for and confidence in teaching evolution. The evaluation included both formative elements intended to help the design team create an appealing, user-friendly, and useful website, and summative elements designed to explore the impact of the site on its target populations.

Evaluation Methodology

A national database of prospective evaluation participants was generated by aggregating contact lists from UCMP and Rockman et al (REA). The database contained entries for 246 individuals at the time of the first evaluation activity (Fall 2001), and grew to contain 402 entries by the time of the final evaluation activity (Spring 2005). This pool was comprised of formal and informal educators who had previously attended one or more UCMP-sponsored workshops or short courses on evolution at a regional or national conference and expressed interest in learning more about evolution, as well as educators who were referred by state science teacher associations, science and science education organizations, their school districts, or teacher colleagues that agreed to advertise the trial program and the opportunity to participate in its evaluation. The evaluation activities were thus promoted both among teachers who were highly motivated to teach evolution, as well as teachers who may have been less likely to teach evolution. The recruitment pool also included educators who, rather than being referred by an organization or colleague, volunteered independently to participate in evaluation activities after browsing the UCMP website. 

REA staff emailed potential participants an invitation to complete a brief online survey, hosted on REA’s server, to gather demographic information about their educational background, amount of teaching experience, level of expertise in teaching evolution, and grade levels and subjects taught. The educational levels taught by the volunteer pool included elementary, middle and high school, and college. 

With the exception of the web site log file analysis, recruitment for each evaluation activity was carried out by email invitations from REA staff. For two of the evaluation activities, namely the Fall 2001 online survey and Fall 2003 section review/impact surveys, REA staff initially targeted all participants in the database, in an effort to maximize the sample size. 

In general, selection of participants was guided by sample specifications that were defined by UCMP staff and approved by REA researchers. UCMP staff were interested in the selection of samples that would represent, to the greatest extent possible: 

· A range of geographic areas in the U.S. (e.g., West, Midwest, South, Northeast);

· A range of grade level(s) taught—elementary (K-5), middle school (6-8), high school (9-12), and college, with an emphasis on middle and high school;

· Varying amounts of expertise in evolutionary concepts, based on the subject of the participants’ degree or certification, as follows: 

· Novice - any non-science subject, such as English, Education, Special Education, etc.

· Intermediate - Science Education, Composite Science, Secondary Science, etc.

· Expert - Biology, Zoology, Genetics, Plant Breeding, etc.

Recruitment for some activities purposefully included or excluded individuals with prior exposure to the website. For example, for the pre/post assessments of teacher knowledge, REA staff initially sent invitations to a selection of 200 educators, drawn randomly from the database, who had neither viewed the beta version of the site nor participated in its formative evaluation, in an effort to gain a more accurate measure of the site’s impact on teacher knowledge. For the Spring 2004 online survey, REA staff invited a selection of 50 participants drawn randomly from the database, as well as 10 former think-aloud participants in an effort to ensure a higher response rate and to gather feedback from both novice as well as more experienced users of the site.
A few evaluation activities solicited the participation of more narrowly defined groups of educators:

· The in-person evaluation activity held at REA’s offices in San Francisco (i.e., the think-alouds) involved San Francisco Bay Area educators due to their proximity and ease of attending. 

· One round of interviews (Spring 2004) aimed to gain in-depth information on teacher use of the site, and thus targeted teachers who had previously reviewed the site and completed an online survey.  

· One online survey that sought to measure the site’s usefulness in teaching and its impact on teacher knowledge targeted attendees at a Fall 2004 UCMP workshop held at the California Science Teachers Association annual conference. 

· A later round of interviews (Spring 2005) aimed to gather in-depth information about the site’s usefulness and self-reported impact on teachers, and thus the recruitment targeted a set of California teachers who had reported in the Fall 2004 online survey that they planned to use the site for their classroom teaching.

For most of the evaluation activities, the researchers offered educators a variety of incentives to ensure a high participation rate, such as gift certificates ($25 to $50), educational supplies such as fossil specimens, science books, and advanced access to UCMP’s online content.

Methods

The methods used for this evaluation included online surveys, think-alouds, phone interviews, pre/post tests administered to teachers, and analysis of the site’s log files to assess website usage. Table 1 summarizes the sample sizes, sample characteristics, and evaluation foci for each of the instruments used in this evaluation.

Online Survey, Fall 2001: This online survey, hosted on the REA server, consisted of 36 scaled-response and 3 open-ended items. The survey was designed to measure teachers’ need for information on topics proposed for the website, the extent to which teachers felt certain topical areas would be useful to cover, the degree to which they felt comfortable answering challenging questions about evolution, and the kinds of website features that would help them answer these questions.

Think-Alouds:  Three think-aloud sessions were facilitated by researchers at REA facilities. Each session lasted approximately one hour and a half. At the start of each session, each participant was provided a sheet of paper asking him/her to simulate how they would use the site, given several different typical teaching scenarios. Two examples of these scenarios are shown below:

· You want to get new ideas for teaching your class about evolution. Go to the area of the website that will help you to do this.

· You are interested in finding sample lessons that will be appropriate for teaching students in your grade level about evolution. Search the site for these kinds of lessons and see if you can identify at least three different lessons that will serve your particular students. Now, explore one of these lessons in depth to review the content.

Participants were asked to refer to the sheet as they explored the web site at their own pace, while constantly verbalizing their feedback, including thoughts, observations, suggestions, questions, and feelings about any aspect of the site. An REA researcher observed the participants during this time, recording notes and videotaping the sessions. After participants explored the site, the REA researcher facilitated a discussion with the group, soliciting feedback on the site’s navigation, appeal, and content. 

Section Review/Impact Surveys, Fall 2003:  For the section reviews, REA researchers asked each participant to spend at least 30 minutes reviewing a designated section of site (accessed through a URL provided in an email message), before completing an online survey hosted on REA’s server. The online survey was customized for each of the following sections of the site: 

· Lines of Evidence (n=15)

· Nature of Science (n=10)

· Relevance of Evolution (n=4)

· History of Evolutionary Thought (n=5) 

· Misconceptions (n=3)

· Mechanisms of Evolution (n=13) 

· Patterns of Evolution (n=9)

The number of survey items varied, depending on the section being reviewed, and the majority of items were open-ended. The surveys gathered feedback on the clarity and usefulness of each section’s content and format, its perceived impact on teacher understanding, ease of navigation, and its potential usefulness for teaching. 

Pre/Post Assessments, Winter 2004: REA researchers designed pre- and post-intervention instruments in collaboration with UCMP staff, in order to measure and document any changes in science teachers’ content knowledge after they reviewed specific content presented on the evolution website. Both the pre- and post-assessments were self-administered, online surveys hosted on REA’s server. The assessments contained 20 multiple-choice content questions based on the learning objectives of the Mechanisms and Patterns sections, within the overarching Evolution 101 section of the website. (A copy of the 20 content-item post-test is attached to the end of this report.) A subset of the respondents who completed the assessments (31 of the 97 participating teachers) were asked to review additional content within the Evolution 101 section, and their assessment included an additional 10 content items. The test items were randomly scrambled to avoid test-order bias. In an effort to prevent the use of outside resources as an aid for test-taking, participants were notified that they would have up to 30 minutes to complete each assessment. Respondents were also asked to check a box verifying that they did not use any outside aids. 

Online Survey, Spring 2004: REA researchers administered another online survey, hosted on REA’s server, which consisted of a series of 28 closed- and 7 open-ended questions. The survey was designed to elicit information about teachers’ extent and nature of use of the site; their perceptions of the site’s usefulness and user-friendliness;  and its perceived impact on teacher content knowledge, approach to teaching evolution, and comfort level in teaching evolution. REA researchers asked participants, by email, to complete the survey after reviewing the site for at least two hours. 

· Follow-Up Interviews, Spring 2004: A subset of teachers who completed the Spring 2004 online survey were contacted to participate in 20-minute phone interviews in an effort gather more detailed feedback. The interview protocol included 10 items that asked how the respondents foresaw using, or had used, the site, and their reactions to it.  The items focused on overall impressions, navigation, user friendliness, usefulness, and plans for use. 

Online Survey, Fall 2004: REA researchers administered an additional online survey, targeting participants in a UCMP-facilitated workshop held at a California Science Teachers Association conference. In addition to workshop-specific items, the survey asked 13 closed-ended and 3 open-ended items to gauge the extent to which teachers felt that the website components showcased at the workshop enhanced their understanding of evolution. Other items were geared toward measuring the website’s usefulness for enhancing teacher understanding of, and preparation to teach, evolution. The survey concluded with items designed to garner general feedback and evaluate teachers’ plans for using the site.

· Follow-Up Interviews, Spring 2005: Researchers subsequently contacted the teachers who had completed the Fall 2004 online survey and indicated plans to use the website, in order to gather information, via 20-minute phone interviews, about their extent and nature of site usage. These interviews, which contained 15 open-ended items, also asked teachers about the website’s impact on their knowledge, pedagogy, and comfort level in teaching evolution, as well as its perceived appeal and impact for students.
Website Log File Analysis, Spring 2005: REA researchers also analyzed log files of the UCMP teacher web site on evolution for the 16-month period covering January 29, 2004 to June 9, 2005. The log files reflect usage of the UCMP teacher web site on evolution, capturing hits, page views, and visits. The goal of this analysis was to assess visitor characteristics, navigation and search patterns, and the relative popularity of pages, sections, and other features of the site. The Internet usage tracking software that was used to analyze the log files was Sane Solutions’ NetTracker 7.5 Professional.

Table 1. Summary of Evaluation Methods, Samples, and Foci




	Timeframe
	Method
	Sample size
	Sample characteristics
	Focus

	Fall 2001
	Survey

(online)
	N=37
	· 35 teachers, primarily MS/HS
· 2 other
	· Appeal of proposed content

· Needs assessment

	Fall 2002
	Think-alouds 

(3 rounds)
	N=8 for upper half of site; N=9 for lower half of site
	· San Francisco Bay Area teachers (elementary, MS, HS)


	· Navigation

· Visual appeal

· Quality of content

	Fall 2003
	Section review/ impact surveys

(online)
	N=59 surveys
	· Teachers 
(elementary, MS, HS)


	· Quality of content

· Impact on teacher knowledge

· Potential usefulness

	Winter 2004
	Pre/post assessments

(online)
	N=97
	· Elementary, MS, HS teachers (most high school)

· Most were experienced teachers of evolution

· Balanced geog. representation
	· Impact on teacher knowledge

	Spring 2004
	Survey

(online)
	N=22
	· Teachers (mostly MS/HS)

· Most experienced; a few novice teachers

· Broad geographic representation with emphasis on Western states
	· Extent of use

· User friendliness

· Usefulness

· Plans for use

· Impact on teacher knowledge and comfort level

· Impact on pedagogy

	Spring 2004
	Follow-up interviews

(by phone)
	N=13
	· MS/HS teachers 

· Most experienced; a few novice teachers
	· Navigation

· User friendliness

· Usefulness

· Plans for use

	Fall 2004
	Survey (online)
	N=11
	· California MS/HS teachers and college instructors

· Novice, intermediate, and expert at teaching evolution
	· Impact on teacher knowledge

· Usefulness

· Plans for use


Table 1. Summary of Evaluation Methods, Samples, and Foci (continued)
	Timeframe
	Method
	Sample size
	Sample characteristics
	Focus

	Spring 2005
	Follow-up interviews

(by phone)
	N=6
	· California MS/HS teachers and 1 college instructor

· Novice, intermediate, and expert at teaching evolution
	· Nature and extent of use

· Usefulness

· Impact on teacher knowledge

· Impact on pedagogy

· Impact on teacher comfort level

· Appeal to students

· Impact on student learning

	Spring 2005
	Website log file analysis
	n.a.
	· 16 months of daily log files
	· Extent of use

· Visitor characteristics

· Navigation and search patterns

· Relative popularity of pages, sections, and other features of the site


Findings

Needs assessment: The needs assessment portion of the Fall 2001 survey asked teachers to rate their level of need for information on 10 different content-related topics (scale: 0=no need; 2=medium need; 4=high need). The majority of respondents (N=35) indicated that there was a high or medium-high need for information on lines of evidence for evolution, the topic that received the overall highest mean rating for need. Other topic areas that teachers rated relatively highly, overall, in terms of the information needed, include speciation and mutations, with the topics of extinction, cladistics and phylogenetics, and  punctuated equilibrium ranking close behind, at a medium level of need. Table 2 illustrates the mean ratings for all 10 topics. 

Table 2: Level of need for information on content-related topics
	Topics
	Mean Rating (SD)
	n

	Lines of Evidence
	2.8  (1.28)
	34

	Speciation
	2.6  (1.17)
	35

	Mutations
	2.5  (1.01)
	35

	Extinction
	2.4  (1.07)
	35

	Cladistics & Phylogenetics
	2.3  (1.40)
	34

	Punctuated Equilibrium
	2.2  (1.19)
	35

	Gene Frequencies
	2.1  (1.23)
	35

	Natural Selection
	2.1  (1.26)
	34

	Micro/Macro Evolution
	1.9  (1.47)
	35

	Terminology
	1.5  (1.38)
	35


Scale: 0=no need, 2=medium need, 4=high need

Teachers also rated how useful it would be to have more information in five additional areas of interest, on a 5-point scale (1=not useful, 3=somewhat useful, 5=very useful). Teachers rated two areas at a reasonably high mean score, indicating that it would be very useful to have information on strategies for teaching evolution (M=4.6, SD=.69) as well as resources for teaching evolution (M=4.6, SD=.73). Information on strategies for addressing misconceptions about evolution was also deemed as very useful, with a relatively high mean score of 4.5 (SD=.98) (N=35). Table 3 summarizes the results.

Table 3: Ratings of Usefulness for Additional Areas of Interest
	Areas of Interest
	Mean (SD)
	n

	History of evolutionary science
	3.3  (1.24)
	33

	Case studies on the importance of evolution
	3.9  (1.25)
	34

	Strategies for addressing misconceptions about evolution
	4.5   (.98)
	35

	Strategies for teaching evolution
	4.6   (.69)
	35

	Resources for teaching evolution
	4.6   (.73)
	35


Scale: 1=not useful, 3=somewhat useful, 5=very useful
The findings from this needs assessment were used as guidelines for the development of the website. 

Appeal and Tone: Based on feedback gathered during the think-alouds, overall, teachers reported that the website was visually appealing in terms of its colors, font, layout, and organization. They particularly liked the historical vine graphic as a visual organizer of information. The  majority of respondents to the Spring 2004 surveys (N=22) felt that the website was clear, easy to understand, and just right in its tone. For 11 of the 13 reviewers of the Mechanisms section of the site (n=13), the tone was clear and easy to understand. Although the site was developed for teacher use, a minority of the evaluation participants concluded that it would also be appropriate for use by high schoolers and the general public. 

User-Friendliness: Based on the Spring 2004 survey which asked teachers to characterize the overall organization of the site in terms of three descriptors, teachers generally found the site logical in its organization and easy to navigate (N=22). One teacher who was subsequently interviewed liked the way the site progressed from basic to more detailed information: “I liked the different areas and how you can get more specific if you wanted to.” Notably, only 3 of 22 surveyed respondents felt the site’s organization was confusing. 

When interviewed about the site’s lesson search function, teachers generally described it as easy to use (N=13). Most of these interviewed teachers used the grade-level sort to help them search through the lesson database. The next most popular lesson search method was by topic. A minority of teachers used keywords as a searching strategy. 

Ease of navigation is often considered fundamental to the user-friendliness of a site. The think-aloud participants commented on navigational aspects of the site as they worked their way through the prescribed tasks. Participants had success using the site index as a means of navigation, though at times they missed seeing something listed because there was a great deal to skim. The frequency of use and degree of success in using specific navigation features depended on the user. Some teachers successfully used the Navigation Tips and Explanations area of the site to help them learn how to navigate with greater ease. The back button was familiar to all users and, at times, was relied upon when the user became disoriented and tried to retrace his/her steps backward. Evaluation participants who commented on the homepage found it helpful for providing a broad overview of the site and serving as an entry point into topics of interest. In general, teachers gave positive feedback on navigational aspects of the site. They tended to describe navigating the site as easy or “fine.” There were a few teachers who felt it was hard, at times, to stay oriented in the site. 

Quality of Content: Based on findings from all the evaluation activities, it is clear that teachers felt the content of the site, overall, to be excellent, accurate, understandable, and current. Think-aloud participants and section reviewers specifically praised the content of the following areas of the site: Darwin’s Natural Selection, Evolution 101, Lines of Evidence, Relevance of Evolution, Misconceptions, Mechanisms of Evolution, Patterns, and History of Evolutionary Thought. Overall, the content was viewed as offering new information, inspiring new ideas, and/or causing teachers to think of topics in a new way. In general, interviewees mentioned liking that the site was on-target in terms of difficulty, it was current, offered links to other good sites, had clear definitions, and was research-based. When asked about the “Quick Quizzes” at ends of sections, evaluation participants commented that they were helpful in reinforcing the content. Sections such as Relevance of Evolution were specifically cited as useful for expanding knowledge and for teaching, with an effective use of visuals. Other representative comments on specific sections are follows:

· All 5 in-depth reviewers of History of Evolutionary Thought approved of its approach to classifying concepts by century, which was hailed by one reviewer as “an excellent way to map concepts for the visual and logical learners; it was interesting to note the different theories between scientists living at the same time with the same knowledge base.” 

· One reviewer of Misconceptions noted that the section “organized the various misconceptions about, and objections to, evolution in a very concise, manageable, understandable way. When these misconceptions are clearly stated and organized, it becomes much easier to correct or refute them.” Reviewers generally found this section clearly presented, and they also liked its cartoons.

· Reviewers of Mechanisms (n=13) generally found that the section provided an abundance of clear and thorough examples that were clearly written and concise, yet not oversimplified. 

· Reviewers of Patterns (n=9) appreciated its in-depth explanations, and the majority rated the section as clear and easy to understand. 

Usefulness and Nature of Use: A number of evaluation activities asked teachers about the extent to which the website was, or could be, useful in their teaching. The Spring 2004 online survey asked teachers to rate the usefulness of the website for teaching evolution, on a 4-point scale (1=not at all useful, 2=somewhat useful, 3=useful, 4=very useful). On average, the respondents rated the site as “very useful” (M=3.86, N=22). Many comments praised the comprehensive, “one-stop-shot” nature of the site, the quality of its lesson plans, and the quality of its explanations. Many teachers noted that the site provided teachers with a thorough overview of basic and more complex concepts and theories.  The following quotes are representative:

The site has great depth and breadth. I will be able to use it as a starting point in my AP Biology class (and later as a review). Likewise, I think it will eventually shape my high school biology classes as I get more comfortable with it.

There was so much on the site that was useful to me (and potentially, to my students) that I didn’t have enough time to view it all, even after 6 hours.

Lessons are excellent and really get to student misconceptions.

I found this website as I was beginning our evolution unit for the year. I found many (more than I could use) activities, and I have my students do a webquest where they used your site for most of their research.
The immediate usefulness of the site was apparent in this comment from a survey respondent: “I found the site useful in all areas. My evaluation took a long time because as I was evaluating I would find information or lessons and then I started printing out items to use in my class right away.”

Respondents to a Fall 2004 survey were asked to rate the usefulness of 13 website components that were showcased in a workshop that they attended, on a 4-point scale (1=not at all useful, 2=not very useful, 3=useful, 4=very useful). On average, the participated rated almost all (12 out of 13) of the components as “useful” or “very useful,” with  means ranging from 3.36 to 3.83 (N=11). Only one activity (a lesson called “Carla and Nigel”) was deemed to be not very useful, on average. 

When asked what components would be most useful in helping them improve their teaching of evolution, many teachers mentioned the hands-on lessons, and this sentiment was echoed by 5 of the 6 follow-up phone interviewees. In explanation, teachers mentioned that the lessons enhanced and reinforced student learning about evolution-related topics via an interactive, inquiry-based approach; they facilitated connections between major concepts in science; they were designed with teachers’ needs in mind; and they expanded teachers’ repertoire of strategies for teaching evolution concepts. Some teachers appreciated the accountability aspect of the site’s Web-based activities, because they did not allow students to move on to the next page until they correctly answered the questions, and required students to record evidence of what they were learning. The following quotes from interviewed teachers are representative:

These lessons really fill a gap in what’s available among other curricular materials.

For a hurried teacher, it was wonderful. I knew what I was going to focus on, but not quite how to bring the idea across to the students, and for this it was really helpful....There’s something for every purpose, every teaching need....

Others mentioned that specific sections of the site were especially helpful in improving their teaching, including Misconceptions, Evidence, Nature of Science, Teaching Evolution, and Relevance. Teachers noted that these sections refreshed and expanded their knowledge of evolution concepts and enabled them to see where students have difficulties. One teacher found the Quick Quizzes the most useful, noting that they helped her to “formulate answers to questions my kids will have,” while another found them fun and educational. 

Given a list, surveyed teachers (N=22) were asked to check all the ways in which they had used the website. Over three-quarters of the respondents reported using the site to learn about lines of evidence for evolution, evolution topics, and the history of evolutionary thought. The majority of respondents (68%) also used the site to access lessons they could use with their students. Approximately one-third of respondents referred their students to the site for homework assignments or other independent work. Table 4 displays the results.

         Table 4: Use of Evolution Website (N=22)
	Description of Manner of Use
	Frequency and Percent

	To learn about the lines of evidence for evolution (fossil evidence, homologies, distribution in time and space, evidence by example)
	19 (86%)

	To learn about evolution topics (Evolution 101: definitions, patterns, mechanisms, microevolution, speciation, macroevolution)
	18 (82%)



	To learn about the history of evolutionary thought (pre-1800’s to present, earth’s history, life’s history, mechanisms, development and genetics)
	17 (77%)

	To learn about topics based on my personal curiosity and interests
	16 (73%)

	To access lessons from the website for use with my students
	15 (68%)

	To learn about the relevance of evolutionary biology (medical science, agriculture, conservation)
	13 (59%)

	To learn about the nature of science (Process, principles, characteristics, cultural context)
	11 (50%)

	To refer students to particular lessons or content as homework assignments or independent work (not guided by teacher)
	8 (36%)

	To inform my roles outside of the classroom (e.g., staff training, mentoring, department meetings)
	7 (32%)

	To create my own activities or lessons from website material
	6 (27%)


Extent of and Plans for Use: A majority of teachers who reviewed the site indicated future plans to use it for their teaching. When asked whether they had used any of the lessons from the website with their students, 7 of the 22 Spring 2004 survey respondents replied in the affirmative, and over half of those who replied in the negative indicated they planned to use the site in the future. When they were subsequently asked about their plans for using the lessons, 10 out of 13 interviewed teachers indicated they would use the lessons in the future. 

The Fall 2004 surveys and follow-up interviews revealed similar findings, with all 11 surveyed teachers indicating plans to use the website in their teaching. When a subset of these teachers were later asked in the Spring 2005 interviews about their extent of using the site (N=6), their frequency of use ranged from three days (to use and adapt a lesson from the site) to twice a week for a year (by a teacher who lives in an area where evolution is “not talked about” and who wanted to thoroughly prepare herself to address student misconceptions). These interviews suggest that the amount of information and resources on the site is so extensive and useful that teachers using the site tend visit it repeatedly, with teachers reporting, in general, that they visited the site approximately 10 to 16 times over the course of two to six weeks. 

In general, teachers commented that they would use, and have used, the site for their lesson planning and to extend and refresh their own knowledge of evolutionary concepts and misconceptions in preparation for teaching. Describing how they could use the site to prepare for teaching, teachers mentioned using it as a source of examples for students, clearly worded explanations, and graphics, and also to refresh their own knowledge and review concepts before teaching them. Reviewers of the Nature of Science section (n=10) tended to report that it would facilitate teaching of the scientific method, while one individual commented, “[It] helps answer the question ‘what is science’ with deeper and deeper explanations. Now I know where I can look to refresh my memory.” Reviewers of Misconceptions (n=3) mentioned the section would prepare them for their students’ questions and help them organize their thoughts prior to teaching.

Among the teachers interviewed in Spring 2005 (n=6), the most frequently used section of the site was the lesson database. These educators—representing 3 middle schools, 2 high schools, and 1 community college—collectively mentioned using a total of 14 activities from the lesson database: 9 hands-on classroom activities and 5 web-based activities. Each educator used 1 to 5 lessons. In this sample (N=6), the lessons were used most extensively by middle school teachers, and the 3 teachers who used the greatest number of them (5 lessons) were middle school teachers. 

According to the participants, the lessons provide new ideas for teaching evolution, and can also inform teachers about how to improve, supplement, or enrich the evolution curriculum, providing content information, examples, additional resources, and visuals. It was felt that the lessons had merit, because they were related to standards, offered hands-on activities, and were already vetted. 

Although the site was developed for teacher use, some educators in earlier evaluation activities indicated they felt the site is also appropriate for use by high school students. Accordingly, the protocol for the Spring 2005 follow-up interviews was structured to solicit information on how teachers had used the site with their students, if at all, whether it was via the interactive web-based lessons offered through the site, or via interaction with the actual content of the site. When asked whether they had asked their students to interact directly with the website, all 6 teachers interviewed in Spring 2005 noted that they had done so. For 4 educators, students experienced the site via the interactive web-based lessons, whereas 2 educators (a middle and high school teacher) asked their students to explore the site for independent research projects. During these interviews, the high school teachers and college instructor indicated they would send their students directly to the website in the future, in order for them to explore, conduct research for a project, or seek answers to their questions about evolution. In contrast, the  middle school teachers reported being less likely to ask their students to directly use the site (other than the lessons) because they felt the reading level and content are too advanced for their 7th graders. 

Section reviewers typically envisioned using parts of the site with their students—as young as middle schoolers—as a source of information or diagrams, for homework assignments, and as a way for students to clarify or review concepts. Some section reviewers mentioned they could use the Quick Quizzes as a way to test students’ retention of the material. Teachers of younger students such as middle schoolers indicated they would need to pre-teach a lot of vocabulary before using the site directly with their students, but that the site would be appealing to visual learners. Thus, these data indicate that although the site was designed for teacher use, many teachers found that the site is also appropriate for direct use by students, particularly high schoolers, who could use the site independently. In addition, some teachers felt that their middle schoolers could also benefit by using the site if they received sufficient guidance and pre-teaching.

Impact on Teacher Content Knowledge: In general, teachers who reviewed sections of the site reported that the sections either improved their understanding of evolutionary concepts or refreshed their existing knowledge of the content. When asked to explain how the site improved their understanding, teachers gave the following kinds of responses: 

By making clear what is and is not science and that data are necessary for...scientific explanations.

I think the site offers a person valuable insight into the development of evolutionary theory. I personally would use the site for study.

I was already familiar with some of the misunderstandings....I am more confident about understanding subtle differences in thoughts about evolution: how vs. whether....I better understand how the choice of words is extremely important.

I studied evolution in college so this is a refresher for me. I don’t think my understanding was improved, just reactivated. Really made the distinctions between the mechanisms clear.

I have had difficulty understanding cladograms...I now think I understand basically how they work and why they are important to understand.

Spring 2004 survey respondents (N=22) were asked to rate their level of agreement on a series of statements about the impact of reviewing the website. On average, teachers agreed that the site impacted their understanding and interest in learning about and teaching evolution, as shown by the mean scores for the following statements (scale: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree):

“Because of the evolution website...

· ...I understand the relevance of evolution to society” (M=4.24)

· ...I have a better understanding of evolution.” (M=4.10) 

· ...I want to learn more about evolution.” (M=4.14)

· ...my interest in teaching evolution has increased” (M=4.16)

On the Fall 2004 survey (N=11), respondents were asked to rate the usefulness of several specified areas of the site in helping them understand the topic of evolution, using a 4-point scale (1=not at all useful, 2=not very useful, 3=useful, 4=very useful). With the exception of a single lesson activity, all of the components listed—including Relevance of Evolution, Evidence for Evolution, Teaching Evolution, Nature of Science, Evolution 101, History of Evolution, Misconceptions, and Pitfalls—received high mean ratings for usefulness (i.e., >3.5). 

The pre/post-tests of teacher knowledge provided objective, measurable support for teachers’ self-reported knowledge gains as a result of using the website. The content for these tests focused on concepts related to patterns and mechanisms of evolution. On average, respondents scored 68% correct on the pre-test, and 79% correct on the post-test (N=97). A paired samples t-test showed that this was a significant increase (p<.01), suggesting that participants’ increased knowledge was a result of studying the UCMP evolution website. Overall, the participating teachers showed significant increases on 16 of the 30 assessment items. Furthermore, in response to a subsequent series of survey items, participating teachers reported an increased understanding of both the mechanisms and patterns of evolution. They also felt that reviewing the site increased their ability to teach these two areas. Additionally, teachers’ responses indicated an increased ability to self-assess their learning of the site’s mechanisms and patterns-related content as a result of reviewing the Quick Quiz feature of the site. 

Impact on Comfort Level in Teaching Evolution: Surveyed teachers (N=22) were asked to rate how the site had impacted their comfort level in teaching evolution, On a 5-point scale (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree), these teachers agreed, overall, with the statement, “Because of the evolution website, I am more comfortable in teaching evolution” (M=4.15). In particular, after reviewing the website, these teachers generally felt more comfortable addressing the misconception, “There is not sufficient proof that evolution has taken place.” 

When teachers were asked in interviews whether their use of the evolution website increased their level of comfort or preparedness for teaching evolution, all 6 of them gave a positive response. This finding was consistent regardless of their amount of experience in teaching evolution. Four teachers attributed this to the site’s availability of lessons and activities, whereas two pointed to the site’s wealth of solid background information on evolution concepts, as well as misconceptions. Their comments are illustrative:

Having that site was an extreme help to me...it was comforting to have this source of lessons.

The website has given me so much info and so much knowledge, and helped me feel more comfortable teaching evolution.

It’s definitely a huge resource...When the kids had questions or got concerned, I could look up their questions and see answers, and the website could help me give a better explanation.
Impact on Approaches to Teaching Evolution: Surveyed teachers (N=22) were asked to rate the extent to which the website had influenced their approach to teaching evolution, on a 3-point scale (1=no influence, 2=some influence, 3=large influence). On average, teachers reported that the website had some influence on their evolution teaching practices (M=2.18). Only 2 of the 22 respondents reported no influence on their teaching of evolution. 

Using the same scale, teachers were also asked to rate to what extent the website had influenced their approach to teaching other areas of science. Sixteen (73%) of the 22 respondents indicated that the website influenced their teaching of other science areas. The following comments illustrate that teachers are refining their teaching of the nature of science and have begun incorporating more technology into their curriculum as a result of using the evolution website. 

It has reminded me to emphasize the true nature of science in terms of being a constantly changing body of knowledge that is constantly reviewed and revised.

This now allows me to incorporate more technology [into my curriculum].

Furthermore, when 4 teachers were asked in interviews whether the website influenced their teaching of evolution, 3 of them replied in the affirmative, indicating that they now teach using a more hands-on, inquiry-based approach. As one teacher commented, “Instead of just lecturing or having [students] read the information, or else doing an activity where they pretty much know the answer, these activities are geared toward having them find out the answer...I teach evolution using more exploration/inquiry now.” The only teacher whose approach to teaching evolution did not change because of the website reported that she already tends to “do different things each year.”

Impact on Students: Teachers interviewed in Spring 2005 (N=6) were asked about their students’ reactions to the site. In response, the teachers reported that their students liked and enjoyed the activities they used from the UCMP lesson database. Most of them felt that it piqued their students’ interest in evolution, in part because it made evolution, and the scientific process, “more real to them.” According to teachers, students were surprised to learn things from the activities that they did not previously know. In particular, teachers noted that the immediate feedback feature of the site’s web-based activities “makes [students] really think more.” The hands-on aspect of the site’s classroom activities were also viewed as especially engaging for students.

Although the evidence is anecdotal and the sample size small (N=6), comments from these interviewed teachers suggest that use of the site enhances student understanding of mechanisms of evolution, adaptation, the scientific method, the significance of fossils, and the nature of science. Some of these teachers reported that the UCMP evolution website helped them to teach evolutionary concepts to students who are otherwise reluctant to learn about evolution. 

Website Usage Analysis:  Over the course of the 16 months, the site received, on average, 991 visits by 882 unique visitors per day. The average visit was 7 page views. Although 60% of all visits to the site were less than 1 minute in duration, a total of 57,287 visits (12% of overall visits to the site) lasted 15 minutes or longer—with some longer than 2 hours—thereby yielding an average visit length of 5 minutes, 48 seconds. Thus, many users had a significant level of engagement with the site and a generous amount of exposure to the site’s content during their visit.  The data furthermore suggests that 20 to 24% of visitors return after a previous visit, though the number may be higher since log-in identifiers and cookies were not used to track visitors. 

The data from analyses of user domains and visitor trends over time suggest that U.S. educators are the primary users of the site, as might be expected due to the educational nature of the site. Among geographically identifiable domains, the foreign countries that used the site most extensively include Australia (6.39% of visits), Canada (6.21%), and the United Kingdom (5.68%).

The peak months of site use occur in the spring semester months, and the lowest months occur during the summer, suggesting that most educators tend to teach evolution in the spring months. The amount of web traffic experienced by the site during the peak months is over four times that of the low months. From the significantly greater extent to which grades 9-12 lessons were viewed on the site, it appears that high school science teachers use the site (or at least the lesson database) most frequently, followed by middle school science teachers, then elementary science teachers. 

The limited time span of data combined with the large month-to-month fluctuations in visitor activity did not permit any unequivocal conclusion as to whether the site’s usage is increasing over time. Although visitor activity, as represented by page views and visits, did increase dramatically during the 2004-2005 school year, usage was also high during the previous spring, so this may represent normal fluctuations related to the school-year curricular cycle.

There was no single, predominant referrer of initial visitors to the site. However, the UCMP’s online “Evolution Wing” and the Google search engine referred the most visitors, approximately 26% of initial visitors each. The search terms used most frequently that led visitors to the UCMP evolution website are “evolution,” “sympatric speciation,” and “teaching evolution.” 

The site was effective at drawing 61% of visitors from the U.S. educational domain past the page on which they entered the site. Nearly half of visits began with the home page of the site, and 48% of all visits to the site included a view of the home page. The Evolution 101 section was used most often (after the home page) as the starting point for visits (with 7 entry pages in the top 20, totaling 34,699 visits), followed by the Misconceptions section.

As might be expected, of the 10 directories (sections) within the evolution web site, the most content-rich section of the site—Evolution 101—received the greatest number of visits and views, and its welcome page was the most popular page on the site, after the homepage. After Evolution 101, the directories that experienced the highest number of visits were Evidence, Misconceptions, and History of Evolutionary Thought, in order of popularity. Evidence received a disproportionately high number of visits and views in relation to the size of this directory, suggesting that the content in this section is valued particularly highly by visitors.

There was a total of 5,352 views of 83 lessons accessible through the site’s lesson database, during a total of 4,046 visits. The search terms most commonly used to search for lessons on the site are, in order: “nature of science,” “phylogeny,” and “fossil evidence.” The lessons that were viewed during the greatest number of visits include: “A Long Time,” “Classification and Evolution,” and “Making Cladograms,” followed by “Stories from the Fossil Record” and “What Did T. Rex Taste Like?” Each of these highly popular lessons was viewed between 198 and 433 times during the reporting period.

Use of Formative Evaluation Data:  Findings from the evaluation activities were routinely shared with UCMP staff. Each of the evaluation activities solicited suggestions for improving the site, and these suggestions were taken into consideration by UCMP staff during the development and refinement of the site. Examples of areas for which evaluation participants provided suggestions for improvement are shown below. The following recommendations were provided by think-aloud participants, and UCMP staff followed through in addressing all of them, in an effort to improve the quality and user-friendliness of the site.

· Teaching Evolution: Increase links from the start page to other parts of this section. Make the lesson-search page more user-friendly by adjusting the orientation of the grade-level boxes, enabling the selection of multiple grade levels, adding search buttons and options for narrowing searches, and eliminating unnecessary search criteria such as “author/source” criteria. Use a pop-up window for each selected lesson, rather than a new window, to clarify when users are navigating outside of the UCMP website. Add a feature to allow searches to distinguish between web-based and classroom activities. Use more boldfaced text to break up text-heavy sections of the site. Change the title of the “Foot Shooting” section to “Potential Pitfalls.” Clarify the links in the kingdoms part of this section. 

· Understanding Evolution: Make the links from this section to Teaching Evolution more obvious so teachers can more easily find the related lessons. To ease navigation, maintain consistency for names of features (e.g., “Section Quiz” should consistently be called “Quick Quiz”). Change the formatting of the “Home” link to make it easier to find.

Conclusion

In summary, analyses of evaluation data from formal and informal educators—collected via online surveys, phone interviews, pre/post assessments of knowledge, and think-alouds—suggest that the UCMP evolution website is highly valued by educators as a comprehensive and exceptionally useful source of clear, well-researched information on evolutionary concepts, and on the history, evidence, and misconceptions pertaining to evolution. The data also indicate that the site provides a wealth of engaging lessons that expand educators’ repertoire of strategies for teaching evolutionary concepts, ultimately equipping them with the resources to teach evolution in a hands-on, inquiry-oriented way.

In general, evaluation participants found the site visually appealing, well organized, easy to navigate, and easy to understand. Only a few teachers reported that it was hard, at times, to stay oriented in the site. Overall, educators considered the site’s content to be of excellent quality, accurate, clear, very thorough, and up-to-date. The content was viewed as a source of new information as well as a place to review information learned previously, a source of new teaching ideas, and it inspired teachers to think of evolutionary topics in new ways. Analysis of web usage statistics from the site’s log files indicates that the most often-used sections of the site, based on the frequency at which they were visited, were Evolution 101, Evidence, Misconceptions, and History of Evolutionary Thought, in order of popularity. Relative to the number of pages in its directory, Evidence received a disproportionately high number of visits and views, suggesting that visitors found this section particularly valuable.
Many teachers noted that the site, overall, provided them with a thorough overview of basic and more complex concepts and theories, while many also felt that the site’s lesson database was especially helpful in improving their strategies for teaching difficult evolutionary concepts. Both of these attributes were cited as reasons why teachers felt the site increased their level of comfort in teaching evolution.

Many comments praised the comprehensive nature of the site, the quality of its information and lesson plans, and the quality of its explanations and examples. In general, evaluation participants reported that the site either improved their understanding of evolutionary concepts or refreshed their existing knowledge of content. The results from pre/post-tests of teacher content knowledge are additional evidence that use of the site significantly enhances teachers’ knowledge of evolutionary concepts. 

Although the site was developed for teacher use, educators also used or envisioned using the site with their students to engage them in activities about evolutionary concepts, as a source of information or diagrams, for homework assignments, and as a place where students could clarify or review concepts. Teachers of younger students (i.e., middle schoolers) indicated they would need to pre-teach much of the vocabulary before using the site directly with their students. It appears that the vocabulary and reading level of the site are the reasons why teachers generally felt that direct interaction with the site—aside from the web-based lessons—would be more beneficial for students of high school age and above, and less suitable for middle schoolers. 

Although interviews suggested that the lessons available through the site found the greatest use among middle school teachers, the website usage statistics contradict this finding, suggesting instead that lessons targeted for grades 9-12 are viewed roughly twice as often as middle school lessons or elementary school lessons. Based on the limited amount of self-reported data from teachers, it appears that students liked and enjoyed the activities offered through the website’s lesson database, whether they were hands-on or web-based. Teachers reported that the activities piqued their students’ interest in evolution, in part because they made evolution and the scientific process “more real to them.” It furthermore appears that teachers’ use of these activities enhanced their students’ understanding of topics such as mechanisms of evolution, adaptation, the scientific method, the significance of fossils, and the nature of science. 
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