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Project Summary 
 

 Every child enters a classroom with different experiences and skills.  The purpose of  the 
experimental ISI-Science study is to gain a better understanding regarding how these differences 
among children affect the impact of science and li teracy instruction on their science and li teracy 
learning (child-by-instruction interactions), especially in lower elementary grades.  For some 
students, knowledge gained from science activi ties can be limi ted by li teracy and vocabulary skills, 
whereas some science activi ties further develop their science and li teracy skills.  The purpose of  this 
study is to develop an individualized science curriculum (present through 2009) that can be easily 
tailored to studentsÕ individual learning needs. We will then test the efficacy of the curriculum, 
compared to a business-as-usual control in 2010, to test the causal implications of  individualized 
science instruction and child by instruction interactions. Second grade teachers in the treatment 
group will learn how to individualize science instruction, use A2i to plan and implement effective 
science instruction for all  students, and organize their classrooms and science instructional activi ties 
to ensure optimal reading and science learning for all students. Control group teachers will receive 
professional development on ef fective li teracy and science instruction and will receive the A2i 
sof tware and training the following year. StudentsÕ science, math, and reading skills will be assessed in 
the fall , winter and spring and teachersÕ classrooms will be video-taped to moni tor fideli ty and the 
scope and sequence of ISI science. Broader implementation, including the randomized field trial, will 
begin in the coming school years. The research team has applied for additional funding from the 
Insti tute of Education Sciences and the National Science Foundation to expand the study. 

Rationale 
 
 The purpose of this study is to examine the ef fect of  child by instruction interactions on 
science and li teracy learning. Our correlational research (Connor, Rice, Thomas et al., 2008) has 
indicated that childrenÕs science learning depends on their ini tial vocabulary and background 
knowledge skills. This means that specifi c types of science instructional activi ties, such as inquiry-
based or hands-on science activi ties, are less opportune for children with weaker vocabulary skills. At 
the same time, for children with stronger vocabulary skills, these kinds of  activi ties are 
systematically related to stronger science learning.  For example, children who started second grade 
with weak vocabulary scores made no gains in science knowledge, regardless of how much time they 
spent in inquiry-based hands-on science activi ties whereas children with average to strong vocabulary 
skills demonstrated substantial science knowledge gains.  Additionally, specifi c types of  science 
activi ties, such as reading science text, are associated with stronger li teracy skill development. 
However, these results are based on correlational evidence.  
 

 The Individualized Student Instruction (ISI) curriculum is being developed for science 
(ISI-Science) and is based 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 
studentsÕ individual learning needs.  The efficacy of  the curriculum will be compared to matched 
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business-as-usual control groups.  Teachers will be able use the curriculum along with a newly adapted 
software program, ISI-Science that will recommend amounts and types of  science instruction for 
each student in the classroom, based on assessments of the student.  Used successfully to support 
studentsÕ reading growth (Connor, Morrison, et al., in review), we will design ISI-Science to have the 
fl exibili ty to be indexed to any evidence-based science curriculum using multiple dimensions. These 
dimensions capture the various aspects of inquiry or project-based science (Krajcik et al., 1998; 
Palincsar et al., 2000) as well as the important role of reading science text (Williams et al., 2005).  
What is extraordinary about this tool is that i t develops instructional recommendations for each 
student, including groups for the explore, explain, and elaboration phases of the 5-E Learning Cycle. 
This is a revolution in differentiated instruction that has been experimentally tested for ef ficacy in 
reading, but not science instruction.   
 
Research Questions 
The research questions guiding this development project include:  
 
1.  What are the salient dimensions that comprise effective science instruction in second grade and 
how do they af fect childrenÕs science conceptual knowledge, vocabulary and reading skills? 

 Instruction Management Ð Teacher-, teacher/child-, peer-, and child-managed 
 Instruction Format Ð  lecture, discussion, inquiry 
 Student Grouping Ð 1) Whole-class versus small  group; 2) Homogeneous versus heterogeneous 

skill-based grouping 
 Use of Text Ð reading, wri ting, strategy (i .e., explicit teaching of  comprehension) 
 Topic Ð Breadth versus depth 
 Knowledge Type Ð Declarative versus procedural knowledge  
 Teacher warmth and responsiveness to students 
 Organization and classroom management  
 Others? 

2.  In what ways does the ef fect of  science instruction depend on specifi c child characteristics? In 
other words, what are the key child X instruction interactions that affect science content and li teracy 
learning? 
 

 Using the Learning Cycle as a f ramework, does providing more teacher/child-managed 
instruction for those children with weaker vocabulary skills while providing more child-
managed instruction and greater expectations for independent inquiry for those students with 
stronger vocabulary skills increase science learning for children?  Does this science learning 
differ among students with varied levels of  vocabulary, background and science knowledge as 
measured by comparing assessed conceptual knowledge on pre- and post-uni t assessments, 
accounting for maturation and testing ef fects? 

 Do the child X instruction interactions observed for the skill  of  reading in general apply to 
the reading of exposi tory science text and learning science content and gaining conceptual 
knowledge? Does reading science texts (at or just above childrenÕs assessed current reading 
skill level) and setting amounts of teacher/child-managed and child-managed text reading 
during ÒExplainÓ sessions of the Learning Cycle lead to improved word reading and reading 
comprehension skills and science knowledge for children with a range of  reading abili ties 
based on pre- and post-uni t reading and science assessments? Can we design effective 
individualized science instruction to take these interactions into consideration? 

 Does individualizing science instruction increase science conceptual knowledge and reading 
comprehension over the school year relative to a matched control group of  children who did 
not receive individualized science instruction (i .e., causal implications)? 

 How effective is ISI-Science in improving studentsÕ science and li teracy outcomes compared 
to a randomly selected control group?  
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 How might we address other child X instruction interactions we find as part of  question 1 to 
make science instruction ef fective for children with a range of skills and abili ties? 

 
3. How can we support teachersÕ efforts to implement effective individualized science instruction? 

 Based on observations of  and feedback from our cooperating teachers and the latest in other 
ongoing science and li teracy research, what are the crucial skills for ef fectively individualizing 
science instruction? 

 How can technology, specifi cally web-based teacher planning tools and curriculum materials 
incorporated into ISI-Science, support teachersÕ efforts to individualize instruction? 

 
Quasi-exper imental Design dur ing Development (Years 1-3) 
 
 We will use i terative pre-post and match control designs to test the ongoing efficacy of  our 
model uni ts, and the lessons within them, as we develop the ISI-Science intervention to be used in the 
Randomized Control fi eld trial (described below). In this way, we can begin to examine the ef ficacy of  
ISI-Science and make informed modifi cations during development. We will also observe teachers 
implementing ISI-Science and interview teachers, students, and school leadership regarding the 
usabili ty of  ISI-Science.  
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Randomized Control Field Tr ial Research Design (Years 4-5) 
 
 Second grade teachers (n = 30 per group, 60 total, which provides statistical power to find 
treatment effects of  .25 or greater) and their students will be randomly assigned to treatment or wait-
list control conditions. Treatment teachers will receive training in how to implement ISI-Science; the 
control teachers will receive the training and will use ISI-Science the following year. ISI-Science has 
the fl exibili ty to be indexed to any evidence-based science curriculum using multiple dimensions. 
These dimensions capture the various aspects of inquiry or project-based science (Krajcik, 
Blumenfeld, Marx, Bass, &  Fredericks, 1998; Palincsar, Collins, Marano, &  Magnusson, 2000) as well 
as the important role of  reading science text (Williams et al., 2005). StudentsÕ science and reading 
skills will be assessed in the fall , winter and spring and before and af ter each ISI-Science uni t. 
TeachersÕ classrooms will be video-taped to moni tor fideli ty and scope and sequence of ISI science.  
 
Distr icts/Schools/Teachers Recruited 
 
 We are piloting the study in second grade and have recruited all  fi ve teachers and one science 
specialist teacher at one local school.  We enrolled 98 students in the study and have completed the 
baseline fall  assessment of reading and science achievement.  We have completed videotaping and 
pre-post achievement testing of baseline science instructional practices.   
 
ISI  Science Development Status 
  
 ISI Science will focus on individualizing science instruction through intentional student 
groupings based on childrenÕs vocabulary and word-reading skills.  Ul timately ISI-Science uni ts will be 
accessed from the web. ISI-Science utilizes the 5-E learning cycle (Bybee, 1997), which is a well 
regarded structure for teaching science uni ts. Students will work in cooperative learning groups to 
learn the science lesson (see example ISI-Science lesson plan).  Exposi tory and fi ctional texts 
regarding the science topic will be integrated into the ISI-Science Lesson.  The sof tware will assist 
teachers in grouping the students appropriately and providing the structure for the lessons to be 
taught.  Additionally, the sof tware will include a resource bank that will guide teachers to appropriate 
learning cycle activi ties and texts related to their topic as indexed by the research team.  Overall  use 
of the ISI-Science software and teachersÕ treatment f ideli ty will be tracked and analyzed.  Student 
assessment data will be uploaded as appropriate to update the learning groups and recommend reading 
texts for each child.  At this time, Ini tial draf t screenshots have been developed.  
 

 
 
Measur es 
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Student, Teacher, and Classroom Measures 

Targeted Construct Measure / Subtest Assessment  
Student science general knowledge PIAT-R/NU General Information 

WJ-III NU Academic Knowledge 
ITBS Science 

fall/winter/spring 

Student Science Unit specific 
knowledge 

Science Unit Content Knowledge pre-post each Unit 

Student word reading PIAT-R/NU Reading Recognition 
WJ-III NU Letter-Word Ident. 

fall/winter/spring 

Student oral reading fluency DIBELS Oral Reading Fluency pre-post each Unit 
Student vocabulary WJ-III NU Picture Vocabulary 

ITBS Vocabulary 
fall/winter/spring 

Student reading comprehension WJ-III NU Passage Comp. fall/winter/spring 
Student math problem-solving ITBS Math Problems fall/spring 
Student social  skil ls SSRS Ð Teacher Version 

SSRS Ð Parent Version 
winter 

Student self-regulation SSRS Ð Teacher Version 
SSRS Ð Parent Version 
HTKS 

Winter 
Winter 
fall/spring 

Classroom: Identifying Dimensions 
of instruction 

Videotaped class observations and 
dimension coding scheme 

Weekly during each 
unit 

Teacher fidelity and innovation 
implementing the ISI-science 
protocol 

Videotaped class observations 
 
Teachers use of ISI -science 

Weekly during each 
unit 
Collected constantly 

Instruction: Distance from ISI 
recommended amounts 

Videotaped class observations 
 
Teachers use of ISI -science 

Weekly during each 
unit 
Collected constantly 

 
Note.  TDQ = Teacher Demographic Questionnaire; TKQ = Teacher Science and Li teracy Knowledge 
Questionnaire; TTPIQ = Teacher Technology, Planning, and Instruction Questionnaire; TBQ = 
Beliefs and Practices Questionnaire; PIAT R/NU = Peabody Individual Achievement Test Ð Revised, 
Normative Update; WJ-I II  NU Ð Woodcock-Johnson I II  Normative Update; I TBS = Iowa Test of  
Basic Skills; DIBELS = Dynamic Indicators of  Basic Early Li teracy Skills; SSRS = Social Skills Rating 
System; HTKS = Head-Toes-Knees-Shoulders.  *  Reliabili ty estimate not yet assessed or is reported 
for the measure in i ts original form; Year 1 data will establish modifi ed form reliabili ty. 
 
Teacher Surveys and Interviews. Participating teachers will complete several questionnaires and 
attend monthly meetings.  The questionnaires and interviews are intended to probe a variety of 
teachersÕ beliefs, knowledge, current instructional practices, and obtain general demographic 
information.  Research staf f will administer each measure and will record teacher interviews.   
 
1. Teacher Demographic & Background Knowledge Questionnaire (TDQ). Measures teachersÕ 

experience teaching, credentials, and educational background.  
2. Teacher Science and Literacy Knowledge Questionnaire. Adapted from our Teacher Knowledge 

Survey to assess teachersÕ understanding of important science and li teracy concepts. I t includes 
understanding of the scienti fi c process, abili ty to describe and predict natural phenomena, to 
evaluate statements regarding misconceptions, etc.  

3. Teacher Technology, Planning, and Instruction Questionnaire (Adapted from  for ISI  Goal 2 
study). Assesses teachersÕ atti tudes and beliefs about technology, planning, and individualizing 
instruction.  
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4. Beliefs and Practices Questionnaire (TBQ, Adapted from). Measures teachersÕ general li teracy 
curriculum, individualization, warmth/responsivi ty, discipline, and management in the classroom.  

5. Teacher Efficacy. Measures teachersÕ responsiveness to changing their science instructional 
practices and their beliefs as to whether or not all  chi ldren can learn higher-order conceptual 
knowledge. Also being considered for the proposed study is the Science Teacher Efficacy Belief 
Survey (STEBI-A) requently used in studies of  science teaching self-ef fi cacy.   

6. Teacher Interviews. Open-ended opportuni ties to speak individually and collectively with 
teachers to be conducted at least three times per year, fall , winter and spring and af ter each uni t is 
piloted. Feedback will be incorporated into the ISI-Science protocols. Interviews will be 
videotaped, transcribed, and used to triangulate and guide the videotaped classroom observation 
data and coding system.  

 
Student Assessments.  A combination of standardized tests and progress moni toring assessments will 
be used to measure studentsÕ science and li teracy (reading and wri ting) skills and to moni tor their 
academic progress throughout the school year. Students in the collaborating teachersÕ classrooms will 
be assessed in the fall , winter, and spring on key outcome measures as well as pre- and post- science 
units whenever an ISI-Science science uni t is implemented.  
 
1. Student Demogr aphic Data.  Collected using school database records and parent report, 

including: gender, ethnicity, f ree 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 li teracy environment (number parent/child reading events 
per day). 

2. Academic Achi evement .  For the study, selected subtests from widely used academic 
achievement measures will be employed.  Please refer to the table below for the technical 
quali ties of  the measures and the selected subtests.  
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 The fol l owing assessments wi l l  be admi ni st er ed i n the fal l , wint er  and spr i ng. 
 Peabody Individual Achievement Test – Revised, Normative Update (PIAT-R/NU::   

1) General Information:  Measures a studentÕs Ògeneral encyclopedic knowledgeÓ.  
2) Reading Recogni tion:  Measures a studentÕs oral reading of individual words (not in 

context). 
 Woodcock-Johnson III Normative Update (WJ-III)  

1) Academic Knowledge:  Subtest cluster scores provide an indicator of  knowledge in the 
sciences, history, geography, government, economics, art, music, and li terature.  

2) Letter-Word Identi fication:  Assesses studentÕs oral reading of individual words (not in 
context).   

3) Passage Comprehension:  Requires the student to identi fy an appropriate missing key 
word that will make sense in the context of  the given passage.  

4) Picture Vocabulary:  Requires the student to identi fy pictured objects with an appropriate 
common name to measure oral language and lexical word knowledge.    

 
 Iowa Test of Basic Skills (ITBS). 

1) Science:  Assesses knowledge of  li fe science, earth science, and space science as well as the 
methods and process skills used in science investigations. 

2) Vocabulary:  Requires the student to choose the printed word that correctly identi fi es a 
displayed picture (nouns, verbs, and modifiers). 

 
 Sel f -Regulat i on.  Individualizing student instruction relies, in part, on students working 

independently and in small  groups and a studentÕs capacity for self-regulation can be 
supportive or detrimental to this process.  Self-regulation will be assessed using the Social 
Skills Rating System Ð Parent and Teacher Versions (SSRS) as well as the Head-Toes-Knees-
Shoulders task (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 measure of behavioral regulation which was 

adapted from work by McCabe and colleagues associated with academic achievement. The 
task taps childrenÕs behavioral regulation by requiring them to integrate attention, 
working memory, and inhibition and is associated with academic achievement.  

 
The fol l owing assessments wi l l  be admi ni st er ed befor e and after  each Uni t  i s 
i mpl ement ed 

 Dynamic Indicators of Basic Early Literacy Skills (DIBELS):  Formative assessment of  the 
skills required for fluid reading and comprehension.   
1) Oral Reading Fluency:  A one-minute timed task whereby students are asked to read aloud 

from grade-level connected text.   
 Uni t -speci f ic sci ence cont ent k nowl edge. Developed as part of  the ISI protocol and 

designed to test breadth and depth of  science facts and cri tical thinking skills.  
 
External Funding 
 
 We submitted a goal 2 development proposal to the US Department of  Education, Insti tute 
for Education Sciences (IES) for 1.5 million dollars and a Research and Development proposal to the 
National Science Foundation for 4 million dollars over fi ve years.  This additional funding would 
allow us to develop and pilot additional ISI-Science Learning Cycle Uni ts for use by teachers through 
the ISI-Science interface and to fund the extension of the study to additional teachers for a larger 
sample size.   
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Timel ine 
 
 We are currently focusing on researching, developing, and piloting the intervention. 
Signifi cant progress has been made developing the individualized student instruction in science 
curriculum, which we are calling ISI-Science.  Working with 6 second grade teachers, including a 
science specialist, we have developed the overall  lesson organization using the 5-E learning Cycle 
(Bybee, 1997). We have observed teachersÕ current practice (fall  2007) and will pilot our fi rst ISI-
Science lesson on the sun and moon in April  2008. 
 
Major Activi ties for 2007-08 school year 

o Continue to index the school science curriculum using the dimensions of science instruction 
and ISI-Science learning cycle instructional model 

o Pilot ISI-Science Intervention of  one science uni t using pre- post-test comparisons 
o Develop and pilot one additional ISI-Science uni t. 
o Continue ini tial development of  the ISI-Science interface with pilot teachers. 

 
Refer ences 

 
Bybee, R. W. (1997). Achieving science li teracy: 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 studentsÕ reading development? Manuscript in review, 
Journal of Educational Psychology. 

Krajcik, 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., Col lins, 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. 

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

 
 
 
 
 


