IMaST at a Glance


INTRODUCTION TO IMaST

The Integrated Mathematics, Science and Technology (IMaST) program is a three-year integrated mathematics, science and technology curriculum for the middle grades. It was developed by the Center for Mathematics, Science, and Technology at Illinois State University and funded by the National Science Foundation, Eisenhower funds from the Illinois State Board of Education, and Illinois State University. IMaST is published by RonJon Publishing, Inc. (www.ronjonpublishing.com)

Why do we need IMaST?

The IMaST program provides an integrated curriculum that promotes hands-on learning for students, and teamwork among teachers from different disciplines. Across the nation, we see a concerted effort to raise the standards of education and teaching in our schools. This curriculum was developed to meet this need as well as to modernize the teaching methodologies consistent with the latest research in education.

More often than not, the text-based instruction that teachers use today makes learning difficult for students with poor reading skills. IMaST addresses this problem through activity-oriented learning strategies that encourages students to become successful readers in order to engage in the hands-on activities. 

What does IMaST offer?

IMaST approaches learning through a wide variety of hands-on, minds-on activities that actively engage students. It strives to get away from the traditional teacher-centered strategies that treat students as passive learners. The “active learning” helps students understand the concepts better and apply them in real-life situations. This program evaluates students based on their ability to apply concepts and skills in various situations rather than their ability to just recall facts.

For teachers, active learning means that they will use innovative teaching methods that focus on helping students construct the concepts for themselves. IMaST also promotes teamwork among teachers—providing an alternative to separate mathematics, science, and technology courses.

The IMaST program:

· Integrates mathematics, science, and technology into a coherent theme-based curriculum

· Promotes experientially based, hands-on learning for students set in a learning cycle

· Promotes teamwork among teachers from different disciplines

· Utilizes authentic, relevant methods of assessment

· Encourages student group work

· Meets benchmarks for national and state standards in mathematics, science, and technology

· Relates to other disciplines such as social studies and language arts, and

· Responds to the latest research in both teaching/learning and systemic reform initiatives.

The IMaST program utilized teams of mathematics, science, and technology specialists, as well as, domain specific experts to research and develop an innovative, integrated curriculum. While the current curricula in many states today lag behind the national standards, the IMaST curriculum has been carefully designed to meet national standards in mathematics, science, and technology. 

The curriculum is organized by theme-based modules. IMaST has developed each module by having all disciplines focus on several key concepts that lead toward the same objective. IMaST has developed its activities using benchmarks, national standards, and state frameworks. These activities are all carefully coordinated to help students grasp the many natural interdisciplinary connections in the curriculum. 

For more details on any section of this document, and for useful links to related topics, please visit the website http://cemast.illinoisstate.edu/educators/imast/index.shtml
THE DIFFERENT IMAST MODULES

An individual IMaST module has a title theme that is followed throughout the text. The eighth and seventh grade modules are designed slightly differently from the 6th grade modules because the latter also accommodates both a K-6 as well as a 6-8 paradigm. The 6th grade modules are developed in a series called “Patterns …” that present learning cycles which integrate all three disciplines while the 7th and 8th grade modules have separate sections and activities within each module for mathematics, science, and technology.

6TH GRADE MODULES

IMaST has produced the 6th grade modules in a patterns series. The modules are titled, Tools for Learning, Patterns Below Us, Patterns Around Us, Patterns of Weather, Patterns of Mobility, Patterns Above Us, and Patterns Within Us. IMaST intends that each module provide about 4 weeks of learning/teaching.

7TH AND 8TH GRADE MODULES

The 7th grade modules titled: The Body Works, Living on the Edge, and Shaping Our World, are each of 6 weeks duration while the modules titled, Manufacturing and Forecasting are designed to take 9 weeks.

The 8th grade modules are designed for 9 weeks of instruction. The modules are titled, Animal Habitats, Human Settlements, Systems, and Communication Pathways.

The different IMaST modules and their objectives are outlined below.

	Grade
	Module title/Theme
	Objective

	6
	Tools for Learning
	Apply problem-solving strategies in mathematics, science, and technology.

	6
	Patterns of Mobility
	Analyze the structure and function of numbers, movement of living organisms, and transportation devices to understand mobility.

	6
	Patterns Within Us
	Compare genetic patterns that determine traits.

	6
	Patterns Around Us
	Analyze conditions of water 

	6
	Patterns Below Us
	Analyze and discover patterns among geological systems. 

	6
	Patterns of Weather
	Use number relationships to identify and predict patterns of change in climate and weather.

	6
	Patterns Above us
	Investigate relationships between the atmosphere and life on the planet Earth

	7
	The Body Works
	Discover and analyze information to make educated decisions to improve one’s quality of life.

	7
	Living on the Edge
	 Examine conditions that influence the symbiotic relationship between the human-made and natural worlds

	7
	Shaping Our World
	Identify and analyze the effects that time, movement, and geometry have on the natural and human-made world to understand progression

	7
	Manufacturing
	Design, produce, and evaluate a product that meets a need, demonstrates effective use of materials, generates little waste, and is affordable.

	7
	Forecasting
	Develop, graph, and solve linear equations verbally, tabularly, graphically, and symbolically to make predictions.

	8
	Animal Habitats
	Plan a balanced ecosystem that considers the impact of the physical environment and the relationship between the environment and the behavior of animals.

	8
	Human Settlements
	Design a sustainable human settlement that considers the impact of environment, the relationship of man to his surroundings, human behavior, and the natural environment.

	8
	Systems
	Use a systems model to analyze, design, and model natural and human-made systems.

	8
	Communication Pathways
	Analyze, design, and construct communication systems.


IMAST MODULE COMPONENTS

Each module begins with a Challenge—an integrated activity that introduces the module’s objective and key concepts followed by a series of mathematics, science, and technology activities set in a four-phase learning cycle. Each activity is designed using four-phase instructional model having the following components: Exploring the Idea, Getting the Idea, Applying the Idea, and Expanding the Idea. Each module culminates with an End-of-Module Assessment activity.

IMaST modules include follow-up readings called Making Connections readings that provide context for the module. In addition, the modules contain an opportunity for students to learn about careers related to the theme in Career Connections interjected throughout each module. The career connections are interviews with real people from a variety of occupations.

As they learn, students will need to apply their problem-solving skills frequently. IMaST has constructed a generalized model of the problem-solving process to help apply a uniform strategy for problem solving. It refers to this model by the acronym DAPIC that stands for the model’s five components (Define, Assess, Plan, Implement, and Communicate). Please see our website for a detailed explanation of the DAPIC model.

The learning cycles at all three grade levels include relevant assessment activities related to the learning cycle objectives. Rubrics are provided in the Teacher’s Guide to measure student growth.

The different parts that make up the module activities are discussed in more detail below.

The IMaST Learning Cycle

During each phase of the IMaST learning cycle, students engage in activities that enable them to internalize the necessary concepts. The learning cycle in the IMaST program is a four-phase instructional model: Exploring the Idea, Getting the Idea, Applying the Idea, and Expanding the Idea.

The roles of teachers and students during the various phases of the learning cycle are summarized in the table below.

	
	Teacher’s Role
	Student’s Role

	Exploring The Idea
	Gathers materials

Keeps students on task

Provides safety and skills instructions

Asks questions

Promotes Journal writing as needed
	Interacts with materials

Designs and builds

Collects and records data

Makes predictions

	
	
	

	Getting The Idea
	Leads class discussion

Questions students

Corrects misconceptions

Supplies terms

Builds sets of class data
	Compares data

Asks questions

Forms generalizations
Journals

	
	
	

	
	
	

	Applying The Idea
	Supplies materials

Assures safe practice

Keeps students on task

Corrects lingering misconceptions
	Applies concepts, principles, and laws

Makes projects

Conducts experiments

	
	
	

	Expanding The Idea
	Makes sure resources are available Asks questions to help students make connections with broader contexts
	Expands concepts to more general or global situations through reading, research, and journal writing


IMPLEMENTING THE IMAST CURRICULUM
The decision to use the IMaST curriculum requires careful consideration. Whereas the traditional curriculum substitutes one set of curriculum materials for another, the decision to use the IMaST curriculum involves group effort by teachers from more than one discipline. Implementing this curriculum will likely require changes in aspects of the school-learning environment as well. Discussed below are some of the issues that may surface while implementing the IMaST curriculum and questions one may have regarding its implementation.

What kind of scheduling and time commitment is necessary to implement IMaST?
This curriculum is intended to be taught for approximately 120 minutes of total class time each day. The mathematics, science and technology teachers who teach the same module must share the same students, and instructions in all disciplines must take place on the same day. Students can be scheduled for three separate classes, but it is desirable to sequence the class periods so that activities can be done in the right order.

How can a team of teachers from three different disciplines work together to make IMaST function smoothly? 

The IMaST program’s design intends that three teachers, one each from each discipline, teach it. The integration of learning occurs as students move from one discipline to the next. This approach requires that teachers plan the IMaST instruction to both facilitate integration and also make changes in the program to accommodate students’ learning needs. Such teaching makes it necessary for the teachers to work together, possibly during a common planning period.

Teachers may use team planning periods to review the interdependencies between the mathematics, science, and technology elements in each activity, compare notes on each discipline’s progress, and plan time slots accordingly. Team planning, in addition to working on the pace of instruction, should also have the space for including concerns like possibilities for sharing equipment and supplies assigning students into teams, scheduling common events such as field trips, preparing for and conducting public relations activities like holding an open house for parents, and discussing (with each other?) classroom management strategies.

Planning ahead greatly improves IMaST implementation. The team of teachers should anticipate the materials required, behavior of students as they are assigned into teams, and understand how activities in one discipline relate to activities in other disciplines.

Why does IMaST recommend group work? 

Group work is often justified by the fact that, as adults, students will, in nearly every circumstance, be expected to work with others. However, a more compelling reason is the research that shows learning can be enhanced through the social interactions. While many of the IMaST activities are designed to have students work together in teams, the curriculum leaves the organization of these teams to the teachers’ discretion. While some teachers prefer highly structured teams with clearly defined roles for each team member, others have more success with a loosely organized arrangement. Please note that IMaST field-testing has shown that it is important to be directive while establishing teams so that, over time, students learn to work with everyone in the class. It is also important for teachers to remember that students will be together in at least three classes each day, so assignments should coordinate with other teachers so that students have variety in their assignments throughout the day.

Can I include/substitute other activities from other curricula?

Each activity has been carefully written in such a way that the activities from all three disciplines get integrated. Sometimes, however, a teacher in one discipline may wish to replace one of the scheduled activities with a favorite activity that has worked well in the past for one of the IMaST classes. If such a substitution should occur, the teachers should discuss it in depth during team-planning sessions. Teachers who make substitutions should take care that the substitute activity meets the objectives specified in the module and that the teachers from the other two disciplines also agree with the substitutions. Thus, one should be careful while making modifications or adaptations because it is very likely that such changes will also affect the classes involving the other two disciplines and, as a result, the planned integration and discipline-specific articulation of student learning as well.
SUCCESS OF THE IMAST PROGRAM

The IMaST program modules have been successfully field tested and prepared for commercial publication. Some preliminary results from field tests are discussed below.

The TerraNova Multiple Assessment
The International Math and Science Survey (TIMSS)

Results on Standardized Tests

The IMaST materials have been extensively field tested over a multi-year period. Since the 6th grade modules were the last developed, test results were completed in 2002. The mathematics and science sections of the TerraNova Multiple Assessment were used to test the performance of students from 7 schools in the IMaST curriculum and students from the same schools taking a traditional curriculum. A pre-test was given within six weeks of the beginning of the school year and a post-test was given near the end of the academic year.  An analysis of Covariance (ANCOVA) was conducted between the IMaST and the Comparison group on each of the Mathematics and Science sub-tests of the TerraNova. While the IMaST student’s performance in mathematics was higher than the control group, it was not statistically significant. However, in science sub-test the differences were beyond that which could be due to chance. 
Seventh grade modules completed their final year of field tests during the 1996-1997 school year, but have continued to be monitored for student achievement in select sites since that time. Eighth grade materials completed their final year of field tests in the 1998-1999 school year. The results of the continual monitoring of 7th grade and the results of student achievement during the final year of field-testing for the eighth grade have provided the project with evidence of success. 

Formal testing of student achievement at field test sites took place during the 1998-1999 school year. Eight field test sites for the IMaST II, 8th grade program, and an additional 2 sites using the 7th grade materials, participated in tests measuring student achievement. The tests were compiled from the released items from the Third International Mathematics and Science Study, Population 2 items. The released items from TIMSS have been previously categorized by mathematics or science strand, type of reasoning used in answering the question, and by the level of difficulty at the international level. Items were carefully selected from the item pool available to ensure coverage of all mathematics and science strands, and to comprehensively cover questions that require higher-level processes such as problem solving. 

Each site was asked to identify a comparison group of students that would be representative of the general population of students not enrolled in IMaST. All students in IMaST and in the comparison group were asked to take a pretest during the first three weeks of the school year, and a posttest during the final three weeks of the school year. The pretest scores provided base-line information, and were used to adjust for any differences in starting level of the students using an analysis of covariance data analysis. Specific information about the eighth grade test is given in the following paragraphs. The seventh grade tests were constructed in a similar manner with approximately the same distribution of items. 

The mathematics and science tests each consisted of 36 items. Twenty-two of the mathematics and 20 of the science items were multiple-choice. The remaining items were open-ended and required a free written response. Scoring protocols for each item were created by the TIMSS project, and adapted for usability in the IMaST testing. Tests were scored by a group of teachers who had been specifically trained in the use of the scoring protocols by the external evaluator, and who had no other contact with the project. Each item was assigned a value of 2 points, with multiple-choice responses being either correct or incorrect. Open-ended items were scored as 2 points for a correct response, 1 point for a partially correct response, and 0 for an incorrect response. The external evaluator for the IMaST project oversaw the scoring and checked for inter-rater reliability. The inter-rated reliability was greater than 0.91, and thus considered satisfactory. 

The mathematics test consisted of items that were categorized by TIMSS according to the type of thinking or action involved in their solution, and by mathematics strand. The 36 items selected for use included seven items classified as knowing, seven items classified as simple procedures, six items classified as using complex procedures, and the remaining 16 being classified as requiring problem solving. The items were distributed across seven strands. Eight items addressed number sense and fraction, while seven addressed geometry, seven addressed algebra, four addressed data, probability & statistics, six addressed measurement, and the remaining four addressed proportional reasoning. Two mathematics sub-scales were derived. One grouped “knowing”, “simple processes”, and “complex processes” into “Math Procedures”. The sixteen items that related to problem solving comprised the sub-scale “Math problem solving”. 

The science test items were also classified according to the type of thinking or knowledge involved, and by science strand. The 36 items included eight items requiring understanding simple information, ten items requiring understanding of complex information, 13 items requiring theorizing, analyzing or problem solving, one item requiring the use of tools, routine procedures and science processes, and the remaining four items required investigating the natural world. The items were distributed across five science strands. Seven items addressed Earth science, eight addressed chemistry, seven addressed physics, nine items addressed life science, and the remaining five addressed the nature of science. Two science sub-scales were derived. One grouped the items from “understanding simple information” and “understanding complex information” into a sub-scale entitled “Science Knowledge”. The remaining items were comprised the sub-scale entitled “Science Processes.” 

More than 1000 students participated in both the pre- and post-testing at the eighth grade level, and an additional 400 at the 7th grade level. The distribution between IMaST and comparison group numbers was nearly equal in each of the two grade levels. An Analysis of Co-variance was conducted on each of the sub-scales as well as the mathematics and science total score. The tables below provide information on the mathematics and science posttests means adjusted for pretest performance by analysis of covariance, and are grouped by participation in IMaST or Non-IMaST. While school scores vary, overall the IMaST students did very well in comparison to the Non-IMaST comparison groups at each grade level. 

In addition to comparing IMaST students to Non-IMaST students within schools, student performance was compared with the expected average score for students from the United States based on the TIMSS results. The expected score on each item used in these sub-tests was calculated and a total expected score for the mathematics and science sub-scales and total score were tabulated. The TIMSS study administered tests near the end of the school year, so the-se expected scores should provide a benchmark for comparison of posttest scores. For more information on the TIMSS tests themselves, and complete analysis of their results, refer to the TIMSS web site at http://nces.ed.gov/timss/
The following data tables show the composite results of all IMaST field-test students that completed both pretests and posttests for the 1998-1999 school year. Schools without comparison groups or incomplete testing results were eliminated to remove potential bias. Figure 1 provides the results for seventh and eighth grade students for the mathematics portion of the test, while Figure 2 presents the seventh and eighth grade results for the science portion. 
[image: image1.wmf]33.6

34.1

37.07*

31.3

28.6

31.04*

0

5

10

15

20

25

30

35

40

Mean Scores

7th Grade

8th Grade

EXPECTED

TRADITIONAL

IMaST

Figure 1. Mean scores for Mathematics portion of TIMSS sub-test. Seventh grade (
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Figure 2. Mean scores for science portion of TIMSS sub-test. 

Seventh grade  (n = 446), Eighth grade (n = 1026). * Statistically 

significant difference between the IMaST and Traditional means.


The external evaluator's analysis concluded that the IMaST students tend to score significantly higher in both mathematics and science than the Non-IMaST students. The difference is especially apparent where items are measuring mathematics problems solving and science processes. Consistent differences were found for both seventh and eight grade students. The science differences appeared to be proportionally larger in scientific processes and reasoning for the IMaST group than for the Non-IMaST group. Additionally, the 8th grade IMaST students scored at or above the expected US average, while the Non-IMaST comparison groups scored below the expected US mean. IMaST seventh grade students scored well above the US mean while Non-IMaST seventh graders scored around the US mean. 

The overall performance of the IMaST students is gratifying. While individual school results varied, and many other variables could have also impacted the students' performance across these sites, the data provides clear evidence that IMaST students do outperform the comparison students across sites. Additionally, the IMaST students scored well above the expected US score on this set of TIMSS items, providing hope that the IMaST curriculum can help to improve student performance in mathematics and science. 

The overall performance of the IMaST students is most encouraging. The results indicate significant differences at the .001 level the students tested. The expected national mathematics mean score was 9.4 from a possible 24. Students in the traditional, Non-IMaST group scored a mean of 9.8 while the IMaST students scored 10.7. Results on the science portion of the test were even more impressive. The expected national mean score was predicted to be 11.5 of 27, but the IMaST students scored 13.4. 

Contact Information

Center for Mathematics, Science, and Technology (CeMaST)





cemast@ilstu.edu
(309) 438-3592

Dr. Willy Hunter

wjhunte@ilstu.edu
(309) 438-3708

Dr. Brad Christensen

bachris@ilstu.edu
(309) 438-1899
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