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Case It! is a National Science Foundation-sponsored project to enhance case-based learning in high school and university biology curricula worldwide via computer simulations and Internet conferencing, with emphasis on human genetic diseases. This paper describes an international collaborative project involving faculty in the departments of Biology and Teacher Education.  In addition to summarizing what introductory biology students learn through this project, we also include results of the experiences of pre-service science teachers who have served as research assistants during five years of class-testing.  Lessons learned can be applied to other collaborative projects involving pre-service science teachers.

Overview of the case it! Project

 

Case It! is a National Science Foundation-sponsored project initiated by participants in the BioQUEST Curriculum Consortium. In this paper we present a description of the project followed by a synopsis of class-testing using pre-service science teachers as research assistants. The goal of Case It! is to enhance case-based learning in high school and university biology courses worldwide via molecular biology computer simulations and Internet "poster sessions".  Students first play the roles of laboratory technicians as they analyze DNA sequences associated with particular cases and construct web page posters giving results of genetic testing.  They then play the roles of genetics counselors and family members as they ask and answer questions concerning these tests.  To accomplish this, students use three software tools:  Case It Investigator to gather background information, the Case It simulation to analyze DNA, and the Case It Launch Pad to access a web page editor and Internet conferencing system (see the final section of this paper for software references, web addresses and download information). Although the Case It simulation works with any DNA sequence, we have concentrated on human genetic disease cases because of the high degree of student interest in these cases and ethical ramifications which make them particularly well suited for spirited discussion and debate.  Cases developed and class-tested to date include Alzheimer's disease, breast cancer, sickle-cell disease, muscular dystrophy, cystic fibrosis, phenylketonuria, Huntington's disease, and fragile-X syndrome.  

Case creation
We originally downloaded the appropriate DNA sequences for the various disease conditions from Genbank, a government repository of genetic information, then modified the sequences to create multiple scenarios involving hypothetical "family members" being tested for the presence or absence of disease mutations.  Thus, cases included with the simulation are reasonably realistic and give results similar to what would be obtained analyzing actual DNA samples.  Students also have the option of creating their own cases because of the open-ended nature of the Case It software. Logistically, however, it is difficult for our target audience (high school students and university undergraduates) to create realistic cases on their own because they must have detailed knowledge of the types of mutations involved, the procedures used to analyze the mutations, and the location of appropriate sequences in the Genbank database.  Thus, we generally have students work with prepackaged DNA sequences, arranged so that there are multiple scenarios for each case to provide variability in results and generate interesting discussions, particularly of ethical issues.

Use of Case It! software

Students use Case It! Investigator to provide background information on cases and to assist in the search for additional information from relevant web sites (Fig. 1), then use the Case it! simulation to analyze DNA sequences (Fig. 2).
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Fig. 1:  A portion of a sample screen from Case It Investigator showing customizable menu of web sites.
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Fig. 2: Lab Bench screem of the Case It simulation showing results of one scenario from the sickle-cell case.

Students begin in Case It! Investigator by reading the case of choice and a synopsis of the disease.  When students click links or use the button bar to access pull-down menus of links (Fig. 1), Investigator will automatically open their web browser to those Internet sites, and keep track of them for future reference.   Investigator will open any application on the user's hard drive, including other BioQUEST modules useful for case analysis, via the "tools for case analysis" pull-down menu.  Instructors can easily change links, menu items, button names and textual content by changing the content of simple text and html files that are automatically read each time Investigator starts.  

After gathering background information, students use the Case It simulation to run analyses for DNA sequences associated their particular case.  Current capabilities of the simulation include restriction enzyme digestion, DNA gel electrophoresis, Southern blotting, dot blotting, and PCR.  The simulation reads data as text files representing DNA sequences, restriction enzyme recognition sites, probes, and primers.  After running analyses, students use the simulation to take “photos” of the resulting gels and blots and save them for later incorporation into web pages via the web page editor.   Figure 2 shows an example scenario from the sickle-cell disease case, run from the "Lab Bench" screen of the simulation.  Abnormally large fragments (the ones to the left) move more slowly than normal fragments (the ones to the right), and a "radioactive probe" is bound to the fragments of interest to make them visible on the Southern blot.  In this example, the father and mother are both heterozygous for the sickle-cell mutation, since they carry both an abnormal and a normal gene.  The daughter carries only the normal gene, but the unborn fetus carries only the sickle-cell gene.  

A second example (Fig. 3) illustrates the dot blot capability of Case It Version 4.01.  In this example, Elizabeth, her mother, and an unrelated woman have been tested for the presence or absence of three genetic mutations associated with a greater probability of contracting breast cancer.  Results indicate that Elizabeth's mother and the unrelated woman test positive for the 185 and 4184 mutations, respectively, but that Elizabeth does not test positive for any of the three mutations.  The other positive results on this image are controls for the three mutations.
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Fig. 3: Results of one scenario of the breast cancer case, using the dot blot feature of Case It Version 4.01.

Case It! Launch Pad

After using the Case It! computer simulation to analyze DNA, students create "posters" for counseling via a custom web page editor accessible from the Case It Launch Pad.  This editor enables students to easily add and edit the various sections of their web pages and to incorporate gel/blot photos and other images.  Text and graphics are automatically uploaded to a central server located at the University of Wisconsin-River Falls when students use the system.  The Launch Pad also organizes links to each group's discussion forum and published web page, and provides a feature for compiling messages sent by individual students.  The integrated web page editor/conferencing system is designed for ease of use, even if students have had no prior experience building web pages or conferencing.  Students play the role of genetics counselors when responding to questions sent to their own group's forum; they play the role of family members when sending messages to other groups' forums.  As will be discussed, a host of issues can be discussed at these "counseling sessions," including questions regarding the molecular biology of the disease, symptoms, treatment, and ethical issues that might arise.  

Using preservice teachers as research assistants
Preservice teachers can learn much about the benefits and challenges of using technology when they evaluate the effectiveness of programs such as Case It!  Being a research assistant increases student confidence in using technology in their future classrooms and gives them tools for assessing the learning that occurs in this new environment. Over the past five years, we have involved pre-service teachers in videotaping, observing and interviewing introductory biology students as they use Case It! computer modules to analyze DNA sequences associated with cases involving genetic diseases (e.g.,Alzheimer's disease).  In the first year (1997), we focused on understanding what biology students were thinking as they were cooperatively working through the computer simulation.  We realized from interviews that this fine-grained analysis of the interaction of students with the simulation omitted much of valuable other parts of this project, so in the second year, we expanded our evaluation.  In the second year (1998), we decided to evaluate whether students who engaged in the simulation became more aware of the ethical implications of genetic testing than those who did not.  In this year, we included pre and post-tests to measure ethical awareness.  We interviewed students and began to examine the kinds of communication they were engaging in over the Internet when they discussed the web posters they had created. At this point, students were creating cardboard posters and presenting these to biology faculty in a “live conference”, as well as creating web posters and conducting Internet conferencing with students.  This process took up quite a bit of lab time, so we decided to investigate the issue of “live vs. web conferencing” in the next evaluation. Thus, in the third year (1999) we investigated whether students learned more and preferred using web posters and the associated Internet conferencing as compared to cardboard posters and live conferencing.  

These results showed that over two-thirds of the students reported learning more and preferring Internet conferencing to live conferencing, although we detected no differences on pre and post tests. We stopped using cardboard posters and live conferencing and instead focused our evaluation on the effects of expanded Internet conferencing.  Recently we have expanded the conferencing to include university and high school students in the US, and university students in England.  We have refined our system of examining the Internet conferencing and were able to include daily observations of high school students for a month as they ran the computer simulation to collect data, created their web posters and conferenced with university and other high school students regarding their web posters.  In addition to examining what high school and university biology students learn as they engage in this international web-based project, we have also studied what preservice teachers learn from being research assistants with us.

Synopsis of first year protocol studies (1997)


In our first investigation [1] we focused our evaluation on three questions:  What processes of scientific inquiry do students use to investigate cases in biology? Does using the case-based simulation influence students' confidence in understanding biological concepts? Does the simulation affect students’ interest?  To answer these questions, we videotaped eight pairs of students as they worked through the simulation, collected pre and post confidence measures, and interviewed the students. 

 Students using the software were first placed in the role of genetics lab technicians, going through the procedures involved in DNA testing for genetic diseases (e.g., obtaining DNA sequences, loading these DNA fragments into wells).  This is primarily what students accomplished during their first interaction with the software.  On their own, in later sessions at the computer lab, students conducted tests on at least three of the case variations in the disease they selected, followed-up by creating a poster explaining the results of all of the cases.   After they conducted the tests and used the Internet to search for additional information on their disease, they presented their cardboard posters with the information and results at a poster conference.  During this presentation, students were put in the role of genetics counselors and asked to consider ethical consequences when they interpreted results from the human genetics cases. Faculty played the role of family members involved in genetics counseling who were hearing the results of their DNA tests.


Six observers (two education professors and four preservice teachers) participated in the assessment of this simulation.  The four preservice teachers videotaped and audiotaped eight groups of students as they worked through the simulation on three nights.  Each preservice teacher observed one group of students per night (2 groups of students total) and took notes as they worked through the case-based simulation. Preservice teachers sat behind each pair/trio, noting times, scripting the small groups' conversation, and noting which screens students were using.  A camera was focused on the front of each group to capture the participants' expressions and a tape recorder was placed near the computer keyboard.   Prior to the simulation, students completed individual questionnaires, which measured their level of computer expertise, and their confidence in understanding both DNA analysis and human genetics.  Immediately after their first experience using the simulation, we assessed their confidence in understanding both DNA analysis and human genetics a second time.  The protocol data shows the extent to which students were engaged in discussing scientific methodology, as well as the process this discussion took. 
Results of first year protocol studies


  The students found the program challenging and expressed a sense of achievement in accomplishing the genetic tests and interpreting the data.  Our analysis of the videotaped data shows that students posed numerous questions as they collaborated in the scientific process.  The conversations students engaged in were primarily focused on five aspects of scientific methodology: problem interpretation, discussing procedures, performing experiments, interpreting the results and verifying those results and procedures. Problem interpretation included students' interpretation of the problem (as illustrated above) as well as students' understanding of the general procedures to use in DNA analysis.  When pairs began to discuss specific procedures, we then coded their conversation as predicting or discussing procedures. Student groups varied much in the amount of time they spent interpreting the results.  Many decided they would talk about their results later on, after they had worked through several more cases, whereas other groups discussed not just the results, but also ethical implications of those results.  For example, after examining the data from an unrelated women who has a different mutation linked with increased breast cancer susceptibility, Jane and Aaron decided to consider what they would tell Elizabeth and her mother when these women come in for genetics counseling:  

Aaron:
Elizabeth and her mother both test positive.  Should they get a mastectomy?  No.

Jane:  
Because that means they are just at risk.  For one out of three [possible mutations].  Which isn't that bad...I guess...

Aaron:  
Well.  Well they both tested positive.  But even if they didn't, I still think they should be concerned about breast cancer.  Should the test results be kept confidential? No, the insurance companies should not be informed.

Jane.  
No. (agreeing with Aaron).  Exactly.  They wouldn't take them then.

Aaron:  
Does the daughter [seven years old] have the right to know the test results of her mother or grandmother, if they don't want to tell her?

Jane:  
No.  I didn't think...

Aaron:  
If they didn't want her to know, I don't think she has any right to 

Jane:  
Ohh...

Aaron:  
Cause it says that if they don't want to tell her.  Even when she's sixteen, I don't think she has that right.

Jane:  
Well I guess, I've been thinking do they want her to be thinking about them?  Maybe they don't want her to be worrying about them.

Aaron:  
Yeah.  You see it doesn't...

Jane:  
Or don't they want to worry about her.

Aaron:  
See, it doesn't affect her at all if they're positive or not, so I don't think it's any of her...

Jane: 
[disagreeing and correcting him] Yeah it does.  Will it pass on?  It's a mutation.

Aaron:  
Well she knows if it's passed on to her or not.  That's all the information she needs.  She doesn't need to know if they're...That's 
my opinion, I guess.

Jane:  
Yeah.  I guess.  I'd want to know if my mom...I guess she'd tell me. [personalizing the results].

Finally, several groups, particularly those high in metacognition (acknowledging confusion or errors) were careful to check their work, which we labeled verification.  They made sure their wells were loaded correctly, that they used the correct restriction enzymes and probes and that the results they obtained made sense.  After we categorized the protocol data into processes of scientific inquiry, we examined the data a second time to look at the ways in which students communicated with one another.  In general, these students engaged in a high degree of peer collaboration.  A salient characteristic of each groups' conversation was the number of questions they asked each other, far fewer than the number of questions they asked of their instructor.  Even though disagreement was used much less than agreement, all but two groups of pairs disagreed with one another.


We analyzed the protocol data a third time to look for evidence of awareness of understanding.  In their protocols, students acknowledged confusion over the case, software and scientific procedures and also acknowledged when they made an error. The interview data corroborated what we observed in the protocol data; that a primary benefit of this simulation was the ability to correct errors and to redo one's work.  Students commented on appreciating being able to redo one's work and not waste anything, as this conversation indicates: 

"Interesting and fun because you can go back and redo something."

"And not have it take like forever."

"And there is no waste."

"Yeah...having to drop chemicals down the drain, that bothers me."

To summarize results from the 1997 analysis, we found that pairs asked numerous questions, disagreed, and supported one another's ideas, explanations and interpretations.  Metacognition was also evident in groups' social interactions, as they acknowledged confusion, discussed potential errors, engaged in risk-taking behaviors and displayed confidence.  Finally, interactions provided evidence of scientific methodology as groups interpreted problems, discussed procedures, performed experimental tests, interpreted their results and verified their work.  

Synopsis of second year evaluation  (1998)

A wide variety of ethical implications can potentially arise from the various human genetic disease cases that have been the focus of the Case It! project.  Thus, our major objective in 1998 was to assess whether using a case-based simulation, conducting research and discussing research projects over the Internet with peers actually increased students' awareness of the ethics associated with the scientific results they obtained.

Most of the students were non-science majors, enrolled in their second semester of college.  On three consecutive evenings 39 students (15 men and 24 women) from Biology 100 (74% of the class) volunteered to participate in this case-based simulation for extra credit (one-third of the students came each evening).  Twenty-six percent (14 students: 6 men and 8 women) chose not to participate. We administered a case analysis task designed to measure students' awareness of ethical issues before and after the simulation.  The case analysis task included a case about a couple who are expecting their third child and suspect that their oldest child may have Fragile X Syndrome, so they undergo genetic counseling.  The case presented background on this disease and results from gel electrophoresis and Southern blots of the DNA fragments.  Students interpreted the results and answered this question: "As a genetics counselor, what would you advise this family about ethical issues raised by these results?"  We assessed awareness prior to the simulation but after lectures on genetics, and administered this case analysis task a second time, seven weeks later, after students completed their case-based research. 

Results from the second year evaluation study


Students were asked to put themselves in the role of a genetics counselor and to describe any ethical issues associated with the results of this case.  Volunteers who experienced the simulation outperformed those who did not: Students' awareness of ethical issues increased significantly for those in the volunteer group, t  = 2.24, p <.03, but not for those in the control group, t <1.  During interviews during the poster sessions, and open-ended written evaluations, 95% of the student volunteers reported gaining greater understanding of one or more of these aspects of biology:  DNA and human genetics, genetic testing, knowledge of particular diseases, and/or application of biology to their future lives.   Of those who reported learning more, 35% reported gaining greater understanding of DNA and human genetics; thirty-one (31)% gained knowledge of particular diseases; twenty-eight (28)% said they understood more about the processes of genetic testing; eighteen (18)% of students valued interpreting results from gels, and twenty (20)% of the students reported that they gained an understanding of biology that was relevant to their future lives, as the following comments illustrate: 

"I learned TONS of things on Breast Cancer something that I might need to use in the future."

"I learned a lot about DNA and genetic testing.  I think it's a good thing to be aware of the prenatal testing opportunities available, should I ever want to take advantage of DNA testing when I decide to have children."  For more information, see [2].

Synopsis of the third year evaluation  (1999)

Use of the Internet allows students to communicate and discuss their scientific findings with others through web-based posters and Internet conferencing.  Does sharing scientific findings with peers enhance learning?  How does the understanding gained from this learning environment differ from more traditional live poster sessions?  In this study we examined the interactions that occurred during electronic conferencing based on 86 students' web posters, interviewed students regarding their perceptions of both kinds of posters sessions, and compared the effects of live vs. web-based posters on students’ confidence, understanding and knowledge of genetic concepts. This research was conducted within a university introductory biology course, using procedures described above. For more information, see [3].

Results from the third year evaluation study

Analysis of the Internet conferencing showed the majority of interactions focused on exchanging information and discussing ethical issues. Data from interviews and open-ended comments showed the majority of students learned more and preferred the web-based posters, although no group differences were found on tests. The majority of students thought they learned more (65.22%) from the Internet posters sessions, although some thought they learned equally from both kinds of sessions (21.74%) and some thought they learned more from the live poster sessions (13.04%).  Students who thought they learned more from the web poster sessions emphasized the value of gaining new perspectives from their peers’ questions and feedback (19.35%): 

One question made us reevaluate how we did something and we went back and found out we did do it wrong. It was fun to try to answer them…

I had to think on my own and answer a question I hadn’t thought of before. It made me go into depth about my project…

I think both ways were fun but during the Internet conferencing you got to look at a different aspect of it when people ask you questions, because they ask you questions about stuff you really didn’t think about when you were doing it and they know nothing about it.

Students also reported learning due to viewing one another’s posters and choosing questions to ask in critiquing these posters (12.9%). 

I liked internet conferencing. With the poster sessions we were not really able to talk to the other groups and learn more but the internet conferencing, like she said, we get to be the families. We get to decide what questions we want to ask, what we want to know. So we get to find out what we want to know.

Students also valued the benefits of having time to consult with one another to provide "correct" answers (12.9%), and to use the Internet as a source to locate answers (15.15%), as illustrated by these students: 

When a question was posed to us on the Internet the three of us could talk through things.  If we didn't understand we could pick apart the question and we came up with an answer-- we would go to a book or look it up on a web site. 

…I learned a lot more from building the web page and stuff because we had to go around and search different sources and you always had to take into account whether the source is valid or not.  You learn a lot.  

Several students (12%) reported feeling less anxious and more comfortable during the Internet conferencing, as compared to the live poster session.  

It was easier than this live poster session, when they asked us questions you felt like you were on the spot and if you didn’t know you couldn’t conference. It was a lot less threatening than the website.

Some students (9.68%) thought they learned more from the Internet due to its novelty, and the interesting nature of seeing other students' work.  Students who thought they learned more from the live poster sessions pointed to the value of having an instructor ask challenging questions (3.22%) and to the authentic situation of the live poster session (3.22%).  For example, this student explained, "This (the live poster session) is a more real life situation and it makes you think more about the disease."  Three students (9.1%) learned more from the live poster sessions because they thought the Internet questions were repetitive and another student believed that the anxiety associated with answering questions from a professor inspired him to study more. 

 
Students who preferred the web poster typically believed it enabled them to learn more.  The majority of students preferred (68.42%) the Internet posters sessions, although some preferred equally both kinds of sessions (15.08%) and some preferred the live poster sessions (15.08%). In addition, students thought they were gaining career skills through technology use (9.10%) and liked having a wider audience for their posters (9.10%). 


In sum, the results from these studies have shown that university students developed more confidence in their understanding of genetic testing, became more aware of the ethical dimensions of how such scientific problems affect society, and connected content in a required introductory science course with everyday life.  In addition, they thought communicating with their peers regarding the project enabled them to learn more.  We next decided to shift our focus to high school students, to see if they would experience positive results.   During these three years, preservice teachers wrote a journal with reflections on the research articles they were reading and their observations about being involved in this project.  Based on an analysis of these journals, we decided to more formally assess what preservice teachers were learning that might assist them as future teachers to implement some of the National Science Teaching Standards.

Synopsis of the fourth and fifth year evaluation  (2000-2001)

 
This research was conducted primarily within a teacher education/biology seminar over a two-year period, and within the context of two high school biology courses over this same period.   Ten preservice teachers involved in the study (5 per year) assisted a biology professor, a teacher educator and a high school biology teacher in examining the effectiveness of a case-based multimedia Internet project. The majority of the high school students were seniors in their spring semester in year 1; in year two, the majority of the students were juniors.  In the first year of the project the high school teacher implemented this project as an “extra credit” project; in the second year, he included it as part of the curriculum.  In year 1, we focused our research globally collecting general data about the entire class.  We expanded this data collection in year 2 to include collecting in-depth observations and case studies about each of the high school groups engaged in the project.  

All students completed the DNA simulation, researched their disease and constructed posters based on this information.  Internet conferencing gave students an opportunity to ask questions regarding one another's posters throughout a two-week period. Students were instructed to read 4 (year 1) or 7 (year 2) web posters and to send messages to those groups, playing the role of a family member and asking about the results of their genetic tests.  They were also asked to play the role of a genetics counselor when other students sent messages to their group. Ten preservice science teachers interviewed 56 students, observed and assisted students with their work, scored 38 web posters and helped analyze 76 students'  (38 pairs') electronic conversations. For more information, see [4].
Results of the fourth and fifth year evaluation  (2000-2001)

When the conference began, some HS students were confused about how to interpret their gel blot results, and few had thought about ethical issues related to the family's situation. In the conference, students asked clarifying questions (from the family's perspective) and corrected inaccuracies. As students interacted through extensive role playing, the majority of both university students and HS students reported being asked something they didn’t know before.  This led to additional research.  HS students liked the interaction with university students; as one HS student said: "People are asking you questions that you don’t know how to answer then you have to research it and answer them.  So then you find out a lot more that if you just researched it and did a project."

The majority (91%) reported that the project encouraged them to think about ethical decisions they might face in the future; as one said,: "It caused me to think about when I have a family what I want to do in that situation”. For example, one group had a lengthy discussion (20 interactions during 1 thread) about whether to keep visiting an advanced Alzheimer's patient and whether or not to bring grandchildren to visit.  In the first year, all of the HS students changed their posters based on interactions from university peers, adding explanations and some ethical issues for families to consider (e.g, whether to have children if the parents are carriers of a disease).  In the second year of the project, students were better prepared; however, the majority of high school students still revised their web poster based on questions from the Internet conferencing.  The interview data showed that all students felt that doing the project was valuable, although a few difficulties came up, such as plagiarism during preparation of the web posters.  In the second year, with so many additional schools involved, not all classes were ready with their web posters in time for conferencing.  This was discouraging to some of the high school students. In contrast to Fabos & Young [4], we found that students' Internet conferencing fostered extended explanations.  We found that college students engaged HS students in mentoring, leading to explanations and explorations of ethical issues.

With regard to student learning in the first year, when the project was extra credit, high school students in the experimental (volunteer) group did not score significantly differently than those in the control group, although there were effect size differences for those two groups. A t-test for independent samples of group showed no significant difference between the experimental group's post-test and the control group's post-test, t (51) = 1.88, p > .05. However, the effect size we calculated was 0.715, which is considered an important effect size.  In the second year, when the project was a regular part of the curriculum, we found significant differences between pre and post test scores, t (17) = 6.38, p <.05. The cooperating teacher felt that the project was more beneficial to students’ learning as a regular part of the class, rather than as an extra credit project.

Study of preservice teachers  (2000-2001)

Involving future teachers in action research projects along with professors and/or teachers may provide opportunities for future teachers to develop content pedagogical knowledge, examine beliefs about teaching, and gain confidence.  In this study, we focused on changes in the beliefs, knowledge, and confidence of 10 preservice teachers serving as research assistants for the Case It! project.  Results showed that engaging preservice teachers in this type of research altered their attitude concerning interactions with students in computer lab situations.  For example, they realized the value of letting students work out problems on their own without excessive guidance from the instructor.  In addition, preservice teachers reported gaining confidence and developing more complex technological knowledge, especially in understanding how to use technology appropriately in a science classroom.  They also reported gains in their ability to assess complex project-based learning. For more information, see [6].

Call for participation

Our goal is to expand the Case It! project to include high schools and universities worldwide, and we cordially invite interested educators to participate.  To download the latest versions of Case It Investigator and the Case It simulation, at no cost, contact the second author at mark.s.bergland@uwrf.edu. These two applications are also part of the BioQUEST Library of inquiry-based software [7]. 
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