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PROJECT SUMMARY

The goal of this seed project is to develop design principles for the representation of scientific strategies in instructional environments. Broadly, we are interested in answering: (1) How do we support students in developing scientific inquiry strategies, and (2) how do middle school students develop these types of reasoning skills?

The seed project served to establish a collaboration between Israeli and American researchers in order to create a context for studying the development of scientific reasoning skills in which a written curriculum focusing students on principled ways in which to analyze, synthesize and communicate scientific information is complemented by computer-supported investigation activities in which students can integrate and apply a range of knowledge and skills. In addition, this partnership was formed in order to study cross-cultural differences in the development of these skills. A shared goal for the instructional design was to craft an inclusive science curricula which cultivates both future science professionals and "consumers of science"–lay people who must marshal scientific information in order to make citizen decisions. 

The CILT seed project was intended as a pilot for these broader research goals which would be limited to examining a small scope of scientific practices. We decided to focus this pilot study on the analysis of critiquing skills, since these skills are useful to both “professionals” and “consumers.” Scientists must judge the merit of experimental designs and the weight of evidence in support of or against a hypothesis. Consumers must evaluate the credibility and believability of information presented in favor of or against the use of particular products or of the institution of a particular policy (e.g., obligatory DNA fingerprinting). We combined the Scientific and Technological Communication (referred to as STC in this report) curriculum with the WISE investigation environment. STC was developed by Ornit Spector-Levy and Zehava Scherz as part of the JHS project directed by Bat Sheva Eylon at the Weizmann Institute in Israel. WISE was developed by Marcia Linn and Colleagues at the University of California–Berkeley. Students in Israel who had been studying the STC curriculum completed the WISE Houses in the Desert project in which they design an energy efficient desert house. The students formulate and defend their design using internet-based resources. This partnership also builds on earlier research by the three principal investigators studying the development of students’ scientific reasoning (e.g., Linn, Songer, & Eylon, 1996; Tabak, 1999).

RESULTS AND IMPLICATIONS

Classroom context: social supports for scientific inquiry

One obstacle in forming the American-Israeli partnership was that the curricula materials were developed in two languages. We investigated the option of translating the WISE project to Hebrew, but it proved to be an undertaking more extensive than the scope of this pilot. Therefore, in order to study the fusion of the STC curriculum with the WISE Houses in the Desert project, yet also determine whether working with an English-based software environment would pose too much of a hurdle, we ran this pilot study as a pull out activity with one to two pairs working at a time
. 

It seemed that the WISE materials would be conducive to this type of pull-out setting, since teams of students can progress at their own pace. However, this pilot suggests that despite the independent self-paced nature of the activity, the social context of the classroom provides an important catalyst for motivation and goal coherence for the project. On the occasions where a number of pairs were working simultaneously students were able to engage in cross group discussions and work out some stumbling blocks they had encountered. The students themselves found these sessions more rewarding and told the instructor/researcher that she should always let them work concurrently.
Critiquing skills: integrating scientific and consumer principles

The combination of the paper-based and computer-based curricula enabled students to form and express an integration of science-specific judgement-knowledge and consumer-oriented judgement-knowledge. This is exemplified in the following student’s response on a post-interview question where he was asked how he would know that the information on a site was reliable, and that he was not basing his design decisions on incorrect information: 

[translated from Hebrew]

Student: “I check all kinds of things, for example, if I see that one site is official and its address ends with ‘.org’ and they have done many experiments in all kinds of conditions, then I know that the information is reliable. But if I enter a site and I find an idea there, and they conducted only one experiment and it succeeded, so the information there can be incorrect because one experiment says nothing.”

The student concurrently uses criteria that are drawn from consumer-oriented knowledge–the meaning of the URL address suffixes and their relative credibility as a source of scientific information–as well as criteria based on the scientific canon, such as the relative merit of multiple sources of evidence and replicability of results.

In their self reports the students attribute this ability to both the paper-based curriculum and the computer-based project:

[translated from Hebrew]

Researcher: Do you think that in that area [critiquing] the work in the WISE project advanced you in any direction? In critiquing?

Student: A little bit, but we studied, on the same time, about it also in science lessons. 

Researcher: For example…?

Student: In science lessons we were studying how to summarize an article, and all kinds of such checks, so it all mix together and now I know about it more!”

In the students’ self-report (post interview) in the example above, we see that the student is consciously aware of drawing on knowledge that he learned earlier in class (using the paper-based curriculum). This suggests that combining the paper-based curriculum which introduces principles and skills related to scientific communications as well as everyday knowledge with the opportunity to apply a variety of these principles in a rich problem helps students integrate their knowledge.

LESSONS LEARNED: COLLABORATION

Uniting paper-based and technology-based curricula

Although technology-based curricula offer a venue for micro-scaffolded rich investigation activities, a challenge facing technology-based curricula is the need to develop complementary paper-based and other classroom activities. The technology-supported activities do not form a comprehensive learning environment. Additional activities are necessary in order to help students establish rudimentary knowledge in scientific and other principles, as well as for establishing learning and communication patterns and norms. Collaborations such as the one we describe in this report enable pooling resources between researchers focused on developing technology-based curricula and those focused on developing paper-based curricula. 

In this collaboration, the development of the two curricula was completed independently, and the fusion occurred after the two curricula were complete. The two development groups share similar goals and perspectives on science learning and teaching, and the two curricula seemed to integrate well. As described in the results, students were able to apply principles they learned in one curriculum to the activities presented by the second curriculum. However, in evaluating how meaningful the software representations of the WISE curriculum were to them, the Israeli students reported that the representations were not very meaningful. These representations were intended to communicate cycles of scientific practice, therefore, a deeper understanding of these representations could enhance students’ learning. This suggests that for these types of collaborations to be most profitable the collaboration should be formed early in the design process in order to establish a shared lexicon and a shared set of representations for the paper-based and software-based materials. 

NEXT STEPS

Our main goal for the future of this collaboration is to extend our study to a whole class setting. In this whole class setting we hope to examine the development of a broader set of scientific inquiry skills. The whole class setting will also enable us to study how teacher supports and cross-group interactions influence the efficacy of these types of instructional settings. There are two, somewhat unexpected, results that emerged in the pilot study which suggest new questions for our future research. We describe these issues in the following two subsections.

Science and second language acquisition

As noted earlier, working with the English version of the WISE environment was initially perceived as a way of working within practical constraints. However, the initial success of the project suggests that the use of the English version of the WISE environment can be manipulated as a purposeful element of the design in order to integrate science learning with second language learning. Two of the three students who have been interviewed thus far at the conclusion of the project reported that one of the ways in which they thought that they benefited from the project was that it helped them practice English (Israeli schools require all students to study English as a foreign language). In future, whole class, studies we hope to evaluate the efficacy of science projects as a context for second language acquisition. One of the possible advantages afforded by this type of a learning intervention is that it provides students with a rich and meaningful context in which to use the second language.  

Identifying motivational dimensions

The Houses in the Desert WISE activity which was used in this study was originally used in studies with students in the United States (California). We were interested in examining the response of the Israeli students to this topic, since we anticipated that the topic would be more personally relevant to the Israeli audience. Israel is a geographically small country with many regions with desert climates, such that any student in Israel would either be a resident of a desert region or a close neighbor to one. In addition, the use of solar energy is quite prevalent–almost every home uses a roof-top system to supply solar-heated water to the dwelling. However, we found that even in the small sample of students with which we worked, students varied considerably in how interesting and personally-relevant they found the project. Some students felt that they benefited from the project, because they found the topic compelling and were intrigued to discover the intricacies of a desert house, although they did not indicate that they felt that this topic was personally relevant to them. Other students stated that they did not benefit from the project, because it was not personally relevant to them. They felt that only students who intended to live in the desert or become architects would benefit from the project. 

These students’ testimonials suggest that the factors that make a problem interesting and engaging to students cannot be reduced to broad cultural and community features or easily predicted. We would like to extend this study to examine the merging of the Israeli curriculum with additional WISE activities which focus on other topics, and compare the Israeli students’ reactions to those of the American students. We hope to gain a better understanding of the relationship between individual dimensions such as an affinity for the discovery of new knowledge, local dimensions such as the class environment, and broader dimensions such as the social, political and cultural climate endemic to the two different countries, and of how these dimensions shape students’ engagement and sense of fulfillment. 

RELATED RESOURCES

For further information about the WISE project and a demonstration of the WISE Houses in the desert activity you may access the WISE website at:

http://wise.berkeley.edu
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� The WISE projects are normally run in a classroom contexts with pairs of students working on a project. Each team works mostly self-paced, but overall the class progresses at a similar pace with whole class breakout discussions to go over a home work assignment, to announce some milestones for the day (such as participating in the online discussion) etc.





