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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: 
The instructional strategies employed in this study are the following:

1. Teaching/learning activities in the study of high school physics that help cultivate reasoning/science problem solving skills.

2. Teaching/learning activities that relate physics to a student’s common experiences and provide the student with more meaningful understanding of the concepts in physics.

3. Teaching/learning activities that make use of current technology that exists such as computers, videotapes, videodiscs, etc. 

4. Inservice for teachers to aid them in carrying out the activities identified in 1. and 2. above.  

These strategies and activities were developed by and incorporated into material provided by the program entitled PRISMS (Physics Resources and Instructional Strategies for Motivating Students).

Research Question: 

The first question was - during an academic year of physics instruction, using the above identified teaching strategiesand activities, will 10th-12th grade students show a significantly greater gain in physics acheivement relative to a comparable control group which uses conventional materials and teaching strategies?

The second question was - during an academic year of physics instruction, will a group of 10th-12th grade students show a significantly greater gain in reasoning/science problem solving skills while using the above identified teaching strategies and activities compared with a cotrol group which uses conventional materials and teaching strategies?

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

This report includes two different experiments carried out in order to increase the validity of the conclusions.  The first experiment was carried out during the academic school year of 1985-86 in Iowa.  There were 276 experimental students in grades 10, 11 and 12 from 12 schools in Iowa.   The control group was comprised of 207 students in grades 10, 11 and 12.  The researchers were able to match five pairs of control and experimental schools from the participating schools that returned usable data.  These pairs of schools ranged from the larger urban schools (N=2 pairs) to the smaller rural schools (N=3 pairs).

The second experiement was carried out during the academic year of 1992-93 in schools from many areas of the United States.  There were 932 students in the experimental group and 765 in the control group from 22 matched pairs of schools.  These pairs of schools were widely distrubted across the country and represented diverse schools from urban to rural populations.  A few of the schools had high minority populations in their classes.

2.  Describe the strategy/model, program, material, or intervention.
The teaching/learning materials were develloped by the PRISMS (Physics Resources and Instructional Strategies for Motivating Students) project for the purpose of 1) providing learning activities that relate physics to the lives of high school students and 2) advocating a teaching strategy that stimulates students to develop reasoning/science problem-solving skills.  The intended audience is all students in grades 10-12 with a background in beginning algebra, especially those students that need additional motivation for learning about practical applications of physics.  A teacher’s resource guide contains over 130 activities which support a teaching strategy that blends exploratory activities, concept development and application activities into a learning cycle.  This learning cycle is based on work by Jean Piaget and the Lawrence Hall of Science, Berkeley, California under the direction of Robert Karplus.  High-interest activities involving cars, bicycles, baloon rockets, dart guns, sailboats, etc. are utilized to teach the major concepts in physics.  Activities employing computer software and interfacing to acquire laboratory data are attractive options to add to students’ computer literacy experiences.  The guide supports that teacher in developing a physics curriculum which is compatible with any text.  With the listing of concepts, objectives and teaching activities in each unit of the guide, the teacher identifies the concepts to be taught and then uses the guide to select the learning activities.  The guide contains student activity sheets and teacher notes with suggestions on how to implement the identified strategies, expected observations and student evaluation aids.  Observable outcomes are that students become engaged in making meaningful observations, developing hypotheses, identifying and controlling variables, operationally defining and designing investigations.  

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

The first experiment was carried out during the academic school year of 1985-86, from the third week of October to the first week of May, in Iowa.  There were 287 experimental students in grades 10, 11 and 12 from 12 schools involved in the project in Iowa.  Since the Area Education Agency science consultants had originally recommended the schools to participate in the project they also identified control schools which were similar to the experimental schools in their AEA on the basis of size, physics teacher experience and hours of physics background of the teacher.  This group was comprised of 222 students in grades 10, 11 and 12.  The project was able to match five pairs of control and experimental schools from the schools that returned usable data.  These pairs of schools ranged from the larger urban schools (N=2 pair) to the smaller rural schools (N=3 pair).

The second experiment was carried out during the academic year 1992-93, from early September to early May.  It involved students from 34 matched pairs of schools.  The experimental students were from classes of teachers who participated in a PRISMS 1988 summer workshop and who returned for a one-week follow-up workshop.  These teachers then identified a teacher that taught physics in their area in a school as similar to their situation as possible.  This included selecting teachers that had a similar background in terms of experience and background preparation.

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.)

The New York Regents High School Physics Examination was used  to assesses student achievement in physics content knowledge.  Part one of the examination assess a general understanding of basic concepts of a high school physics course as judged by a panel of physics educators.  The examination was judged to have appropriate validity based on the objectives sited by the examination committee and by inspection of the examination by the PRISMS project directors.  New questions are written for the Regents Examination each year and, hence two consecutive year’s tests werre used as two separate forms for pre and post testing.

A t-test was used to determine the level of significance in comparing the gain of experimental and control groups with the 0.05 probability level selected as the standard to show a significant difference between the two groups.  
Briefly describe and summarize the results of the study. 

The first question of the study was to determine the impact of the identified teaching/learning strategies and activities on student learning in physics as assessed by the New York Regents High School Physics Examination.  For the first experiment the control group (N=222) had a mean gain of 0.71 (DS=7,07) while the experimental group(N=288) had a mean gain of 4.65 (SD=6.45).  This yielded a p<0.001.

For the second experiment the control group (N=782) had a mean gain of 1.57 (SD=6.95) while the experimental group (N=947) had a mean gain of 5.08 (SD=6.32).  This yeilded a p<0.001.

To answer the second research question two forms of the Test of Integrated Process Skills (TIPS II) were used on a pre-post test basis.  It measures science process skills such as hypothesizing, indentfying variables, operationally defining, designing investigations, and graphing and interpreting data.  Padilla, Okey and Dillashaw (1983) showed that the integrated process skills were highly correlated (0.73) with formal thinking skills which are also skills this project claims to affect.  The TIPS II was judged by a panel of six science educators to demonstated high validity.  The reliability of form A and form B of the TIPS II instrument was reported by Burns, Oakey and Wise (1985) to be 0.81 and 0.78 respectively.

For the first experiment on the TIPS II test the control group (N=207) had a mean gain of –1.46 (SD=7.34) while the experimental group (N=276) had a mean gain of –0.02 (SD=6.45) yielding a p<0.02.  It should be noted that the scores on the post-tests for both groups were lower than the pretest, as evidenced by the negative gains.  It appears that the form B may have been more difficult for the students in the sample.  However, the change in the scores does favor the PRISMS group for the total test scores within the 0.05 level of probability.  Within this same level of probability, the PRISMS group scored significantly higher than control students on the following sub-parts: identifying variables, operationally defining and designing investigations.

For the second experiment on The TIPS II test the control group (N=765) had a mean gain of –1.27 (SD=6.67) while the experimental group (N=932) had a mean gain of 1.40 (SD=6.17) yeilding a p<0.01.   On the five different integrated process skills, namely, identification and control of variables, stating hypotheses based on collected data, evaluating operational definitions, judging the design of an investigation, and graphing and interpretation of data, the PRISMS students’ gain was significantly greater than the non-PRISMS students’ score.  In identification and control of variables the difference in gain was significant at the 0.05 level with the gains being significantly greater at the 0.01 level for the other integrated process skills.

Additional validity of the teaching/learning strategies and activities of the PRISMS project is indicated by the fact that it was approved by the National Diffusion Network for promotion and distribution through the mechenisms of that project.  The PRISMS  project is currently listed on the NDN website as an approved project.

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:  



Yes: 
X


If yes, briefly describe.

The project used follow-up conference calls with participants of the required training workshops to monitor the degree of implementation.  In addition information forms were completed indicating the number of activities used and other relavent data.

7.
Were gains in student achievement reported?  

No:  



Yes: 
X


If yes, briefly describe.

Student gains of the experimental students in academic achievement were significantly greater (0.001 level) than those of the control students for both experiments reported here.  On the test of reasoning/science problem solving skills the gain scores of the experimental students were significantly greater than those of the control groups (0.02 level for the first experiment and 0.01 level for the second experiment).


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

Not reported

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)
_5____
 Educational Importance (scale: 1-5)

[The summary paragraph will be used on the web site provided for districts and should include a brief description of the intervention, the content area and age/description of students studied, and the results of the study.  In addition, strengths and limitations of the study should be noted, including adequacy of measures, ease of implementation, etc.]

The teaching/learning strategies and activities employed in this study relate physics to the lives of high school students.  A teaching strategy is employed that stimulates students to develop reasoning/science problem-solving skills.  The intended audience is all students in grades 10-12 with a background in beginning algebra, especially those students that need additional motivation for learning about practical applications of physics.  A teacher’s resource guide developed by the PRISMS project contains over 130 activities which support a teaching strategy that blends exploratory activities, concept development and application activities into a learning cycle.  High-interest activities involving cars, bicycles, baloon rockets, dart guns, sailboats, etc. are utilized to teach the major concepts in physics.  Activities employing computer software and interfacing to acquire laboratory data are attractive options to add to students’ computer literacy experiences.  Observable outcomes were that students become engaged in making meaningful observations, developing hypotheses, identifying and controlling variables, operationally defining and designing investigations.   Research results show academic achievement gains (understanding of physics concepts and facility with science process skills) of experimental students to be significantly greater than those of control group students in two separate studies.  A strength of the study is in the large number of participants and the diversity of this group.  Another strength is in the large academic achievement differences produced by the experimental teaching/learning strategies and activities.  The weakness of the study is that it was not reported in a refereed professional journal.  For more information contct: PRISMS Project Office, Physics Department, UNI, Cedar Falls, IA 50614  (e-mail: unruh@uni.edu  or escalada@uni.edu).

