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1. What is the name or title of the instructional strategy/model, program, material, or intervention?  What was the research question?  What was the intended outcome of goal?
Name/Title: Inquiry-type chemistry laboratories
Research Question: 

1) What is the effect of inquiry-type high school chemistry laboratories on the ability of students to ask questions in general and inquiry-type questions in particular?

2) What is the effect of inquiry-type high school chemistry laboratories on students in applying the ability to ask questions to another learning situation, namely the critical reading of a scientific article?

Description of subjects:  (Include number of participants, age, SES, etc.)

The subjects were 111 students from six 12th-grade chemistry classes in Israel.  The student population consisted of two groups: (a) the inquiry group (experimental group: n=55) and (b) a traditional laboratory-type group (control; n=56).

2.  Describe the strategy/model, program, material, or intervention.
Both groups studied chemistry in the classroom using the same syllabus and the same textbooks that were developed by the chemistry group of the Department of Science Teaching (Ben-Zvi & Silverstein, 1986).  During a 2-year period, about 15 inquiry-type experiments (in the experimental group) or traditional-type experiments (in the control group) were conducted.  The lab manual that was developed provided the necessary information regarding what the students are supposed to accomplish during the laboratory sessions. 

With the inquiry-type laboratory activities the first phase (the pre-inquiry phase) the students are asked to conduct the experiment based on specific instructions.  This phase is largely “close-ended” in which the students are asked to conduct the experiment based on specific instructions given in the laboratory manual.  The inquiry phase (the second phase is where the students are involved in more “open-ended-type” experiences such as asking relevant questions, hypothesizing, choosing a question for further investigation, planning an experiment, conducting the experiment (including observations), and analyzing the findings and arriving at conclusions.

With the traditional-type chemistry laboratories (control group), the students conduct experiments that are largely confirmatory in nature (i.e., mainly following stage-by-stage procedural instructions provided by the laboratory manual).  In general, most of the tasks in this type of experiment were clear and “close-ended, “ and were directly related to the concept taught at that time in the regular chemistry class.  These students have limited opportunity to learn to ask inquiry-type questions.  It should be pointed out that neither the experimental or control group was given specific training to ask questions in the context of other instructional techniques in the chemistry classroom.

3.  Describe the design of the study (sample selection, assignment to treatment, controls, length of intervention, etc.)

All the students in the study opted to enroll in an advanced-placement course.  The teacher of each of the six chemistry classes involved in the study made the decision which type chemistry laboratory program to use, inquiry-type or traditional.  The way in which students ended up in a particular class was not specified.   The intervention took place over a period of two years. In order to accommodate the emphasis on inquiry the course content (syllabus) for the inquiry-type course was reduced by 25%.

4. What instruments were used to collect data and what metric(s) (effect size, tests of significance, etc.) were used to report results?  (Include all measures of dependent variable as well as implementation, attitudes, etc.)

Two tests were developed to enable comparing the inquiry and control groups regarding their ability to think scientifically and ask more and better questions when performing experiments and when critically reading a scientific article.  The Practical Test asked the students to conduct a simple experiment by mixing two unknown powders (producing an endothermic reaction) with a small amount of water in a plastic bag, also containing a thermometer.  In addition to recording all their observations the students were instructed to record all questions that they thought were relevant to the phenomena they had observed, to choose a question for further investigation, suggest an answer to this question, and propose an experiment that can support their hypotheses.

The students in the control group, who had no previous experience working in inquiry-type laboratories, obtained a short prelab explanation with examples about inquiry-type questions, hypotheses, selecting a question for further investigation, and planning a suitable experiment to answer the question.

To answer the second question posed by the researchers the students were asked to critically read a scientific article.  The article was considered primary literature, but was rewritten in language more suitable for the students in this study.  After the students read the article they were asked to answer a questionnaire.  The following two questions from the questionnaire were used for analysis:

1. White down all the questions that you would like to ask after reading this article.

2. From this list of questions, select the most interesting one that you would like to investigate.

The analysis of the results was based on a comparison between the inquiry and the control groups regarding the number of questions each student presented, the level of the questions, and the level of the question that was chosen for further investigation.  The questions were evaluated by four experts.  Low-level questions in the experiment were defined as those related to the facts and explanations of the phenomena that were observed, and in the article, as those that were highly based on the text and the answers could be found in the text.   High-level questions in both cases were those that could be answered only by further investigation, such as conducting another experiment or looking for more information.

The data from the number of questions asked and from the level of questions asked were analyzed by calculation of chi-square and t test values followed by calculation of common varience.  The data relative to the questions that were chosen by the students for further investigation were analyzed qualitatively.

5. Briefly describe and summarize the results of the study. 

On the practical test the students in the inquiry group asked many more high-level-type questions than the students in the control group.  The chi-square statistics revealed a highly significant difference between the two groups: chi-square(1)=51.0, p<=0.001.  The effect size is 2.34.  However, no significant differences were found between the number of low-level questions that were asked by the students in the inquiry group and those in the control group.  

With the critical reading of a scientific article the level of the questioning of the inquiry group was significantly higher than that of the control group, chi-square(1)=87.6, p<=0.001. The effect size is 1.67.  Regarding the assignment to choose a question for further investigation, students in the inquiry group posed questions that could be characterized as high level.  In the control group some students did not choose a question while others chose questions that could not be considered inquiry-type questions.

6. Did the study include an evaluation of how the intervention was implemented?  Did          implementation data address both the frequency of use as well as the integrity of the implementation?

No:  X
Yes:
If yes, briefly describe.
7.
Were gains in student achievement reported?  

No:  X  Yes:      If yes, briefly describe.

If student achievement gains were reported, were they sustained over time?

7. Replication:  Did the study cite previous tests of this treatment?  Is this study a replication of an earlier study?

No:  X 
Yes:
If yes, briefly describe.

Summary:

Rating
  4
 Design (scale: 1-5)


This study examined the effects of inquiry-type chemistry laboratories on students’ ability to ask more high-level-type questions.  The subjects were members of six 12th-grade chemistry classes in Israel.  Approximately half of the students were in classes having inquiry-type laboratories while the other half were in classes having traditional-type laboratories.  The students who participated in inquiry-type chemistry labs over a two-year period asked significantly more higher level questions than the control group, who participated in traditional chemistry laboratories.
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