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Project Summary

Every child enters a classroom with different experiencesand skills. The purpose of the
experimental |1 Sl-Science study is to gain a better underganding regarding how thes differences
among children affect the impact of science and literacy instruction on their science and literacy
learning (child-by-instruction interactions), eecially in lower elementary grades For some
students, knowledge gained from science activitiescan be limitedby literacy and vocahlulary skills,
whereassome science activitiesfurther develop their science and literacy skills. The purpose of this
study is to develop an individuaized science curriculum (present through 2009) that can be eadly
tailoredto studentsGindividual learning needs. We will then teg the efficacy of the curriculum,
comparedto abusiness-asusual control in 2010, to teg the causal implications of individuaized
scienceinstruction and child by instruction interactions. Semnd grade teachersin the treatment
group will learn how to individualize science instruction, use A2i to plan and implement effective
scienceinstruction for all students, and organize their classrooms and science instructional activities
to ensure optimal readng and science learning for all students. Control group teacherswill receive
professional development on effective literacy and science instruction and will receive the A2i
software and training the following year. StudentsOscience, math, and readng skillswill be assessed in
the fall, winter and spring and teachersOclasroomswill be video-taped to monitor fidelity and the
scope and sequence of ISl science. Broader i mplementation, including the randomizedfield trial, will
begin in the coming school years. The resarch team hasappliedfor additional funding from the
Institute of Education Sciencesand the National Science Foundation to expand the study.

Rationale

The purpose of thisstudy isto examine the effect of child by instruction interactions on
science and literacy learning. Our correlational research (Connor, Rice, Thomaset al., 2008) has
indicated that childrenOsscience learning depends on their initial vocakulary and badground
knowledge skills. This means that specific typesof science instructional activities such asinquiry-
based or hands-on science activities are less opportune for children with weaker vocahulary skills. At
the same time, for children with stronger vocahulary skills, these kinds of activitiesare
systematically relatedto stronger science learning. For example, children who started second grade
with weak vocalulary scores made no gainsin science knowledge, regardless of how much time they
spent in inquiry-based hands-on science activitieswhereaschildren with average to strong vocahulary
skills demonstrated substantial science knowledge gains. Additionally, specific typesof science
activities such asreadng science text, are asociatedwith stronger literacy skill development.
However, these reallts are based on correlational evidence.

The Individualized Student Instruction (1Sl) curriculum is being developedfor science
(I1SI-Science) and isbased on the 5-E learning cycle of engagement, exploration, explanation,
elaboration, and evaluation (Bybee, 1997). The curriculum is designed to be easy to tailor to
studentsQindividual leaning needs. The efficacy of the curriculum will be comparedto matched
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business-asusud control groups. Teacherswill be abe use the curriculum along with a newly adapted
software program, | Sl-Science that will recommend amounts and typesof science instruction for
each student in the clasroom, based on assessments of the student. Usedsuccesfully to support
studentsOreadng growth (Connor, Morrison, et al., in review), we will design ISI-Science to have the
flexibility to beindexedto any evidence-based science curriculum using multiple dimensions. These
dimensions capture the various agpects of inquiry or project-based science (Krajcik et al., 1998;
Palincsar et al., 2000) aswell asthe important role of reading science text (Williamset al., 2005).
What is extraordinary about thistool isthat it developsinstructional recommendations for each
student, including groups for the explore, explain, and elaboration phasesof the 5-E Learning Cycle.
Thisisarevolution in differentiatedinstruction that hasbeen experimentally tegedfor efficacy in
readng, but not science instruction.

Research Questions
The ressach quedions guiding this development project include:

1. What are the salient dimensions that comprise effective science instruction in second grade and
how do they affect childrenOsscience conceptual knowledge, vocabulary and readng skills?

¢ Instruction Management D Teacher-, teacher/child-, peer-, and child-managed

¢ Instruction Format D lecture, discussion, inquiry

¢ Student Grouping 1) Whole-class versus small group; 2) Homogeneous versus heterogeneous
skill-based grouping
Use of Text Breadng, writing, strategy (i.e., explicit teaching of comprehension)
Topic BDBreadh versus depth
Knowledge Type D Declarative versus procedural knowledge
Teacher warmth and regponsiveness to students
Organization and clasroom management

¢ Others?
2. In what ways doesthe effect of science instruction depend on specific child characteristics? In
other words, what are the key child X instruction interactions that affect science content and literacy
leaning?

L 2R R R R 2

+ Using the Learning Cycle asaframework, doesproviding more teacher/child-managed
instruction for those children with weaker vocakulary skills while providing more child-
managedinstruction and greater expectations for independent inquiry for those students with
stronger vocahulary skillsincrease science learning for children? Doesthis science learning
differ among students with varied levels of vocahlulary, badkground and science knowledge as
measuredby comparing assessed conceptual knowledge on pre- and post-unit assesments,
accounting for maturation and teging effects?

+ Do the child X instruction interactions observedfor the skill of readng in general apply to
the readng of expository science text and learning science content and gaining conceptual
knowledge?Doesreadng science texts (at or just above childrenOsasessed current readng
skill level) and setting amounts of teacher/child-managed and child-managed text readng
during CExplainOsessions of the Learning Cycle leadto improvedword readng and readng
comprehension skills and science knowledge for children with a range of readng ahilities
based on pre- and post-unit readng and science assessments? Can we design effective
individualized science instruction to take these interactions into consideration?

+ Doesindividualizing science instruction increase science conceptual knowledge and readng
comprehension over the school year relative to a matched control group of children who did
not receive individuaized science instruction (i.e., causal implications)?

+ How effectiveisISI-Sciencein improving studentsCscience and literacy outcomescompared
to a randomly selected control group?
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+ How might we address other child X instruction interactionswe find aspart of question 1 to
make science instruction effective for children with arange of skills and ahilities?

3. How can we support teachersOefforts to implement effective individualizedscience instruction?

+ Basd on observations of and feedback from our cooperating teachers and the lates in other
ongoing science and literacy research, what are the crucial skills for effectively individualizing
scienceinstruction?

+ How can technology, specifically web-based teacher planning tools and curricuum materials
incorporatedinto 1SI-Science, support teachersOefforts to individualizeinstruction?

Quasi-experimental Design during Development (Years 1-3)

We will useiterative pre-post and match control desgnsto tes the ongoing efficacy of our
model units, and the lessons within them, aswe develop the ISI-Sdence intervention to be used in the
RandomizedControl field trial (desribed below). In thisway, we can begn to examine the efficacy of
ISI-Science and make informed modifi cations during development. We will also observe teachers
implementing ISI-Sdence and interview teachers, students, and school leadership regarding the
usability of 1SI-Science,

Florida Center for Research in Science, Technology, Engineering and Mathematics

[ IPRUUCIN D ISRPISY B DUR SRR DI R [ [ SO PR U,



Research Project
INDIVIDUALI ZING K-3 SCIENCE INSTRUCTION
TO PROMOTE READING AND SCIENCE LEARNING

Randomized Control Field Trial Research Design (Y ears4-5)

Second grade teachers (n = 30 per group, 60 total, which provides statistical power to find
treatment effects of .25 or greater) and their studentswill be randomly assigned to treatment or wait-
list control conditions. Treatment teachers will receive training in how to implement ISI-Sdence; the
control teacherswill receive the training and will use ISI-Science the following year. 1SI-Science has
the flexibility to be indexedto any evidence-based science curriculum using multiple dimensions.
These dimensions capture the various agpeds of inquiry or project-based science (Krajcik,
Blumenfeld, Marx, Bass, & Fredericks, 1998; Palincsar, Collins, Marano, & Magnusson, 2000) aswell
asthe important role of readng science text (Williamset al., 2005). StudentsOscience and readng
skillswill be assessed in the fall, winter and spring and before and after each |SI-Science unit.
TeachersCclassroomswill be video-tapedto monitor fidelity and scope and sequence of ISI science.

Districts/School /T eachers Recruited

We are piloting the study in second grade and have recruitedall five teachers and one science
specialist teacher at one local school. We enrolled 98 studentsin the study and have completedthe
baseline fall assessment of readng and science achievement. We have completed videotaping and
pre-post achievement teging of baseline science instructional practices

ISl Science Development Status

ISI Sdence will focus on individuaizing science instruction through intentional student
groupings based on childrenOs/ocakulary and word-readng skills. Ultimately 1SI-Science units will be
accessed from the web. 1SI-Science utilizesthe 5-E learning cycle (Bybee 1997), which isawell
regarded structure for teaching science units. Students will work in cooperative learning groups to
lean the science lesson (seeexample ISI-Sciencelesson plan). Expository and fictional texts
regarding the science topic will beintegratedinto the ISI-Sdence Lesson. The software will assist
teachers in grouping the students appropriately and providing the structure for the lesons to be
tawght. Additionally, the software will include a resource bank that will guide teachers to appropriate
leaning cycle activitiesand texts related to their topic asindexedby the resarch team. Overall use
of the ISI-Sdence software and teachersOtreatment fidelity will be trackedand analyzed Student
assessment datawill be uploaded asappropriate to update the learning groups and recommend readng
texts for each child. At thistime, Initial draft screenshots have been developed

M easur es
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Student, Teacher, and Classroom Measures

Targeted Construct

Measure/ Subtest

Assessment

Student science general knowledge

PIAT-R/NU Genera Information
W11 NU Academic Knowledge
ITBS Science

fal/winter/spring

Student Science Unit specific
knowledge

Science Unit Content Knowledge

pre-post each Unit

Student word reading

PIAT-R/NU Reading Recognition
WX NU Letter-Word Ident.

fdl/winter/spring

Student ora reading fluency

DIBELS Oral Reading Fluency

pre-post each Unit

Student vocabulary

WU NU Picture Vocabulary
ITBS Vocabulary

fal/winter/spring

Student reading comprehension

WJ11 NU Passage Comp.

fal/winter/spring

Student math problem-solving ITBS Math Problems fdl/spring
Student socia skills SSRS b Teacher Version winter

SSRS b Parent Version
Student self-regulation SSRS D Teacher Version Winter

SSRS b Parent Version Winter

HTKS fdl/spring
Classroom: Identifying Dimensions | Videotaped class observations and Weekly during each
of instruction dimension coding scheme unit

Teacher fidelity and innovation Videotaped class observations Weekly during each
implementing the I Sl-science unit
protocol Teachers use of 1S -science Collected constantly
Instruction: Distancefrom ISl Videotaped class observations Weekly during each
recommended amounts unit
Teachers use of 1S -science Collected constantly

Note. TDQ = Teacher Demographic Quedionnaire; TKQ = Teacher Science and Literacy Knowledge
Quedionnaire; TTPIQ = Teacher Technology, Planning, and Instruction Quegionnaire; TBQ =
Beliefsand PracticesQuedionnaire; PIAT R/NU = Peabody Individua Achievement Tes D Revised,
Normative Update; WJ-I1I NU BWoodcock-Johnson |1l Normative Update; | TBS = lowa Teg of
Bagc Skills, DIBELS = Dynamic Indicators of Basc Early Literacy Skills, SSRS = Sacial Skills Rating
System; HTKS = Head ToesKneesShoulders * Relialility esimate not yet assessed or is reported
for the measureinits original form; Year 1 datawill egaldish modifiedform reliaklity.

Teacher Surveys and Interviews. Participating teachers will complete several questionnairesand
attend monthly meetings. The quegionnairesand interviews are intended to probe a variety of
teachersObeliefs, knowledge, current instructional practices and obtain general demographic
information. Reseach staff will administer each meaaire and will record teacher interviews.

1. Teacher Demographic & Background Knowledge Questionnaire (TDQ). MeasiresteachersO
experience teaching, credentials, and educational badkground.

2. Teacher Science and Literacy Knowledge Questionnaire. Adapted from our Teacher Knowledge
Survey to assess teachersQunderstanding of important science and literacy concepts. It includes
underganding of the scientific process, ahility to describe and predct natural phenomena, to
evaluate statements regarding misconceptions, etc.

3. Teacher Technology, Planning, and Instruction Questionnaire (Adapted from for 1S Goal 2
study). Assesses teachersQattitudes and beliefs about technology, planning, and individualizing
instruction.
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4. Beliefs and Practices Questionnaire (TBQ, Adapted from). MeasuresteachersQOgeneral literacy
curriculum, individualization, warmth/regonsivity, discipline, and management in the clasroom.

5. Teacher Efficacy. MeasuresteachersOresponsiveness to changing their science instructional
practicesand their beliefs asto whether or not all children can learn higher-order conceptual
knowledge. Also being considered for the proposedstudy is the Science Teacher Efficacy Belief
urvey (STEBI-A) requently used in studiesof science teaching self-efficacy.

6. Teacher Interviews. Open-ended opportunitiesto speak individually and collectively with
teachers to be conducted at leag three timesper year, fall, winter and spring and after each unit is
piloted. Feedbadk will beincorporatedinto the ISI-Sdence protocols. Interviewswill be
videotaped, transcribed, and used to triangulate and guide the videotaped classroom observation
data and coding system.

Student Assessments. A combination of standardized tess and progress monitoring assessments will
be used to meagure studentsGscience and literacy (reading and writing) skillsand to monitor their
academic progress throughout the school year. Studentsin the collaborating teachersOclasroomswill
be asessed in the fall, winter, and spring on key outcome measuresaswell aspre- and post- science
units whenever an ISI-Sdence science unit isimplemented.

1. Student Demographic Data. Collectedusing school database records and parent report,
including: gender, ethnicity, free and reduced-lunch status, ELL status, ESE status, number of
prior grade retentions, prior SAT-10 scores oral reading fluency data collected by the district,
family size, parent education, home literacy environment (number parent/child readng events
per day).

2. Academic Achievement. For the study, selected subtests from widely used academic
achievement meadureswill be employed Pleas refer to the tabe below for the technical
gualitiesof the measuresand the selected subtegds.
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The following assessments will beadministeredin the fall, winter and spring.
=  Peabody Individual Achievement Test — Revised, Normative Update (PIAT-R/NU::
1) Gereral Information: Measiresa studentOsOgneral encyclopedc knowledgeO
2) Readng Remgnition: Measiresa studentOsral readng of individual words (not in
context).
= Woodcock-Johnson III Normative Update (WJ-III)
1) Academic Knowledge: Subted cluster scoresprovide an indicator of knowledgein the
sciences history, geography, government, economics, art, music, and literature.
2) Letter-Word Identification: AssessesstudentOral reading of individual words (not in
context).
3) Passage Comprehension: Reaquiresthe student to identify an appropriate missing key
word that will make sense in the context of the given passage.
4) Picture Vocahulary: Requiresthe student to identify pictured objects with an appropriate
common name to meadure oral language and |exical word knowledge.

= Jowa Test of Basic Skills (ITBS).
1) Science: Assesses knowledge of life science, earth science, and space science aswell asthe
methods and process skills used in science invedigations.
2) Vocahiary: Requiresthe student to choose the printedword that correctly identifiesa
displayed picture (nouns, verbs, and modifiers).

= Self-Regulation. Individualizing student instruction relies in part, on students working
independently and in small groups and a student@ capacity for self-regulation can be
supportive or detrimental to this process. Sef-regulation will be asessed using the Social

Skills Rating System B Parent and Teacher Versions (SSRS) aswell asthe Head-ToesKnees

Shoulders tak (HTKS).

1) Social Skills Rating System (SSRS): Widely used standardized assessment of a range of
social skills, including self-regulation.

2) Head-Toes-Knees-Shoulders (HTKS): Direct meadure of behavioral regulation which was
adaptedfrom work by McCabe and colleagues associatedwith academic achievement. The
tak taps childrenOsehavioral regulation by recuiring them to integate attention,
working memory, and inhibition and is associatedwith academic achievement.

Thefollowing assessments will be administer ed before and after each Unit is
implemented
*  Dynamic Indicators of Basic Early Literacy Skills (DIBELS): Formative asessment of the
skills requiredfor fluid readng and comprehension.
1) Oral Reading Fluency: A one-minute timedtask whereby students are askedto readaloud
from grade-level connectedtext.
= Unit-specific science content knowledge. Developedaspart of the ISl protocol and
designed to tes breadh and depth of science facts and critical thinking skills.

External Funding

We submittedagoal 2 development proposal to the US Department of Education, Institute
for Education Sciences(IES) for 1.5 million dollars and a Research and Development proposal to the
National Sdence Foundation for 4 million dollars over five years. This adlitional funding would
allow us to develop and pilot additional 1SI-Sdence Learning Cycle Units for use by teachers through
the ISI-Scienceinterface and to fund the extension of the study to additional teachers for alarger
sample size.
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Timeline

We are currently focusing on researching, developing, and piloting the intervention.
Sgnificant progress hasbeen made developing the individualizedstudent instruction in science
curriculum, which we are calling 1SI-Science. Working with 6 second grade teachers, including a
science specialist, we have developedthe overall leson organization using the 5-E leaning Cycle
(Bybee 1997). We have observed teachersQcurrent practice (fall 2007) and will pilot our first ISI-
Science lesson on the sun and moon in April 2008.

Major Activitiesfor 2007-08 school year
o Continue to index the school science curriculum using the dimensions of science instruction
and I1SI-Sdence learning cycle instructional model
o Pilot ISI-Sdence Intervention of one science unit using pre- post-test comparisons
o Develop and pilot one additional ISI-Science unit.
o Continueinitial development of the ISI-Sdence interface with pilot teachers.

Refer ences

Bybee, R. W. (1997). Achieving science literacy. From purposes to practice. Portsmouth, NH: Heinemann.

Connor, C. M., Morrison, F. J., Fishman, B. J., Schatschneider, C., & Underwood, P. (in review). Algorithm-
guided reading instruction yields stronger first grade student reading.

Connor, C. M., Rice, D. C., Thomas, A., Underwood, P., Glasney, S. L., & Morrison, F. J. (2008). More
Science in elementary school: Help or hindrance to studentsCOreading development? Manuscript in review,
Journal of Educational Psychology.

Kracik, J., Blumenfeld, P. C., Marx, R. W., Bass, K. M., & Fredericks, J. (1998). Inquiry in project-based
science classrooms: Initial attempts by middle school students. Journal of the Learning Sciences, 7(3&4),
313-350.

Palincsar, A. S., Collins, K. M., Marano, N. L., & Magnusson, S. J. (2000). Investigating the engagement and
learning of students with learning disabilities in guided inquiry science teaching. Speech, Language, and
Hearing Services in Schools, 31(3), 240-251.

Williams, J. P., Hall, K. M., Lauer, K. D., Staford, B., DeSisto, L. A., & deCani, J. (2005). Expository text
comprehension in the primary grade classroom. Journal of Educational Psychology, 97(4), 538-550.

Florida Center for Research in Science, Technology, Engineering and Mathematics

[ IPRUUCIN D ISRPISY B DUR SRR DI R [ [ SO .- PR U,



