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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:  Problem-solving approach and computer-simulated experiment
Research Question:  Are there differences among the students taught by problem-solving approach, those taught by the computer-simulated experiment (CSE) approach and those taught by the conventional approach regarding the acquisition of learning in chemistry, science process skills, and attitude toward chemistry?

Description of Subjects:  200 chemistry ninth-grade students in a secondary school in Turkey
2. Describe the strategy/model, program, material, or intervention.

The intervention was either a problem-solving laboratory experiment or a computer-simulated experiment.
3. Describe the design of the study (sample selection, assignment to treatment, controls, length of intervention, etc.)

This study employed a randomized pretest-posttest control group design (Campbell & Stanley, 1963).  Six ninth-grade classes taught by two chemistry teachers in a Turkish secondary school were randomly assigned to one of the three teaching approaches.  A total of 200 students participated in the study (70-problem-solving, 60-CSE, 70-conventional).  Each of the two teachers had one class of each type group.  All three groups received the same classroom instruction of two 45-minute periods per week, taught by the respective class teacher.  In addition each group had a laboratory or simulated laboratory experiment taught by the researcher outside class time.  The control group, taught with a conventional approach, participated in six laboratory activities related to the mole concept, chemical reactions, gases, and solutions.  Each experiment took about 140 minutes.  They followed the procedure written on their laboratory sheet.  At the end of the experiment, they compared the experimental findings with the actual results.  The study was conducted over approximately 9 weeks during the second semester of the school year.  

The problem-solving experimental group also participated in six laboratory activities that covered the same topics as those used with the control group.  Each experiment took 160 minutes.  The laboratory sheet and the teacher guided the problem solving activities.  The format for a problem either provided a series of possible solutions or left the construction of the solution open so that it could be formed by the students.  The students formed their own hypotheses about the problems during the data collection.  They designed, carried out their own experiments, and proposed a procedure for solving the given problems.  The students identified relevant relationships among variables by drawing graphs and interpreting data.  After comparing their results with their hypotheses, they drew conclusions and made generalizations.

The CSE group participated in six simulated laboratory activities, using the same topics as the other two groups.  Each experiment took about 40 minutes.  The simulation programs were designed to help the researcher in promoting the scientific problem-solving abilities of the students.  The basic features of the simulation programs were as follows: (a) The programs could fit into the existing curriculum, (b) each simulation was based on an accurate model for the scientific problem presented, and (c) a carefully designed laboratory guide that emphasized the elements of problem solving accompanied each program.

The CSE students went through the learning cycle of problem solving several times when they were solving a problem.  Needed information, shapes, and names of the apparatus were displayed on the screen.  A problem was then presented.  The students proposed their hypotheses individually on their papers.  The simulations were designed to help solve the problem by using some computer options.  The students collected the data.  During this process, they answered some questions on the screen about the experiments.  The students analyzed the data and wrote conclusions on their papers.  Because the program allowed the students to conduct as many of the learning cycles as they wished, they had considerable flexibility and could repeat the experiment. The feedback mechanism provided several options depending on whether the answer was correct on not.
4. What instruments were used to collect data and what metric(s) were used to report results?
The Chemistry Achievement Test (CAT), developed by the researchers, contained items constructed at the first four levels of Bloom’s taxonomy (knowledge, comprehension, application, and analysis).  The test was designed from the lecture materials and the experiments that were included in the three diverse laboratory approaches.  The test was examined by a group of experts in chemistry and science education and by the course instructors.  The alpha reliability coefficient (Ruder Richardson = 20) was 0.88.  This test was used as a pretest and as a post test.

The Science Process Skills Test (SPST), originally developed by Okey, Wise, and burns (1982), was translated into Turkish and adapted by the researchers.  The five subtests are identifying variables, identifying and stating hypotheses, operationally defining, designing investigations, and graphing and interpreting data.  The reliability coefficient was 0.81 in this study.  This test was used as a pretest and as a posttest.

The Chemistry Attitude Scale (CAY) was also developed by the researchers using a Likert-type scale (fully agree, agree, undecided, partially disagree and fully disagree).    The reliability coefficient was 0.93.  A factor analysis identified two factors of attitude measured: attitude toward chemistry as subject matter and attitude toward chemistry laboratory.  This test was used as a pretest and a post test.

The Logical Thinking Ability Test (LTAT), used only as a pretest, was originally developed by Tobin and Capie (1981).  The researchers translated it into Turkish and adapted it for this study.  The items relate to identifying and controlling variables and to proportional, correlational, probabilistic, and combinatorial reasonings.  The reliability coefficient was 0.77 for this study.
5. Briefly describe and summarize the results of the study. 

Analysis of the pretest data indicated no significant differences among the three groups in this study in terms of chemistry achievement, F(2, 197) = 0.26, p > 0.05; in terms of science process skills, F(2, 197) = 0.16, p >.05; in terms of chemistry attitude, F(2, 197) = 0.05, p > 0.05; and in terms of logical thinking ability, F(2, 197) = 0.19, p > 0.05, before treatment.

The posttest results indicated a significant difference among the mean scores of the students taught by the problem-solving approach, those taught by the CSE approach, and those taught by the conventional approach with respect to chemistry achievement, F(2, 197) = 15.37, p < 0.05.  The Tukey procedure was used to determine which pairs of groups caused this difference at an alpha level of 0.05.  The problem-solving approach and CSE approach produced significantly greater achievement in Chemistry than the conventional approach did.  However, no significant difference was found between the CSE and the Probem-solving approaches.

Following the same procedure with the Science Process Skills data there was a significant difference F(2, 197) = 12.56, p < 0.05 with the problem-solving approach and the CSE approach producing significantly greater science process skills than the conventional approach.  However, no significant difference was found between the CSE and the problem-solving approaches.

The same procedure was followed with the Chemistry attitude data, giving a significant difference, F(2, 197) = 94.91, p < 0.05.  The CSE approach produced a significantly more positive attitude toward chemistry than the other two approaches did, and the conventional approach was the least effective at an alpha level of 0.05.
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.

Since the researchers were a part of the implementation team, one could assume that the degree of implementation was closely monitored.
7.
Were gains in student achievement reported?  

No:  


Yes: 
   X
  If yes, briefly describe.

Both experimental approaches produced significantly higher (at the 0.05 level) student achievement than the control (conventional) approach.
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
This study tested the differences in student achievement, science process skills and attitude toward chemistry among the students taught by a problem-solving approach, those taught by a computer-simulated experiment (CSE) approach and those taught by a conventional approach.  The study involved 200 students in a Turkish secondary school from six ninth-grade classes taught by two chemistry teachers.  
The classes were randomly assigned to one of the three teaching approaches.  Each of the two teachers had one class of each type group.  A problem-solving approach and a computer-simulated experiment approach were the two methods of teaching chemistry laboratories for the two different experimental groups, while the control group participated in a conventional laboratory experiment with the same chemistry subject.  With student achievement and with science process skills, both experimental approaches yielded significantly higher (0.05 level) scores than the conventional approach.  
The strength of this study is in the fairly long length of time of treatment and the support it offers for both a problem-solving approach and a computer-simulated approach to chemistry laboratory experiments.  The weakness of the study is that the researchers served both as developers of the intervention and were involved in the actual teaching of the laboratory part of the study.  They also developed or modified the instruments used to gather data.
Ratings (scale: 1–5)

Overall Rating:  3
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