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Introduction

During the period 1993 to 2002, the staff at the Center for Mathematics, Science, and Technology has been involved in creating curriculum packages for students in the middle school.  The curriculum is unique in that it integrates mathematics, science, and technology.  The first three-year effort resulted in a successful set of materials for seventh grade students.  A second three-year grant funded the continuation of that curriculum for eighth grade students.  This past three-year period the Center staff developed what was probably its most successful endeavor with sixth grade students as the target group.

The curriculum at each grade level consists of a set of modules the titles of which reflect the applied nature of the student activities.  For example, modules entitled “Wellness”, “Food Production”, and “Energy Transformation” are found in the seventh grade curriculum, while “Animal Habitats”, “Human Settlements”, “Systems”, and “Communication Pathways” comprise the eighth grade set.  Student learning activities in both mathematics and technology are imbedded within such “science” topics.  In both the seventh and eighth grade packages the learning activities in science, mathematics, and technology are each related to the module theme but appear as separate sections within the module so that each may be taught in the respective M/S/T classes.  This most recent project for sixth grade was developed as an even more integrated set of activities.  Mathematics, science, and technology do not appear as separate sections and, for the students, those divisions are rather transparent as they examine and explore patterns and relationships using newly acquired knowledge and skills in all three areas.

IMaST-Plus is intended to fulfill all mathematics, science, and technology curricular requirements at the sixth grade level. The curriculum was designed with national and state standards in mind. According to the minutes of staff meetings as well as direct observation, a good deal of time and effort was put into insuring that the activities in IMaST did, in fact, meet existing standards in math and science as well as the recently published Standards for Technological Literacy. 

Background

 Beginning in the spring of 1999, the staff at the Center for Mathematics, Science, and Technology began a busy and productive year as they initiated work on IMaST-Plus. Building on the experiences gained from the two previous three-year projects, the staff took advantage of their refined expertise as they began the design of a more completely integrated set of learning experiences for sixth grade students.

Minutes of staff meetings from the spring of 1999 suggest that preliminary planning began with the selection of “Patterns” as the over-riding theme for IMaST-Plus. The staff believed that theme would provide an amenable framework into which the content areas of math, science, and technology could be integrated. The selection of the “Patterns” theme proved to be a good one. A variety of interesting topics fit into that framework that focus primarily on science topics but require a good deal of work in mathematics and technology to complete the activities. In fact, many of the “patterns” that students examine require graphs, charts, and numerous calculations.  Indeed, according to the project director, the patterns theme captures the most eloquent definition of mathematics and would require the modules to directly address mathematics.  Generally, the curriculum is designed so that the students are invited to study science with a large dose of measurement and calculation through mediums requiring the design, construction, and use of a variety of materials and equipment. 

The staff wanted the first module in the series to introduce the students to the type of “work” they would experience in IMaST.  So the module was intended to help the student accommodate to the “learning cycle”, group work, and inquiry learning that are such key elements of the curriculum. . That first module, “Tools for Learning”, involves an entertaining construction of a vehicle powered by a mousetrap and encourages exploration, group discussion, and direct hands on experiences. “Tools for Learning” is followed by “Patterns of Mobility”, “Patterns Within Us”, “Patterns Around Us”, “Patterns of Change”, “Patterns Above Us”, and “Patterns Below Us”. A final module, “Mathematics/Science/Technology in Recreation” was designed to provide closure for the curriculum as a whole; but time requirements for the implementation of the other modules, especially as they were revised, forced its elimination after the first, pilot, year.   

IMaST uses a learning heuristic based solidly on constructivist learning theory called the “learning cycle” which is imbedded within the main module themes. Each of the modules contains four or five learning cycles intended to involve the student in a topic that leads them into “experiencing” the scientific, mathematical, and technological content of the module.  The learning cycle begins with an introduction and a set of objectives.  These are followed by a “Challenge” activity, an interest-grabbing introduction to the module.  A sequence of activities imbedded under the subtitles of (a) Exploring the Idea, (b) Getting the Idea, (c) Applying the Idea, and (d) Expanding the Idea follows the “Challenge”.  The “Exploring” section is usually a sequence of probing/leading questions for group discussion and introductory activities that invites the students into the topic.   “Getting the Idea” contains a number of hands-on experiences involving construction, gathering data, compiling and organizing information.  Most often there are multiple “Exploring/Getting” sequences within a Learning Cycle.  As the term implies, the “Applying” component asks the students to synthesize the ideas in the preceding sections in order to apply them in a solution to a realistic problem.  Finally, “Expanding” invites the student to see the application of new knowledge in a variety of other settings. Each module is designed to last about 4 weeks at 80 to 100 minutes of class time per day.

Project Activities

The three-year development effort followed an annual cycle of design/redesign, write/rewrite, tryout, and obtain feedback.  

Design.  The original design was aided by a group of practicing sixth grade teachers who were carefully selected to serve as the “design team.” They met for three and a half weeks during the summer of 1999 to begin the process of creating curriculum. With the themes, standards, and the framework of the learning cycle providing the specifications for their product, each design team member set about the task of gathering resources and creating student learning activities that would cause students to integrate their learning into actively “knowing” mathematics, science, and technology. The directors of the project, the coordinator, and the three curriculum specialists provided supervision as well as active input into this process. The design team met again during the summers of 2000 and 2001 to continue to assist in the development process.  Much of their effort for the latter two meetings involved directly experiencing the revised activities as they played the roles of teacher and student.

Writing.  With the input of the design team, the three curriculum specialists and the project coordinator shouldered most of the responsibility for the written content of the modules. In fact, a typical “workday” at the Center during the summer and most of the 1999-2000 academic year found those four creating, writing, or editing the learning activities of the various modules.  The revision of the modules and, in some cases, complete re-writes of some of the learning cycles, for version two and three, was also left to that four-person staff with supervision and assistance from the project directors.    

Major modifications were made from the pilot (version one) materials to those used in the first field test.  One module was substantially rewritten, although the major theme was retained. There were more relevant mathematics activities imbedded into the learning cycle without sacrificing the integration with science and technology.  The selected topics for the learning cycles contained more interesting real-life applications.  The inclusion of new interest-grabbing “Challenge” sections at the beginning of each module appeared to improve the materials. Information gathered from interviews conducted in the spring of 2001, with field test teachers and students, indicated their very positive response to the second version of the curriculum package. 

Modifications from version two to version three (second year field test) were less major.  The first module, “Tools for Learning”, underwent extensive revision which brought the focus more on getting the student into the IMaST learning “groove” than constructing a product.  Parts of learning cycles in some of the other modules were rewritten.  But most of the changes appeared to be fine-tuning of the materials as opposed to being major modifications.  The enhancements improved the quality of the package.  The written directions were clearer and many of the activities seemed to relate more appropriately to the intent of the modules.

Examination of the materials from version one (pilot) to versions two and three by this evaluator provided clear evidence of improvement in the modules.  The instructions for the activities became more specific and clear, there appeared to be a better balance between mathematics and science, and the writing and layout of the modules became more professional in appearance from version one to version three.  Very positive comments obtained during interviews with teachers and students tend so support that observation.

Tryout.  The three annual try-outs varied in the number of sites and the amount of implementation. Three different sets of schools were selected for each of the three years.  The ten pilot sites included four sites in Illinois, two in Indiana, two more in Michigan, and one in Florida.  At some sites only one teacher in a self-contained sixth grade classroom taught the materials, while at others as many as three teachers in a departmentalized middle school made up the IMaST team.  The number of tryout modules varied across school.  While some were sent only one pilot module others were sent more.  One site planned to pilot the complete set.  

The project chose four sites, two in each of Michigan and Illinois, for the first field test of the materials.  Each of the four sites intended to field-test the entire set of seven version two modules.  At two of the sites, IMaST was implemented by a team of two teachers, one math and one science, while at the other two sites a single teacher taught the curriculum in a self contained class over two class periods.  One site completed all but half of the seventh module.  A second site completed all of five modules.  A third site completed all of three modules, some learning cycles from three others but did not begin the seventh.  The fourth site completed most of three modules and part of a fourth.

Twelve sites in nine different states were selected to field test version three of IMaST Plus.  One site, after beginning the materials, decided that their “special” student population would be better served by the seventh grade materials and discontinued use of the sixth grade curriculum.  Two of the remaining eleven sites completed all seven modules. Two additional sites completed all of the first six modules and some, if not most, of the seventh module.  Four others completed five of the modules and three of those did most of module six.  One site completed four of the first five modules, but delayed “Patterns Around Us” till 7th grade where it fit the state standards better.  One site completed the first four modules and “picked some” learning cycles from the last three.   The eleventh site completed most of modules 1,2, & 4 as well as some of module three. 

Feedback.  During and after the implementation of the various modules in each of the three years, the IMaST staff began obtaining feedback from the teachers and students to guide them in making modifications and improvements in the IMaST materials.  Two primary vehicles were used to gather structured feedback.  “Activity feedback forms” with both objective (likert) and open response items were imbedded in the teacher’s manual.  In addition, teachers were instructed to write spontaneous notes in the margins of their manuals, a system that worked quite successfully in obtaining valid information in the two previous IMaST packages.  This feedback system became more technologically sophisticated during the three-year period of IMaST Plus, when the forms were accessed and completed through a web-based system designed by the project staff. 

The number of completed feedback forms and margin notes was limited, of course, by the number of implemented modules.  Since implementation at some of the pilot and first year field test sites was sporadic, so was the amount of feedback obtained.  However, feedback information was obtained on each module from at least one site during the pilot year.  The four first year field test sites provided a rather thorough review on the first couple modules, but two sites reviewed the first five modules and only one of the sites submitted feedback forms and margin notes for all seven modules.  Formal feedback appeared to be aided by the larger number of schools in the second year field test as well as a user-friendly web system used for submission.  The higher completion rate of modules and the larger number of sites, of course, increased the potential and actual amount of feedback obtained during the second field test.

Site visits by the project staff was a second source for feedback.  Although less formal in style, information obtained from observations and discussions with the field test teachers provided helpful insights for possible enhancement of the material.   No formal site visits were conducted during the pilot year.  However, scheduled visits were made to each site by an assigned IMaST staff member during both the first and second year field test.  Although the main purpose of the site visit was to assist in the implementation of IMaST, the visits appeared to uncover issues that guided policy and modification of materials.

This evaluator conducted observations and interviews during the course of the project.  One of the sites was visited and phone interviews were conducted with most of the pilot teachers during the spring of 2000.  Two sites were visited in the spring of 2001 and 2002 where both teachers and students were interviewed.  In addition phone interviews were conducted with at least one teacher at each of the field test sites during both field test years.  Although obtaining informative feedback for revision was not the primary purpose of those interviews, some useful information for guiding the modification process was obtained

The development sequence appeared to work successfully.  The quality of content and appearance of the materials improves dramatically from version one to version three.  The materials appear to become clearer, the activities seem to result in a higher level of motivation for the students resulting in student learning outcomes that match the best expectations of constructivist theory.  The inclusion of more mathematics activities provided a better balance among the three components.  Comments obtained from teachers regarding the quality of the materials vary from skeptical support for the pilot material to strong endorsement by most of the second year field test teachers. 

Evaluation methodology

The focus for the annual evaluation of the project changed across the three years from primarily formative during the pilot year to primarily summative during the second year field test or third year of the project.  Trying out and enhancing the materials was the primary focus during the pilot year and continued, but with less emphasis, into the first and second year field tests. Assessing the impact of the curriculum on student learning was a minor focus during the pilot year but became a more prominent focus during the first and, especially, the second field test.  So the evaluation methods reflected the change in focus. The following research questions for the three evaluations illustrate those trends.

Pilot (first) year.  The research questions for the evaluation of the pilot year included:

RQ 1.  Do the efforts of the staff in IMaST Plus follow the Developmental Research Model?

RQ 2.  What is the etiology in the design of the eight modules of IMaST Plus?

RQ 3.  Where and to what degree were the eight modules implemented into the pilot sites?

RQ 4.  What information and procedures have been used and are planned for purposes of modification of the modules?

RQ 5.  What procedures were used in the selection of the major outcome assessment instrument for the first and second year field tests?

The first and second research questions were addressed with information obtained from interviews with the IMaST staff, direct observations of activities at the Center, and examination of minutes and other pertinent documents found at the Center.  Phone interviews, on-site observations at one of the sites, and a count of the collected Activity Feedback Forms comprised the sources of data for addressing the third research question.  More thorough examination of the content of the Activity Feedback Forms and margin notes along with interviews with the IMaST staff provided data for research question four.  Minutes of a staff meeting, direct observation, and interviews with staff concerning options that were pursued and the criterion for selection related to the fifth research question.

First Year Field Test.  Research questions for the first year field test, the second year of the project included:

RQ 1.  What process was followed to make revisions to the 6th grade curriculum from pilot version to field test version?

RQ 2.  Is the resultant product (second edition) an improvement over the first edition?

RQ 3.  What is the best way to gather feedback from field test teachers?

RQ 4.  How can we determine the level of implementation of the curriculum during the first field test?

RQ 5.  Will the sixth grade level TerrraNova Multiple Assessments test be suitable for gathering information related to student progress (gain) in mathematics and science during the second field test?

Although a count of completed margin notes and activity feedback forms were again a major source for addressing research question one, interviews with the curriculum specialists, the coordinator, and the directors of IMaST provided additional meaningful information with respect to the revision process.  In order to address research question two, a direct comparative examination of a sample of modules between version one and version two was made by this evaluator.  Feedback from teachers during site visits and comments on the feedback forms provided direction for enhancing the overall feedback system addressed in research question three.  The level of implementation, research question four, was ascertained from phone interviews conducted by this evaluator with the field test teachers.  This data was verified through a count of the completed feedback forms.  Finally, the TerraNova Multiple Assessments test was piloted at three of the sites during the field test.  The design followed the intended design for the final year where a comparison group of students and the IMaST class from each school were tested on a pre (fall) and post (spring) basis.  The pilot data from the Terra Nova was analyzed as a preliminary estimate of learning outcomes.

Second Year Field Test.  The research questions for the second year field test, third year of the project, follow:

RQ 1.  On what basis were modifications made between the second edition and third edition?  What were those changes?

RQ 2.  What was the level of Implementation of IMaST Plus?

RQ 3.  What is the resulting perceived quality of the modified 3rd edition as expressed by the teachers?

RQ 4.  What is the impact of IMaST Plus on student behavior and attitudes?

RQ 5.  What is the impact of IMaST Plus on student learning as perceived by the teachers?

RQ 6.  What is the impact of IMaST Plus on student learning as measured by the TerraNova Multiple Assessment test?

As in the two previous years, research question one was addressed by examining the activity feedback forms and margin notes as well as interviews with the staff.  Data regarding the level of implementation, research question two, was obtained through a structured telephone interview with the field test teachers.  A number of questions related to perceived quality of the materials were included in the phone interview which addressed research question three.  For research question four, this evaluator conducted classroom observations to examine student response to the curriculum and conducted interviews with groups of students where questions were posed that provided data regarding student attitudes toward IMaST.  In addition, the Morgan-Jinks Student Efficacy Scale was administered on a pre and post basis to both IMaST and a comparison group of students at most of the participating schools.  A number of questions in the phone interview with the teachers addressed their perception of student learning as addressed in research question five.  Research question six addressed the primary student learning outcome.  Pre (fall) and post (spring) TerraNova scores were obtained from the IMaST class and a comparison group in most of the eleven field test sites.  An analysis of covariance comparing the two groups on post test performance using the pre-test as a covariate was conducted in which the expectation was that the IMaST students would outperform the comparison group in mathematics and science.

Evaluation Outcomes

For purposes of this final report, a condensed version of the research questions from across the three-year period will be addressed.  Those condensed research questions to be discussed in this section of the report include:

1. Was the tryout/feedback system effective in providing meaningful feedback for modification and improvement of the curricular materials?

2. Was there improvement in the quality of the modules from version one to version three?

3. What was the impact of IMaST on student behavior and attitudes?

4. What was the impact of IMaST on student learning according to (1) teacher’s perception, and (2) TerraNova test scores?

 Was the  tryout/feedback system effective?  The pilot year of the IMaST Plus materials involved ten different sites.  The number of modules piloted by each of those ten schools varied from one to all eight of the modules.  A few learning cycles in the assigned modules were not completed even if the site was assigned the task.  However, most of the learning cycles in the modules, except for the eighth, “Math, Science, and Technology in Recreation” were tried out by at least one site.  The earlier modules seemed to get a more thorough test than those presented at a later date.  

The feedback from margin notes and activity feedback forms from the pilot year were rather sparse due, probably, to the limited implementation rate as well as the teacher’s press for time.  In addition, no formal site visits were conducted by the IMaST staff, which limited the amount of personal feedback obtained from the teachers.  Some additional feedback was provided to the staff from phone interviews and an on-site visit conducted by this evaluator.

The system appeared to be much more thorough during the first year field test.  Fewer schools were involved, two each in Michigan and Illinois, but the tryout rate for the remaining seven modules (“Math, Science, and Technology in Recreation” was eliminated) was higher.  Some of the sites apparently ran out of time again since feedback forms were not available from two of the sites for the latter three modules.  Two sites apparently gave the curriculum a thorough test, since feedback forms and margin notes were available for most of the learning cycles in all of the modules.  The fact that the activity feedback forms were imbedded into the teacher’s manual with a more user friendly format quite probably enhanced the return rate of the forms from version two.

Furthermore, the IMaST staff conducted a formal set of site visits with the field test teachers.  Although the visits were primarily conducted to provide advice and assistance in implementation, a good deal of constructive feedback was obtained during those observations and visits.  Reports from phone interviews with the teachers and two site visits conducted by this evaluator provided additional feedback to the staff.

Since continual upgrading of the modules before submission for publication was expected, the feedback system was continued into the second field test.  The staff enhanced the use of activity feedback forms by posting them on a web site, which made the task more user friendly for the teachers and encouraged a quicker turn around time for submission.  The result was a high rate of return of the forms for most of the modules that were attempted by the field test teachers.   Site visits by the IMaST staff were again informative as well as supportive.  Phone interviews and site visits by this evaluator provided some additional constructive feedback from the teachers. 

Generally, the data gathering system was effective.  Over all the various sources of feedback, the IMaST staff was the recipient of a rather thorough critique of the materials.   This was especially true during the two field test years where formal feedback was more complete and site visits served as a vehicle for more personal input.  Though the first year, the pilot, yielded less complete feedback, the Curriculum Specialists, the Coordinator, and the three Directors served as their own best critics.  Thorough reviews, editing, and discussions among the staff resulted in a number of modifications for the second edition.

Were the IMaST materials enhanced?   With the six years of curriculum development experience behind them, the IMaST-Plus staff began the project well prepared.  The first edition reflects that preparation.  Comments obtained through interviews with the pilot teachers, although qualified, were generally positive.  They liked the integration; one teacher said “it pulls everything together”, and another commented that “it connects everything together in the real world”.  Reports indicated the hands-on learning experiences resulted in a high motivation level for the students.  A number of teachers said the materials encouraged good learning habits such as reading for the purpose of gathering information.

Constructive critiques by the pilot teachers suggested some necessary improvements.  Many of the teachers called for clearer directions and instructions in both the student and teacher editions.  Four of the eight cited the difficulty of obtaining some of the materials.  One of the most consistent suggestions was for additional work in technology and, especially, mathematics, where they felt those two content areas were slighted in this first edition.

Although formal feedback through margin notes, activity feedback forms, and site visits was somewhat sparse, the IMaST staff conducted a thorough revamp for the second edition. 

Due to time constraints, the last module “Mathematics, Science, and Technology in Recreation” was discontinued.  The remaining seven modules retained their major topic.  But they underwent a rather thorough revision including the entire replacement of some learning cycles.

This evaluator conducted a side by side examination of version one and two.  Generally, the modules appeared to be more systematic and coherent.  The staff inserted a “Making Connections” section that served to bring closure to the learning cycle.  Many more relevant mathematics activities were imbedded into the learning cycles without sacrificing the integration with science and technology.  A number of interesting real life applications were added into the activities of many of the modules.  

The modifications were, in fact, improvements given the reactions of the field test teachers.  A number of likert items imbedded in the activity feedback forms addressed the clarity of the materials.  The average rating fell between ratings of “strongly agree” and “agree”.  Comments obtained through phone interviews and during site visits were also very positive.  The teachers felt that the materials had a very professional quality.  They appreciated the highly motivating activities in the various learning cycles.  The use of DAPIC and the general organization of the learning cycle were mentioned as notable features.  Criticism regarding the limited amount of mathematics was no longer as frequent since the addition of a heavier math component.

Much more informative feedback was available with the second edition.  The return rates of the feedback forms was higher with the use of electronic transfer while regular site visits by the staff provided useful direct critiques of the material.  Based on that feedback, the modules were again enhanced.  The first module, “Tools for Learning”, underwent extensive rewriting, while others got rather minor editing.  A number of “Challenge” sections were replaced or rewritten so as to include a more interest-grabbing introduction to the module.  More mathematics sections were added or enhanced throughout the modules.

The vast majority of teachers who participated in the second field test gave it high praise as well as high ratings on a phone questionnaire.  Issues covering “important material” and meeting standards received strong support.  Some of the teachers were still concerned with the lack of opportunity for drill and practice in mathematics.  This seemed to be a preference for a particular learning philosophy at dissonance with constructivist theory.  Most teachers did, however, like the student self-direction and discovery qualities that are at the foundation of constructivism.  The organization of the curriculum beginning with the “Challenge” and proceeding through the learning cycle with questioning techniques, student activity, and DAPIC, received high marks.  Most of the teachers would want to use the program in the future and would recommend the program to their colleagues or have done so already.  

Given the increase in positive remarks from feedback and interviews, the teachers saw a definite improvement in the IMaST materials across the three versions.  Apparently the feedback system was effective in providing the IMaST staff with the necessary direction for improvement.  The thoughtful review of the materials by the staff was, no doubt, an additional factor in the improvement of the materials.  Whatever the reason, the third version of IMaST Plus is a set of materials with a high professional character, which was very well received by the participating teachers. 

The impact on student behavior and attitudes.  The most direct evidence pertaining to student behavior and attitudes came from on-site visits and interviews with student groups conducted by this evaluator.  Two classrooms where the IMaST curriculum was being used were observed in each of the past two years.  After observation, a group of four to five students met to respond to a series of structured questions with probes.

From the student’s point of view, the IMaST curriculum is, apparently, truly integrated.  They seemed not to notice the distinctions among the three topical areas.  They worked at constructing the equipment (technology) necessary to provide data to study the patterns (mathematics) that they discovered in their investigations of scientific phenomena.  According to the various responses, this was one of the facets that they really appreciated.

Classroom observations illustrated the high level of student motivation with the curriculum.  In the case of all observed classrooms, the teacher or one of the team organized the activities for the day.  The students apparently knew the drill.  They read the instructions, responded to probing questions, and asked for directions.  Then, as though they were “let loose” they converged on their particular group’s (usually four students) table and began work on their various tasks.  In one class they were designing watersheds and wells, in another the students began work on measuring the dimensions and volume of various containers.  

The noise level in the classrooms was moderate and a function of in-group discussions regarding their various tasks.  Some students were constructing or measuring while others were recording data.  There seemed to be a very high rate of on task behavior.  The teachers’ role was to circulate and guide by asking questions rather than providing answers.  The students seemed to be reluctant to stop their work at the end of the class period.

Student interviews confirmed the apparent high level of motivation.  The students seemed to have a sense of the unique nature of IMaST.  In response to questions regarding how IMaST is different and how they had to study differently, they were able to verbalize the integrated nature of the curriculum (“It’s all mixed together, it’s great”) and what they called the many “hands-on” experiments.  One stated “we get numbers by collecting data, we don’t just have to practice anymore”.  Two other student comments spoke to the constructivist nature of the tasks: “You put your mind to it rather than just putting it on a page”, and “You need to figure out the answer, you have to be logical”.  

Other questions regarding what they liked about IMaST and whether they would recommend it to their peers prompted very positive assessments about their experiences.  They enjoyed the experiments and the de-emphasis of drill and homework.  They enjoyed the practical hands-on experiences and “collecting data and figuring things out like we did when we calculated speed”.  Most felt no hesitation in highly recommending the curriculum to their younger friends and siblings.

The students did have some concerns.  A major item was the lack of clear directions and the reticence on the part of the teacher to explain things (which is a major part of the design of discovery curriculum).  Some students felt that being the recorder of the data was boring and writing reports was a major chore.

The student’s behavior in the classrooms and their responses during the interview indicated their overwhelming enthusiasm for IMaST Plus.  Obviously, the students enjoy conducting the experiments and the “hands-on” nature of the activities.  Although there was some reticence for preparing data bases and writing the reports, one got the sense that they had to find something of a distasteful nature to report to this evaluator.  Most of them, apparently, do see the value of what one teacher termed “re-thinking” as they summarized their experiences in writing.

These sixth grade students have a rather good sense of the impact of IMaST on their own learning.  Observations during the class period found them digging into the data and discussing issues in order to get closure to the task.  During the interviews they told this evaluator, in their own words, how creating their own knowledge leads to better retention and renders the knowledge more useful in the future.  Furthermore, they seemed to recognize that their high level of motivation makes learning more efficient.

The Morgan-Jinks Efficacy Scale contains three sub-scales including Talent, Context, and Effort.  The sample data across all schools showed a slight and not statistically significant loss for both groups on all scales.  In addition, there was no apparent difference between the two groups in their change from pre to post assessments on any of the three sub-scales.  In light of the more positive data from the direct observations and student interviews, the absence of observed impact from the Efficacy Scale may be due more to internal validity issues than the lack of experimental results.  There may be a general decrease in measured efficacy for all students from the beginning of the school year to the end simply due to response bias on the part of the students.  No direct indication of reliability of the sub-scales was obtained.  However, the intercorrelations between the pre and post-tests were .59 for Talent, .32 for Context, and .40 for Effort.  Even with the time differential of eight months, those values seem quite low and indicate a good deal of measurement error in the data.  Those low relationship indices would render positive impacts difficult to detect.

The impact on student learning: teacher’s perception, and TerraNova test scores.   This section will discuss two sources of evidence for examining the impact on student learning.  First, data was obtained from items imbedded into the structured phone interview conducted during this past spring and, secondly, Terra Nova test scores were obtained.  

Teacher perceptions. Five items in the phone interview addressed each of (1) student motivation, (2) student initiative, (3) skill development, (4) academic preparation, and (5) cognitive integration.  The teachers were asked to respond on a five point likert scale where “1” is a rating of “high” and “5” indicates a rating of “low”.  The responses to those items follow: 

The item read: “Compared to other curricula with which you are familiar, what is the impact of the IMaST curriculum on:”

Item 13: “Student Motivation?”   1 (High), 2, 3, 4, 5 (Low)

Six of the nineteen teachers rated the item “1”, twelve gave it a “2”, while one teacher circled “3”.  The mean response was 1.7.

Comments included: “The kids really get into it, in some cases they would go beyond the assignments.”  “IMaST engages students & develops a sense of control.”  “Students are active the entire class.”  “It motivates disinterested kids.”  “Some LC's and modules were more interesting than others.”  “ Kids are highly motivated-they come in excited.”  “The students now see a reason for mathematics.”  “The kids just love coming to class.”  “Some students say they don’t like it, but they certainly don’t act like it.”  “Motivation depends on the kids-the hands on type jump into it while the ‘academic’ types are a little more hesitant.”

Item 14: “Student Initiative?” 1 (High), 2, 3, 4, 5 (Low)

Eight of the nineteen teachers selected “1”, five rated it “2”, four others marked “3”, and two rated it “4”.  The mean response was 2.0

Comments included: “The program teaches kids to gain initiative.”  “They take initiative but do need encouragement once in a while.”  “Students get such a sense of ownership.”  “This is a lower performing group, so they tend to hold back.”  “Classroom management is a nightmare.”

Item 15: “Skill Development?” 1 (High), 2, 3, 4, 5 (Low)

Six of the nineteen teachers rated the item “1”, eight circled “2”, three marked “3”, one rated it “4”, and one rated it “5”.  The mean response was 2.1 but the mean was skewed negatively with the rating at five.  Fourteen of the nineteen teachers rated it either “1” or “2”.

Comments included: “It had a major impact on student learning.”  “The students understand what they are doing-that makes their learning so much more effective.”  “As the students went through the year they just got better and better.”  “I expect them to be very well prepared because of the problem solving skills.”  “Gets them to think differently.”  “They may be a little less prepared for traditional classes-there is less algorithm but better understanding.”  “They learned how to learn.”  “On a museum field trip the IMaST students showed a much higher understanding and asked much better questions.”

Item 16: “Academic Preparation?” 1 (High), 2, 3, 4, 5 (Low)

Six of the teachers rated the item “1”, eight marked it as a “2”, two others rated it “3”, while three teachers rated it “4”.  The mean response was 2.1.  Still the vast majority, fourteen of the nineteen, rated it “1” or “2”.

Comments included:  “They'll be better prepared for high school than with any other curriculum.”  “I expect IMaST will help the students to be able to compete academically at any level.”  “I am confident that they are academically prepared.”  “Transfer from math activities to worksheets is difficult.”  “I expect their future academic work to be high.”  “With supplements, academic preparation is a ‘1’.”  “I’m a little worried about their test performance.”  “They will be well prepared for science as well as math.”  “This kind of instruction has to positively impact retention.”  “I’m waiting for test scores to see about skills.”  “Kids seem ready to go to the next level.”
Item 17: “Cognitive Integration?” 1 (High), 2, 3, 4, 5 (Low)

Eleven of the teachers rated the item “1”, four others circled “2”, while the other three teachers rated it “3”.  The mean rating was 1.6.

Comments include: “Integration is a definite strength.”  “Integration is great idea.”  “Writing helps language skills.”  “I love that aspect, the way it fits together and with reality.”
In comparison to other curricular packages with which the teachers are familiar, they gave IMaST relatively high ratings.  Eighteen of the nineteen teachers rated student motivation on the high end of the continuum.  Fourteen rated student skill development, academic preparation, and cognitive integration as “1” or “2”, while thirteen of them gave those high marks for student initiative.  The comments verified those ratings.  Many mentioned the eagerness with which the students approach the various tasks.  The low ratings (below “3”) occurred in a couple teacher’s estimate of “skill development” and “academic preparation”.  Those ratings came primarily from one school where other comments from the teachers indicated a hesitancy to put constructivist teaching methods, in general, into practice.

TerraNova Test reslts.   Each of the field test schools were asked to supply a comparison group of students who would not experience the IMaST curriculum.  The groups were to be as similar as possible in terms of socioeconomic and ability factors to the IMaST group.  The mathematics and science sub-tests of the TerraNova Multiple Assessment package were administered to the IMaST and the appropriate comparison group as a pre test in the fall (October) and as a post test in the spring (late April or May).  

 Data collection problems occurred at some of the sites.  Parental approval for participation in the data collection was not obtained at one site.  No record of membership to the IMaST group vs. the comparison group was kept at another site.  The comparison group at one of the sites performed much lower on the pre-test than did the IMaST group, and, consequently, regression toward the mean would bias the comparison between the groups.  Finally, implementation of IMaST was quite limited at one of the sites, so that the academic impact could be quite limited.  

Those schools were not included in the data set from which comparisons were made.  The final set included seven of the sites where, in all but one case, one comparison class was available for each IMaST group.  The exception, site 6 in Table I., included two IMaST classes and one comparison class.  The seven sites included in the analysis, along with the number of students tested at each one, appears in Table I.  

Table I.

Frequency of IMaST and Control Students

Within the Final Test Schools

	
	Comparison
	IMaST
	Total

	Site 1.
	26
	20
	46

	Site 2.
	25
	26
	51

	Site 3.
	22
	24
	46

	Site 4.
	25
	26
	51

	Site 5.
	36
	33
	69

	Site 6.
	23
	46
	69

	Site 7.
	23
	28
	51

	Total
	180
	203
	383


An analysis of Covariance was conducted between the IMaST and the Comparison group on each of the Mathematics and Science sub-tests of the TerraNova.  Normal Curve Equivalency (NCE) scores were used in the analysis.  NCE’s have the advantage of being immediately comparable to expected performance according to national norms, since NCE’s are anchored to a mean of 50 in both the spring and fall testing periods.  Zero gain from fall to spring, for any student as well as the group, indicates normal or expected gain.  NCE’s allow direct observation of performance level (by comparing scores or means to 50), as well as gain from fall to spring by comparing the amount of gain to zero which is the expected or normal gain.

The ANCOVA model examined the difference between groups on post-test performance while covarying out (holding constant) performance on the pre test.  The analysis examines the difference between post-test means that are adjusted for group difference on the pre-test.  Authorities in research (i.e. Glass and Hopkins, 1984) have argued that analysis of covariance provides a more valid estimate of change than does the direct observation of gain scores.

The results of the TerraNova Mathematics sub-test appear in Table II.  The F-value of .08 is not statistically significant.  Furthermore, the adjusted mean for the IMaST group of 62.33 is only slightly higher than that of 61.01 for the comparison group.  The results provide no evidence to indicate that the performance of the two groups were different in Mathematics.  Compared to the national NCE mean of 50, both groups seemed to maintain a relatively high level of performance around a mean level of 60.  Furthermore, both groups showed improvement in terms of NCE’s from fall to spring.

 Table II.

Analysis of Covariance of TerraNova

Mathematics NCE post scores using pre

Scores as the Covariate

Dependent Variable: Mathematics NCE scores

                          Sum of

Source           DF      Squares   Mean Square   F Value    Pr > F

Math NCE pre      1     69864.03     69864.03     631.43    <.0001

Group             1         9.37         9.37       0.08    0.7712

Error           377     41713.07       110.64

Total           379    111586.47

Means of TerraNova Mathematics NCE scores by Group

Group        N*  Pre test  Post Test   Gain  Adjusted Post Test

IMaST       202    62.36     62.56
     .20         61.33

Comparison  178    59.24     59.61      .37         61.01
* The number of students varies from that in Table I. due to missing data on either the pre or post test for any given student.

The results for the TerraNova Science sub-test appear in Table III.  The F-value of 13.22, p = .0003, indicates a statistically significant difference between the means of the comparison and IMaST groups on Science post-test performance.  The adjusted post-test mean of 64.85 for the IMaST group is higher than is that of 61.30 for the comparison group.  The results indicate that the IMaST students performed better on the post-test than did those students who did not experience IMaST.  Both groups began the fall with relatively strong performance compared to the national mean of 50; each was around the 60 value.  Both groups gained as well.  However the IMaST students showed more of an increase than did the comparison students.

Table III.

Analysis of Covariance of TerraNova

Science NCE post scores using pre

Scores as the Covariate

Dependent Variable: Science NCE scores

                          Sum of

Source            DF     Squares   Mean Square   F Value    Pr > F

Science Pre test   1    61771.71     61771.71     695.52    <.0001

Group              1     1174.24      1174.24      13.22    0.0003

Error            373    33127.49        88.81

Total            375    96073.44

Means of TerraNova Science NCE scores by Group

Group       N    Pre test   Post Test    Gain   Adjusted Post Test

IMaST      201     63.38      65.83      2.45        64.85           

Comparison 175     59.87      60.18      1.69        61.30

In general the results of the analysis are mixed.   Although no statistically significant difference was found between the two groups on the mathematics sub-test, differences beyond that which could be due to chance were found on the science sub-test.  The results in math are not so much negative as they are inconclusive.  The results yielded no evidence of the impact of IMaST on student mathematics performance either positively or negatively.  Retaining hypotheses of no difference does not support the assumption that no impact occurred, rather that the results suggest nothing definitive.

Summary

The efforts of the CeMaST staff in developing IMaST Plus has apparently paid off.  At the end of the three years, the product is an excellent example of an integrated, constructivist curriculum package for sixth grade students.  The positive reception by both students and teachers speaks to  its quality.

The development strategy called for the preparation of three versions of the materials including a pilot version, a first year field test version, and the second year field test version.  At this time, a final version is being prepared for commercial publication.  During each of the tryouts a formal feedback system was in place to gather pertinent and valid information that could guide the modification and improvement of the next version.  The feedback was rather limited during the pilot year, which left the major burden of editing to the coordinator and the curriculum specialists.  But the feedback system, including site visits that occurred during the two field test years could be used as a model for other curriculum development projects.

Examination of the seven modules from version one through version three makes the improvement most apparent.  Each year enhancements were made.  Some of them included format changes.  A “Challenge” component was added to grab the student’s interest at the beginning of each module, and a better balance between math, science, and technology emerged.  Comments from the participating teachers and students indicated their positive reaction to the materials with regard to usability, student motivation, and the impact on learning.

One of the most striking attributes of the materials observed by this evaluator was the impact on student classroom behavior.  They were highly motivated with a high percentage of on task behavior.  Their work in groups and the “discovery” nature of the tasks appeared to be an effective means for learning.  Comments made by the students in group interviews verified their appreciation of integration, what they called “hands-on” learning, and the way IMaST made them think through their own solutions.

Student learning outcomes were observed in two ways.  First, participating teachers were asked a series of questions addressing the impact of the materials on student learning related to such things as motivation, skill development, and academic preparation.  The teachers generally gave the curriculum high ratings.  Their additional verbal comments supported the ratings.  Teachers gave the materials high praise for motivating students, getting them to think, and preparation for future academic experiences where problem solving is required.

Secondly, student learning outcomes were assessed with the mathematics and science sub-tests of the TerraNova multiple assessments.  Pre and post-tests were administered during the second field test to IMaST students and, where available, a similar comparison group.  The analysis of covariance did not find IMaST to be advantageous in producing higher math scores, although the sample means indicated at least normal to positive improvement.  Results from the science sub-test, on the other hand, indicated that the IMaST students improved their performance more than did the comparison group. 

The strong support from the teachers, the inconclusive finding for the mathematics sub-test, and the statistically significant advantage of IMaST in Science provide some evidence that the IMaST curriculum has a positive impact on student learning.

Feedback obtained by the external evaluator from teachers and, especially, students indicate that integration is effective.  Students liked the way that everything fit together.  The fact that they could not really tell when they were doing technology, math, or science was for them a positive.  They saw reasons for the arithmetic that was being carried out.  In the words of one of the students, “we get numbers by collecting data, we don’t just practice anymore”.  The teachers rated integration as one of the most positive attributes of the curriculum.  Some seemed pleasantly surprised at the impact it had on student behavior and learning.
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