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PRELIMINARY RESEARCH DATA

Expeditions to Numeracy is an innovative intervention program based on sound educational research. At this time, preliminary data is available in two forms: content-based research of Above & Beyond with Digi-Block Mathematics, the predecessor to Expeditions, and a literature review of the best practices on which Expeditions to Numeracy is based. 

Content-Based Research: Above & Beyond
The Digi-Block system used by Above & Beyond as an instructional medium is applied in Expeditions to Numeracy, as well. This system centers around students’ continued work with a set of proportional nesting blocks that provide a uniquely accurate model of the base-10 number system. In addition, using concrete, pictorial, and symbolic representations to introduce, clarify, and extend mathematics concepts in a systematic, coherent way is common to both programs. Many of the lessons in the two programs are identical, as is the content development and explicit teaching approach. Three preliminary studies of Above & Beyond, a program written specifically for learners with developmental delays, suggest the efficacy of this instructional design for struggling learners.

First Study
History: The first study was begun in December, 2003, when two Arizona high school life skills teachers decided to try using the Digi-Block system to teach number concepts and skills to their students. The teachers had experienced continual frustration because of their inability to help their students “learn math” and function with money. They were hoping that somehow the blocks would offer a way to reach their students.

During the 2003 school year, the teachers experimented with Digi-Block, referring to the Digi-Block website for instructional guidance and allowing the sense-making capability of the blocks to lead their students through the learning process. They were astounded! For the very first time, their students were making sense of numbers and were learning concepts and skills that they had been unable to learn previously, even with instruction! 

As a result of the students’ progress in these two classrooms, Above & Beyond with Digi-Block Mathematics was written, addressing the learning needs of these students with cognitive disabilities.

Results: The table below shows the pre-program results for the 17 students (10 students with moderate mental retardation (MOMR), 7 students with mild mental retardation (MIMR) who were enrolled in these two classrooms throughout the entire period from December 2003 until May 2006.
	
	# of students instructed
	# of students showing improvement
	# of students showing no change
	# of students showing loss of skill
	Statistical

significance

	COUNTING
	17
	16
	1
	0
	p = .001

	MODELING 
	17
	13
	4
	0
	p = .01

	ADDITION
	13
	13
	0
	0
	p = .01

	SUBTRACTION
	13
	13
	0
	0
	p = .01

	MULTIPLICATION
	9
	9
	0
	0
	p = .01

	DIVISION
	6
	6
	0
	0
	p = .05

	MONEY
	8
	8
	0
	0
	p = .01


Second Study

History: The second study involved field-testing the first portion (Unit 1) of Above & Beyond among 103 high school students enrolled in life skills curriculum programs. Unit 1 skills curriculum programs. Unit 1 pertains to concepts and skills related to counting, modeling, addition, and subtraction within the set of numbers 0 to 10.

Results: The table below shows the learning progress of 103 students with disabilities (7 with severe MR, 73 with MOMR, 17 with MIMR, and 6 with no classification).

	
	# pretesting 

at or above Unit 1 skill level
	# pretesting below

 Unit 1 skill level 
	# instructed
	# 

showing improvement

from instruction
	# 

showing no change

after instruction
	Statistical

significance

	COUNTING TO 10


	64
	39
	39
	20
	19
	p < .001

	MODELING TO 10


	25
	78
	78
	56
	22
	p < .0000001

	ADDING

(sums ≤10)


	54
	49
	12
	11
	1
	p < .01

	SUBTRACTING

(minuends ≤ 10)


	35
	68
	20
	19
	1
	p < .001


As expected, students varied greatly in their ability to learn. With that fact in mind, we can draw some tentative conclusions from the data presented in the table.

1. 51% of students instructed in counting to 10 were successful. 49% were unsuccessful. It is at this early stage of instruction that students who may be unable to benefit from the program are identified. Some of these students may learn these skills after a longer period of instruction, but progress, if there is any, will be slow.

2. It is assumed that many students had no prior instruction in modeling (representing numbers with physical materials), so this skill was probably new to them. Of those students who were instructed in modeling to 10, 72% were successful and 28% were unsuccessful. The 28% includes students who were unable to count to 10.

3. The success rate for students who were instructed in addition and subtraction is high, 92% and 95% respectively. Students who are able to master the basic skills of counting and modeling to 10 are likely to benefit from instruction in more complex skills.
Third Study

Ongoing: Now that Above & Beyond is finished, it is being used in other classrooms in Arizona, Maryland, Pennsylvania, Massachusetts, Maine, Kentucky, New Hampshire, Wyoming, and Hawaii. The third study, current, ongoing, and long-term, is designed with randomized controlled trials (RCT). It involves eight classrooms (grades 1-8) with about 100 students with developmental disabilities and autism. Initial data will probably be available by summer 2008.
Literature Review: Expeditions to Numeracy
Expeditions to Numeracy uses research-based instructional principles that have been shown to result in increased student achievement. These principles include the following: 
	Research-Based Principles


	Evidence in Expeditions to Numeracy

	Active Engagement

(Caine, Caine, McClintic, & Klimek, 2004)
	Students are engaged in activities which focus on concept-based tasks which will increase their mastery of those concepts

	Computation and Computational Fluency
(Gravemeijer & Galen, 2003; Fuson, 2003; Jones, Wilson, & Bhojwani, 1997)
	Students progress through the basic skill-building concept for each operation using manipulatives, pictorial representations, and symbolic representations until they are comfortable using both transitional and standard algorithms; Teachers identify various entry points in each concept; Place value and all four operations through addition and subtraction of multi-digit numbers, multiplication of two-digit numbers through 1000+, and division by one-digit divisors (multi-digit dividends) through 1000+ using concrete models, pictures, and both transitional and standard algorithms are included

	Connections Among Math Concepts

(Fravemeijer & van Galen, 2003; Fuson, 2003)
	Expeditions facilitates students’ connections between and among the concepts of place value, addition, subtraction, multiplication, division, and decimals (in the context of money)

	Constant time delay, peer tutoring, time trials, direct instruction on computation and problem solving skills 

(Butler, Miller, Lee, & Pierce, 2001)
	Direct instruction is used for the introduction of each concept/skill, providing continual student practice using a variety of modes (manipulatives, pictures, symbols); Problem solving is enhanced as students use the Proficiency Park and Word Problems sections to apply their newly-learned skills

	Constructivism

(Hudson, Miller, & Butler, 2006; Cawley, 2002; Cawley & Miller, 1989)
	Students construct understanding of each concept through the use of base-10 manipulatives as they work towards a formal understanding of place value and its connection to both transitional and traditional algorithms for the four operations and value-counting money 

	Curriculum Coherence and Articulation

National Research Council, 2002
	Connections between lessons and concepts make possible the increasingly rigorous development of ideas; Students are challenged to learn increasingly more sophisticated mathematical ideas as they progress through the activities; In addition, connections are made to prior learning to facilitate long-term retention and fuller understanding

	Direct Instruction

 (Witzel, Mercer, & Miller, 2003; Carnine, 1997; Tarver, 1996)
	Lessons are explicit, sequential, and broken down into small increments presented by the teacher followed by student practice of each skill
NOTE: See “Teacher-Led Instruction” below

	Distributed Practice and Motivation

(Fuson, 2003; Garnett, 1998)
	Ongoing practice is provided as a basis for all instruction, learning, and maintenance of skills; Activities are on-level with the skills being learned, and an element of “fun” is integrated through games and activities the students enjoy; These three elements, practice, connections, and fun, provide a high level of motivation for the students to learn as a result of success and enjoyment

	Frequent Assessment

(Fuchs, 1995; Peckham & Roe, 1977)
	Pre-tests allow teachers to determine which skills to teach and which to skip; The assessments are repeated after each exploration to determine mastery of the specific concept; Anecdotal records allow teachers to track ongoing progress for each activity

	Incremental Instruction

(Fuson, 2003; Gersten & Chard, 1999)
	Each concept/skill is broken down into specific learning objectives which are introduced sequentially: Practice is carefully designed to assist students in attaining computational fluency during initial instruction, thereby avoiding student misconceptions which must be addressed later; Each concept/skill is broken down into a logical sequence which allows the student to work as long or as briefly as needed.

	Memory

(Medina, 2008; Caine, Caine, McClintic & Klimek, 2004; Kroesbergen & Van Luit, 2003; Gagnon & Maccini, 2001; Goldman, et. al., 1997; Miller & Mercer, 1997; Mercer & Lane, 1996)
	Some lessons may take just a few minutes while others may go on for a few days, allowing students the time they need to commit their learning to memory; Ongoing practice and the use of various modes for instruction (manipulatives, pictures, symbols) allows students to make mental connections, supporting iincreased memory; connections among concept/skills suppprt long-term retention.timely matter to increase long-term memory and retention

	Multiple Representations

(Monk, 2003; Marzano, 2001)
	A variety of representations are used for each concept including graphic representations, physical models, mental pictures, drawn pictures, and kinesthetic activities, which promote the acquisition of and elaboration on knowledge

	Number Sense

(Fuson, 2003; Fennel & Landis, 1994)


	The sole focus of Expeditions is to build a strong sense of number through the place value system and to tie that understanding to the implementation of the four operations so that students can apply their mathematical understanding to real life situations and to working with money; Decimals are also explored as an extension of the place value system in the context of money

	Practice & Repetition

(Fuson, 2003; Sood & Jitendra, 2007; Mayfield & Chase, 2002)
	As each concept/skill is introduced and developed, the students approach the thinking from a variety of vantage points (manipulatives, pictures, symbols) and have opportunities to practice those skills; in addition, repetitive practice is provided for all skills/concepts introduced through card and dice games and other interactive activities in Proficiency Park which increases fluency (speed, accuracy, mastery, flexibility).

	Problem Solving & Strategy Use

(Butler & Lauscher, 2005; Fuson, 2003; Miller & Mercer, 1997; Montague, 1991)
	Students engage in ongoing problem solving in the context of numbers and operations through the use of manipulatives, pictures, and symbols to represent their mathematical thinking; in addition, the Word Problem section is included in Proficiency Park to facilitate the practice of the skills/concepts learned through a variety of contexts as well as to provide opportunities for students to develop strategies for solving context problems

	Reasoning & Communication

(Yackel & Hanna, 2003; Lampert & Cobb, 2003)
	Students are encouraged to explain their thinking to one another as well as to the teacher, thereby revealing their reasoning to the teacher and clarifying their ideas for themselves (“…the process by which a knower comes to know,” says von Glasersfeld)

	Sequence

(Whitehurst, 2003; Darch, Carnine, & Gersten, 1984)
	Lessons are sequenced in a logical, systematic way to enhance students’  understanding of each concept

	Setting Objectives & Providing Feedback

Marzano, 2001; Wiggins, 1993; Hattie, 1992; Kulik, Kulik, & Morgan, 1991)
	Lessons set specific, measurable objectives; The teacher is prompted to state the objectives to the student(s) and to provide corrective, timely, specific, and personal feedback to students based on those objectives which is corrective 

	Teacher-led instruction, explicit performance expectations, prompting, structured practice, achievement monitoring, corrective feedback

(Woodward, 2004; Woodward & Montague, 2002; Jones, Wilson, & Bhojwani, 1997)
	Lessons are teacher-led as students perform explicit tasks tied to specified learning outcomes; teacher prompts are included to allow for structured practice of each math objective; lesson learning outcomes enable teachers to provide corrective feedback at each step


Content-Based Research – Expeditions to Numeracy
Expeditions to Numeracy will be the focus of several scientific studies beginning in the spring of 2008 and continuing through the 2008-2009 school year. A description of each follows.

First Study
During the Spring of 2008, a Math Intervention Pilot Study with students in special education will be conducted in Chester Community Charter School, Chester, Pennsylvania. This study will be continued during the 2008-2009 school year.
Participants: 48 students with IEP designations for generalized learning disabilities in grades 2 through 4 will be selected based on (1) resource room placement and (2) Terra Nova math test scores ranging from the 1st to the 35th percentile. Students will be placed based through a stratified, random sampling method into one of two math intervention programs: (1) Direct Instruction, and (2) Expeditions to Numeracy.  

Measures: Two measures will be used before and after intervention with students in both intervention groups. They are: (1) the Weschler Individual Achievement Test (WIAT) math test, and (2) Expeditions program generalized mathematics achievement test. Curriculum based measurements will be utilized for both groups after each unit is completed within their respective curricular programs.

Procedures: Students will receive 28, one-hour instructional sessions in either the Expeditions program or the current program used. Sessions will occur on a daily basis when school is in session. Students will be tested before and after the intervention period on the measures listed above. The instructional program will follow a Tier 2 response to intervention (RTI) model.

Timeline: Subject selection, teacher selection and subjects’ random condition placements will take place by March 27, 2008.  Teacher training will take place on April 16 through April 18. Pre-testing of subjects will take place by April 27. Intervention sessions will start on April 28, and continue through June. Post-testing will take place during the second week of June.

Second Study

During the summer of 2008, Expeditions to Numeracy will be the exclusive program used during a four-week intensive summer school math program in Phoenix, AZ. 

Participants: Twelve second-grade students will be identified for participation in the program based on at-risk status from the following math assessments: (1) Terra-Nova, , (2) Galileo , and (3) classroom based measures. 

Measures: The Expeditions to Numeracy program generalized mathematics achievement test will be administered at the end of intervention. Curriculum based measurements will be utilized after each unit completed. Teacher anecdotal records will also be included.
Procedures: Students will receive 36 hours of instruction, four days per week for four weeks using Expeditions to Numeracy. They will be tested before and after the intervention period on the measure listed above.

Timeline: Student selections will take place by May 15, 2008. Teacher training will take place between May 25 and June 4. Pre-testing of the students will take place by June 3. Intervention sessions will start on June 4. Post-testing will take place during the last week in June.
Third Study

2008-2009: During the 2008-2009 school year, Expeditions to Numeracy will be used in a content-based study to examine the effectiveness of all program components including the assessments, primary learning activities, supplemental learning activities, and professional development modules. This study will involve nineteen schools in Arizona and Pennsylvania and will include students from the regular classroom, intervention, and special education settings. 

Participants: Students in grades K-4 will be selected for participation in this study based on their classroom performance and standardized test data. Some groups will be composed of students with IEPs while other groups will consist of students functioning below grade-level but not enrolled in special education programs.

Measures: Standardized test data will be used to show growth for students in grades 2-4. The Expeditions program generalized mathematics achievement test data will also be administered. In addition, curriculum based measurements will be utilized for all groups after each unit is completed. Teacher surveys will provide anecdotal feedback.

Procedures: Students will receive three to five instructional sessions per week for fourteen weeks from the Expeditions program. In addition, selected schools will continue in the study for another fourteen weeks.

Timeline: Subject selection, teacher selection, and subjects’ placements will take place by August 25, 2008. Teacher training will take place by August 29. Pre-testing of subjects will take place by September 5. Intervention sessions will start on September 8 and continue through December 12. Post-testing will take place during the week of December 15. Selected schools may continue in the program through June, 2009. Teacher surveys will be conducted monthly beginning in August, 2008 and continuing through June, 2009.

Fourth Study

2008-2009: Expeditions to Numeracy will also be used as the primary curriculum component with schools that are involved in a study examining implementation of Response to Intervention (RTI) math practices. 
Participants: This study will involve schools in PA and AZ whose general and special education teachers and students are using Expeditions to Numeracy with students K-4. 

Measures: Pre-, ongoing, and post-surveys will be administered to teachers and staff.

Procedures: The pre-survey will give baseline information about participants (teachers, math specialists, etc), classroom (resource, inclusive group, 1-1, after school tutoring), assessment information (use for classification/placement), professional development, demographics, and students (age, grade, classification, if possible Terra Nova and/or Dual Purpose scores). The ongoing survey gathers monthly information on use of Expeditions (use and feasibility). Other ongoing queries are on assessment and professional development. The post-survey would follow up with participant identification (teachers, math specialists, etc) and student performance (Terra Nova and/or Dual Purpose scores; this includes global query about areas of need for implementation such as professional development, support, assessment, program. 
Timeline: Pre-survey (August 2008); Ongoing survey (September-December 2008) will be repeated monthly, so that teachers can anticipate giving feedback on each topic of Expeditions. Post Survey (June 2009).







