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Hands-on Science and Student Achievement 

By 

Allen Ruby 

Abstract 

From the late 1950s through today, hands-on science has been promoted as a method of 
science instruction. Currently, recent national science reform efforts seek to temper its 
role. However, no consensus has been reached on the relationship of hands-on science to 
student achievement though this topic has been researched since the turn of the 20l 

century using various methods. To improve upon the literature, this work addresses three 
major limitations of past research— the lack of data on performance assessments of 
student achievement, the need to control for factors affecting both hands-on science and 
test scores, and the potential for a differential relationship by student ability. This work 
focuses on three research questions: 1) whether hands-on science is positively related to 
student achievement as measured by standardized test scores using both multiple choice 
and performance tests, 2) whether this relationship is stronger when using performance 
tests, and 3) whether this relationship differs by student ability. We apply regression 
analysis to two data sources. The primary data set is the 1994 RAND Survey of 1400 8' 
grade students and their teachers in Southern California which includes multiple choice 
and performance test scores. A second data source is the nationally representative 
NELS:88 with a focus on the 8th grade student sample. The initial findings vary by 
source of report, student or teacher, on the level of hands-on science. When accounting 
for the quality of the reports, the results show an association between the level of hands- 
on science and student test scores for both multiple choice and performance tests. The 
results find little difference for this relationship by type of test. Nor do they show strong 
evidence for a differential relationship due to student ability. These findings support the 
promotion of hands-on science at the middle school/junior high level while raising a 
concern about current science reform attempts to reduce and redirect its use. They also 
provide little evidence to support performance test programs on the grounds that they 
better reflect what is learned though hands-on instruction. Caveats on the findings and 
further research needs are discussed. 
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Chapter 1: Introduction 

This dissertation examines the relationship between "hands-on science", a method 

of science instruction, and student achievement. We use the term "hands-on science" to 

include all hands-on activities carried out by students during their science class. The 

public policy debate over hands-on science in the U.S. goes back a century and primarily 

reflects a changing focus in theories and educational goals, and political influences rather 

than research findings of how hands-on science is related to student achievement. This 

dissertation attempts to fill this gap through a systematic examination of the relationship 

between the hands-on science students experience in the classroom and their science test 

scores in standardized multiple-choice tests and standardized performance tests. 

Hands-on science has been on the rise from the 1970s as can be seen in a 

comparison of teacher surveys on hands-on science in 1977 and in 1996 shown in Table 

1-1 below.   The table shows large declines in the response "never or hardly ever", large 

increases in the responses "1-2 times a month" and "1-2 times a week", and smaller 

declines in the response "almost every day". Overall, we see about a 30 - 40% rise in the 

percentage of teachers reporting at least weekly use of hands-on science. 

Table 1-1: Teacher Reported Use of Hands-on Science 

Frequency of Hands-on 
Science 

Grades 4-6 
1977 

Grade 4 
1996 

Grade 7-9 
1977 

Grade 8 
1996 

Almost Every Day 12% 9% 24% 18% 

1-2 Times a Week 27% 47% 38% 62% 

1-2 Times a Month 27% 42% 17% 18% 

Never/Hardly Ever 35% 3% 21% 2% 

1 The data from the 1977 survey was collapsed from five to four categories and the percentages were 
recalculated to account for missing responses which were not reported in the 1996 data. Sources: Weiss 
1978; Sullivan and Weiss 1999). 



More recently, the centrality of hands-on science to instruction has come under 

debate for theoretical, practical and political reasons. Theoretically, there are concerns as 

to whether hands-on science is an optimal method to teach science and whether it best 

supports the goals of education. Two publicly funded national initiatives, Project 2061 of 

the American Association for the Advancement of Science and the National Science 

Education Standards of the National Research Council, are working to reorient the goal 

of science education toward scientific literacy for all students using an instructional 

method known as inquiry which includes a reduced role for hands-on science in 

instruction.   Practically, hands-on science faces a challenge due to its relatively large 

time requirements per topic from concerns that students may learn more topics through 

other teaching methods. Politically, there are concerns whether hands-on science is of 

equal benefit to students of differing ability. 

Past research has not provided satisfactory conclusions on any of these issues 

even the more fundamental one of the relationship of hands-on science to student 

achievement. Overall, small-scale experimental studies have not found a positive link 

between hands-on science and student test scores. Studies of the impact of curricula with 

a large hands-on science component show a positive link between curricula and higher 

test scores but it is not clear whether it is the hands-on component that is responsible for 

such a link. Findings based on national and international surveys have been inconsistent 

and inconclusive. Limitations in this work may contribute to the lack of conclusive 

findings. Sources of these limitations include: (1) a lack of control for factors that are 

linked to both hands-on science and achievement, (2) a lack of performance tests that 



may better test the association of hands-on science to students' achievement, and (3) a 

lack of attention to how different levels of student ability affect the relationship. 

A goal of this dissertation is to address these limitations in previous research. 

Building on the literature, we specify three research questions. The first question asks 

whether there is a positive overall relationship between hands-on science and 

standardized test scores for both multiple choice and performance test scores. An overall 

assessment of the relationship between hands-on science and student achievement would 

inform educators and policy makers whether hands-on science should be emphasized. 

We use two types of standardized tests to measure achievement. Multiple-choice tests 

are widely used. Their broad content coverage helps us consider the concerns over 

narrowness of content coverage associated with hands-on science. Performance tests 

though less widely used help us address the concern that certain important skills are 

taught well using hands-on science but are better tested using performance rather than 

multiple choice tests. Evidence of a relationship would be stronger if found in both types 

of tests. 

Our second question asks whether the relationship between hands-on science and 

achievement is stronger for performance tests than for multiple-choice tests. By 

examining the relative size of the relationship between hands-on science and multiple- 

choice tests vs. performance tests we can address the question whether performance tests 

are a better measure of the outcomes of hands-on science. These results will contribute to 

the current debate over the need for wider use of standardized performance tests. 

Third, we ask whether the relationship between hands-on science and 

achievement differs by student ability. At a minimum, support for broad use of hands-on 



science requires a positive relationship for at least one group of students and a neutral 

relationship with others. For example, if hands-on science benefits lower-ability students 

without hurting higher ability students, a policy emphasizing hands-on science will 

enhance educational equality without imposing a negative consequence on higher-ability 

students. 

To address these three research questions we use two recent sources of data, the 

RAND 1994 Survey and the National Education Longitudinal Survey of 1988 (NELS:88) 

that compliment and supplement one another. The RAND data set surveyed 1400 8th 

graders and their teachers in Southern California. The strength of this study is that the 

students took both multiple choice and performance science tests allowing us to compare 

the relationship of hands-on science to each. NELS:88 surveyed approximately 25,000 

students in 8th, 10th and 12th grades and their teachers. The sample is nationally 

representative to allow generalization to the whole population. Multiple-choice science 

test scores are available for the 8l , 10* and 12* grades, which allow us to examine the 

grade difference in the relationship between hands-on science and student achievement. 

NELS:88 includes broad information on teachers and students, allowing us to control for 

factors influencing both hands-on science and student achievement for an accurate 

assessment of the relationship between hands-on science and student achievement. 

Our analysis will directly address the limitations of previous research. First, the 

analysis controls for variables linked to both hands-on science and student achievement, 

such as race, sex, ability, socioeconomic status, school environment, and course taking. 

Using a multivariate rather than bivariate method while controlling for these variables, 

we will be able to estimate the "true" net association of hands-on science and student 



achievement. Second, exploiting the advantage of the RAND 1994 data that includes 

both multiple choice and performance test scores for the same students, we develop a 

statistical method to directly estimate the relative size of the impact of hands-on science 

on multiple-choice tests vs. performance tests of the same students. Third, we examine 

the relationship of hands-on science to student achievement for students of different 

ability levels and in different grades by including interaction terms between hands-on 

science and ability groups and by comparing the estimates for different grades. In 

addition, we undertake several sensitivity analyses to tests of the robustness of our 

findings. 

The structure of the dissertation is as follows. Chapter 2 provides background on 

hands-on science including its formal definition, the continuum of instructional 

approaches for its use, the history of its promotion, and the current policy debate over its 

role in science education. Chapter 3 combines a review of the theoretical rationales for 

hands-on science's link to student achievement with a review of the past research on this 

topic to develop hypotheses regarding our three research questions. In addition, the two 

data sets, RAND and NELS:88, used to test the hypotheses are briefly introduced. 

Chapter 4 presents the analysis that tests the hypotheses using the RAND data set, 

including measurement, model specification and interpretation of results. Chapter 5 does 

the same for the NELS:88. Chapter 6 summarizes the major findings from the two data 

sets, makes concluding remarks, offers policy implications, and discusses opportunities 

for further research. 



Chapter 2: Background on Hands-on Science 

In this chapter we provide background information on hands-on science that will 

help shape our analysis. Specifically, we provide the definition of hands-on science, a 

typology of the instructional approaches used with it, and a history of its promotion 

including the current policy debate over its role in science education. 

We define hands-on science noting that it does not represent a completely new 

idea in the literature but broadens the meaning from past terms such as "lab", to 

encompass a wider range of settings from the lab to the classroom, or "experiment", to 

include a wider variety of activities that may not be actual experiments, such as observing 

or measuring. 

We offer a typology of the instructional approaches that can be used with hands- 

on science. These approaches fall along a continuum based on teacher and student roles. 

That there are many approaches increases the complexity of linking hands-on science and 

student achievement 

A history of the promotion hands-on science shows that we are currently in the 

midst of a time of debate over its use due to a recent historical trend supporting its use 

and new initiatives, some of which continue this support while others are attempting to 

temper that support. From a policy perspective, this makes it a good time to consider the 

issue as to whether there is empirical evidence supporting either the current rise in 

support or the reconsideration of its use. 



Definition 

Traditionally, the terms "laboratory" or "experiment" have been used to describe 

practical work done by students during science class in place of such other methods of 

instruction as lecture, reading, recitation, worksheets, teacher demonstration and more 

recently, computer simulation. These two terms are somewhat limiting for two reasons. 

First, many students, especially in primary and middle school, do not have access to a 

laboratory but perform hands-on science activities in their regular classroom. Second, 

students may carry out hands-on activities that are not actual experiments, for example 

observation and measurement2. The term "hands-on science" includes all such hands-on 

activities carried out by students be they experiments or not and be they done in the 

classroom or in a laboratory. The term captures a broader array of student activities we 

want to investigate and avoids some of the limitations created by the narrow definitions 

of traditional terms.   The term defines a specific method of instruction, based on 

activities carried out by students, but its use does not preclude other instructional methods 

for it is often used in conjunction with them. But as class time is limited, the greater the 

use of hands-on science the less time is available for other methods. 

Instructional Approaches for Hands-on Science 

Different instructional approaches can be used with hands-on science. Which 

approach is considered most appropriate has varied over time. And even when one 

approach dominates, teachers will use the others as well in their classrooms. This 

2 Science modules containing both lesson plans and the hands-on materials to be used by students became 
available beginning in the 1960s, see more details in the history section, contributing to the use of a broader 
term "hands-on science." They include many non-experimental activities and have made it easier for 
teachers to implement hands-on science within a regular classroom. 



variation in primacy among and combination of the approaches adds another facet in 

considering the relationship of hands-on science to student achievement. Here we 

describe the major instructional approaches for hands-on science, which include: 

verification/demonstration, discovery, exploration, inquiry, and process skills. 

Overall hands-on science has primarily been used to verify or demonstrate a 

phenomenon in support of direct teaching. Usually the phenomenon is described first in 

lecture or by the textbook and the students then carry out a well-specified (by the teacher 

or lab manual) activity that allows them to see the phenomenon or some aspect of it. The 

other instructional approaches to using hands-on science recognize the usefulness of 

verification in making an abstract concept concrete and consider it a complementary 

approach. The verification approach has been criticized on two counts. Its overuse may 

waste time on repetitive actions. Its recipe manner allows students to only follow 

directions and watch the results without having to use their own abilities to understand 

what should happen, how to do it, and what it means (NEA 1920, AAAS 1997). 

The discovery approach, in contrast to verification, provides students with 

materials to work with but little direct guidance on what to do or what is expected to be 

found. Discovery has two goals. First, it is expected that students will discover 

phenomena on their own and will understand and remember them better by doing so than 

if they were shown. Second, the act of discovery will convey how science is carried out 

in practice (Bruner 1960). Discovery has received both practical and theoretical 

criticism. In practice, discovery proved too difficult for students to implement on their 

own. The need for increased guidance by teachers led to a name change in the approach 

to "guided discovery" (Hodson 1996). Additionally, its applications are limited in that 



some concepts cannot be discovered by students in school settings (e.g. the atomic theory 

of matter).   Discovery has also been criticized from a philosophy of science perspective 

in giving a false view of science as using only inductive thinking (Hodson 1996). 

The exploratory approach to hands-on science may appear similar to the 

discovery but is actually more closely linked to the verification. Students are first given 

materials to handle with little guidance or expectations. The goal is to make them 

comfortable with the topic, stimulate their interest, and encourage them to raise 

questions. Following the exploration phase, they receive direct instruction in the topic. 

Unlike discovery, there is no expectation that the students will discover the underlying 

concepts, though they may identify issues and questions that can be addressed during 

direct instruction. 

The inquiry approach, like discovery, also contains the two goals of learning 

specific concepts as well as developing the capacity to carry out inquiries on one's own. 

The later goal involves teaching the student the set of thinking and doing skills plus their 

overall use in problem solving while addressing a specific topic, often of student choice 

to increase student interest. The teacher's role is to provide support and guidance 

especially through questioning rather than leadership though this fluctuates with the 

ability of the students. Inquiry differs from discovery in that it recognizes the use of both 

inductive and deductive methods. It differs from the process skills approach (described 

below) by its attempt to teach an overall method that incorporates process skills rather 

than addressing them separately. Students do not have to discover all knowledge on their 

own. Hands-on science is just one technique that can be used in inquiry. Unlike the 

verification approach, inquiry hands-on science activities are not recipe in nature, the 



outcome is not to be known ahead of time, and the student is to have an active role in 

designing, carrying them out and interpreting the results. In practice, inquiry is a difficult 

and time-consuming approach which demands great skill and knowledge from the teacher 

and is difficult to package in a standardized curriculum. 

The process skills approach attempts to teach individual processes used in science 

without regard to any specific science topic or discipline. Hands-on science is the 

primary technique used in teaching those processes that require hands-on activity, e.g. 

measurement. The process skills approach came under attack in later years based on 

arguments that content was non-excludable from process because of the need for content 

in problem solving, because of the difficulties in transferring process skills from one 

context to another, and because students did not appear able to assemble the individually 

taught skills into an overall ability to problem-solve (Champagne, Klopfer, Gunstone 

1982; Hodson 1996). Teaching process skills remains a goal of science education and 

they continue to be taught both separately and in conjunction with content matter. A 

recent thread in this approach is the proposal to teach the history and philosophy of 

science as a way of instructing students in the overall process used by scientists and to 

show that the processes used may vary by the type of field and scientist (Matthews 1994). 

In sum, there are different instructional approaches to using hands-on science and 

a teacher may use any combination of them over the course of the year. Historically, the 

emphasis on each has varied. Today, inquiry is the primary approach proposed but we 

continue to find the other approaches in use both in the classroom and in the new 

curricula aligned with the current efforts at science education reform (see History section 

10 



below). In Chapter 3 we further discuss how the variation in instructional approaches 

affects the research on the relationship of hands-on science to student achievement. 

History of the Promotion of Hands-on Science 

We are currently in the midst of a time of rising support for the use of hands-on 

science as well as a time of reform in science education, a reform that is reconsidering of 

the role of hands-on science. It is an opportune moment to consider whether the 

assumption of the positive relationship of hands-on science to student achievement holds 

and should continue to be given great weight as reform occurs. 

The level of promotion of hands-on science has swung widely over time due to 

varying causes. The arguments behind hands-on science cycle through different periods: 

past arguments are ignored then resurrected.   Similarly, the instructional approaches to 

using hands-on science have varied in their acceptance. The debate over how to use 

hands-on science is often hidden by the issue of whether to use it, but swings within the 

former are just as wide as those of the latter. This section documents the historical 

changes in both the promotion of hands-on science and the instructional approaches to its 

use. This history focuses on attempts to promote the use of hands-on science and it is 

important to remember that throughout the period covered, commentators have noted the 

primacy of textbooks, lecture and recitation and the lack of hands-on science in the 

classroom (Deboer 1991). 

The issue of hands-on science in the classroom is not a new one. The debate over 

it can be traced back to the struggle to introduce science into the primary and secondary 

curriculum that took place during 1800s. At the beginning of the 19th century, primary 

11 



school (which then included grades 1-8) focused on reading, writing and arithmetic and 

secondary school focused on Greek and Latin. Supporters of this classical curriculum 

argued that generalized mental exercises (such as memorizing words or doing proofs) 

increased mental capacity while providing a humanistic and refined education. 

Proponents of science in the curriculum tried to both expand upon and supplant 

this reasoning with three arguments. First, learning science was argued to be a better 

form of mental exercise for it required a wider range of mental abilities to not only 

memorize facts but to organize them into generalizations and use them in inductive 

thinking. Second, at this time there developed a new view of learning which saw it as a 

process by which neural connections were built and strengthened by organizing sense 

perceptions and building generalizations from them. To succeed, learners had to receive 

information in an organized manner plus have it repeated in different contexts and 

combinations. Successful education then required both effort and organization, and 

science education would provide a means for this organization. Third, science education 

was proposed as useful in everyday life. On one hand, it would provide information 

directly relevant to the student's life and work, such as information on maintaining good 

health or increasing crop production. In addition, it would provide a system of thought, 

using inquiry to discover facts, that the student would use throughout their life 

independent of a teacher. These arguments proved successful and by the end of the 19l 

century the question switched from whether or not to include science in the curriculum to 

how much science and which disciplines to include (Deboer 1991). 

The proponents of science education considered the science laboratory central to 

their view of education in contrast to the predominant use of memorization and recitation 
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from textbooks. Almost all the arguments used today in support of student hands-on 

science were first offered in the 1800s. These arguments touched upon children's 

abilities, improved understanding, skills and long-term learning. Young children were 

thought to easily accumulate facts and the simple relationships between them through 

sense impressions. Students would better understand the meaning of written words 

through definite images of the phenomena. Reasoning and learning skills, such as 

making inferences and judgements and verifying them, would be learned through 

observation and experiment. Through such student investigations, personal 

understanding would occur rather than only memorization, the material would be retained 

longer, and students would become independent learners. (Huxley 1899, Spencer 1864, 

Youmans 1867). Formalized approaches to using hands-on science followed, for 

example the techniques of Johann Pestalozzi, which focussed on the study of natural 

objects, and those of Johann Herbart, which included a first step of pupil experience with 

the natural world (Deboer 1991). 

While the proponents of science education in the 19th century agreed on the 

centrality of the science laboratory they did not agree on how hands-on science should be 

used. Rather they formed two continuums over its use and these remain today. The first 

continuum considers the instructional approach for using hands-on science and was 

clearly set out by Smith & Hall in 1902 though additions were made over time. At one 

end is an instructional approach called discovery in which through laboratory activities 

students would discover both facts and concepts individually and independently of the 

teacher so as to become independent learners. At the other end is the teacher or lab 

manual-directed use of hands-on science to verify principles, to illustrate them and make 
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them more vivid in the minds of students. In between are two othej approaches. Under 

the exploratory approach, students first explore a topic through hands-on activities then 

return to teacher directed instruction. Second, through an inquiry approach students 

answer questions by generating their own investigations with the assistance of the teacher 

who guides them through questioning. 

The second continuum concerns the goals of science education: what type of 

science knowledge is to be taught and, as a result, what uses can it be put to. At one end 

is science as a structured body of knowledge, logically organized and primarily 

concerned with facts and the underlying principles and theories. The goal is to give the 

student a firm grounding in the basics of science. At the other end is a very applied 

education linking science either with meeting individual needs (e.g., understanding 

proper nutrition or providing employment-related technical applications) or addressing 

societal issues, such as pollution. The applied approach is also concerned with 

practicality as a way of increasing student interest in science by making it relevant to 

daily life. In between is the goal of teaching students how to use the skills and techniques 

of science as an investigative process. These skills can help a student contribute to the 

body of scientific knowledge and form a tool the student can use in daily life, be it for 

personal decisions, at work or in an attempt to solve societal problems. 

While there was not full agreement along either continuum, early proponents of 

science education proposed that students spend much of their time in the laboratory. For 

example, in 1892 a committee often college and school leaders was appointed by the 

National Educational Association to determine college entrance requirements including 

the best method of instruction in both high school and college. The committee 
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established conferences in each subject area. The Conference on Physics, Chemistry and 

Astronomy determined that the majority of elementary school science should be done 

through experiments and that 50% of the work done in high school should be carried out 

in the lab. The Conference on Natural History determined that 60% of the time should be 

in the laboratory and the entire course should focus on the observations made in the lab 

(Deboer 1991).   Not all science proponents supported the idea that science education 

should take place primarily in the lab. For example, Edwin Hall (Smith & Hall 1902) 

while a firm supporter of teaching through the laboratory, argued that it contained too 

many flaws to be used alone. He saw learning occurring too slowly in the lab and 

students focusing on the mechanical part of the experiments while ignoring the hard 

thinking that had to be done to understand the point of them. For him, the laboratory was 

only one technique that should be combined with lectures, recitation, demonstrations and 

numerical problem solving. 

The rise of progressive education (1920s - 1950s) led to a shift in important ways 

along the second continuum and a decline in the importance of the laboratory. The goal 

of developing an individual's intellectual skills shifted to the goal of developing 

individuals who would contribute to society. Science was to have direct consequences 

for everyday life (NEA 1920). The switch to a focus on applications to everyday life was 

also based on changing instruction to meet student interests to increase student 

motivation and to connect new knowledge to what the student already knew. Previously, 

everyday applications had been considered useful for increasing student motivation to 

learn and illustrating concepts but now they became the focus of science education. 
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The change in focus affected science education in several ways. Teaching 

through themes, problem solving and technical applications was promoted with less 

attention to basic principles. The idea was to organize the material in a way interesting 

and understandable to the student rather than as the discipline organized it.   During this 

period, the general science course was created in part to provide wide exposure to 

students who were not completing high school, in part as a way to try to attract more 

students to specialized courses, and also as a way to implement the new approach to 

teaching. The disciplines, represented by subject oriented courses such as biology or 

chemistry, were resistant to change and proponents of the new approach saw the general 

science course as a way around them. In addition, this period saw the creation of the 

junior high school and general science courses were extended into 7l and 8l grades 

(Deboer 1991).3 

While the new approach also favored direct experience with natural phenomena, 

the laboratory no longer retained the central role in instruction. Instead, it became one of 

a number of techniques along with demonstration, lecture, field trips, projects and 

problems. Laboratory activities were criticized as time wasting, repetitive work and time 

could be better spent on developing ideas or posing problems or questions that students 

would be interested in answering (National Society for the Study of Education 1932). 

Teacher demonstrations were promoted as a more effective method for providing real 

world examples (Black 1930; Carpenter 1925) and were adopted by school 

3 One further development during this period that would affect the use of hands-on science was the 
introduction of the standardized test. Welcomed in part for its ability to differentiate students and its 
expected ability to determine best teaching methods (such as teacher demonstration versus student lab), a 
major effect was to focus attention on content mastery which was easier to measure. From that time to 
today, proponents of hands-on science have argued that such content-oriented tests fail to measure the 
benefits of hands-on science for student understanding of concepts and their application. 

16 



administrations seeking to reduce expenditures. As a result, the use of student labs 

declined over this period (NSSE 1932). 

After World War n, a combination of declining enrollments in secondary science 

courses plus the competition with the Soviet Union led to a bifurcation of efforts. Greater 

emphasis was placed on programs to attract talented students into the field of science 

through discipline oriented courses (PSRD 1947; U.S. Office of Education 1953). At the 

same time, there were further efforts to revise science education toward the more applied 

coursework for the majority of students in both secondary school and college who were 

not expected to work in any scientific field. The latter revisions attempted to also include 

the discipline oriented courses, mainly chemistry and physics, in secondary school to 

make the courses more relevant to life situations (NSSE 1947).   Additionally, new 

general science courses were created with such titles as "Consumer Science", "Fused 

Physical Science", and "Survey Science" (NSSE 1947). A series of courses known as 

"Life Adjustment Education" was developed for the purpose of replacing traditional 

subjects such as science and English with courses on life skills (U.S. Office of Education 

1951). 

The reduced or non-academic focus of the applied and life skills courses led to 

criticisms and a renewed involvement of scientists in the development of science courses. 

For example, in 1956 a group of scientists at MIT formed the Physical Science Study 

Committee (PSSC) under a small NSF grant and began to develop a high school science 

course (Deboer 1991).   The launching of Sputnik by the Soviet Union led to a major 

federal role in the development of new science courses. Under the 1957 National 

Defense Education Act, about $700 million dollars was provided to improve science 
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education from 1958-1975. NSF was made the lead agency and it turned to scientists at 

universities or professional societies for the development of new science courses 

(Matthews 1994). 

A host of new curriculum was developed over this period. In physics, the PSSC 

published its text and lab manual in 1960, today it is in its 7th edition, and later developed 

a junior high course called Introductory Physical Science published in 1967. In biology, 

the American Institute of Biological Sciences organized the Biological Sciences 

Curriculum Study (BSCS) which published a series of texts in the mid-1960s and 

continues to operate today. In chemistry, the American Chemical Society developed two 

courses: 1) the Chemical Bond Approach, and 2) CHEM study aimed at a wider range of 

students.   For earth science, the American Geological Institute established the Earth 

Science Curriculum Project, published in 1967, and Princeton University's Secondary 

School Science Project published Time, Space and Matter in 1966 aimed at 9th grade. 

Three curricula were also developed for elementary school: 1) Science - A Process 

Approach (SAPA) was developed under the American Association for the Advancement 

of Science in 1967, 2) Elementary Science Study was developed by the Educational 

Development Center in 1969, and 3) Science Curriculum Improvement Study published 

in 1970 and continued today by the Lawrence Hall of Science at the University of 

California at Berkeley. 

In reaction to past curricula, these new curricula contained much fewer technical 

applications and many were discipline structured. All included a large student hands-on 

science component. The physics, biology and chemistry curriculums all contained 

separate lab manuals. The earth science and elementary curriculums were centered 



around student activities. In some cases, the curriculums came with the materials 

necessary for the activities thereby addressing the lack of a lab or materials in a school. 

These materials did have a widespread effect (though not an overwhelming one) 

on science education. A 1977 survey of school districts found that about 50% were using 

new biology materials and less than a quarter were using the new physics and chemistry 

materials. Overall, about 60% of districts were using one or more of the new curricula 

for students in grades 7-12 and about one-third of the districts were using new elementary 

curricula (Weiss 1978). 

There was no common instructional approach to how hands-on science was to be 

done in these new curricula. The same differences in approaches identified at the turn of 

the century were apparent. The Chem Study course lab program and the Elementary 

Science Study were based on the discovery approach (Merrill & Ridgeway 1969). 

Jerome Bruner, chairing al959 NAS conference on new developments in science and 

math teaching, had given his support to the discovery approach seeing it as a way to learn 

the discipline the same way scientists learned it (Bruner 1960). The BSCS was geared to 

the inquiry approach in part because of Joseph Schwab who played a major role in its 

development and argued that scientific knowledge changed over time through inquiry and 

students would better view science in this way if they practiced inquiry as well (Schwab 

1962).   SAPA was a wholly process oriented curriculum which focused on techniques 

used in science (e.g. observation, measurement) rather than any specific discipline or 

facts. SCIS was based on a technique known as the learning cycle which began with the 

exploratory use of hands-on science to raise student questions leading to direct teaching 
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of the concepts students had experienced and ending with student application of the 

concepts to other situations (Karpus 1977). 

The new curricula also did not solve the disagreement over how much time 

should be spent on hands-on activities. Shulman and Tamir (1973) list the many different 

opinions voiced on this topic and note that proposals ranged from half of class time to not 

very often. 

The new curricula represented a greater federal role in science education 

increasing the importance of the issue of hands-on science as a national public policy 

issue. While much of the previous debate and action over hands-on science had occurred 

within the education community and at the state, district and school level, the federal 

government now had taken a major role in supporting the development and promotion of 

curricula containing a significant hands-on component for national use. 

By the mid-1970s there was a turn away from these nationally supported 

curricula. In part politically-motivated, in part based on the failure to increase enrollment 

in science courses (Deboer 1991), and in part with the realization that developing 

curricula does not ensure they are correctly implemented especially if logistical support 

and adequate training of teachers are not also provided (Arons 1983). hi response to the 

discipline-orientation of many of the curricula, there was a resurgence toward making 

science relevant to students' lives and focusing on socially-relevant issues such as the 

environment. A scientific literate student who could use science concepts, process skills, 

understood that value judgements were made in science and understood the links between 

science, technology and society was proposed as the goal of science education. Students 

should be able to understand the daily world and have the tools to learn more (NSTA 
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1971, Hurd 1970). One branch of the science literacy approach, known as Science- 

Technology-Society, called for the organization of the science curriculum around social 

issues (Hofstein & Yager 1982). 

The scientific literacy approach become embodied in two national efforts to 

reform science education both supported by the federal government. These efforts 

included the further step of addressing what content should be taught and how to teach it. 

In 1985, the American Association for the Advancement of Science began a long- 

term effort known as Project 2061 to turn U.S. education toward a scientific literacy 

approach. For AAAS, scientific literacy encompasses: important scientific facts, 

concepts, theories, scientific habits of mind, the nature of science, connections to math 

and technology, the impact of science on individuals and its role in society (AAAS 1997). 

In 1989, AAAS published Science for All Americans which set out its view of the 

information a scientifically literate person should know and in 1993 it published 

Benchmarks for Scientific Literacy which lists specific knowledge and skills to be 

learned in sets of grades (e.g. k-2, 3-5, 6-8, 9-12)4 from kindergarten to high school in 

order to create science literate students. Project 2061 promotes teaching through the 

inquiry approach. Hands-on science is to make up a minority of the teaching methods 

used and to be employed possibly no more than once a week (AAAS 1997 chapter IB). 

When used, hands-on science is to be geared primarily to the inquiry approach in order to 

teach scientific inquiry (AAAS 1997 chapter IB) with some additional use as a method to 

provide concrete examples of phenomena (especially for younger students) and to 

practice use of tools (especially for measurement) (AAAS 1989, chapters 12 & 13). 

4 During the 1980s, the middle school replaced the junior high in many parts of the country. Middle 
schools included grades 5-8 or 6-8 rather than the junior high school's 7-8 or 7-9. 
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In a separate project, the National Research Council began developing its own set 

of science education standards for pre-college education in 1991 and in 1996 released the 

National Science Education Standards. Like the Benchmarks, these standards include 

topics to be covered within certain grade levels (K-4, 5-8, and 9-12) plus somewhat 

broader standards on teaching, professional development, program and system standards. 

Like the Benchmarks, the Standards promote scientific literacy and the use of hands-on 

science under an inquiry approach (NRC 1996, chapter 3). 

Neither the NRC nor Project 2061 are involved in the actual development of 

curricula nor have they yet set out a clear practical approach to teaching through inquiry 

(including how to teach hands-on science) that can easily be implanted in a new 

curriculum. Project 2061 has moved further along this pathway and has begun to review 

science curricula, starting with commercial textbooks using a set of 23 criteria, one of 

which has a clear link to hands-on science5. Over the next several years, it is expected 

that the current reform efforts will refine and consolidate their approaches including the 

role of hands-on science and the suggested approaches for its use. 

The late 1980s also saw the return of NSF as a major actor in the creation of new 

science curricula and promotion of their adoption. Going beyond its approach of the 

1960s in which curricula focused on 1 or several grades, NSF supported the development 

of curricula that would encompass elementary through middle school (grades K-8).   As 

its first step, NSF funded three organizations to develop activity-based, primary school 

(K-6) science curriculum. These included: 1) the National Science Resources Center (a 

5 The criteria falls under the Category "Engaging Students with Relevant Phenomena" and reads: 
Providing vivid experiences: Does the material include activities that provide firsthand 
experiences with phenomena when practical or provide students with a vicarious sense 
of the phenomena when not practical? (AAAS 1999). 
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program founded by the Smithsonian Institution and the National Academy of Sciences), 

2) the Lawrence Hall of Science at the University of California-Berkeley, and 3) the 

Education Development Corporation of Newton, Massachusetts. These three separate 

organizations have developed a series of science modules centered around student hands- 

on work and their adoption is expected to reduce lecture and the use of textbooks (NSRC 

1997). These grade-level modules cover specific science topics using a hands-on science 

approach (none of the modules includes a textbook though two have now developed 

supplemental readings to go along with the activities). The modules come with the 

majority of materials necessary to do the activities (like some of those developed in the 

1960s) thereby making a laboratory unnecessary. They are now sold through commercial 

publishers. NSF's second step has been to provide additional funding to all three 

organizations to develop modules for grades 7 and 8 and these are undergoing pilot 

testing at this time. 

Interestingly, in contrast to the AAAS and NRC's proposed use of the inquiry 

approach with reduced emphasis on hands-on science, the new curricula are heavily 

hands-on oriented and include a combination of directive, exploratory and process skill 

approaches along with the inquiry approach. The cause of this divide is partly due to the 

practical nature of curricula development (it is easier to make a module including 

materials and activities that are directive or exploratory), partly due to the as of yet failure 

to operationalize the inquiry approach to the point that it can be packaged in a curriculum 

used by large numbers of teachers, and partly due to the high level of importance hands- 

on science retains in the minds of developers and teachers. 

23 



In order to help implement the science standards and new curricula, NSF began in 

1990 to establish several programs to foster reform of science education at the state, city 

and district level that include support for the adoption of the new curricula, professional 

development in their use and other teaching practices that are assumed to support the 

goals of the National Science Education Standards.   These programs include the 

Statewide Systemic Initiative (grants to 25 states and Puerto Rico), the Urban Systemic 

Initiative (grants to 20 cities with many children living in poverty), and the newer Rural 

Systemic Initiative, and together have received over $100 million in funding from NSF 

(Mervis 1998; Williams 1998). These initiatives foster the adoption of the Standards and 

new curricula in part by supporting teacher professional development in their use and 

funding their purchase. 

Currently, then, the federal role in science and in regards to the promotion of 

hands-on science has expanded though not in a coordinated fashion. On one hand, there 

is a continuation of federal support for the development of new curricula, covering a 

broader range of grades than before, having a predominant hands-on science focus often 

provided in a non-inquiry mode. On the other hand, there is now significant federal 

support for developing and implementing a strategy for the reform of science education 

including specific attention to content and teaching methods. Along the continuum of 

instructional approach, current science education policy is in the middle with the 

theoretical focus on inquiry. Along the continuum of goals of science education science 

education policy has tilted more toward daily life with the emphasis on scientific literacy. 

The combination of inquiry and scientific literacy has leads to a view of hands-on science 

6 For example, the new NSF-supported modules developed by the Lawrence Hall of Science address a set 
of process skills in every content module as well has having two modules that focus specifically on two 
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as one of many tools that can be used in support of teaching inquiry and scientific 

literacy. Therefore, attention to promoting hands-on science is to be both reduced and 

redirected towards making it fit into the new strategy for science reform. 

Through the expanded federal role in science education, hands-on science has 

become a national public policy issue both indirectly, through federal support of the 

development of new curricula having a hands-on focus, and directly through federal 

support of efforts to establish national content and teaching standards that de-emphasize 

the role of hands-on science. Determining the type of association between hands-on 

science and student achievement would contribute to the resolution of the current conflict 

between the present theoretical and applied forms of current science reform and fostering 

a more united federal role. 

process skills, measurement and variables, in a content free manner. 
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Summary 

In this chapter we have chosen the term hands-on science to reflect the current 

trend in public science education towards student activities performed in the classroom 

that may or may not be full experiments. A number of different instructional approaches 

can be used with hands-on science. These have risen and fallen in favor over time but a 

teacher may use any or all in combination in the classroom. Similarly, the promotion of 

hands-on science has varied in strength over time. The most recent trend has been a rise 

in the promotion of hands-on science which has been continued in the development of 

new curricula but is also being tempered by current science reform. Due to the 

differences in the current view of hands-on science and their implications for science 

reform, it is an opportune time to consider the link between hands-on science and student 

achievement. 
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Chapter 3: Hands-on Science and Student Achievement 

In this chapter we examine the theoretical relationship of hands-on science and 

student achievement and the relationships that have been identified or tested by past 

research. Based on these, we propose the hypotheses linked to our three research 

questions. First, we examine the theoretical relationship of hands-on science and student 

achievement identifying the rationales that have been made for its proposed benefits. 

Second, we review the empirical literature on the testing of these rationales. As part of 

this review, we describe several issues that have affected the value of past research and 

discuss how this analysis will address them. Based on our reviews of the theoretical and 

empirical literature, we set out the hypotheses to be tested by this work. Last, we provide 

an overview of the two data sources to be used in testing these hypotheses leaving a more 

detailed description of each to Chapters 4 and 5. 

Theoretical Rationales for Hands-On Science's Role in Student Achievement 

Hands-on science has been proposed as a means to increase student achievement 

in science education. A set of theories has been proposed to explain how hands-on 

science benefits student learning of science7. Science educators identify two broad 

domains of scientific knowledge: content knowledge and process skills (Glynn and Duit 

1995 chapter 1; Lawson 1995 chapter 3). Content knowledge (sometimes called 

declarative knowledge) includes the facts, principles, conceptual models, theories and 

laws which students are expected to understand and remember. Process skills 

(sometimes called procedural knowledge) are the techniques used in science, for 

7 This discussion focuses on learning scientific knowledge and skills. Hands-on science has been justified 
on other grounds, such as improving lab techniques and motivation to learn (Shulman and Tamir 1973). 
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example, observation, measurement, and developing hypotheses, which students are to 

master. Both domains are considered necessary in order for students to fully understand 

science and be able to apply it (Glynn and Duit 1995; Champagne, Klopfer and Gunstone 

1982; Eylon and Linn 1988). Hands-on science has been proposed as a means to increase 

students' understanding of both types of knowledge. 

Scientific content knowledge is often abstract and complex. Examining and 

manipulating objects may make this abstract knowledge more concrete and clearer. 

Through hands-on science students are able to see real-life illustrations of the knowledge 

and observe the effects of changes in different variables. These illustrations also provide 

references for discussion (Shulman and Tamir 1973; Friedlander and Tamir 1990). 

The idea that hands-on science supports understanding of content knowledge is 

consistent with developmental theory's positing successive stages (from three to five) of 

mental development through which humans pass. The highest stage includes the ability 

to work with abstractions. Before this stage can be reached, humans first pass through a 

stage in which thinking is confined to concrete matters. Interactions with the physical 

environment (along with other factors) support the mind's passage through these stages 

(Piaget 1973, Gage and Berliner 1994, Lawson 1995). Under this view, hands-on science 

can help students move from the second highest stage to the highest stage as it offers 

concrete illustrations of abstract ideas at a time when the mind needs concrete 

representations for understanding. Once at the highest stage, however, hands-on science 

is of much less importance in helping the student gain understanding as the student is 

now capable of grasping and manipulating abstract ideas. 
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This argument for hands-on science is also consistent with cognitive theory's 

information processing model of the mind which includes a long-term memory to store 

knowledge and a short-term memory to hold knowledge in immediate use. The ability to 

retrieve relevant knowledge from the long-term memory for use in the short-term 

memory is based on how the knowledge has been organized in the long-term memory and 

how strong the associations have been made between individual pieces of knowledge. 

Hands-on activities create additional associations between pieces of knowledge so that 

information can be referenced both by its abstract meaning and by a physical illustration 

of it. In this way, it improves information retrieval (Gage and Berliner 1984). 

Hands-on science may also be used to address faults in information processing. 

According to cognitive theory, the separate bits of knowledge held in the long-term 

memory are organized using broader concepts known as schema. These schema are 

organizing principles which guide an individual's understanding of the separate pieces of 

information and are used to organize and integrate new information. One can form 

schema that do not correspond to the real world. These misconceptions may prevent 

learning as new information may be synthesized in a way that justifies the misconception 

or may be ignored if it contradicts the misconception (Eylon and Linn 1988; Champagne, 

Klopfer and Gunstone 1982). One approach to instruction, known as conceptual change, 

attempts to identify these misconceptions, have the student realize they do not accurately 

explain phenomena and help the student adopt more realistic conceptions. Hands-on 

science, with its focus on real world phenomena, has been proposed as a method to help a 

teacher identify these misconceptions as well as provide a setting for students to explore 
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how their misconceptions falsely predict phenomena in preparation for reconsidering 

them (Driver 1981; Driver and Bell 1986; Friedler and Tamir 1990). 

Science education also entails the use of process skills which are the techniques of 

science such as observation and measurement. What these process skills are and how to 

teach them affects the use of hands-on science. Currently, a debate continues over many 

facets of these skills: 1) their number and type, 2) at what age they should be taught, 3) 

whether they need to be taught in a specific order or at the same time, and 4) whether 

they can be taught separately from content knowledge. Gagne (1965) identifies eleven 

skills and places them in two categories, basic and integrated. For him, basic skills must 

be taught before integrated ones. Lowery (1992) identifies seven skills and attempts to 

determine at what age students are developmentally ready to learn each. Resnick (1987) 

argues that higher order skills are used along with basic skills when young students learn 

and therefore the two types of skills must be taught together in all content areas. In the 

1960s a new curriculum, known as SAPA, focused on teaching a hierarchical set of skills 

without links to content. In contrast, studies comparing experts and novices have 

concluded that content knowledge is critical to the correct use of process skills 

(Champagne, Klopfer and Gunstone 1982; Eylon and Linn 1988). 

Another concern regarding process skills is promoting the ability of students to 

use all the individual process skills in combination for problem solving and carrying out a 

scientific investigation on one's own. Sometimes this goal has been set for only the best 

students expected to go into the field of science and other times it has been geared to all 

students through applications in daily life, be they personal or work related. The science 
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education instructional approaches seeking this goal have all included some level of 

hands-on science. 

Some of these process skills are by their nature hands-on, for example 

measurement, and therefore are considered best learned through hands-on science. 

Others may be linked to hands-on activities but themselves are not, for example inferring 

is based on results derived from hands-on activity. Students can learn and practice these 

skills using results drawn from other sources than in-class activities leading to debate 

over the need for hands-on science when teaching them. Klopfer (1990), for example, 

argues for a larger role for hands-on science in learning the skills of gathering scientific 

information (e.g. through observation and measurement) than in the ability to make 

inferences and draw conclusions from experimentation. 

The theoretical rationales given for the impact of hands-on science on student 

achievement have not gone unquestioned. Critics argue that hands-on science may 

reduce student achievement as well as improve it. Whereas proponents argue that hands- 

on science helps students visualize abstract ideas, opponents argue that it has the ability 

to confuse as well as clarify. Hands-on science also offers students additional 

opportunities not to learn as they may be busy doing activities but not thinking about the 

topic. Additionally, some research has shown that students may not link hands-on 

activities to written activities concerning the topic being studied (Wellington 1998, 

Hodson 1996; Atkinson 1990; Resnick and Klopfer 1989 ). 

A practical criticism concerns the time and monetary costs of hands-on science. 

From Smith & Hall in 1902 through today, critics have argued that hands-on science 
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takes up too much time, requires expensive recurrent purchases, and drastically reduces 

the amount of material that can be covered in a course. 

This practical point raises an issue of equity between higher and lower ability 

students. Lower ability students are expected to benefit both from the concrete examples 

and the greater time per topic provided by hands-on science. Higher ability students may 

be able to understand a topic in a shorter period using less time consuming instructional 

methods. For them, the additional time spent on one topic when using hands-on science 

may lead to a reduction in topics covered during a course. 

Research on the Relationship of Hands-on Science and Student Achievement 

The importance of resolving the question of hands-on science's relationship with 

student achievement has not gone unnoticed. There is a body of research on the topic, 

which we review in this section. We organize our review under three broad headings. 

First, past research has not led to a firm conclusion regarding the link between hands-on 

science and student achievement. We review the past research with an emphasis on its 

overall inconclusive nature. Second, we discuss some of the important issues in this 

research and how the inability to resolve these may contribute to the lack of agreement. 

Third, we discuss how we plan on improving upon the past work and note that our work 

will still be subject to some of the same difficulties. 

Inconclusiveness of Past Research 

Research on the relationship of hands-on science and student test scores has been 

conducted since the turn of the century. The research has been based on three techniques. 
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Under small-scale experiments, very small groups of teachers are assigned a particular 

teaching method (for example, lecture, text based or hands-on science) to use in their 

classes and the test scores of their students are compared. A second approach is to 

compare classrooms using different types of curricula. Test scores from students using 

different curricula are compared and conclusions are drawn based on different levels of 

hands-on science in each curriculum. Alternatively, surveys have been used to determine 

the quantity of hands-on science in a classroom and to collect student test scores. The 

relationships between test score and hands-on science are then examined. Because our 

work follows this approach, we devote the greater part of our review to this vein of past 

research. 

Overall, reviews of the experimental studies have not found a positive correlation 

between hands-on science and test scores except for tests of lab skills. Cunningham's 

(1946) review argued that the benefit of students receiving more lab instruction was in 

their ability to use lab apparatus but not in their achievement on tests. Shulman and 

Tamir (1973) reviewed the literature and also found that the majority of studies failed to 

show lab teaching as more effective than other instructional methods in regards to test 

scores. The Hofstein and Lunneta (1982) review again found that lab work showed no 

significant benefits over other methods of instruction when comparing scores on tests for 

achievement, critical thinking and understanding the processes of science. They did find 

a positive effect for lab skills. White and Tisher (1985) reviewed teacher and student 

surveys and found little agreement on the perceived benefits of hands-on science. 

Reviews of the impacts of the curriculum developed from the late 1950s through 

the early 1970s, in which hands-on activities played an integral part, showed more 
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positive results. Bredderman (1983) and Shymansky, Kyle and Alport (1983) carried out 

meta-analyses to synthesize studies (57 and 105 respectively) on these curricula. The 

former article focused on elementary programs while the latter addressed K-12 curricula. 

They reported significant positive results regarding student test scores (both for content 

and analytical skills).   Interestingly, Bredderman (1983) did not find wide variation in 

the effects of the three elementary science programs: SAPA (process approach), ESS 

(discovery approach) and SCIS (exploratory approach) but did find some sensitivity to 

the instructional approach used. For example, students using SAPA scored higher on 

process outcomes and students using SCIS scored higher on content outcomes. In 

addition, he found that student outcomes under these programs were higher than those of 

students using textbooks and only somewhat higher than students using other activity 

based programs. From these two findings, he concluded that the common features of the 

three programs, that they contained more hands-on science and gave more attention to 

process, were more important to student outcomes than any unique features of each 

program.   Initial analyses of the new curricula developed in the 1990s have begun. As 

the 5th and 6th grade portions of the curricula were developed later and the middle grades 

curricula are being piloted now, it will be several years before similar meta-analyses can 

be done to determine the overall and specific effects of these curriculum on student 

achievement. If the same results are obtained, that will be a strong argument that hands- 

on science, a common component of the new curricula, is responsible for their benefits. 

Much of the recent work on this issue has been carried out using data from 

international and national science studies. Two organizations run separate series of 

international studies: The International Association for the Evaluation of Educational 
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Achievement (IEA) has supported four studies8 and the International Assessment of 

Educational Progress (IAEP) has organized two studies. All six of these surveys are 

similar in that they are cross-sectional in nature, gather survey data from students, 

teachers and schools, and include student test scores, primarily on multiple choice tests. 

The results from these studies are mixed and the majority do not show a positive 

relationship between hands-on science and test scores. In several cases, the value of 

these studies is hampered by a lack of reporting of the full results. 

The IEA's First International Science Study surveyed 10 and 14 year olds and 

students completing secondary school in 1970-1971. However, only 10 year olds were 

asked whether or not they made observations and did experiments in science class. In 12 

of the 15 countries or regions included in the survey, a yes answer was positively 

correlated with a higher test score. In the U.S. the correlation coefficient was .18 using a 

sample of about 5400 students. A further analysis using an OLS regression model with 

covariates such as student type, school type, home and attitude, found positive 

coefficients for the variable representing observations and experiments but the 

significance levels were not reported (Comber and Keeves 1973). 

The IEA's Second International Science Study surveyed 10 and 14 year olds in 

six countries from 1983-1986. The students were asked how often they did experiments 

in science class and could choose from three answers (never, sometimes and often). 

Teachers were asked how much time was spent on practical activities, defined as 

experiments or field work, and could choose from four answers (zero or little, one-fourth, 

one-half, or three-fourths or more). The teacher item was not included in the U.S. survey. 

8 The fourth study, the Third International Math and Science Study, has not yet released results regarding 
classroom instructional practices and their relationship with test scores. 
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The study reported only the average correlation between the hands.-on item and test 

scores for all the countries as a group. For grade 5, the average correlation was .07 using 

the student responses and 0 using the teacher responses. For grade 9, the test was 

subdivided into content and process sections. For student responses, the average 

correlation was .09 for content score and .07 for process score. For teacher responses 

(with no U.S. participation) the average correlation was respectively .21 and .25 but these 

were skewed by upward by one country) (Tamir & Doran nd; Doran & Tamir 1992). 

From 1983-1987, the IEA carried out its Classroom Environmental Study which 

included an examination in six countries (not including the U.S.) of how science 

classroom factors affected achievement scores. Classroom observation was used to 

collect data on the amount of lab work done.   No country showed a positive significant 

correlation between the amount of lab work and gains from a pre-test to a post-test (five 

countries had non-significant results and one had a negative significant correlation) 

(Anderson, Ryan and Shapiro 1989). 

The IAEP surveyed 24,000 13 year olds in 5 countries and 4 Canadian provinces 

in 1988. Students were asked how often they did experiments on their own and with 

other students. They choose from 5 responses: never, less than once a week, once a 

week, several times a week, and almost every day. Rather than report the actual 

correlations of these responses with test scores, the authors stated that the frequency of 

experiments was not consistently related to test performance (Lapointe, Mead and 

Phillips 1989, p. 41). 

In 1991, the IAEP survey 25,000 9 year olds in 14 countries and almost 52,000 12 

year olds in 20 countries. The students were asked the same two questions concerning 
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experiments as in 1988 and their answer was combined into a single measure. No 

country showed a positive significant correlation between the 9 year olds' responses and 

their test scores (7 showed non-significant correlations including the U.S. and 7 showed 

significant negative correlations).   Only one country showed a positive significant 

correlation between the 12 year olds' responses and their test scores (8 had no significant 

correlation and 11 had significant negative correlations, including the U.S.). The actual 

correlations were not provided in the study (Lapointe, Askew, Mead 1992, pages 50 and 

94). 

Domestically, the U.S. has two national surveys that include science education. 

The National Assessment of Educational Progress (NAEP) is an ongoing cross-sectional 

survey and the National Longitudinal Survey (NELS:88) longitudinally followed students 

through secondary school from 1988 to 1992. NAEP national sciences surveys have been 

most recently carried out in 1986, 1990 and 1996.   In 1986 they surveyed grades 3, 7 and 

11 then switched in 1990 to grades 4, 8 and 12. NAEP analysis of hands-on science's 

relationship to test scores has been confined to grouping students by the level of hands-on 

science they report, averaging the test scores for each level and comparing them.   In the 

1986 NAEP, students in grades 3 and 7 were asked how often they used different types of 

equipment. Their responses were grouped into three categories: low, medium and high. 

Students in grades 7 and 11 were asked how often they were involved in innovative 

classroom activities including hands-on activities. Their responses were grouped into the 

same three categories. In both cases, the high response group scored significantly more 

than the low response group (Mullis and Jenkins 1988). 
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In 1990, students in all three grades were asked which of six broad categories of 

equipment or materials they had used. Their answers were grouped into four categories: 

none, 1 or 2, 3 or 4, and 5 or 6. For grades 8 and 12, the mean student scores 

monotonically rose with the response category with a significant difference between the 

none category and the 5 or 6 response (Jones, Mulllis, Raizen, Weiss, and Weston 1992). 

In 1996, students in all three grades were asked if they had done hands-on 

activities or projects with seven different types of materials or instruments (eight for 

grade 12). Except for several cases involving 4th grade, students who answered yes had a 

higher group score than those answering no. Students who had used none of the 

materials or instruments scored lower than those who had used some in all grades. In 

addition, for grades 4 and 8 teachers reported how often they used hands-on activities 

with four possible responses: never or hardly ever, once or twice a month, once or twice 

a week, and almost every day. There was no difference in the student test score means 

for each of these groups in the 4th grade but in 8th grade the two highest response 

categories scored more than the lowest response category. The study further grouped 

students into science proficiency categories based on their test scores. The 8   grade 

students who reported more hands-on activities were more likely to be ranked at or above 

the Proficient level. The same was found for 12th grade students who self-reported higher 

categories of hands-on activities (Sullivan and Weiss 1999). 

The NELS:88 included 25,000 8th graders in 1988 and about 11,000 were 

surveyed on science. Follow-up surveys were done in 10' grade in 1990 and 12n grade 

in 1992 with additional students added to maintain a nationally representative cross- 

sectional sample for each year. Horn, Hafner and Owings (1992) grouped test scores by 
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answers to a teacher item concerning how often experiments were done in the classroom. 

Possible responses included never or less than once a month, once a month, once a week 

and almost everyday. The mean student scores for the categories of almost every day and 

once a week were significantly higher than those of the other two categories. Teacher 

reports on hands-on science done in the 8th grade were also found to have a positive 

relationship with a subset of the NELS 10th grade test dealing with quantitative 

operations, chemistry and scientific reasoning but not with subsets of the other test items 

(Hamilton, et. al. 1995). This positive relationship was not found in a similar analysis of 

12th grade sub-scores (Nussbaum, Hamilton and Snow 1997) nor in analysis of the 

frequency of experiments and growth in test scores between 10th and 12th grades (Hoffer 

and Moore 1996). Another analysis of NELS subscores divided the test into life science 

and physical science scores. No relationship was found between either subscore and 8* 

grade student reports of taking a science course with a lab once a week but a positive 

relationship was found between the physical science subscore and an interaction effect 

for girls who reported yes (Lee and Burkham 1996).   A further analysis of 10' grade 

students using both a student and a teacher reported hands-on composite variable found a 

positive relationship between the teacher reports and both subscores (Burkham, Lee and 

Smerdon 1997). 

Up to this point, we have discussed research on the relationship of hands-on 

science and scores from multiple choice tests. Research on the relationship of hands-on 

work and performance assessments are few and inconsistent. In some cases, the analysis 

of the relationship was not done. For example, the First International Science Study 

included a hands-on test for 14 year olds in England and Japan and secondary school 
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completers in England but the analyses did not correlate scores from these tests with the 

amount of hands-on science (Comber and Keeves 1973; Tamir and Doran n.d.; Kojima 

1974). The 1986 NAEP included a pilot study using hands-on tests but the purpose was 

to assess these tasks rather than determine their relationship to hands-on science or other 

factors (Blumberg, et al. 1986). The current NAEP use both short and long answer 

constructive responses, some based on hands-on tasks, along with multiple choice 

questions but the past analyses use only the total score (Sullivan and Weiss 1999). 

The results from research on the IEA are not conclusive. The second IEA 

international science survey included three hands-on tests for both Grade 5 and Grade 9 

students. Each test was composed of three hands-on tasks to be done by a student in one 

class period. Correlations were reported for the relationship of hands-on science and 

hands-on test scores.    For grade 5 student reports, the mean correlation was 0 (-.03 for 

the U.S.) and for grade 5 teacher reports the mean correlation was again 0 (the U.S. did 

not collect teacher reports). For the grade 9 student reports, the mean correlation was .09 

while for the teacher reports it was .30 but this figure was skewed upward by one country 

(Doran and Tamir 1992). 

A small scale study found that 5th grade students using a strongly hands-on 

curriculum had a mean score on a hands-on test one-half standard deviation higher than 

those using a textbook based curriculum but this result may be confounded since the 

student with the hands-on curriculum also scored higher on a cognitive ability test 

(Baxter, Shavelson, Goldman and Pine 1992).   Only in the case of lab skill tests has 

hands-on science been shown consistently associated with higher test scores (Yaeger, 

Engen and Snider 1969, for a review see Hofstein and Lunetta 1982). This research has 
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not determined how lab skills contribute to overall science achievement or achievement 

in specific domains. 

Overall then, we do not find a consensus on the relationship between hands-on 

science and achievement. The experiment based research has not supported the 

relationship between hands-on science and student achievement.   The curricula focused 

research has found a relationship with achievement but it is not clear whether hands-on 

science or some other aspect of the curricula are responsible for this. The survey based 

research provides mixed results. 

Issues Surrounding this Research 

The research on hands-on science has grown more sophisticated over time. 

However, there are still several issues that have yet to be resolved. These issues may in 

part be responsible for the lack of agreement in past research. Here we discuss four of 

these issues: 1) variables related to both achievement and hands-on science, 2) a lack of 

large data sets containing individual student performance test scores along with important 

explanatory variables, 3) a differential relationship of hands-on science to student 

achievement by student ability, and 4) the multiple facets of hands-on science. 

There are a large number of variables that may affect achievement and need to be 

considered when analyzing test scores. Some of these are related to the level of hands-on 

science as well as achievement and if not controlled for, a spurious relationship between 

hands-on science and test score can result. This problem is especially true for 

correlational studies, such as those done with the NAEP, which did not control for any 

variables but may also be true for multivariate analyses as well. 
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Among the variables that past research has identified as linked to achievement, 

several may also be linked to the level of hands-on science. These include SES, prior 

science course taking, achievement level of the class, and student ability or past 

achievement. Research using both the NAEP and NELS:88 finds that higher SES 

students achieve higher scores (Jones, Mullis, Raizen, Weiss and Weston 1992; Horn, 

Hafner and Owings 1992). Research has also shown that higher SES students report a 

greater amount of hands-on science (Horn, Hafner and Owings 1992; Hoff er and Moore 

1996) and we have obtained the same finding using the NELS data for 8th and 10l 

graders for both teacher and student reports (see Table 5-3). Similarly, the number of 

science courses a student takes affects their proficiency in science regardless of their 

SES, race or gender (Hoffer, Rasinski and Moore 1995; Madigan 1997) and the more 

science courses a student takes, the more likely they are to have hands-on science. 

Additionally, the academic level of the class and the academic ability of the individual 

student are related to both high test scores and higher levels of hands-on science (Hoffer 

and Moore 1996) and we have obtained the same finding in the NELS data for grades 8 

and 10 (see Table 5-3) using both student and teacher reports as well as in the RAND 

data when using student reports (see Table 4-4). Research not controlling for these 

variables could produce results different from that which has. 

Standardized testing used in large surveys and many of the smaller experiments 

and evaluations of curricula has relied primarily upon multiple choice items. These tests 

have many positive attributes including ease of administration, relatively inexpensive 

scoring, ease of standardization, good psychometric properties and the ability to provide 

coverage of content in a short testing period. During the 1990s the focus on multiple 
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choice testing came under a strong critique for a variety of reasons» Relevant to our 

research is the criticism that multiple choice tests cannot cover the wide range of skills 

that should be evaluated. Critics argue that multiple choice can only test narrow content 

areas and skills - especially short-term recall of facts and basic process skills - but cannot 

address the broader abilities of critical thinking, evaluation and problem solving (Miller 

and Legy 1993).   Resnick and Resnick (1992) conclude that multiple choice standardized 

tests ask for quick bits of information, not linked to each other and not used for a whole 

task such as solving a problem or interpreting result: in short, they are not linked to 

thinking. Madeus et al. (1992) reviewed six standardized tests for math and science (with 

copyrights of 1985-1991) and found them to focus on short term recall questions 

concerning facts, definitions, and applications of formula, all of which could be learned 

by rote. The tests covered little procedural knowledge or problem solving and reasoning. 

A broader critique is that multiple choice tests are irrelevant to daily life and that testing 

should replicate the challenges people will face in the real world (Wiggens 1989). 

These critiques are important to our research as they imply that focusing on 

multiple choice testing may overlook some of the benefits of hands-on science. If we use 

multiple choice tests to stand for achievement and if these tests cannot assess some of the 

benefits of hands-on science (such as teaching procedural knowledge and skills) then we 

may not capture the actual relationship between hands-on science and tests. Murnnane 

and Raizen (1988) make the specific charge that multiple choice testing cannot pick up 

what is taught through hands-on science. 

A key conclusion drawn by the critics is that multiple choice testing needs to be 

supplemented (and in some cases supplanted) by alternative forms of assessments 

43 



covering a wider range of knowledge and skills. These assessments are of many types 

and can be categorized in a number of different ways (OTA 1992; Herman, Aschbacher 

and Winters 1992). They may include such tasks as short or long written responses, oral 

presentations, the actual performance of a task, or the results of a performance (e.g. an 

exhibition or portfolio of past work). For the evaluation of hands-on science, alternative 

assessments may require the combination of the performance of hands-on activities with 

written or oral means. The performance section would allow the assessment of the 

hands-on skills while the written or oral section would address other procedural skills of 

science (e.g., developing hypotheses, recording data, and making conclusions based on 

results) as well as content knowledge associated with the activities. 

The criticisms of multiple choice testing and the promotion of alternative testing 

represent one train of thought rather than the accepted viewpoint. Both in theory and 

practice, multiple choice remains widely defended and used for standardized testing. 

Mehrens (1992) provides a literature review to counter many of the criticisms of multiple 

choice testing including its narrowing of content and skills tested and inability to test 

higher thinking skills. He notes, though, that there is general acceptance that some types 

of procedural knowledge cannot be tested using multiple choice but require a 

performance assessment. 

In the past, only a small number of testing surveys included hands-on activities. 

Today, while there is more alternate assessment in use, much of it is not relevant for our 

work. In some cases, only writing items are used (e.g. commercial tests such as the 

Stanford Achievement Test 9). hi other cases, hands-on activities are done but the 

reported data cannot be used (e.g., the 1999 NAEP mixed the constructive response 
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scores with the multiple choice scores, the Maryland's MSPAP program does not provide 

individual student test scores, and data from the Third International Math & Science 

Study has not been released). There is then a paucity of data to assess the links between 

hands-on science and hands-on science assessment that has two implications for our 

research. 

First, it is important to understand how hands-on science relates to multiple 

choice test results but it is also important to determine if the type of testing (be it multiple 

choice or some alternative form) changes this relationship. If so, we may be missing 

some connection between hands-on science and student achievement. Second, while 

performance tests may have greater face validity for testing hands-on instruction, they 

have not been proven to have more construct validity than multiple choice tests. Their 

justification on these grounds then remains open to question and analysis. 

A third issue concerns how student ability affects the relationship of hands-on 

science with student achievement. Past research has examined certain interactions of 

hands-on science with specific student groupings, for example gender and race/ethnicity 

(Peng and Hill 1995; Lee and Burkham 1996; Burkham, Lee and Smerdon 1997). But 

there has been little work on whether the relationship differs for higher versus lower 

ability students. From a policy point of view, this interaction is important for the public 

acceptance of hands-on science. Methods of instruction are often pulled in two directions 

with regards to the issue of equity. On one hand, methods may be supported that have 

the goal of increasing equity by improving the performance of lower ability students. On 

the other hand, if these methods have adverse effects on higher ability students, their 

introduction may be opposed. Politically acceptable methods then must benefit both 
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groups or benefit one group without harming the other (i.e., one group may achieve more 

under the different method of instruction but the other group must achieve no less under 

it than when using other methods). In the case of adverse effects on one group, the 

method may be restricted to programs strictly for the other group. As our analysis is 

concerned with the broad application of hands-on science across the majority of 

classrooms, we are most interested in determining whether we find a benefit in the use of 

hands-on science without an adverse effect for any ability group. 

From a theoretical point of view, it is expected that hands-on science should have 

a differential effect for higher versus lower ability students. Current theory, though, 

provides support for a differential effect that could favor either high or low ability 

students. Research on the interaction of student aptitudes (including ability) and 

instructional methods (known as Aptitude-Treatment Interaction or ATI) has found that 

teaching methods often have differential effects based upon student ability (Cronbach and 

Snow 1981). Specifically, instructional methods that require greater responsibility of the 

learner benefit higher ability learners more while methods that pre-process the material 

better help lower ability learners. Hands-on science requires students to do more on their 

own and draw conclusions for this work. This requirement for greater student 

responsibility argues that hands-on science may be of greater benefit to higher ability 

students or lessor benefit to lower ability students. There is some evidence for this from 

analysis of the hands-on curricula developed in the 1960s (Koran & Koran 1984). If true, 

hands-on science would be politically less acceptable as it would have an adverse impact 

on lower ability students. 
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At the same time, ATI also proposes that higher ability students benefit from 

instructional methods based on abstract concepts (Koran & Koran 1984). Hands-on 

science's strength, conversely, is in making the abstract concrete through physical 

examples. From this point of view, hands-on science may better benefit the lower 

achieving student who is not yet ready for instructional methods based solely on 

abstractions and hinder the higher achieving student who is. Development theory would 

also support this view as hands-on science would help students move up through the 

concrete thinking stage of mental development to the higher abstract thinking stage. In 

this case, hands-on science may benefit lower achieving students but not higher ability 

ones 

Time constraints may also contribute to a differential impact of hands-on science 

based on student ability. Hands-on science requires more time to cover the same material 

than other methods thereby reducing the time available to cover other material. Higher 

ability students may be ready to cover more material more quickly using other methods 

besides hands-on science, especially if they can grasp abstract concepts with a minimum 

of concrete examples. If this is true, then when taught using hands-on science they will 

cover less material in class and learn less.   Because this is an issue of material coverage, 

any differential effect of hands-on science for higher ability students will more obviously 

appear in tests covering more material. If true, there could strong opposition to the 

general introduction of hands-on science by higher achieving students and their parents. 

A fourth issue for researching hands-on science is its multiple facets of quantity, 

quality, and instructional approach. Quantity is the measure of how much hands-on 

science is done in the classroom and/or how often it is done. Quality describes the skill 
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of the teacher providing instruction through hands-on science and the value of the 

activities used. Third, hands-on science can be taught through a number of instructional 

approaches, as detailed in Chapter 2. For both theoretical and practical reasons, research 

has focused on quantity measures. 

The critical distinction between hands-on science and conventional science is 

students' hands-on activities in classroom. Students' involvement in hands-on activities 

exposes them to vivid connections from abstract concepts to concrete examples and from 

scientific principals to scientific applications, which contribute to students' better 

understanding of the scientific knowledge and their ability to solve problems using their 

scientific knowledge. Quantity of hands-on activities in classroom captures this 

distinction between hand-on science and conventional science instructional methods as 

well as the degree to which hands-on activities are used. Thus, operationalizing hands-on 

science using quantity is valid. 

In practice, data collection has focused on quantity. Quantity issues are 

considered more reliably surveyed as the amount of hands-on science done in a 

classroom is considered memorable. Teachers' reports on hand-on amount are relatively 

more reliable since the amount of hands-on activities is included in their lesson plans. 

Students' reports are relatively more reliable since hand-on activities are more interesting 

and more likely to be remembered. This assumed reliability combined with cost issues 

has led to a focus on the use of surveys versus classroom observation or use of teacher 

and student logs. Teachers and or students are most often surveyed as to the overall 

amount or frequency of hands-on work activities they have done in class. In addition, 

they may be asked about the use of specific materials or instruments or the completion of 
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activities on specific topics. Proxy questions assumed to be related to the level of hands- 

on science may also be asked, such as frequency of lab reports. 

Surveys concerning behavior (such as the quantity of hands-on work) are subject 

to several sources of error, primarily memory, possible motivations to misreport, and 

failure to understand the question correctly (Sudman and Bradburn 1991). These sources 

of error can be reduced in the structure and administration of the survey.   Memory 

problems can be reduced by making items very specific, covering longer time periods to 

avoid respondents compressing time (moving events forward into the time period 

reported on), and allowing respondents to review their records. Motivation problems can 

be reduced by using less threatening questions, allowing less specific answers (such as 

daily, weekly, or monthly), and using more anonymous methods in administration and 

recording. Problems of understanding can be reduced by using familiar words (Sudman 

and Bradburn 1991; Rossi, Wright and Anderson 1983).   Surveys on the quantity of 

hands-on work use many of these techniques. Surveys have specific items on frequency 

of experiments, they cover fairly long specific time periods of one course, they allow 

teachers to review their records, they often use open answers, they are given with a 

promise of anonymity for both teachers and students, and they use words familiar to 

science classrooms (e.g. experiments, scientific equipment, and observations). 

The impact of these sources of error can be identified using verification studies. 

The work that has been done specifically on verifying surveys on classroom instructional 

behaviors has supported the use of teacher surveys. Burnstein, et. al. (1995) found that 

surveys of mathematics teachers gave an accurate picture of their level of use of different 

instructional methods when compared against a five week teacher log but noted that this 
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finding might occur because there seemed to be little variation in teachers' methods 

overall. Porter (1995) found a correlation of .65 between math and science teacher 

survey responses concerning the amount of lab work and their logs kept over a year. 

Verification of student reports of methods used in the classroom has not been done 

though students surveys have been found to have reasonable construct validity 

concerning grades, course taking and some family variables (Fetters, Stowe and Owings 

1984; Valliga 1986). 

Measuring the quality of the hands-on science has been constrained by two 

factors. First, there is little agreement on how to measure quality of instruction. Second, 

quality of instruction is more open to individual interpretation than a quantity value. A 

small scale study of algebra teaching that tried to validate survey responses using 

classroom observation found that a composite of survey items could separate teachers 

using certain practices from those who did not but could not differentiate the quality of 

the practices among teachers using them (Mayer 1999). To ensure reliability, classroom 

observation would be the desired method of measurement but the high costs of this 

approach have constrained its use. For these reasons, most studies of hands-on science 

have not been able to address the issue of instructional quality. 

Measuring the instructional approaches to hands-on science also faces difficulties. 

First, the approaches outlined above are not always clearly defined, are expected to vary 

with student ability, and may be used in various combinations by teachers. These factors 

increase the complexity of data collection even for classroom observation. Some of the 

large-scale surveys, like the NAEP and NELS:88, asked questions regarding teacher's 

overall instructional approaches but have not specifically asked about approaches used 

50 



with hands-on science. Small-scale experiments often compare hands-on science 

teaching versus other methods (e.g., lecture or demonstration - for example, Yager, 

Engen and Snider 1969). As a result, they compare the quantity of hands-on science 

(some set amount in one classroom versus none in the other classrooms) rather than the 

interaction of quantity and instructional approach. 

From a policy standpoint quantity is the first factor to examine because it can be 

most easily increased.   Increasing quality of instruction or changing the instructional 

approach would require a much more intensive professional development program for 

teachers due to the current mix in the quality of teaching and in the instructional 

approaches used. A strong relationship between quantity and achievement would support 

Bredderman's (1992) inference that quantity of hands-on work and/or a focus on process 

may have a greater effect on achievement than instructional approach. If no link is 

found, though, concerns will remain whether quality or instructional approach play an 

unmeasured role. Ongoing attempts to improve the ability to measure both quality and 

instructional approach in the classroom, through both observation, teacher logs, and 

surveys will lead to future research better able to account for links between quality and 

approach of hands-on science and achievement.   These will be important to refining 

suggested uses of hands-on science, e.g. only with specific instructional approaches or 

when teachers can provide a certain level of quality activities. 

Improving Upon Past Work 

Our goal is to improve upon past research on the relationship of hands-on science 

and student achievement. We do this by addressing the issues discussed above. First, 
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the RAND data set includes both multiple choice and performance test scores from the 

same students.   The performance tests were based on actual hands-activities done by the 

students who in addition wrote up their results and answers to further questions requiring 

reflection on the results.   In addition, the data set contains both teacher and student 

reports on the level of hands-on science in the classroom. Thus, the RAND data set 

contains the two types of assessments and the level of hands-on science needed for this 

research. 

In addition, because the two types of tests were taken by the same students, we 

can analyze a further topic not much looked at in the literature. Assuming there is a 

positive relationship between hands-on science and test score, we can consider whether 

there is a stronger relationship between hands-on science and one of the two types of 

tests. Past research has noted the possibility of such a differential relationship (Doran & 

Tamir 1992) and proponents of alternative assessment and hands-on science assume it 

(Murnanne & Raizen 1988). We might predict such a result as process skills are often 

hands-on in nature and performance tests are thought to focus on process skills more than 

multiple choice tests but there has not been a direct test of it. 

A further contribution of this comparison is to provide some evidence regarding 

the claims that performance tests are more valid indicators of what students learn through 

a hands-on approach.   A differential relationship between hands-on science and the two 

types of tests would support this claim while the lack of one (or one in the wrong 

direction) would not. 

Second, we can avoid many of the concerns for a possible spurious relationship 

between hands-on science and student achievement by using multivariate analysis and 
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including a broader array of variables that may be linked to both hands-on science and 

achievement. This is especially true for our analysis of the National Educational 

Longitudinal Survey (NELS:88) which contains a wide variety of this type of variable. 

NELS:88 provides us with the SES of the students' families, measures of student ability 

or achievement, achievement level of the class, and prior science course taking. In 

addition, we create our own composite variables, discussed in Chapter 5, to better reflect 

our conception of hands-on science and carry out additional analyses to determine if the 

variables linked to hands-on science and achievement affect our findings.   Much of this 

additional analysis focuses on course-taking because it has several dimensions such as 

type and order of course-taking. 

Third, we will test for a differential relationship between hands-on science and 

student achievement by student ability. As noted above, we will be using measures of 

student ability or achievement in our analysis to avoid spurious results. We will look at 

the interactions of these ability measures with the levels of hands-on science to determine 

if ability affects hands-on science's relationship with achievement. We will first 

determine if these interactions should be included in our analysis. If we find they should 

be included, then we will determine if they actually produce a differential relationship. 

Fourth, we will continue the focus on quantity as our measure of hands-on science 

for both theoretical and practical reasons. Theoretically, quantity measures the primary 

difference between hands-on science and conventional instructional methods that we 

wish to measure. Practically, quantity is easier to measure, has higher reliability and is 

more widely available. Using the quantity of hands-on science also allows us to estimate 

the appropriate amount of hands-on work. As discussed previously, because of time 
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constraints too much hands-on activities will greatly reduce the coverage of scientific 

topics, leading to a negative relationship with achievement. Our analysis will include this 

possibility and we will attempt to determine if there is a level of hands-on science at 

which the relationship to test score diminishes. 

It is important to note that while the amount of hands-on activities in the 

classroom captures the distinction between hands-on science and conventional science, it 

does not distinguish the variations within hands-on science. Different instructional 

approaches to hands-on science (e.g., discovery or inquiry) and the quality of instruction 

(e.g., quality of the kit, teachers' preparation, and teachers' ability to stimulate the 

classroom) affect students' achievement just as they do conventional instructional 

methods. Our measure of quantity of hands-on science will not capture these variations 

within hands-on science.   It would be ideal if we could assess various instruction 

approaches and quality of hands-on science by comparing various instruction approaches 

and quality of conventional methods of instruction. However, we lack data describing 

instruction approaches and quality for either hands-on science or conventional methods. 

Thus our estimate of the relationship of the quantity of hands-on science with 

achievement will capture the average effects of various instruction approaches and the 

quality variation in hands-on science in comparison with the average effects of various 

instruction approaches and the quality variation in conventional instruction methods. 

Hypotheses 

Our analysis will center on the testing of three hypotheses regarding the 

relationship of hands-on science and student achievement. More specifically we will 
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examine the relationship of the quantity of hands-on science with student scores on 

standardized tests. 

Our first hypothesis concerns the expected positive relationship between hands-on 

science and achievement. We hypothesize that students engaged in more hands-on 

science will score better on standardized tests than students who carry out less hands-on 

science, all other things being equal. Ideally, we hypothesize that a student's test scores 

would improve if they received greater hands-on science. As we cannot practically test 

this hypothesis, we have operationalized it by predicting that students who have received 

more hands-on science will score higher on tests than their counterparts who received 

less . We derive this hypothesis from the different theories of learning relevant to hands- 

on science, all of which see a benefit in the provision of concrete examples of abstract 

knowledge. These theories propose an especially important role for real-life illustrations 

of content knowledge to help students pass through the concrete stage to the abstract of 

thinking in the development of their minds, or to improve information retrieval from 

long-term memory by creating greater associations between pieces of knowledge, and to 

help prevent or correct misorganization of this knowledge.    For process knowledge, 

these theories propose several benefits of hands-on science. First, many process skills are 

hands-on in nature and can only be learned through hands-on practice. Second, some of 

these skills link abstract concepts to empirical reality (e.g. the concept of variables and 

how to identify them) and learners would benefit from concrete examples of them. Third, 

hands-on activities offer opportunities for applying all the process skills in combination 

while focusing on specific content knowledge. 
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Past research has found mixed results regarding this hypothesis. We hope to 

obtain more consistent results using two data sets. Using multivariate analysis with 

increased control of variables we will address additional factors that may be confounding 

the relationship of hands-on work and test scores. Furthermore, we will test the 

hypothesis using two different types of tests, multiple choice and performance. As each 

type of test measures achievement with particular emphasis on a different domain, 

content versus process knowledge respectively, a finding of a positive relationship 

between hands-on work and both types of tests would provide more robust evidence for 

the relationship. 

From a policy perspective, a rejection of the null hypothesis (that there is no 

relationship between hands-on science and test scores) would provide evidence to favor 

the increased use of hands-on science, the continuation of the policy of the 1960s. 

Current attempts to temper the use of hands-on science and redirect it under an inquiry 

approach might better be held off until further research examined the interactions of 

hands-on science and instructional approach. Conversely, a failure to reject the 

hypothesis would support the tempering of its use unless supportive results were obtained 

regarding the roles of instructional approach or quality on its relationship to achievement. 

The second hypothesis grows out of measuring student achievement using the two 

types of tests. Specifically, we hypothesize that performance tests will reflect a greater 

difference in scores among students receiving different levels of hands-on science. 

Hands-on science benefits students taking performance tests because it teaches process 

skills required and assessed in performance assessment. Conversely, multiple choice 
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tests are theoretically criticized for an inability to assess process skills and even their 

proponents note they it cannot cover all procedural skills. 

Policy-wise the results from this analysis will have implications for the adoption 

of hands-on science and for standardized testing. As the majority of standardized testing 

is done through multiple choice tests, a stronger relationship with performance tests will 

identify a deficit in assessing for process skills. As a result, revising multiple choice tests 

or supporting wider use of performance tests may be justified. These revisions could lead 

to further support for the adoption of hands-on science. For as tests are revised, student 

test scores would be expected to show a greater difference between results by level of 

hands-on science (though a lesser difference between the same level by test type). 

Failure to find evidence in favor of this hypothesis, assuming that evidence had already 

been found for Hypothesis 1, would support the conclusion that both multiple choice and 

performance tests capture the benefits of hands-on science. This finding would provide 

less justification for revising multiple choice tests or increasing the use of performance 

tests (unless other research found that neither was well designed to capture process 

skills). With either finding, because of the debate over how to teach process skills, 

further research could be done on whether interactions of quantity of hands-on with 

instructional approach provide different results. 

Third, we hypothesize that there is a differential effect of hands-on science for 

students of higher versus lower ability. While past research has identified similar effects 

for other types of instructional methods, the theoretical generalizations induced from that 

work is unclear on which way the differential effect will tilt. That hands-on science 

requires student to take more responsibility for their work should benefit higher ability 
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students and we should see a differential effect in favor of higher ability students. On the 

other hand, that hands-on science makes the abstract more concrete should benefit lower 

ability students and we should see a differential effect in favor of lower ability students. 

Furthermore, the time requirements of hands-on science may reduce the number of topics 

a student is exposed to in class. For higher ability students able to cover a greater number 

of topics, hands-on science may reduce the amount they learn. This should be reflected 

in lower test scores, especially tests that cover a broad range of topics. Considering these 

opposite effects together, we hypothesize that hands-on science has a smaller positive 

relationship with achievement for higher ability students than lower ability ones. In 

particular, we would expect that any differential effect that favors lower ability students 

would be more strongly seen in a comparison of multiple choice test scores as multiple 

choice tests reflect a wider range of topics than performance tests. 

Past research has not directly examined this interaction. Ability-interaction 

research has not looked directly at hands-on science. Research on hands-on science has 

focused on racial/ethnic and gender groups rather than ability groups. Although in some 

cases this work has controlled for ability, it has not examined the interaction of ability 

and hands-on science. 

From a policy perspective, evidence in favor of the hypothesis of the existence of 

a differential impact by student ability (especially if one group found zero or a negative 

relationship) would make a general acceptance of hands-on science more complicated. 

Such a result would lend support for the differential use of hands-on science for only that 

group that benefited. The rejection of the hypothesis or if a weak differential was found 
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(e.g., positive association with achievement for all ability groups though greater for one) 

would support the widespread use of hands-on science. 

Data Sources 

To tests these hypothesis we will analyze two separate data sets based on surveys 

of students and teachers. Both data sets include information on the level of hands-on 

work, student test scores, and other student and school covariates. The level of hands-on 

science is provided by both teacher and student reports allowing us to compare results 

from both.   In both surveys, students took standardized science tests and the scores are 

used to represent their level of achievement in science. As noted in Chapters 4 and 5, 

these tests exhibit the same characteristics of other tests used for this purpose. Students 

of higher ability and social economic status produce higher test scores while minority 

students (Black and Hispanic) have lower scores.    The surveys also contain additional 

information on the students, their families and their schools that may be related to both 

hands-on science and test score. With them, we can use the hands-on science and test 

score data to perform a multivariate regression analysis and thereby obtain estimates of 

the relationship of hands-on science to test scores holding the covariates constant. 

Our primary data set is the RAND 1994 study on 1400 8th graders in Southern 

California. The study surveyed students and teachers about the amount of hands-on 

science they did. Students took both a multiple choice and a hands-on standardized test. 

In addition, some student demographics and abilities were also surveyed. 

The RAND data will be used to test all three hypotheses (see Table 3-1). We can 

determine whether there is a positive relationship of hands-on science to achievement 
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(Hypothesis 1) using both multiple choice and performance tests score.   If so, we next 

can test whether the relationship is stronger for performance tests (Hypothesis 2). Third, 

we can test for a differential relationship depending upon ability level of the student 

(Hypothesis 3) using both multiple choice and performance test scores. 

Table 3-1: Data Sets Used in Testing the Three Hypotheses 

Data Set 

RAND 

NELS:88 

Hypothesis 1 

Using MC & PA Tests 

Using MC Tests 

Hypothesis 2 

Test 

Not Test 

Hypothesis 3 

Using MC & PA Tests 

Using MC Tests 

The advantages of the RAND data are the large student sample and test scores 

from both multiple choice and performance tests for the same students. However, the 

RAND survey has a small teacher sample and a limited number of covariates for the 

variables we are concerned may be linked to both hands-on science and achievement. 

Specifically, the RAND data contains an ability measure for students. The issue of past 

course-taking is less important as 8th grade students normally have taken a similar 

number and type of courses. 

The National Educational Longitudinal Survey (NELS:88) will allow us to check 

and extend some of the results from the RAND analysis. NELS:88 followed a nationally 

representative sample of about 25,000 8th grade students in 1988 to 10th grade in 1990 to 

12th grade in 1992.   Students and teachers were surveyed on the level of hands-on 

science in the classroom. Students took a standardized multiple choice science test. Data 

were also collected on student demographics, past course work, ability, classroom level 

and school characteristics. 
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The NELS data will be used to test the first and third hypotheses.   Multiple 

choice test scores will be used to determine whether there is a positive relationship 

between hands-on science and student achievement (Hypothesis 1) and whether there is a 

differential relationship for higher and lower ability students. These hypotheses will be 

tested for each of the three grades. 

Like the RAND data, NELS:88 contains a large sample of students. Another 

advantage is its large sample of teachers. In addition, NELS:88 also contains more of the 

covariates that may be linked both to hands-on science and test scores. In this way, we 

can extend our analysis of the RAND data to see if the results are robust when these 

covariates are controlled. Further, we can extend our analysis to the upper grades and 

here. With this extension, two points must be considered. First, one of the theoretical 

rationales for hands-on science is the provision of concrete experiences in support of 

understanding abstract concepts. As students mature, they are better able to directly 

understand abstract ideas and require fewer concrete demonstrations (Piaget 1973; Gage 

and Berliner 1994; Lawson 1995). Under this theory, we would expect the relationship 

of hands-on science to test score to be weaker for older students. Comparisons of the 8 

grade students from the RAND survey with the older NELS students, especially the 12l 

graders, may illustrate this theorized difference in the usefulness of hands-on science. 

Second, in middle school most students take the same science courses while in high 

school there is greater student variation in science course taking. For analyses using 

students in higher grades, more attention will need to be given to the covariate of past 

course-taking. 
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NELS:88 has some disadvantages as well. First, its 8th grade student survey lacks 

the items necessary to develop a student measure of hands-on work and its 10th grade 

survey lacks a key item.   This constrains the value of comparing the two data sets when 

considering student reports of hands-on science. Second, it does not contain performance 

test scores among the three waves of data. This lack prevents us from testing Hypothesis 

2 and focuses our testing of Hypotheses 1 & 3 on multiple choice tests. While we will 

not be able to draw any conclusions on performance tests and hands-on science and their 

differential relationship versus multiple choice tests, we will have further evidence on the 

links between hands-on science and the most widely used, standardized, measure of 

student achievement. 

As noted earlier in this chapter, NELS:88 has been used to examine the 

relationship of hands-on science to multiple choice test scores. This study complements 

and extends that work. Through the use of multivariate analysis and a broad array of 

variables that may be linked to both hands-on science and achievement we extend those 

studies that lacked these characteristics while complementing, and possibly confirming, 

those studies which have them. Second, the bulk of the NELS research operationalized 

the concept of hands-on science using variables with strong face validity. This work 

develops a composite hands-on science variable using both face validity and factor 

analysis. By better addressing the measurement error in hands-on science variable we 

have greater confidence that we are indeed measuring the underlying construct of hands- 

on science and reduce the bias in the coefficient estimating the relationship of hands-on 

science and test score. Third, this study will include the teacher and student measures of 

hands-on science available from each of the three years of data whereas the past studies 
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did not.   Fourth, this study will examine how ability may affect the relationship of hands- 

on science and test score, an issue to which the NELS data has not yet been applied. 

Thee following two chapters describe the analysis using each data set, RAND and 

NELS:88, respectively. Each chapter discusses the data set in greater detail including the 

measures of hands-on science and test scores, along with the covariates. Each chapter 

provides a descriptive analysis of the data, a description of the models used in the 

analysis, the results from the models, and tests of robustness of these results. 
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Chapter 4: Analysis of the RAND Data 

Introduction 

In the Spring of 1994, RAND collected data on 1384 8th grade students from 44 

classrooms in 8 schools across 4 districts within the Los Angeles metropolitan area. 

Within each school, data were collected during students' science class over a one week 

period. Three types of information were collected: 1) the level of hands-on science done 

in the classroom from both teacher and student surveys, 2) student achievement based on 

student test scores including one standardized multiple choice test and two performance 

assessments, and 3) student characteristics from teacher reports. 

To test our three hypotheses, the analysis of the RAND data will first examine 

whether student hands-on science in the classroom has a positive relationship with 

standardized science test scores (both multiple choice and performance assessment test 

scores).     If such a relationship is found, further analysis will examine 1) whether this 

relationship differs by test type and 2) whether this relationship differs by student ability 

level. 

Below we first discuss the measures developed from the three types of 

information collected and provide descriptive statistics regarding them for our sample. 

Next, we discuss the three models we will use to analyze the data. We report the results 

from these models and test them for their robustness. We end the chapter with a 

summary of our findings. 
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I. Measures 

From the information gathered through survey and testing, we developed three 

types of measures. From the teacher and student surveys, we created scales to measure 

the quantity of hands-on science in the classroom.   From the testing, we obtained 

measures of student achievement using both multiple choice and performance 

assessments. From teacher reports, we obtained student characteristics regarding 

race/ethnicity and student ability. 

The Level of Hands-on Science 

Teachers and students responded to different sets of questions regarding the level 

of hands-on science done in the classroom. Teachers were asked about the frequency of 

using materials and equipment and use of class time. Students were asked about 

performing specific types of hands-on activities and the number of times experiments 

were done under different formats. Teachers answered the questions on their own time 

while students were given a class period to complete them. From these responses 

separate teacher and student scales were created to represent the level of hands-on science 

done in each classroom. 

1. The Teacher Scale 

The RAND teacher survey includes 19 items of two types regarding hands-on 

science (Table 4-1). Ten items concern the frequency of use of different materials and 

equipment. Two of these, calculators and computers, are not necessarily relevant as they 

may or may not be used during hands-on science. Seven items cover materials and 

equipment often used in science class and the tenth item is a catch all for use of any type 
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of materials or equipment.   The strength of the first nine items is that they are very 

specific and so help the teacher focus on what was done in the classroom. 

Correspondingly, their weakness is their specificity as well. As not every type of material 

and equipment can be listed, classes using other materials and equipment will be 

undercounted by this approach. The tenth addresses the problem of classrooms using 

other types of materials while also giving one response where all teachers can identify 

their overall use of hands-on materials. At the same time it suffers from being less 

specific than the other items of its type. 

The other nine items address the percent of class time spent on specific tasks. 

One of these directly addresses the frequency of hands-on science, "supervising labs in 

which students do experiments". Several of the other items may also be related. As 

student experiments may be done in small groups, require individual instruction and may 

include teacher demonstrations, these items may be positively related to the frequency of 

hands-on science. Conversely, the frequency of other instructional approaches (such as 

"providing instruction to the whole class") and non-instructional activities may compete 

for time with student hands-on activities and so may be negatively related to the 

frequency of hands-on science. 

A single teacher scale was constructed for two purposes. Analysis using 

individual items would introduce a potential problem of multicollinearity and reduce the 

model's parsimony. A single scale avoids these problems and allows for data reduction. 

More importantly, a scale reduces the measurement error that can occur with individual 
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items analysis. Factor analysis was used to identify the items providing the main source 

of variance in the scale1. 

Seven items loaded on the first factor' 

1) Frequency of calculator use 
2) Frequency of use of weights, scales and balances 
3) Frequency of use of flasks, test tubes and chemicals 
4) Frequency of use of any equipment or materials 
5) Percent of class time supervising student experiments 
6) Percent of class time providing instruction to class as a whole - e.g. 

lecture (negative contribution to scale) 
7) Percent of class time doing school activities not related to subject 

(negative contribution to scale) 

The teacher scale was created by combining the response to each of the seven 

items and then calculating the average which was then applied to all students in the class. 

It can take on a value of 1 to 6 with one meaning the lowest level of hands-on science 

done in the classroom and six the highest3. The teacher scale has reasonable reliability 

with a Cronbach's alpha of .90. 

One concern we have with the teacher scale is the small number of teachers, 

eighteen teachers teaching 44 classes, taking part in the study. With such a small sample, 

1 A principal factor solution was used with the first factor having a proportion of .3021.   I used a promax 
method for rotation as there is no reason why factors would be orthogonal. 2-6 factors were tested to ensure 
consistent loading of the items in the scale on the same factor. 

2 Items 1 to 4 concern the types of materials actually used in class and therefore the greater the frequency of 
their use the greater the amount of hands-on science done (with item 4 being a catch-all regarding any use 
of materials). The lack of inclusion of similar items in this scale (such as frequency of use of batteries) may 
reflect their absence in the curriculum (e.g.. electricity may not be covered in the 8* grade curriculum). 
Items 5-7 concern percent of class time on specific tasks. Item 5 is a direct measure of time spent on 
student hands-on science while Items 6 and 7 appear to compete with time spent on hands-on science as 
they make a negative contribution to the scale. 

3 The values of Items 6 and 7, which originally made a negative contribution to the scale, were reversed (by 
subtracting them from 6 - the highest possible score on the scale) so that they make a positive contribution 
and give a clearer view of differences in this scale among groups when viewed in the descriptive data. 
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we might expect low variation in teacher responses resulting in low variation in the 

teacher scale which would weaken our statistical power to identify the relationship of the 

scale to test score. 

2. The Student Scale 

The RAND student survey includes 9 items of two types which address hands-on 

science (Table 4-2). Four items address specific hands-on activities.   Five items concern 

the number of times the student had done experiments in class under different formats. 

A single student scale was constructed using the same method as for the teacher 

scale4. Three items concerning the number of times experiments were done load on the 

first factor5: 

1. Did experiments where I was told all the steps to follow 
2. Work with one or more lab partners to do experiments 
3. Did experiments where I used scientific equipment, such as magnifying 

glass, graduated cylinder or balance 

The student scale was made by combining the responses to each of the three items 

and then taking their average for each student. For any student, the student scale can take 

on a value of 1 to 5 with one meaning the lowest level of hands-on science done in the 

classroom and five the highest.   The student scale has reasonable reliability with a 

Cronbach's alpha of .82. 

4 The first four items were converted into dummy variables (0 = never did this activity before and 1 = had 
done this activity before). A factor analysis was done on these 9 items (principal factor solution) and the 
first factor had a proportion of .8556. Rotation was done using the promax method as there was no 
theoretical reason why factors would be orthogonal and 2-6 factors were tested to ensure consistency of 
results. 

5 The lack of inclusion of the other two similar items in this scale may reflect that experiments in middle 
school are often done in groups (to teach cooperative work and to save on material costs) and have the steps 
laid out in detail. 
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In addition to the student scale, two student items were retained for the analysis 

because they ask specifically about topics covered in the two performance assessments. 

These items are: 

1. Measured the lifting power of levers 
2. Classified different things (such as plants, animals or materials) into groups 

Two variables are constructed based on these two items and are called "lever 

dummy" and "classification dummy". They take the value of 1 indicating experience 

with the activity or 0 if otherwise. Because these dummies are based on single items, we 

have less confidence in the estimates of their relationship to test score. Due to 

measurement error, these estimates may be attenuated. 

3. Imputation of Student Hands-on Science Scale 

A substantial proportion of students did not answer all items on the survey 

creating missing data in regards to the student scale or dummy variables6. Students 

missing the scale were found to be missing all items making up that scale. Table 4-3 

reports the number of students with a missing scale or dummy who have an available test 

score. 

Missing data was addressed through imputation based on regressing the scale or 

dummy variable on the students' race/ethnicity, gender and ability rank. When describing 

the data, pre-imputed data is used. For the hypothesis testing, both the pre-imputed data 

and the imputed data were used. As the results were similar, the findings reported are 

based on the imputed data. 

6 No data was missing for the teacher scale. 
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Student Test Scores 

Students took one multiple choice test and two performance assessments. The 

Iowa Test of Basic Skills (ITBS) multiple choice science test (Level 14, Form K) 

containing 46 items and 46 total points possible was taken within the publisher's 

recommended time. Exercise administrators trained by RAND administered the test. The 

classroom teacher remained in the room but was not involved in the test administration. 

The publisher computer scored the test.  1238 students have ITBS test scores. 

Students took two performance assessments developed by RAND. The lever test 

focuses on whether the length of the lever or the relative position of its fulcrum have an 

effect on the force needed to lift an object. The lever test contains 7 items with 14 points 

possible.  1242 students have lever test scores. The other performance assessment 

requires students to develop a two-way classification scheme for a set of objects and then 

fit an additional object into that scheme. This classification test contains 13 items with 

48 points possible.  1231 students have classification test scores. 

The exercise administrators gave both performance assessments to each class 

during a single science class period with the classroom teacher in the room. For each test, 

students were given the hands-on materials to be used and a test booklet containing 

directions, spaces where results were to be filled in, questions to be answered and the 

space for these responses. Cardboard partitions were used to reduce student interactions. 

Students carried out the instructed activities, recorded their results and answered the 

questions in the booklets. The booklets for each test were scored by a team of readers, 

primarily science teachers, who were trained and supervised by RAND staff in using 

semi-analytic scoring rubrics. Booklets were separated into batches and each batch held 
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only one booklet from a classroom. Batches were randomly assigned to readers and 

readers were blinded to student characteristics. Inter-reader reliability for scores was high 

(.95) for both tests. For more detail on the make-up of the performance tests, their 

administration, and scoring see Stecher and Klein (1995). 

Student Characteristics 

While students were taking the tests and survey, teachers were asked to list the 

students enrolled in their class and identify three characteristics of each: gender, 

race/ethnicity and ability rank. Teachers listed whether each student was a male or 

female, with 1377 students identified. Teachers categorized each student as Asian, Black, 

Hispanic, Other, or White. Race/ethnicity is identified for 1376 students.   Only 37 

students were categorized as Other which are too few to maintain as a separate category 

nor is there reason to include them in another category. 

Teachers were asked to rank the general ability of each student relative to all 

students in the 8th grade at that school. They did so by assigning an Ability Code (1 to 5) 

for each student which placed each student in grade-level ability quintile. Ability Code 1 

indicates the bottom 20% and 5 indicates the top 20%. For the rest of this work, this 

characteristic is called Ability Rank. Ability rank is identified for 1376 students. 

Using the race/ethnicity data provided by the teachers, the classroom percent 

minority (the percent of non-White students in each class) was generated as a classroom 

level variable to be used as a contextual variable in the analysis. 

71 



II. Descriptive Statistics 

This section reports descriptive characteristics of the sample. First, we provide 

the distribution of the students by gender, race/ethnicity and ability rank (Table 4-4). The 

means and standard deviations of the hands-on scales and tests scores are presented for 

the entire sample and by gender, race/ethnicity and ability rank.   Statistically significant 

differences within each of these subgroups are noted. In Table 4-4, the superscripts 

attached to the means identify which subgroups within the same category are statistically 

significantly different. For example Panel 2 provides data by race/ethnicity and shows a 

mean teacher scale for Asian of 3.35: the superscript "B" above the mean shows that it 

significantly differs from the mean for Black which is 3.10 . 

Second, we examine between and within class variation in the student hands-on 

scale. Total variation is composed of the variation in class means (between-class 

variation) and the variation in student deviations from the class mean (within class- 

variation). Descriptive statistics are given for both components of the variance and the 

relative contribution of each to the overall variance in the student scale is described 

(Tables 4-5 to 4-7). 

Subgroups of the Sample 

The three subgroups identified in this sample are sex, race/ethnicity and ability 

rank. Of the 1384 students, 52% are female and 47% are male (Panel I, Table 4-4). 

White students make up 38% of the sample, Hispanic are 26% followed by Asian with 

18% and Black at 15% (Panel II).   Concerning ability rank, teachers placed 18% of their 

students in the lowest quintile, 16% in the second quintile, 22% in the third quintile, 24% 
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in the fourth quintile and 20% in the 5th (or top) quintile (Panel HI).   This shows a bit of 

overestimating ability rank by teachers as the bottom two quintiles contain less than 20% 

apiece of the students. 

The Teacher and Student Hands-on Scales 

The descriptive statistics show greater variation in the student scale than the 

teacher scale. The teacher scale contains more values than the student scale (1-6 versus 

1-5) yet it has a smaller standard deviation (.84 versus 1.18) (Panel I, Table 4-4).   In 

addition, significant subgroup differences in the teacher scale are restricted to the 

race/ethnic subgroups while for the student scale they include both the race/ethnic 

subgroups and the ability rank subgroups (Panels II & IE). 

This greater variation is expected because of the difference in sample sizes of 

teachers versus students. With 44 classrooms taught by 18 teachers, the teacher scale is 

expected to have low variation. While the 1400 students are in the same classrooms with 

these teachers, the variation in their reports can be greater for a number of reasons 

including their actual participation in the activities, their perception of what an 

experiment is, and their memory. 

1.   The Teacher Scale 

Teachers report an average hands-on science scale of 3.29 (on a scale of 1-6) 

(Panel I, Table 4-4).   We find no difference between the average report for teachers who 

teach females and the teachers who teach males. This is true as well for teacher reports 

by ability ranks. In part, these results may be due to mixed gender and mixed ability rank 

in the classroom or by a failure to report differences in tracked classes taught by the same 

teacher even though separate surveys were filled out for each class. However, we find 
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differences by race/ethnic group (Panel II). Compared to Black students, Asian and 

White students tend to come from classrooms where the teachers report greater hands-on 

science. 

2. The Student Scale 

Students report an average hands-on science scale of 3.48 (on a scale of 1-5) 

(Panel I, Table 4-4). There is no difference between reports for female and male students 

but differences do exist among ethnic groups and ability ranks. White students report 

significantly higher levels of hands-on science than Black and Hispanic students and 

Asian students report more than Hispanic students.   Students classified in the two highest 

ability rank quintiles report more hands-on science than those in the other three quintiles. 

For the two student items (Lever and Classification), 64% of students reported 

using levers and 86% reported classifying objects (Panel I). The only significant 

difference in reports among subgroups is that students of the highest ability rank report 

greater use of classifying than students in the lowest ability rank. 

Test Scores 

High variation in test scores appeared among subgroups, on the whole, in an 

expected manner justifying the need to control for these subgroups in the analysis. 

Whites and Asians scored significantly higher than Blacks and Hispanics (Panel II, Table 

4-4). Students of high ability rank scored significantly higher than those of lower rank 

(Panel III, Table 4-4). Only in the case of the Classification Performance test do we see a 

difference by sex with female scoring higher than male. 
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1. Multiple Choice Test 

The average ITBS score was 23 points out of a possible 46 points. We found 

significant difference in ITBS score within race/ethnicity and ability rank subgroups but 

not by gender. White students scored higher than Asian students (by 3 points) and 

Hispanic and Black students (by over 6 points). Asian students scored higher than Black 

and Hispanic students by over 3 points. Students in the highest and second highest ability 

ranks scored higher than students in all lower ability ranks. Students in the highest ability 

rank scored 7.5 points more than those in the lowest ability rank. Students in the middle 

ability rank scored higher than those in the lowest ability rank by 2 points. 

2. Lever Performance Test 

The average Lever score was 6.8 out of a possible 14 points. Lever scores were 

similar for males and females but differed significantly by race/ethnicity and ability rank 

subgroups. White and Asian students scored higher than Black and Hispanic students by 

about 2 points. Students in the highest and second highest ability ranks scored higher 

than students in all lower ability ranks. Students in the highest ability rank scored 3.5 

points more than those in the lowest ability rank. 

3. Classification Performance Test 

The average Classification score was 28.4 out of a possible 48 points. Females 

scored higher than males by almost 2 points. White students scored higher than Asian 

students by 3 points and higher than Black and Hispanic students by about 10 points. 

Asian students scored higher than Black and Hispanic students by over 6 points. Students 

in the highest and second highest ability ranks scored higher than students in all lower 

ability ranks. Students in the highest ability rank scored 11 points more than those in the 
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lowest ability rank. Students in the middle ability rank scored higher than those in the 

lowest ability rank by almost 4.5 points. 

Within and Between-Class Variation in the Student Scale 

Because every student in each class reported on the level of hands-on science, the 

total variation in the student scale can be broken down into between-class and within- 

class variation.  Total variation measures the variation in student reports. Between-class 

variation measures the variation of the classroom means. Within-class variation measures 

the variation of the student within each classroom. 

The purpose of breaking total variation down into between and within-class 

variation is to create a more valid student scale. Within-class variation represents student 

reaction to the level of hands-on science done in the classroom which may be caused both 

by actual differences in student hands-on science (e.g. through absences and failure to 

participate) or by differences in student perception. Between-class variation, then, may 

better represent the real instructional differences in the amount of hands-on science 

occurring between classes. Between-class variation may also better correlate with the real 

amount of hands-on science in the class because the use of class averages may take away 

anomalies in individual student reports. We will do a separate analysis of the two sources 

of variation and their relationship to test score to test the sensitivity of our results. 

Below we provide descriptive statistics on the between and within-class variation 

including the breakdown of these two types of variation for the student scale and two 

student items, the mean of classroom means, and the mean of the student variation from 

the classroom means by subgroup. 
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1. Breakdown of Total Variation 

Table 4-5 reports the total variation and the between and within-class variation for 

the student scale and two student items. Only the student scale contains a large percentage 

of both between-class and within-class variation. For the two dummy variables, the 

majority of variation is due to within-class variation. 

2. Between-Class Variation 

As classroom mean is an aggregate statistic of student reports, we would expect 

its mean to be similar to the mean of student reports (Panel 1, Table 4-4) but with a 

smaller standard deviation. Table 4-6 shows this to be the case. 

3. Within-Class Variation 

The mean of the student deviation from the classroom mean totals zero by 

definition so there is no need to report it in a table. However we can report the means of 

student deviation from the classroom mean for specific subgroups. While these will tend 

toward zero, they can show significant differences among subgroups. Table 4-7 reports 

the mean of the student deviation from the classroom means of the student scale and the 

two items by subgroups. For the student scale there is no significant difference between 

male and female but there are differences among race/ethnicity and ability rank 

subgroups.   White student deviations are positive and greater than Asian or Hispanic 

students showing that White students reported more hands-on science than their Asian or 

Hispanic classmates. The same is true for students in the top two ability ranks versus 

those in the second lowest ability rank. For the lever and classification dummies, there 

are no differences among the subgroups. 
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III. Models 

We employ three models to examine the relationship of hands-on science with 

standardized science test scores. Model 1 tests Hypothesis 1 as to whether there is a 

positive relationship between hands-on science and test scores. Model 2 tests Hypothesis 

2 as to whether hands-on science has a stronger relationship with performance test scores 

versus with multiple choice test scores. Model 3 tests whether our results regarding 

Hypothesis 1 hold when we break down our hands-on science measure into: 1) between- 

class variation and 2) within-class variation. 

Each of these models is extended to include the interactions between hands-on 

science and ability ranks in order to test Hypothesis 3 that hands-on science has a weaker 

positive relationship with achievement for higher ability students. 

The RAND data were collected using cluster sampling of students within classes. 

This clustering could cause the underestimation of the standard errors of the coefficients 

for the independent variables. The underestimation would be magnified for the hands-on 

science variable due to its classroom nature which would lead to overestimating the 

significance level of its association with test scores. We will use the Huber correction for 

our OLS models to produce robust standard errors so as to test our hypotheses more 

precisely (Huber 1967). The following discussion describes the three models (Models 1, 

2 & 3) and their extensions (Models 1A, 2A & 3A). 
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Model I 

To examine whether students who carry out more hands-on science score higher 

on standardized science tests controlling for student and classroom characteristics, we use 

the following regression model: 

1)    Yjj = ceo + aiHij + a2CLj + CC3STJJ + 6ij 

where 
Yjj = the test score (multiple choice or performance test) for student i in class j. 
Hy = the level of hands-on science for student i in class j (for student reported data this 

includes the student scale and the lever and classification dummies: for 
teacher reported data this is the teacher scale). 

CLj = the class level variable (classroom percent minority) that may be related to test 
scores for class j. 

STij = the student characteristics (ability rank, gender, race/ethnicity) that may be related 
to test scores for student i in class j. 

ex's = the parameters to be estimated (0C1 being the vector of parameters we are most 
interested in). 

£ij = the disturbance term for student i in class j. 

Our regression is superior to the zero-order correlation method, which has been 

widely used in the literature. First, the model allows us to separate out the effects of other 

variables known to affect test scores (such as gender and race/ethnicity). The resulting 

regression coefficients will give us a more accurate measure of the relationship of hands- 

on science to test scores. Second, the regression estimates avoid the attenuation of the 

relationship between performance test scores and hands-on science that may occur in the 

correlation method. Because of the potentially lower reliability of our performance tests, 

correlations between hands-on science and performance test scores could be biased 

toward zero. We avoid this problem since regression coefficients estimated using the raw 

test scores do not depend upon the standard deviations of the test scores. Third, our 

model corrects for the effects of cluster sampling using the Huber correction. 
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The model will be estimated separately six times for all the combinations of the 

three different tests and the two different measures of hands-on science. The order of 

these six estimations is shown in Table 4-8. 

Model 1 will be extended (to Model 1A) by adding terms interacting the hands-on 

science scales (teacher and student) with the ability ranks (symbolized by H*ARy). 

Model 1A contains the four interaction terms of hands-on science and ability rank and 

takes the form: 

1A)    Y,j = oo + aiHy + a2CLj + a3STij +a4H*ARij +£jj 

where, in addition to the symbols interpreted for Model 1: 
H*ARjj = the 4 terms interacting the hands-on science scale and the top 

four ability ranks (the fifth term indicating the lowest ability rank is used as 
a reference) that may be related to test scores for student i in class j. The 
ARjj variables themselves remain included under STy. 

OC4 = a vector of parameters to be estimated concerning the differences in the relationship 
of hands-on science and test scores by ability rank. 

The parameters estimated for the interaction terms (CX4) will be added to the 

parameters estimated for the student or teacher scales (cci) to determine the relationship of 

hands-on science to test score specifically by ability rank. For example, to calculate the 

relationship of hands-on science to ITBS test score for the top ability rank students, we 

will add the coefficient on the hands-on science scale to the coefficient of the interaction 

term between the scale and the top ability rank if both coefficients are significant. For the 

low ability group (which is the reference group), (Xi alone captures the relationship. 

These results will show if hands-on science's relationship to test score differs by ability 

rank. 
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Like Model 1, Model 1A is estimated separately six times for different test scores 

and teacher or student reports of hands-on science. Model 1A contains all the advantages 

of Model 1 while additionally offering a test of the potential differential relationship 

between hands-on science and test scores by ability ranks.   To determine whether Model 

1 or Model 1A is the more proper specification, an F-test will be performed to test the 

significance of the interaction terms. 
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Model 2 

If we find that hands-on science is associated with test scores, we will test whether 

the relationship of hands-on science with performance test scores is significantly greater 

than the relationship of hands-on science with multiple choice test scores. One of the 

strengths of the RAND data is that the same students took both types of tests allowing us 

to compare differences in the coefficients for hands-on science estimated in the equations 

using performance versus multiple choice test scores. We do this by taking the difference 

between the two equations and we illustrate this approach with the four equations below. 

Eq. 1.1 is Model 1 for the performance test scores (all original subscripts have been 

removed for ease of reading and a subscript of "p" standing for performance test is used). 

Eq. 1.2 is Model 1 for the multiple choice test scores ( a subscript of "mc" standing for 

multiple choice test is used.) Eq. 1.3 is the subtraction of Eq. 1.2 from Eq. 1.1. Eq. 2 is 

the specification for the resulting Model 2 (the subscript "d" standing for difference is 

used). 

1.1) Y^Opo + OpiH + c^CL + o^ST + ep 

1.2) Ymc = ocmco + owiH + CW2CL + 0W3ST + emc 

1.3) Yp. Ymc = (ocpo. ovo) + («pi - cwi)H + (Op2 - ocmc2)CL 
+ (cCp3 -  CCm^ST + (£p - £mc) 

2)       Yd = otdo + adiH + ad2CL + ad3ST + £d 

where 
OCdO  =  OCpO-OCmcO 

Otdl   =  «pl " O&mcl 

CXd2 =    0tp2 - 0tmc2 

0Cd3   =  «p3 -   Omc3 

£d £p -  £mc 
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Model 2 will be estimated four times based on the combinations possible from: 1) 

two differences between test scores (Lever - ITBS and Classification - ITBS), and 2) two 

sources of hands-on science reports (teacher and student). 

In Model 2, by taking the difference of equations, we can examine the significance 

levels of the difference between coefficients. Our focus is on the significance level of the 

coefficient for hands-on science, otdi, which measures the difference between the 

coefficient for hands-on science in the performance test equation and the coefficient for 

hands-on science in the multiple choice test equation. 

In interpreting coefficients from Model 2, each coefficient represents the 

subtraction of the coefficient from Equation 1.2 (which uses the multiple choice test 

scores) from the coefficient from Equation 1.1 (which uses the performance test scores). 

If these two coefficients were positive, a significant positive coefficient for their 

difference in Model 2 would show that the hands-on variable has a stronger relationship 

with performance test scores than with multiple choice test scores. If these two 

coefficients were negative, the difference in them would be a negative plus a positive (a 

negative minus a negative). In this case, a significant positive Model 2 coefficient would 

mean that the variable has a stronger negative relationship with multiple choice test 

scores than with performance test scores. Table 4-9 details how to interpret the signs of 

significant coefficients from Model 2. 

Model 2 requires that the performance and multiple choice test scores be 

standardized so that they can be compared. Scores are standardized with a mean of 50 

and a standard deviation of 10. Only students having both types of test scores will be 

included in the analysis. Model 2 maintains the benefits of using multiple regression by 
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separating out the effects of other variables known to affect test scores and addressing the 

impacts of cluster sampling by using a Huber correction. The potential problem of low 

reliability of performance tests is not corrected by Model 2 because the standardization of 

the performance test scores will reflect their potentially greater variance. 

Model 2 will be extended (to Model 2A) by adding tennis interacting the hands-on 

science scales with the ability ranks (symbolized by H*ARjj). The interaction terms will 

be used to determine if the differential relationship varies by ability rank. Model 2A 

takes the form: 

2A)     Yd - otdo + ocdiH + Od2CL + otd3ST + a^ARy + ed 

Model 3 

If Model 1 or 1A shows a relationship between hands-on science and test score, 

we can further examine this relationship for the between-class and within-class variation 

in the student scale. 

Model 3 separates out the relationship of between-class variation from the within- 

class variation in hands-on science and test score using the form: 

3)        Y0.= a0 + axHj + a2(HtJ - #,) + a,CLj + aASTtJ + ev 

where 

H   =  the classroom mean of the hands-on scale for class j (capturing the 

between-class variation). 
(//.._//.) = the student's deviation from the classroom mean of the hands-on 

scale for student i in class j (capturing the within-class variation) 
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The model will be estimated three times, once for each test.   The raw test scores 

and the Huber correction will be used. We will use the estimated parameters, oci and CC2, 

to determine the relationships of between-class variation and within-class variation of 

hands-on science to test scores.   As we have greater confidence that the between-class 

variation in the scale is a more valid indicator of the actual level of hands-on science we 

will have greater confidence in our Model 1 results if we also find (Xi to be positive and 

significant. 

Model 3 will be extended to Model 3A by adding two sets of interaction terms: 

1) the classroom mean hands-on science scale multiplied by the ability rank, and 2) the 

deviation from the classroom mean hands-on science variables multiplied by ability rank. 

The model takes the form: 

Y0=a0 +axH.j +a2(Hu-H.J) + a3H.JARiJ +a,(H^-H.j)ARij +a5CL 
3A) 

+ a6ST0+e0 

where 
H. ARr = the terms interacting the classroom mean of the hands-on scale for 

class j with the ability rank of student i in class j. 
(Hr - H. )ARr = the terms interacting the student's deviation from the classroom 

mean of the hands-on scale for student i in class j with the ability rank of 
student i in class j. 

The interaction terms will be used to determine if the between and within-class 

variation vary by ability ranks. The parameters estimated for the interaction terms will 

be added to the parameter estimated for the student scale to determine the overall 

relationship of hands-on science to test score by ability rank. 
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IV. Results 

The results from the estimation of the three models and their extensions are 

presented in Tables 4-10 to 22. For all three models an F-test was done between the 

model and its extension to see if the interaction terms composed of ability rank and 

student hands-on scale jointly make a significant contribution. The interaction terms 

composed of the student items (Lever and Classification) and ability rank were not found 

significant and so were dropped from the extensions of the models. 

For all three models, Ability Rank 1 and Ability Rank 2 (the two lowest quintiles) 

were found not to be significantly different from one another. They were combined and 

used as the reference group for ability rank. The same was found for the terms interacting 

them with the hands-on scales, therefore, the two interaction terms were combined as 

well. The Huber correction was used to adjust for cluster sampling of students by class. 

Model 1: The Relationship of Hands-on Science and Test Scores 

Model 1 and Model 1A test Hypothesis 1 that there is a positive relationship 

between hands-on science and test scores. We examine the coefficients on the hands-on 

scales (teacher and student) for each test score to test this hypothesis. Where appropriate 

the coefficients on the interaction terms composed of the scales and ability rank are added 

to the coefficient on the scale to determine the relationship by ability rank. These models 

explain nearly 30% of the variation in test scores. 

No significant results are found for the teacher scale. In the case of ITBS scores, 

the coefficients from both models are statistically insignificant. For Model 1A the 

interaction terms for the higher ability ranks and the teacher scale are all non-significant 
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(except for the Ability Rank 5 interaction term which is marginally significantly 

negative). In the case of the Lever and Classification scores the coefficients are 

insignificant as well. 

We, therefore, focus the discussion of Models 1 and 1A on the student scale in the 

following order: 1) ITBS multiple choice test scores, 2) Lever performance test scores, 

and 3) Classification performance test scores. Findings for the covariates were similar 

when using the teacher and the student scales so these will be discussed with the results 

for the student scale. 

The lack of significant results when using the teacher scale preempts the need to 

analyze Model 2 and Model 3 with the teacher scale. Therefore, the discussion of Models 

2 and 3 will focus solely on results when using the student scale. 

1. Multiple Choice Test Scores - the ITBS 

Table 4-10 reports the results of Models 1 and 1A with ITBS scores as the 

dependent variable.   The F-test of the inclusion of the interaction terms rejects the 

hypothesis that the two models are not different at the 1% significance level (see 

Appendix 4-1). Therefore, Model 1A is the appropriate model to use with the multiple 

choice test data. 

The student scale shows a positive relationship with test score but the two dummy 

items do not. The coefficient on the student scale is a positive 1.28 and significant at the 

.01 level.   The coefficient on the lever dummy is negative and non-significant while the 

coefficient on the classification dummy is positive and non-significant. 

The interaction terms also show a significant relationship to test score and must be 

considered in the relationship of the hands-on scale to test score. The coefficients are 
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negative and significant for the terms of the higher ability students; -1.50 for the term 

including Ability Rank 5 and -1.14 for the term including Ability Rank 4. The term 

including Ability Rank 3 has a marginal significant negative coefficient of-.88. 

To determine the relationship of the scale to ITBS scores by ability rank, we 

combine the coefficient on the scale with the coefficient on the respective interaction term 

for each ability rank.   The results are shown in Table 4-11. 

Using a test of equivalence of coefficients (H0: Coefficient on Scale + Coefficient 

on Interaction Term = 0), we find that we cannot reject the hypothesis that the final 

coefficients for Ability Ranks 3 - 5 equal 0 at the 5% significance level. In sum, we find 

a significant positive relationship between the scale and ITBS test scores for students 

classified in Ability Ranks 1 and 2 (the lowest two ranks).   The failure to find a 

relationship for Ability Ranks 3-5 may be due to the lack of one or because we lack the 

power to find one. For this reason, we interpret the test results to mean that we find a 

relationship of near zero (rather than equivalent to 0) for students classified in Ability 

Ranks 3-5. 

Concerning the other explanatory variables, we find significant negative 

coefficients for Female (-.89), Asian (-2.46), Black (-5.00), Hispanic (-2.66) and 

classroom percent minority (-6.46). We find that ability rank has significant positive 

coefficients that rise monotonically from Ability Ranks 3 to 5 (3.75, 7.52 and 10.64 

respectively). 

2.   Performance Assessment - The Lever Test 

Table 4-12 reports the results of Models 1 and 1A with Lever scores as the 

dependent variable.   The F-test of the inclusion of the interaction terms using student 



reports does not reject the hypothesis that the two models do not differ with a significance 

level of 5% (see Appendix 4-1).   Therefore, Model 1 is the appropriate model. 

The student scale and classification dummy show a positive significant 

relationship to test score. The coefficient on the student scale is a positive .29 and 

significant at the .01 level. Surprisingly, the lever dummy is non-significant though the 

coefficient on the classification dummy is a marginally significant .60. 

For the other explanatory variables, we find significant negative coefficients for 

Black (-1.72), Hispanic (-.97) and classroom percentage minority (-3.07).   We find 

significant positive coefficients for Ability Rank 4 (1.58) and Ability Rank 5 (2.37). 

3.   Performance Assessment - The Classification Test 

Table 4-13 reports the results of Models 1 and 1A with Classification scores as 

the dependent variable.   The F-test of the inclusion of the interaction terms does not 

reject the hypothesis that the two models are not different (see Appendix 4-1). Therefore 

Model 1 is the appropriate model. 

The student scale and classification dummy show a positive relationship to test 

score.   The coefficient on the student scale is a positive .98 and significant at the .01 

level.   As expected, the coefficient on the classification dummy is positive and 

significant (2.57). The coefficient on the lever dummy is non-significant. 

In addition, we find a significant coefficient for Female (1.23) and significant 

negative coefficients for Black (-6.72), Hispanic (-.5.01) and classroom percentage 

minority (-11.17). We find significant positive and monotonically increasing coefficients 

for Ability Ranks 3-5 (2.00, 4.30 and 6.89 respectively). 
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4. Summarizing the Results of Model 1 and Model 1A 

Student reports of hands-on science in the classroom show a significant positive 

relationship with all three test scores. In the case of the multiple choice test, this positive 

relationship exists only for the students of lower ability rank while there is no relationship 

for students of higher and middle ability rank. In the case of both performance tests, this 

relationship exists for all students and there is no difference by ability rank. 

The relationship of student and classroom characteristics, except sex, to test score 

are similar for all tests. Non-Asian minority status and classroom percent minority are 

associated with lower test scores.   Higher ability rank is associated with higher test 

scores. Female is associated with lower multiple choice test scores and has a positive or 

no relationship with performance test scores depending on the test. 

In order to compare the relative strength of the hands-on scale's relationship with 

the three different tests and to compare its relationship versus the student and classroom 

characteristics we can standardize the coefficients by dividing them by each test scores' 

standard deviation. This step introduces the potential problem of the attenuation of the 

estimated relationship with the performance tests as we use their standard deviations 

when standardizing the coefficients. 

Table 4-14 reports the relationship of hands-on science to test scores as a 

proportion of each test's standard deviation. The coefficient for the student scale 

converts to 17% of a standard deviation for ITBS and 8% of a standard deviation for 

Lever and for Classification scores. This result gives the appearance that hands-on 

science is more strongly related to multiple choice test scores than to performance test 

scores. The coefficient for the classification item converts to 21% of a standard deviation 
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for Classification scores greatly improving the overall relationship of hands-on science to 

performance test score for this test. 

For Model 1A, appropriate when using the ITBS scores, the interaction of the 

scale with ability rank was found to make a significant contribution. The coefficients for 

the interaction terms for Ability Ranks 4 and 5 convert to -.15 and -.20 of a standard 

deviation for ITBS scores. 

Concerning the other independent variables, the results for race/ethnicity are 

negative and fairly consistent in value ranging from one-fourth to two-thirds of a standard 

deviation (although Asian is only significant when using ITBS scores) as are those for 

classroom percent minority (which almost reaches one standard deviation). For Female, 

the coefficients convert to about one-tenth of a standard deviation when using the ITBS 

and Classification test scores. For ability rank, we see a monotonic rise that ranges from 

49% to 139% of a standard deviation when using ITBS scores, from 44% to 65% for 

Lever and from 16% to 56% for Classification scores. 

The coefficient in standard deviation units for the hands-on scale converts to a 

smaller figure than those of the covariates. The covariates, though, are on the whole 

dummy variables while the scale runs from 1 to 5. A shift from the lowest value to the 

highest value of the scale would convert to a four times larger percentage of a standard 

deviation which is about equivalent to what we see for the relationship of Hispanic or 

Black. Therefore, a higher level of hands-on science can offset the test score 

disadvantages of being Black or Hispanic, particularly for lower-ability students. 
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B. Model 2: Differences in the Relationship of Hands-on Science to Multiple Choice 
Versus Performance Tests 

Models 2 and 2A test Hypothesis 2 that the relationship of hands-on science with 

performance test scores is significantly greater than the relationship of hands-on science 

with multiple choice test scores.   The interpretation of the coefficients from these Models 

differs from the interpretation of coefficients from a traditional OLS model. Because 

these coefficients reflect the difference in a coefficient from Model 1 (1 A) using 

performance test scores minus a coefficient from Model 1 (1A) using multiple choice test 

scores, their interpretation relies on the value and sign of the Model 1 (1A) coefficients. 

Models 2 and 2A will also be used to test a finding we made using Models 1 and 

1 A. The interaction of Ability Rank and hands-on science was found to be significant for 

ITBS scores but not for the performance test scores. One difference, then, between the 

relationship of hands-on science and type of test is that the relationship differs by student 

ability for the multiple choice test but not for the performance tests. The coefficient on 

the interaction terms in Model 2A will provide additional evidence regarding this finding. 

The results of the models are discussed below in the following order: 1) Lever 

versus ITBS, and 2) Classification versus ITBS. Within these two sections we first note 

the results for Model 2 as an aid in discussing the results from Model 2A. Model 2 

assumes that the coefficient on hands-on science is the same for students of different 

ability. Because a significant interaction was found for ITBS scores using Model 1A, 

Model 2A is the proper specification and we focus the discussion on the results from it. 

The R2 are low because these models are being used to examine the significance of the 

difference. 
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1.   Differential Relationship of Lever versus ITBS Test Scores 

Table 4-15 reports the results from Models 2 and 2A with Lever minus ITBS as 

the dependent variable. The results for Model 2 show no significant difference in the 

relationship of the hands-on science variables. The coefficients on the student scale, and 

Lever and Classification dummies are not significant. These results provide little 

evidence that hands-on science has a stronger relationship with performance test scores 

than with multiple choice test scores under the assumption that such a relationship holds 

the same for students of different abilities. 

Since the hand-on and achievement relationship does differ by ability ranks for 

ITBS, we need to test Model 2A. For Model 2A, we again find that Lever dummy and 

Classification dummy are not significant. The coefficient on the student scale is the 

estimate of the difference in the relationship of hand-on science to lever versus to ITBS 

for students of lower ability and we find it insignificant, indicating a lack of difference. 

The coefficients on the interaction terms (specifically for the higher ability students) are 

also not significant. However, their sign is positive as expected if the relationship 

between hands-on science is not as strong for higher-ability students for the ITBS as it is 

for the lever test. The coefficient on the interaction terms in Model 1A was negative and 

near zero for Lever scores and negative and larger than zero for ITBS scores. Subtracting 

the latter from the former (a larger negative from a smaller negative) should give a 

positive result which is what we see in Model 2A.   In sum, our results do not give us 

sufficient evidence for a differential relationship for hands-on science with different types 
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of test score. However, this may be due to a lack of statistical power rather than the lack 

of such a differential as our coefficients on the interaction terms though not significant 

have the correct sign. 

Among the covariates, significant positive differences were found for Female, 

Asian and Black. Based on results from Models 1 and 1A, we would expect that Female 

and Asian would show a positive difference because both Female and Asian had a 

significant negative relationship with the ITBS test score and a non-significant 

relationship (low positive for Female and low negative for Asian) with the Lever test 

score.   In the case of Black, Model 1 showed a significant negative relationship with both 

ITBS and Lever test scores. The significant positive coefficient in Model 2A shows that 

Black has a stronger negative relationship with ITBS test scores than with Lever test 

scores. A similar positive value for the Model 2A coefficient was also found on Hispanic 

but was not significant. 

2. Differential Relationship of Classification versus ITBS Test Scores 

Table 4-16 reports the results from Models 2 and 2A with Classification minus 

ITBS scores as the dependent variable. For Model 2 we see no significant difference in 

the relationship of the hands-on science variables as the coefficients on the student scale, 

and Lever and Classification dummies are not significant. This again confirms that there 

is no differential relationship of hand-on science with classification vs. ITBS test if the 

assumption that such a relationship is the same for students of different ability holds. 

Given that Model 1A is the appropriate model for ITBS, we proceed to test Model 

2A. For Model 2A, the coefficients on the Lever and Classification dummies are again 

not significant. The insignificant coefficient on the student scale of hand-on science 
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again indicates that there is little difference in the hand-on and test relationship for 

students of lower ability. However, we find a significant positive difference between the 

coefficients for the two interaction terms which include Ability Rank 4 and Ability Rank 

5 (the higher ranks). These coefficients are of the expected positive sign. Their 

significance and sign provides evidence that the relationship of hands-on science with 

achievement is more negative for ITBS test scores than for Classification test scores 

among students of higher ability. 

For the covariates, the coefficients on Female and Asian are significant and 

positive while the coefficients on Ability Ranks 4 & 5 are significant and negative.   The 

results for Female and Asian were expected based on our Model 1 and 1A results. 

Female and Asian had a significant negative relationship with the ITBS test score. 

Female had a positive significant relationship with Classification test score and Asian had 

a non-significant negative relationship. Ability Ranks 4 & 5 showed positive 

relationships with both Classification and ITBS test scores when using Model 1 and 

Model 1A respectively. That their difference is significantly negative in Model 2A shows 

that the positive relation of higher ability rank to test score is stronger for ITBS than for 

Classification. 

3. Summarizing the Results of Model 2 A 

The results from Model 2A show that Ability Rank does affect the relationship of 

hands-on science to test scores for the ITBS but not for the Classification test (the finding 

from the Lever test was indeterminate). This result can be considered in two ways. First, 

for higher ability ranked students, hands-on science is more positively related to 
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performance test scores because higher ability students show a more negative relationship 

between hands-on science and multiple choice test scores. Second, for lower ability 

ranked students, the relationship of hands-on science to test score is not affected by type 

of test and so the relationship is neither stronger nor weaker for performance test than for 

ITBS test among students of lower ability. In sum, we find some evidence that the 

relationship is stronger for performance tests than for multiple choice tests for higher 

ability students only. 

Regarding the other explanatory variables, the results reiterate some of the 

findings from Models 1 and 1A but also provide additional information. Like Models 1 

and 1A, Model 2A shows that Female and Asian have a more negative relationship with 

multiple choice test scores than with performance test scores (and Female has a more 

positive relationship with Classification performance test scores). Model 2A provides 

new evidence that Black may have a less negative relationship with performance test 

scores than with multiple choice test scores. This was not found for Hispanic nor 

classroom percent minority.   Model 2A also provides new evidence that higher ability 

ranks have a stronger positive relationship to multiple choice test scores than to 

performance test scores. 
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C Model 3: The Relationship of Between-Class and Within-Class Variation in Hands-on 
Work to Test Scores 

Models 3 and 3 A are a further test of the results found with Models 1 and 1A. 

Total variation in the hands-on scale is broken down into between-class variation and 

within-class variation. Between-class variation, which may be a more valid measure of 

classroom hands-on science, is represented by the classroom mean of the student hands- 

on scale. Within-class variation, which arises from both classroom hands-on science and 

student perception of it, is represented by the student deviation from the classroom mean 

of the scale.   If the results concerning between-class variation from Model 3 mirror those 

for total variation in Model 1, we will have more confidence in our finding of a positive 

relationship between hands-on science and test score. 

The results from Models 3 and 3A are discussed in the following order: 1) ITBS 

score, 2) Lever score, and 3) Classification score. Model 3A originally contained two 

sets of interaction terms: 1) the classroom mean of the hands-on scale interacted with 

each ability rank, and 2) student deviation from the classroom mean of the hands-on scale 

interacted with each ability rank. The latter were not found significant individually (using 

a t-test) nor jointly (using an F-test) in all cases. Therefore, only the interactions of 

between-class variation with ability rank are included in the final model. 

The results for the covariates were found to be similar to those of Model 1A for 

the ITBS scores and Model 1 for the lever and classification scores. Therefore, they are 

not discussed in detail. 
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1. ITBS Test Scores 

Table 4-17 reports the results from Models 3 and 3A for ITBS scores. The F-test 

of the inclusion of the interaction terms rejects the hypothesis that the two models are not 

different (see Appendix 4-1).   Therefore we use Model 3A. 

Our results are very similar to those found using Model 1A. They show a 

significant positive relationship between the two hands-on scale variables and ITBS test 

score. The coefficient for the classroom mean of the hands-on scale is a significant 1.65 

and for the student deviation from the mean a significant 1.16. 

The interaction terms also show a significant relationship to test score and must be 

considered in the relationship of the classroom mean scale to test score. The interaction 

terms show a significant negative relationship for the terms including Ability Rank 4 

(-2.52) and Ability Rank 5 (-3.73) and a marginal significant negative relationship for the 

term including Ability Rank 3 (-1.57). To determine the relationship of the classroom 

mean of the hands-on scale to ITBS test score by ability rank, we combine the coefficient 

on the classroom mean of the student scale with the coefficient on the respective 

interaction term for each ability rank.   The results are shown in Table 4-18. 

Using a test of equivalence of coefficients (H0: Coefficient on Scale + Coefficient 

on Interaction Tenn = 0), we find that we cannot reject the hypothesis that the final 

classroom mean coefficient for Ability Rank 3 equals 0 at the 5% significance level and 

that we reject this hypothesis for the resulting final classroom mean coefficients for 

Ability Ranks 4 & 5.   In sum, we find a positive relationship between the classroom 

mean and ITBS test score for Ability Ranks 1 and 2, a near 0 relationship for Ability 

Rank 3 and a negative relationship for Ability Ranks 4 and 5. 
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2. Within and Between Differences for Lever Test Scores 

Table 4-19 reports the results from Models 3 and 3 A for Lever test scores. The F- 

test of the inclusion of the interaction terms rejects the hypothesis that the two models are 

not different (see Appendix 4-1). Therefore Model 3A is the appropriate model. 

The results show a positive relationship between the two hands-on scale variables 

and the Lever test scores. We find a significant positive coefficient for both the 

classroom mean of the hands-on scale (.87) and the student deviation from the mean 

(.39). The interaction terms have significant negative coefficients for the terms that 

interact the classroom mean and Ability Rank 4 and Ability Rank 5. The coefficients for 

the classroom mean scale by ability rank are shown in Table 4-20. 

Using a test of equivalence of coefficients, we find that we cannot reject the 

hypothesis that the resulting final classroom mean coefficients for Ability Ranks 4 & 5 

equal 0 at the 5% significance level. For students classified in Ability Ranks 1, 2 and 3 

our final coefficient for the classroom mean hands-on scale is positive while for students 

classified in Ability Ranks 4 & 5, the coefficient is near 0. The positive relationship 

found in Model 1 holds for Ability Ranks 1 to 3 but does not for Ability Ranks 4 and 5. 

3. Within and Between Differences for Classification Test Scores 

Table 4-21 reports the results from Models 3 and 3 A for Classification test scores. 

The F-test of the inclusion of the interaction terms rejects the hypothesis that the two 

models are not different (see Appendix 4-1). Model 3A is then the appropriate model. 

We find significant positive coefficients for the two hands-on scales. The 

coefficient on the classroom mean scale is 2.17 and the coefficient on the student 

deviation from the mean is 1.65.   We see significant negative coefficients for the terms 
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that interact the classroom mean and Ability Rank 4 and Ability Rank 5. Table 4-22 

shows the between-class relationship of hands-on science to Classification test scores by 

ability rank. 

Using a test of equivalence of coefficients, we cannot reject the hypothesis that 

the resulting final between-class coefficients for Ability Ranks 4 & 5 equal 0 at the 5% 

significance level. Students classified in Ability Ranks 1, 2 and 3 have a positive 

coefficient for the classroom mean hands-on scale while students classified in Ability 

Ranks 4 & 5 have a coefficient near 0.   As in the case of the Lever test score, the positive 

relationship found in Model 1 only holds for Ability Ranks 1 to 3 and not the higher two 

ability ranks. 

4. Summarizing the Results of Model 3 

The results from Model 3 A show a positive significant relationship of hands-on 

science to all three test scores for lower ability rank students when using between-class 

variation, a better measure of the level of hands-on science. Within-class variation in 

hands-on science was found to be positively related to test scores for all students. This 

sensitivity analysis confirms the relationship between hands-on science and test score that 

we found in Models 1 and 1A. It also provides additional evidence that this relationship 

exists for students in lower and middling ability ranks but not for higher ability rank 

students, a finding we did not see in the analysis using Models 1 and 1A for performance 

tests. Our first findings in Models 1 and 1A may have been contaminated by the within- 

class variation of hands-on science which has a constant positive relationship with test 

score across type of test and ability rank. 

100 



V. Robustness of Results 

To further examine the robustness of our results regarding the positive relationship of 

hands-on science and test scores and the role of ability rank in this relationship, we 

extend our models to check if we obtain similar findings.   We focus on extending 

Models 1, 1A and 3A for which we had significant results (See Appendix 4-2 for a 

detailed description). We estimate two types of extensions. The first includes estimating 

the models separately for specific categories of students. The second extension involves 

checking for non-linearities. 

The first extension addresses five specific categories of students: 

1. Gender: female and male 
2. Race/ethnicity: Asian, Black, Hispanic and White 
3. Ability rank: Ranks 1 through 5 
4. Within-class student agreement on the hands-on scale: 

a. Students from classes with low versus high variation in the scale 
b. Students with low versus high deviation from their class mean of scale 

5. Students from classes with low versus high agreement with the teacher hands-on 
scale 

For the first extension, two approaches are used. In the first approach, interaction 

terms between each of these categories and the hands-on scale are created . One set at a 

time, these interaction terms are introduced into the original model which is then re- 

estimated. In the second approach, each model is estimated separately for each specific 

group. 

7 For Model 3A. the interaction included only the between-class variation in the hands-on scale as 
interaction terms using within-class variation were not found significant. 
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Results from both approaches are very similar to those of the original models. 

With few exceptions8: 1) the coefficient on the hands-on scale remains significant and 

positive, 2) the coefficient on the interaction terms remain negative for the two highest 

ability ranks, and 3) in the case of the first approach, the coefficients on the new 

interaction terms are largely not significant or do not change the major findings. 

The second extension addresses possible non-linearities by including a squared 

hands-on scale term. Where appropriate, interaction terms between the squared term and 

ability rank are also included. When these models are estimated in all but one case the 

results do not support the use of the polynomial specification. In the one case of Model 

3A when using Classification scores, we find evidence to support such a specification. 

The squared scale term has a negative significant coefficient and one interaction term 

composed of the squared scale and ability rank has a positive significant coefficient (the 

scale retains a positive significant coefficient and the interaction of the scale and the two 

highest ability ranks retain negative significant coefficients). 

To follow up on this finding regarding Classification scores, we estimated Model 

3 including the squared scale term separately for each ability rank and found that this term 

remains significant for the lower Ability Ranks 1 -3.   This provides some evidence that 

the scale's positive relationship to Classification test scores diminishes and turns negative 

at some level of hands-on science for lower ability rank students (in this case at 3.4 on the 

1-5 scale). 

8 Results from the first approach using interaction terms were very similar to those of the original models. 
The second approach had a greater number of exceptions as the reduced sample sizes led to more 
insignificant coefficients and less precise estimates. 
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Overall, the results from these two extensions of Models 1, 1A and 3A show the 

robustness of the results from the original models. In almost all cases, we continue to see 

a positive relationship between the hands-on scale and test scores for lower ability 

students but not for higher ones. In the case of one test. Classification, results from our 

polynomial specification suggest that for the Classification tests there is an upper limit of 

hands-on work after which the positive relationship starts to decline. 
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VI. Summary 

Figure 1 gives a schematic view of the analysis of the RAND data and the major 

findings.  The analysis was carried out to test three hypotheses: 

1. The level of hands-on science is positively related to student achievement as 
measured by standardized test scores, both multiple choice and performance. 

2. The relationship of hands-on science to test score is greater for performance 
tests as compared to multiple choice tests. 

3. This relationship is weaker for higher ability students. 

Our results support the first and third hypotheses and provide little evidence for 

the second hypothesis. First, we find a positive relationship between hands-on science 

and both types of test scores when using the student reported hands-on scale. For 

multiple choice tests, this relationship occurs only for students classified in lower ability 

ranks. For students in higher ability ranks this relationship is zero or negative depending 

on whether we consider the classroom average report (Model 1A) or the individual 

student report (Model 3A).   For performance tests, all students have a positive 

relationship when we use the whole scale (Model 1). When we use the between-class 

variation in the scale, the positive relationship remains for students of lower and middle 

ability rank but goes to zero for the students in the highest ability ranks. 

For the second hypothesis, we found some evidence that the relationship is more 

positive for performance tests than for multiple choice tests for higher ability students but 

this is due to the significant negative relationship between hands-on science and multiple 

choice test scores for these students. For lower ability students, hands-on science has a 

positive relationship with test score regardless of test type. 
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Furthermore, we broke down variation in the hands-on scale into between-class 

and within-class variation. Breaking down the total variation in this fashion helps us to 

understand the differing roles of between-class variation which appears to be a clear 

measure in the difference in levels of hands-on science and within-class variation which 

may combine both students' engagement in their class's level of hands-on science and 

their own perception of this engagement. We find that the relationship between hands-on 

science and test scores is based on both types of variation. Within-class variation has a 

positive relationship with test scores for all ability ranks supporting the argument that 

greater student engagement in and perception of hands-on science is related to higher test 

scores. Between-class variation was found to have a similar relationship with test score 

as total variation for low ability students and no or a negative relationship for higher 

ability students. 

Further analysis was done to test these results by looking at specific categories of 

students and checking for non-linearities. This work concluded that the original findings 

are robust. Analysis focused on individual categories of students led to the same results 

as those from the entire sample. For the majority of the models non-linearities did not 

occur. No upper limit of hands-on science was found except in the case of the 

Classification test. 

The above results are obtained using the student reported hands-on scale. No 

relationship between hands-on science and test scores is found when using teacher 

reported data. Why the scale used causes such a difference in results is open to a number 

of interpretations. Only a small number of teachers were involved in this study and there 

was little variation in the levels of hands-on work they reported. This could be due to a 
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lack of variation in instructional techniques or possibly because teachers who use low 

levels of hands-on science over-reported in response to current educational policy 

mandates to increase student hands-on science. On the other hand, perhaps, student 

recollections are somehow biased, for example better students report more hands-on 

science. 
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Table 4-1: Teacher Survey Items Regarding Hands-on Science 

Item Responses 

How frequently do students in this class use the 1 = Never 
materials and equipment below during class time: 2 = 1 or 2 times a year 

3 = 1 or 2 times a month 
1.   Calculator 4 = 1 or 2 times a week 
2.   Computer 5 = Almost every day 
3.   Magnifying glass, microscope 
4.   Telescope, planetary models 
5.   Weights, scales, balances 
6.   Batteries, wires, bulbs 
7.   Flasks, test tubes, chemicals 
8.   Rocks, minerals 
9.   Dissecting tools 
10. Any equipment or materials 

About what percent of time is spent in a typical 1 = None 
week doing each of the following with the class: 2 = <10% 

3=10-24% 
1.   Providing instruction to class as a whole 4 = 25-49% 
2.   Providing instruction to small groups of 5 = 50-74% 

students 6 = 75%+ 
3.   Providing instruction to individual 

students 
4.   Demonstrating lab procedures or 

experiments to students 
5.   Supervising labs in which students do 

experiments 
6.   Administering tests or quizzes 
7.   Supervising field trips 
8.   Performing administrative tasks (e.g. 

taking attendance) 
9.   Doing other school activities not related to 

the subject 
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Table 4-2: Student Survey Items Regarding Hands-on Science 

Item 
Before this week, have you ever done the 
following science activities: 

1. Used litmus paper to see if a solution 
was an acid or a base 

2. Used any method to measure the pH 
number of a solution 

3. Measured the lifting power of levers 
4. Classified different things (such as 

plants, animals or materials) into 
groups 

Before this week, how many times have you 
done the following activities in your 8th grade 
science class: 

1. Did experiments where I was told all 
the steps to follow 

2. Did experiments where I had to figure 
out several steps without the 
teacher's help 

3. Work with one or more lab partners to 
do experiments 

4. Did experiments by myself 
5. Did experiments where I used scientific 

equipment, such as magnifying glass, 
 graduated cylinder or balance  

Responses 
l=No 
2 = Yes, in 8th grade science 
3 = Yes, in another class 
4 = Yes, both in 8th grade 

science and in another 
class 

1 = Never 
2= 1-2 times 
3 = 3-4 times 
4 = 5-6 times 
5 = 7 or more times 
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Table 4-3: Missing Hands-on Science Observations 

Hands-on Science 
Scale 

Students with 
Multiple Choice 
Test Score 

Students with Lever 
Test Score 

Students with 
Classification Test 
Score 

Student Scale 147 135 132 

Lever Dummy 155 144 141 

Classification Dummy 154 143 140 

n 1238 1242 1231 
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Table 4-4: Descriptive Statistics of Rand Data 

Panel I: Total & By Gender 

Variable Total Female Male 

Hands-on Science 

Teacher Scale 
(1-6) 

3.29 
(.84) 

3.33 
(.86) 

3.25 
(.81) 

Student 
Scale (1-5) 

3.48 
(1.18) 

3.54 
(1.18) 

3.42 
(1.19) 

Lever Dummy .64 
(.48) 

.64 
(.48) 

.65 
(.48) 

Classification 
Dummy 

.86 
(.34) 

.88 
(.32) 

.85 
(.36) 

Multiple Choice 
Test 
(46 points) 

23.11 
(7.68) 

22.91 
(7.32) 

23.33 
(8.06) 

Performance Test 

Lever Test 
(14 points) 

6.78 
(3.62) 

6.91 
(3.59) 

6.63 
(3.66) 

Classification Test 
(48 points) 

28.38 
(12.24) 

29.24M 

(11.90) 
27.37F 

(12.53) 

N 
% of sample 

1384 
100 

725 
52.4 

652 
47.1 

table 4-4 continued 
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Table 4-4 

Panel II: By Race/Ethnicity 

Variable Asian Black Hispanic White 

Hands-on Science 
Teacher Scale 
(1-6) 

3.35B 

(.79) 

310A,W 

(.69) 
3.29 
(.77) 

3.35B 

(.96) 

Student Scale 
(1-5) 

3.52H 

(1.18) 
3.28w 

(1.08) 
3.22A'W 

(1.23) 

T *j i B,H 

(1.16) 

Lever Dummy .63 
(.48) 

.66 
(.47) 

.63 
(.48) 

.65 
(.48) 

Classification 
Dummy 

.86 
(.35) 

.87 
(.34) 

.81 
(.39) 

.91 
(.28) 

Multiple Choice Test 
(46 points) 

2307B,H,W 

(7.02) 
19.35A'W 

(7.08) 
20.03A'W 

(6.65) 
26.46A'B,H 

(7.42) 

Performance Test 

Lever Test 
(14 points) 

73B,H 

(3.43) 
5.28A'W 

(3.64) 
5.35A'W 

(3.54) 

794B,H 

(3.30) 

Classification Test 
(48 points) 

2975B,H,W 

(11.69) 
23.23A'W 

(11.03) 
22.60A'W 

(11.47) 
33.11A3'H 

(11.09) 

n 
% of sample 

250 
18.1 

213 
15.4 

354 
25.6 

522 
37.7 

table 4-4 continued 
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Table 4-4 
Panel HI: By Ability 

Variable Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 

Hands-on Science 
Teacher 3.19 3.36 3.33 3.34 3.23 

Scale (1-6) (.81) (.75) (.80) (.91) (.86) 

Student Scale 3.253'4'5 3.273'4'5 3.591'2 3.601'2 3.591'2 

(1-5) (1.30) (1.14) (1.06) (1.20) (1.19) 

Lever .68 .71 .65 .61 .60 

Dummy (.47) (.46) (.48) (.49) (.49) 

Classification .81s .88 .87 .85 .911 

Dummy (.40) (.33) (.34) (.36) (.29) 

Multiple Choice Test 1953,4,5 20.54's 21.761'4'5 24.961'2'3'5 27.041'2'3'4 

(46 points) (8.3) (7.02) (7.00) (6.58) (7.47) 

Performance Test 

Lever Test 5.033'4'5 5.74'5 6.291'4'5 7.561'2'3'5 8.581'2'3'4 

(14 points) (4.01) (3.48) (3.20) (3.26) (3.11) 

Classification Test 22?93,4,5 24.874'5 27.201'4'5 30.531'2'3'5 33.961'2'3'4 

(48 points) (12.87) (11.91) (11.46) (11.52) (10.59) 

N 244 226 298 336 272 

% of sample 17.7 16.4 21.7 24.4 19.8 

Note: The superscripts show which groups significantly differ (p=.05 or less) from the 
group in question. For example, the mean for female classification test scores reads 
29.24M. The superscript notes that the mean significantly differs from the mean male 
classification test score. 

Key to Superscripts 
Gender: F = Female, M = Male 
Race/Ethnicity: A = Asian, B = Black, H = Hispanic, W = White 
Rank: 1 = rank 1 (lowest rank) to 5 = rank 5 (highest rank) 
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Table 4.5: Total, Between-Class and Within-Class Variation of Student 
Scale and Items 

Student Scale or Item Total 
Variation 

Between- 
Class 
Variation 

Within-Class 
Variation 

Within-Class as 
a % of Total 
Variation 

Student Scale 1.39 .56 .83 59 

Lever Dummy .23 .02 .21 91 
Classification Dummy .12 .01 .11 92 
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Table 4-6: Mean of Classroom Means of Student Scale and Items 

Student Hands-on Science Scale or 
Dummy Variable 

Classroom Mean 

Scale 3.50 
(.74) 

Lever Item .64 
(.14) 

Classification Item .86 
(.11) 
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Table 4-7: Mean of Student Deviation From Classroom Mean of Student 
Hands-on Scale by Student Characteristics 

Student 
Characteristic 

Gender 
Female 

Hands-on 
Scale 

.04 
(.90) 

Student 
Lever Dummy 

-.01 
(.46) 

Student 
Classification 
Dummy 

-.01 
(.31) 

Male -.04 
(.92) 

.02 
(.45) 

.01 
(.34) 

Race/ethnicity 

Asian 
w 

-.07 
(.95) 

.007 
(.47) 

.007 
(.34) 

Black -.06 
(.94) 

.03 
(.45) 

.02 
(.32) 

Hispanic w 
- .14 
(.98) 

-.02 
(.46) 

-.02 
(.38) 

White 
A,H 

.14 
(.82) 

-.002 
(.46) 

.02 
(.27) 

Ability Rank 

Rank 1 (low) -.07 
(1.06) 

.03 
(45) 

-.04 
(.36) 

Rank 2 -.20 4'5 

(.98) 
.05 

(.43) 
.02 

(.32) 

Rank 3 .04 
(.84) 

.008 
(.46) 

-.001 
(.32) 

Rank 4 .08 2 

(.85) 

-.04 
(.47) 

.01 
(.34) 

Rank 5 .082 

(.86) 

-.02 
(.48) 

.04 
(.28) 

Note: Means reported with standard deviations provided in the parentheses 

The superscripts above the mean notes which groups significantly differ (p=05 or less) 
from the group in question. For example, under the Hands-on Scale, in the category for 
Race/Ethnicity, Asian reads -.07 w which means that the mean for Asian significantly 
differs from the mean for White. 

Key to Superscripts 
Gender: F = Female, M = Male 
Race/Ethnicity: A = Asian, B = Black, H = Hispanic, W = White 
Rank: 1 = rank 1 (lowest rank) to 5 = rank 5 (highest rank) 
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Table 4-8: Order of Six Estimations of Model 1 

TEST SCORES 

Hands-on Science Scale ITBS Lever Classification 

Student Scale 1 3 5 

Teacher Scale 2 4 6 
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Table 4-9: Interpreting the Sign of Model 2 (PA - MC) Coefficients 

Sign of 
coefficient in 
Eq. 1.1 
(Model 1:PA) 

Sign of 
coefficient in 
Eq. 1.2 
(Model 1:MC) 

Difference 
of 1.1-1.2 
(Model 2) 

Resulting 
Sign of 
Coefficient 
in Model 2 

Interpretation 
(assuming coefficient is 
significant) 

+ + (+)-(+) + Variable has a stronger 
positive relationship with PA 
scores 

+ + (+)-(+) Variable has a stronger 
positive relationship with 
MC scores 

(-)-(") Variable has a stronger 
negative relationship with 
PA scores 

(-)-(-) + Variable has a stronger 
negative relationship with 
MC scores 

+ (+)-(-) + Variable has a positive 
relationship with PA scores 
and a negative relationship 
with MC scores 

+ (-)-(+) Variable has a negative 
relationship with PA scores 
and a positive relationship 
with MC scores 
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Results Tables: 4.10 - 4.22 

Key 
"' = marginal significance (> .05 and <= .09) 
* = significant at the .05 level (p < .05) 
** = significant at the .01 level (p < .01) 

Note: Coefficients are reported with standard deviation provided 
in the parenthesis. 
Ability Ranks 1 & 2 were merged as no significant difference was 
found in their coefficients for all three standardized tests. 

Models in bold are the appropriate ones and their results are 
discussed in the text. 
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Table 4-10: Regression of ITBS Multiple Choice Test 

Variable Student Report Teacher Report 
Model 1 Model 1A Model 1      Model 1A 

Hands-on Science 

Teacher Scale -.43         .22 
(.37)         (.93) 

Student Scale .47** 1.28** 
(-20) (.31) 

Student Lever -.33 -.35 
Dummy (-34) (.34) 

Student 1.02" .89 
Classification (-58) (.58) 
Dummy 

Interaction of 
Ability Rank & 
Student Scale 

Scale X rank3 

Scale X rank4 

Scale X rank5 

Female (male is 
reference) 

-.8 8 -.12 
(.48) (.83) 

-1.14* -.61 
(.50) (.96) 

-1.50** -1.93 
(.44) (1.00 

-.87* -.89* -.74" -.77" 
(.41) (.41) (.42) (.42) 

Race/ethnicity (White 
is reference) 

Asian -2.40** 
(.58) 

-2.46** 
(.57) 

-2.44** 
(.56) 

-2.48** 
(.56) 

Black -4.99** 
(.61) 

-5.00** 
(-62) 

-5.19** 
(.62) 

-5.16** 
(.63) 

Hispanic -2.77** 
(.56) 

-2.66** 
(.55) 

-3.05** 
(-59) 

-3.00** 
(.59) 

Classroom % Minority   -6.86**      -6.46** 
(2.06)       (1.89) 

-7.68** 
(2.14) 

-7.75** 
(2.22) 

Ability Rank 
(1&2 are reference) 

Rank 3 

Rank 4 

Rank 5 (highest) 

n 
R2 

.83 3.75* 1.06 1.39 
(.90) (1.67) (.87) (3.21) 

3.67** 7.52** 3.85** 5.81 
(1.21) (1.66) (1-17) (3.88) 

5.44** 10.64** 5.67** 11.93** 
(1.32) (1.66) (1.28) (3.87) 

1231 1231 1231 1231 
.2993 .3067 .2942 .3006 

119 



Table 4-11: Relationship of Student Hands-on Science Scale to ITBS 
Score by Ability Rank 

Ability Rank Coefficient on Scale Coefficient on 
Interaction Term 

Final Coefficient 

Rank 1&2 1.28 1.28 
Rank 3 1.28 -.88 .40 
Rank 4 1.28 -1.14 .14 
Rank 5 1.28 -1.50 -.22 
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Table 4-12: Regression of Lever Performance Assessment 

Variable Student Report Teacher Report 
Model 1      Model 1A       Model 1      Model 1A 

Hands-on Science 

Teacher Scale -.05 .28 
(.14) (.38) 

Student Scale .29** 
(.11) 

Student Lever -.26 
Dummy (.20) 

Student .60" 
Classification       (.32) 
Dummy 

Interaction of Ability 
Rank & Student Scale 

.52** 
(.18) 

-.25 
(.20) 

.55 
(-33) 

Scale X rank3 -.11 
(.23) 

Scale X rank4 - .46" 
(.24) 

Scale X rank5 -.42 
(.25) 

Female (male is 
reference) 

.07 
(.19) 

.07 
(-19) 

Race/ethnicity (White 
is reference) 

Asian -.16 
(-27) 

Black -1.72** 
(.34) 

Hispanic -.97** 
(.28) 

% Minority -3.07** 
(.82) 

Ability Rank 
(1&2 are reference) 

Rank 3 .54 
(.35) 

Rank 4 1.58** 
(.47) 

Rank 5 2.37** 
(.55) 

n 1235 

R2 .2419 

-.17 
(.27) 

-1.73** 
(.34) 

- .92** 
(.28) 

-3.02** 
(.81) 

.64 
(.34) 

1.66** 
(.46) 

2.49** 
(.56) 

1235 

.2298 

-.17 
(.43) 

-.51 
(.36) 

-.64 
(.44) 

.11 
(.20) 

.13 
(.20) 

-.21 -.21 
(.27) (.26) 

-1.81** -1.80** 
(.35) (.35) 

-1.12)** -1.09** 
(.30 (.29) 

-3.40** -3.44** 
(.87) (.90) 

1.17 
(.83) (.34) (1.58) 

3.15** 1.66**        3.33* 
(.94) (.46) (1.37) 

3.81** 2.49** 4.54** 
(.99) (.56) (1.59) 

1235 1235 1235 

.2459 .2298 .2334 
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Table 4-13: Regression of Classification Performance Assessment 

Variable Student Report Teacher Report 
Model 1      Model 1A       Model 1      Model 1A 

Hands-on Science 

Teacher Scale --46 -.17 
(.58)        (1.30) 

Student Scale .98** 
(.29) 

Student Lever .11 
Dummy (.60) 

Student 2.57* 
Classification       (.97) 
Dummy 

Interaction of Ability 
Rank & Student Scale 

1 
( 
.13 
.60) 

( 
11 
.60) 

2 
( 
.56* 
.99) 

Scale X rank3 -.66 
(.93) 

Scale X rank4 -.08 
(.85) 

Scale X rank5 -.14 
(.87) 

Female (male is 
reference) 

1.23* 
(.55) 

1.33* 
(.56) 

Race/ethnicity (White 
is reference) 

Asian -1.29 
(1.15) 

Black -6.72** 
(.98) 

Hispanic -5.01** 
(.97) 

'S Minority -11.17** 
(2.66) 

Ability Rank 
(1&2 are reference) 

Rank 3 2.00* 
(.94) 

Rank 4 4.30** 
(1.42) 

Rank 5 6.89** 
(1.60) 

n 1224 

R3 .2693 

-.47 
(1.21) 

.17 
(1.25) 

-1.10 
(1.54) 

1.53** 1.51* 
(.57) (.58) 

-1.30 -1.47 -1.46 
(1.14) (1.14) (1.14) 

-6.73** -7.07** -7.00** 
(.99) (1.01) (1.02) 

-5.02** -5.63** -5.61** 
(.97) (.97) (.98) 

-11.14** -12.70** -12.67** 
(2.62) (2.60) (2.64) 

4.31 2.41* 3.94 
(3.14) (.95) (4.18) 

4.53 4.55** 3.95 
(2.94) (1.41) (4.32) 

2.41* 
(.95) 

4 . 55** 
(1.41) 

7.23** 
(1.63) 

1224 

.2559 

7.35* 7.23** 10.77* 
(3.03) (1.63) (4.87) 

1224 1224 1224 

.2698 .2559 .2570 
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Table 4-14: Significant Coefficients Represented as Standard 
Deviation Units of Test Scores 

riable ITBS Lever Classification 
(Model 1A) (Model 1) (Model 1) 

nds-on Science 

Student Scale .17 .08 .08 

Student .21 
Classification 
Dummy 

Interaction of 
Ability Rank and 
Student Scale 

Scale X rank4 

Scale X rank5 

.15 

.20 

Female (male is 
reference) 

Race/ethnicity (White 
is reference) 

.12 .10 

Asian -.32 

Black -.65 

Hispanic -.35 

Classroom % Minor ity -.84 

Ability Rank (Ranks 
1&2 are reference) 

Rank 3 .49 

Rank 4 .98 

Rank 5 (highest)     1.3 9 

.48 

.27 

-.85 

.44 

.65 

-.55 

-.41 

-.91 

.16 

.35 

.56 

Note:  The standard deviations for the tests are as follows: 
ITBS: 7.68 
Lever: 3.62 
Classification:   12.24 
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Table 4-15: Differential Relationship of Lever Performance Test Scores 
and ITBS Multiple Choice Test Scores 

Variable Coefficient for (Lever - ITBS) 
Model 2A Model 2 

Hands-on Science 

Student .09 
Scale (.25) 

Student Lever - .48 
Dummy (.57) 

Student .13 
Classification (1.00) 
Dummy 

Interaction of 
Ability Rank & 
Student Scale 

Asian 2 . 87** 
(.70) 

Black 1.78* 
(.84) 

Hispanic 1.09 
(.87) 

Classroom % Minority .25 
(1.85) 

-.20 
(.39) 

-.48 
(.57) 

.16 
(.97) 

Scale X rank3 .61 
(.61) 

Scale X rank4 .25 
(.49) 

Scale X rank5 .49 
(.64) 

Female (male is        1.21* 1.22* 
reference)      (.58) (.58) 

Race/ethnicity (White 
is reference) 

2 .90** 
( .70) 

1 .79** 
( .85) 

1 .08 
( .87) 

16 
(1.87) 

Ability Rank 
(1&2 are reference) 

Rank 3 .73 -1.38 
(.61) (2.09) 

Rank 4 -.02 -.86 
(.89) (1.49) 

Rank 5 (highest)     -.02 -1.73 
(.91) (2.19) 

n 1138 1138 

R2 .0223 .0232 
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Table 4-16: Differential Relationship of Classification Performance Test 
Scores and ITBS Multiple Choice Test Scores 

Variable Coefficient for (Classification - ITBS) 
Model 2A 

(.45) 

.60 
(-43) 

.51 
(.94) 

Model 2 
Hands-on Science 

Student -.1 
Scale (.23) 

Student Lever .59 
Dummy (.42) 

Student .31 
Classification (.93) 
Dummy 

Interaction of 
Ability Rank & 
Student Scale 

Scale X rank3 .67 
(.77) 

Scale X rank4 1.42* 
(.61) 

Scale X rank5 1.99** 
(.55) 

Female (male is        2.04** .2.06* 
reference)       (.67) (.66) 

Race/ethnicity (White 
is reference) 

2.22** 
(.65) 

.94 
(.96) 

-.53 
(-80) 

-.67 
(1.45) 

-1.33 
(2.90) 

-5.94* 
(2.26) 

-8.19** 
(2.02) 

1129 

.0359 

Asian 2.14** 
(.65) 

Black .93 
(.95) 

Hispanic -.37 
(.79) 

Classroom % Minority -.40 
(1.48) 

Ability Rank 
(1&2 are re ference) 

Rank 3 .82 
(1.00) 

Rank 4 -1.15 
(1.07) 

Rank 5 (hi ghes t) -1.27 
(1.03) 

n 1129 

R2 .0272 
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Table 4-17: Within and Between Variation in Hands-on Science 
and ITBS Test Scores 

Variable 

Hands-on Science 

Classroom Mean of Student 
Scale 

Student Deviation from 
Classroom Mean of  Scale 

Interaction of Ability Rank & 
Classroom Mean of Hands-on 
Scale 

Mean X rank3 

Mean X rank4 

Mean X rank5 

Female (male is reference) 

Race/ethnicity (White 
is reference) 

Asian 

Black 

Hispanic 

Classroom % Minority 

Ability Rank 
(1&2 are reference) 

Rank 3 

Rank 4 

Rank 5 (highest) 

Student Report 
Model 3 Model 3A 

-.20 1.65** 
(.26) (.56) 

1.04** 1.16** 
(.25) (.23) 

-.84 
(.42) 

-1.57 
(.86) 

-2.52** 
(.75) 

-3.73** 
(-76) 

- .90* 
(.39) 

-2.20** -2.18** 
(.54) (.52) 

-4.88** -4.69** 
(.61) (.60) 

-2.76** -2.47** 
(.57) (.53) 

-7.88** -7.68** 
(2.07) (2.06) 

n 

R" 

.90 6.18* 
(.89) (3.00) 

3.67** 12.31** 
(1.21) (2.30) 

5.52** 18.52** 
(1.30) (2.09) 

1231 1231 

.3054 .3235 
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Table 4-18: Relationship of Classroom Mean of Student Scale with 
ITBS Score by Ability Rank 

Ability Rank Coefficient on 
Classroom Mean 
Scale 

Coefficient on 
Classroom Mean 
Scale Interaction 
Term 

Final Between- Class 
Coefficient 

Rank 1&2 1.65 1.65 

Rank 3 1.65 -1.57 .07 

Rank 4 1.65 -2.52 -.88 

Rank 5 1.65 -3.73 -2.09 
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Table 4-19: Within and Between Variation in Hands-on Science and 
Lever Test Scores 

Variable 

Hands-on Science 

Classroom Mean of Student 
Scale 

Student Deviation from 
Classroom Mean of  Scale 

Interaction of Ability Rank and 
Classroom Mean of Hands-on 
Scale 

Mean X rank3 

Mean X rank4 

Mean X rank5 

Female (male is reference) 

Race/ethnicity (White 
is reference) 

Asian 

Black 

Hispanic 

Classroom % Minority 

Ability Rank 
(1&2 are reference) 

Rank 3 

Rank 4 

Rank 5 (highest) 

Student Report 
Model 3 

.23 
(.15) 

.37** 
(.14) 

.10 
(.19) 

n 

R2 

.57* 
(.35) 

1.58** 
(.47) 

2.42** 
(.55) 

1235 

.2393 

Model 3A 

.87** 
(.32) 

.39** 
(.13) 

-.63 
(.41) 

-.98* 
(.37) 

-1.09* 
(-49) 

.08 
(.19) 

-.13 -.12 
(.27) (.27) 

-1.7** -1.65** 
(.34) (.33) 

-.97** -.88** 
(.29) (.28) 

-3.28** -3.19** 
(.83) (.83) 

2.72 
(1.43) 

4.97** 
(1.25) 

6.18** 
(1.63) 

1235 

.2480 
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Table 4-20: Relationship of Classroom Mean of Student Scale with 
Lever Score by Ability Rank 

Ability Rank Coefficient on 
Between-Class Scale 

Coefficient on 
Between-Class 
Interaction Term 

Final Between- Class 
Coefficient 

Rank 1&2 .87 .87 
Rank 3 .87 .87 
Rank 4 .87 -.98 -.09 
Rank 5 .87 -1.09 -.22 
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Table 4-21: Within and Between Variation in Hands-on Science and 
Classification Test Scores 

Variable 

Hands-on Science 

Classroom Mean of Student 
Scale 

Student Deviation from 
Classroom Mean of  Scale 

Interaction of Ability Rank & 
Classroom Mean of Hands-on 
Scale 

Mean X rank3 

Mean X rank4 

Mean X rank5 

Female (male is reference) 

Race/ethnicity (White 
is reference) 

Asian 

Black 

Hispanic 

Classroom % Minority 

Ability Rank 
(1&2 are reference) 

Rank 3 

Rank 4 

Rank 5 (highest) 

Student Report 
Model   3 Model   3A 

.43 2.17* 
(.54) (.95) 

1.59** 1.65** 
(.33) (.32) 

1.38* 
(.55) 

n 

R2 

2.10* 
(-96) 

4.23** 
(1.43) 

6.97** 
(1.61) 

1224 

.2677 

-1.68 
(1.23) 

-2.54* 
(1.13) 

-3.11* 
(1.33) 

1.34* 
(.56) 

-1.10 -1.08 
(1.14) (1.11) 

-6.61** -6.44** 
(.97) (.95) 

-5.03** -4.78** 
(.97) (-97) 

-12.51** -12.24** 
(2.57) (2.56) 

7.80 
(4.27) 

12.95** 
(3.50) 

17.75** 
(3.86) 

1224 

.2733 
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Table 4-22: Relationship of Classroom Mean of Student Scale with 
Classification Score by Ability Rank 

Ability Rank Coefficient on 
Between-Class Scale 

Coefficient on 
Between-Class 
Interaction Term 

Final Between- Class 
Coefficient 

Rank 1&2 2.17 2.17 
Rank 3 2.17 2.17 
Rank 4 2.17 -2.54 -.37 
Rank 5 2.17 -3.11 -.94 
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Appendix 4-1: Test of Use of Interaction Terms 
(Model 1, 2 or 3 vs. Model 1A, 2A or 3A, respectively) 

Ho 
H, 

No difference between the two model (no need for interaction terms) 
Difference between the two models 

F(Hfho-rifh1  HfRSSHl )  -   (RSS HO-RSSH,)/(dfHO-dfHI) 
RSSH,/dfHi 

dfHo - dfHi = # of interaction terms 
dfRSSHl = degrees of freedom of Hi 
RSSHI / dfHi = MS Residual of Hi 

1. ITBS 
F(3,1214) student = (50746.57 -50214.41)/ (1217- 

41.36 
1214)  =   4.29 p<.01 

F(3,1216) teacher = (51116.44-50656.26)/(1219 
41.66 

-1216)   =  3.68 p<.05 

2. Lever 
F(3,1218) student = (12280.21 - 12214.53)/(1221 

10.03 
-1218) =  2.18 p>.5 

F(3,1220) teacher = (12475.78- 12418.21)/(1223- ■1220)  =   1.89 p>.5 
10.18 

3. Classification 
F» no?) student = (133610.83- 133528.15) /(1210 - 1207) =   .25 p>.10 

110.63 

Fmwn teacher = (136077.81 - 135871.11) / (1212-1209)   =    .61 p>.10 
112.38 

4. Difference Equation (Lever - MC) 
Fm i7i) student = (95582.92 - 95504.50)/(1124 - 1121)    =    .31 p>.10 

85.20 

5. Difference Equation (Classification - MC) 
Fn in?) student = (96089.63 - 95232.17) / (1115 - 1112)   =    3.34 p < .05 

85.64 

6. Within and Between Variation in Hands-on Science (ITBS) 
Fn 17i s) student = (50310.42 - 48999.86) / (1218 - 1215)   =    10.83 p<.01 

40.33 
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7. Within and Between Variation in Hands-on Science (Lever) 
F(3 i2i9) student = (12321.77 - 12181.60W(1222 - 1219)    =    4.68 p < .01 

9.99 

8. Within and Between Variation in Hands-on Science (Classification) 
F(, ,•,„.) student = (133908.27 - 132878.65V (1211 - 1208)    =    3.12       p < .05 

110.00 

Note: F-tests are done on Models before Huber Correction is used. 
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Appendix 4-2: Checking the Robustness of the Results 

Primarily, two models were used to analyze the RAND data. Model 1 (and its extension 
Model 1A which included interaction terms between hands-on science and Ability Rank) 
and Model 3A. The difference between them concerns the hands-on scale. Model 1 uses 
the hands-on science variable as reported by students. Model 3A decomposes that scale 
into: 1) the between-class difference in hands-on science, and 2) the within-class 
difference in hands-on science 

Two types of extensions of the models were estimated. First, models were estimated to 
determine if the results changed for specific categories of students. Five specific 
categories of students were analyzed in this way: 

1. Gender: female and male 
2. Race/ethnicity: Asian, Black, Hispanic, White 
3. Ability rank:  1 - 5 with 5 the highest 
4. Within-class student agreement on reporting hands-on science (2 groups analyzed): 

a. Students from classes with low versus high variation in reports 
b. Students with low versus high deviation from their classroom mean 

5. Students from classes with low versus high agreement with teacher reports of hands- 
on science (classes with high agreement were selected from classes found in 4a to 
have low variation in reports) 

This first extension was done in two ways: 
1. An interaction term between each of these categories and Hands-on Science 

was created. For Model 3A, an interaction was composed using between-class 
variation in hands-on science (interaction terms using within-class variation 
were not found significant). One at a time, these interaction terms were 
introduced into the original model which was then re-estimated. 

2. Each model was estimated using data only from one specific category of 
students at a time. 

The second extension addressed possible non-linearities through an introduction of a 
squared hands-on science term and, where appropriate, an introduction of interaction 
terms between the squared term and Ability Rank. The models were then estimated with 
these terms. 
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Results for Different Categories of Students 

A.   Estimation Using Interaction Terms 

Table A4-1 reports the results from the separate estimation of Model 1A (for ITBS) and 
Model 1 (for Lever and Classification) when including the interaction terms between the 
student categories and hands-on science. The results from the original model (which also 
includes the interaction with ability rank) are given first. For the next five models, the 
table shows the interaction terms in bold. The table reports the coefficients (with the 
standard errors in parentheses) for the hands-on science variable, the interaction term to 
be tested, and, for Model 1 A, the interaction between hands-on science and ability rank. 

For the five extensions of Models 1 and 1A estimated11, the coefficient for Hands-on 
Science (HO) remains positive as in the original model and near the magnitude of the 
original coefficient. It remains significant as well except in the case of the race 
interactions where it becomes marginal significant for Lever (p = .083) and non- 
significant for Classification (p = .094). The interaction terms are not significant. In a 
few cases they are marginal significant: Asian*HO for ITBS, CLATR*HO for Lever, and 
SLDFM*HO for Classification. 

In the case of Model 1A (for ITBS), the interaction terms composed of hands-on science 
and ability rank remain negative and significant for the two highest ability ranks. 

Table A4-2 reports the results from the estimation of Model 3 A when including the 
interaction terms between the student categories and the classroom mean of the hands-on 
scale. These models include two sets of interaction terms (student category*classroom 
mean and ability rank*classroom mean). 

For the five models estimated, the coefficient for the classroom mean remains positive 
and significant (except in the case of the race interaction model for Classification test 
scores where it is marginal significant). The majority of the introduced interaction terms 
were not found significant. Only the interaction term between hands-on science and 
students from classrooms reporting high agreement with teacher reports was significant 
(for Lever test scores). While this coefficient was negative, the coefficient for the 
classroom mean remained positive. Two other interaction terms had marginal significant 
coefficients (Asian*HO and Black*HO) for ITBS. 

The five models with interaction terms also gave two other similar results to the original 
model. The interaction of hands-on science and ability rank was found negative and 
significant for the two highest ability ranks. The coefficient for student deviation from 
the classroom mean of the hands-on scale was found positive and significant. 

11 Note that Tables A4-1 through A4-3 compare the extended models to the original ones. They are not 
compared to one another and there is no comparison of models without interaction terms with models that 
have interaction terms. 
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In sum, our findings from this extension do not differ from those of our original model. 
Thus the findings from our original model are robust in regard to this extension. 

B.   Estimation By Individual Student Category 

Tables A4-3 & A4-4 report the results from Models 1, 1A, and 3A when estimated 
separately using data from specific student groups within the categories of gender, 
race/ethnicity, and ability rank. For example, each table lists a horizontal panel titled 
Gender. In this panel are the results when the models are estimated separately for all 
females and for all males. 

The results from Models 1 & 1A shown in Table A4-3 are similar to those from the 
original model which are given at the top of the table.   The coefficients for hands-on 
science (HO) are positive as in the original model. That not all of them remain 
significant may in part be due to the smaller sample sizes. For Model 1A (ITBS) the 
interaction between hands-on science and ability rank remains negative and significant 
for the top two ranks. The only exception to this is when the model was run for 
Hispanics, these coefficients were positive (and non-significant). This may be due the 
lack of Hispanics in the top two ability ranks. 

The results from Model 3A (Table A4-4) regarding between-class variation in hands-on 
science are similar to the original model. The coefficient for the classroom mean of the 
hands-on scale remains positive (and often significant) while the interaction of the 
classroom mean and ability rank remains negative for the top two ability ranks. 
Exceptions to the latter, occur with Classification test scores for Black, Hispanic and 
White for which the interaction of HO*rank5 is positive. These may be exhibiting less 
precise estimates based on the small number of observations in these cells, at least for 
Black and Hispanic. 

I then created two categories of students based on their agreement with their classmates 
reports of hands-on science. These categories were created in two ways: 1) choosing all 
students from classes that exhibited high or low agreement, and 2) choosing students who 
exhibited high or low agreement with their classroom mean. As an additional step, I 
created two categories based on student agreement with teacher reports: classrooms that 
had high student agreement were matched to teacher reports to determine if they also had 
high student-teacher agreement. As noted above, these variables were used to make 
interaction terms by combining them with hands-on science. Here, the Models 1, 1A and 
3 A were estimated separately for high versus low categorized students (for each of these 
three categories). 

The analyses of these three categories provided similar results.   In order to save space, I 
will only report the one with the least similar results to the original model: students from 
classes with a high standard deviation of within-class variation in hands-on reports versus 
those from classes with a low standard deviation. 
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Table A4-5 gives the results from Model 1A (for ITBS). The results are very similar to 
the original model. Both categories of students have positive significant (or marginal 
significant) coefficients on Hands-on Science and negative coefficients on the interaction 
terms (hands-on science*ability rank) for the highest ability ranks (significant for students 
from classes with a low standard deviation and marginal significant for students from 
high deviation classes). 

Table A4-6 gives the results from Model 1 (for Lever and Classification).   Students with 
a high deviation give results similar to the original model while students with a low 
deviation having a coefficient on Hands-on Science that is much smaller and non- 
significant.   This might occur because the hands-on science variable contains both 
between-class and within-class variation and by definition the low deviation classes have 
lower-within class variation. Therefore, they have less variation in the independent 
variable of interest. 

Table A4-7 gives the results from Model 3A. They show that students with a high 
deviation give results similar to those from the original model while students with a low 
deviation give results of the same sign as the original model but of lower magnitude and 
significance level. The lower significance level may be due to the smaller sample size 
(511 students). 

The results when using the category of students with low versus high agreement with 
their classroom mean (not shown here) has a sample size of 841 for high agreement and 
the results are significant for this group (but still of lower magnitude than the group 
composed of students with low agreement) for both ITBS and Lever when estimating 
Model 3A. 
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Results for Quadratic Models 

The squared hands-on science term was introduced in two ways into the original Models 
1, 1A and 3A. First, the models were estimated with the squared term. Second, the 
models (except Model 1) were estimated using the squared term and its interaction with 
the ability rank terms. 

Tables A4-8 and A4-9 show the results for Model 1A (ITBS) and Model 1 (Lever and 
Classification) respectively. For ITBS, neither the squared term is significant nor are the 
interaction terms. For Classification, the squared term is not significant. For Lever, the 
squared term is significant but with its introduction, the main effect becomes negative and 
non-significant. None of these results support the use of a polynomial specification for 
Models 1 and 1A. 

Tables A4-10 and A4-11 show the results of Model 3 A for the three test scores.   For 
ITBS, neither the squared term is significant nor are its interaction terms. As a result of 
introducing them, the coefficient on the hands-on scale becomes marginal significant (but 
remains positive) while the interaction terms of hands-on science and ability rank remain 
negative and significant.   For Lever, the squared term is marginal significant and its 
interaction with the highest rank is positive and significant. With its introduction, the 
coefficient on the hands-on scale becomes marginal significant (but remains positive) 
while the interaction of hands-on science and ability rank remain negative for the higher 
ability ranks and significant for the top rank. For Classification, the squared term is 
negative and significant and one of its interaction terms (with ability rank 4) is positive 
and significant. The coefficient on the hands-on scale remains positive and significant 
and the interaction terms of hands-on science and ability remain negative for the higher 
ability ranks and significant or marginal significant for the top two ranks. 

For all three types of test, we see a similar pattern in the sign of the coefficients. The 
main hands-on scale is positive, the interaction terms of hands-on science and ability rank 
is negative for the higher ability ranks, the squared hands-on scale is negative and the 
interaction terms composed of the squared term and ability rank is positive. The expected 
ability rank effect (the coefficient on the interaction term offsets the coefficient on the 
respective hands-on science term) occurs in all cases. 

Only in the case of Classification, do we have evidence (a significant squared term and 
interaction term) that a polynomial specification may be correct and that after some point 
too much Hands-on Science has a negative relationship with Classification test scores. 
When this model was run separately for each ability rank (estimating Model 3 for 
Classification), it was found that the significance of the squared term only held for Ability 
Ranks 1, 2 and 3. Therefore, we have some evidence that hands-on science's positive 
relationship to Classification test scores stops at some level of hands-on science (in this 
case, this occurs at 3.44 on the hands-on scale of 1 - 5) for lower ability student. 
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Summary 

Overall, the results from the further extensions of Models 1, 1A and 3A show the 
robustness of the results from the original models. Concerning the extensions containing 
interaction terms for different groups, we found that the coefficient on hands-on science 
remained positive and significant (with two exceptions in Models 1 & 1A and one 
exception in Model 3 A), that the interaction of hands-on science and ability rank 
remained negative and significant for the higher ability ranks (in Models 1A and 3A) and 
that only in one case was the newly introduced interaction term significant.   When we 
checked these results by estimating the original models individually for each category of 
student (the same categories are those that made up the introduced interaction terms), the 
same results were on the whole confirmed. The coefficient on the hands-on scale 
remained positive (except in one case) and often significant (though sometimes not due in 
part to a reduced sample size) for Models 1, 1A and 3A. The interaction of Hands-on 
Science and ability rank remained negative (with one exception in Model 1A and three in 
Model 3A. 

We examined a further extension using a squared hands-on science term and its 
interactions with ability rank and did not find evidence for using such a polynomial 
specification in the case of ITBS and Lever. However, we did find some evidence for its 
use in the case of Classification and further examination showed that the positive 
relationship of hands-on science and Classification test score might be limited within a 
specific range of hands-on science for lower ability rank students. We also confirmed the 
finding in the original models, that the positive relationship of hands-on science to test 
score is reduced for higher ability ranks. 

In sum, the original model specifications appear to be robust. The possible importance of 
a polynomial specification for the Classification test should be noted along with its 
implications. 
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Table A4-1: Models 1 and 1A Using Interaction Terms 

Specification and Variables ITBS 
Model 1A 

Lever 
Model 1 

Classification 
Model 1 

Original Model 
HO Scale 1.28** (.31) .29** (.11) .98** (.29) 

Rank3*HO -.88" (.48) 

Rank4*HO -1.14* (.50) 

Rank5*HO -1.50** (.44) 

Gender Interaction (male as reference) 
HO scale 1.47** (.34) .36** (.11) 1.26** (.33) 

Female*HO scale -.43 (.29) -.14    (.17) -.54      (.39) 

Rank3*HO -.86" (.48) 

Rank4*HO -1.11* (.50) 

Rank5*HO -1.43** (.45) 

Race/Ethnicity Interaction (white as reference) 
HO scale 1.55** (.39) .28"    (.16) .85      (.49) 

Asian*HO scale -.67" (.38) -.08    (.23) .59      (.81) 

Black*HO scale -.31 (.52) -.03     (.28) -.25     (.71) 

Hispanic*HO scale -.29 (.40) .13      (.19) .15      (.59) 

Rank3*HO -.92" (.48) 

Rank4*HO -1.17* (.51) 

Rank5*HO -1.49** (.48) 

Interaction with Students from classrooms with 
overall high deviation from mean (CLDFM = 0 or 1) 

HO scale 1.34** (.40) .25*   (.11) 1.06** (.31) 

CLDFM*HO scale -.07 (.19) .06     (.08) -.13      (.21) 

Rank3*HO -.89" (.49) 

Rank4*HO -1.16* (.51) 

Rank5*HO -1.52** (.46) 

Interaction with Students with high deviations from 
their classroom mean (SLDFM = 0 or 1) 

HO scale 1.25** (.30) .26*    (.10) .85** (.29) 

SLDFM*HO scale .08 (.09) .07     (.05) .33"   (.18) 

Rank3*HO -.88" (.48) 

Rank4*HO -1.14* (.49) 

Rank5*HO -1.50** (.44) 

Interaction with Students from classrooms with high 
agreement with teacher reports and low student 
deviation from mean (CLATR = 0 or 1) 

HO scale 1.31** (.31) .33** (.11) .99** (.31) 

CLATR*HO scale -.13 (.11) -.15"  (.08) -.05     (.21) 

Rank3*HO -.87" (.49) 

Rank4*HO -1.13* (.50) 

Rank5*HO -1.50** (.44) 
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Table A4-2: Model 3A Using Interaction Terms 

Specification ITBS Lever Classification 

Original Model 
Between-Class HO Scale 1.65** (.56) g7** (-32) 2.17* (.95) 

Rank3*HO -1.57™ (.86) -.63 (.41) -1.68 (1.23) 

Rank4*HO -2.52** (.75) -.98* (.37) -2.54* (1.13) 

Rank5*HO _3 73** (.76) -1.09* (.49) -3.11* (1.33) 

Within-Class HO Scale 1.11** (.23) 39** (.13) 1.65** (.32) 

Gender Interaction (male as reference) 
Between-Class HO scale 1 73** (.54) .92* (.35) 1.98* (.91) 

FemaIe*HO scale -.21 (.45) -.12 (.26) .45 (.70) 

Rank3*HO -1.56m (-88) -.63 (.41) -1.73 (1.23) 

Rank4*HO -2.49** (.78) -.97* (.36) -2.60* (1.16) 

Rank5*HO -3.66** (.82) -1.05* (.50) -3.25* (1.39) 

Within-Class HO scale 1.11** (.23) 39** (.13) 1.65** (-32) 

Race/Ethnicity Interaction 
(white as reference) 
Between-Class HO scale 2.40** (.79) 1.11* (.44) 2.52m (1.40) 

Asian*HO scale -1.12m (.59) .13 (.29) -.12 (1.10) 

Black*HO scale -1.62m (.88) -.63 (.41) -.38 (1.30) 

Hispanic*HO scale -.68 (.69) -.29 (.36) -.60 (1-11) 
Rank3*HO -1.77m (.90) -.72 (.43) -1.76 (1.26) 

Rank4*HO -2.70** (.79) -1.09** (.41) -2.71* (1.31) 

Rank5*HO -3.98** (.91) -1.31* (.58) -3.36* (1.59) 

Within-Class HO scale 1.07** (.24) 3g** (.13) 1.64** (.31) 

Interaction with Students from classrooms with 
overall high deviation from mean (CLDFM = 0 
orl) 

Between-Class HO scale j 77** (.65) .85* (.35) 2.38* (1.00) 

CLDFM*HO scale -.13 (.19) .02 (.08) -.23 (.22) 

Rank3*HO -1.65™ (.89) -.62 (.43) -1.81 (1.19) 

Rank4*HO -2.60** (.80) -.97* (.39) -2.68* (1.17) 

Rank5*HO -3.81** (.83) -1.07 (.51) -3.25* (1.36) 

Within-Class HO scale 1.11** (.23) 39** (.13) 1.65** (-32) 

Interaction with Students with high deviations 
from their classroom mean (SLDFM = 0 or 1) 

Between-Class HO scale 1.64** (.57) .85* (.32) 2.08* (.97) 

SLDFM*HO scale .01 (.09) .06 (.05) .25 (.20) 

Rank3*HO -1.57"1 (-86) -.63 (.41) -1.66 (1.22) 

Rank4*HO -2.52** (.75) -.97* (.37) -2.48* (1.44) 

Rank5*HO -3.73** (.76) -1.08* (.49) -3.08* (1.32) 

Within-Class HO scale 1.11** (.24) .41** (.14) i 7]*# (.33) 

table A4-2 continued 
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Table A4-2 

Specification 

Interaction with Students from classrooms 
with high agreement with teacher reports and 
low student deviation from mean 
(CLATR = 0orl)  

Between-Class HO scale 
CLATR*HO scale 
Rank3*HO 
Rank4*HO 
Rank5*HO 

Within-Class HO scale 

ITBS 

1.67**      (.55) 
-.10 (.11) 
-1.56" (.86) 
-2.51* (.75) 
-3.72* (.75) 
1.11 = (.23) 

Lever 

Q2** (.30) 
-.16* (.07) 
-.64 (.41) 
.98**       (.36) 
•1.08*       (.48) 
.39* (.13) 

Classification 

2.21' 
-.11 

(.97) 
(.21) 

■1.68      (1.22) 
-2.53*    (1.13) 
-3.11*    (1.31) 
1.65 ** (.32) 
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Table A4-3: Models 1 & 1A Estimated Separately By Gender, 
Racial/Ethnic and Ability Rank Groups 

Specification & Variables ITBS 
Model 1A 

Lever 
Model 1 

Classification 
Model 1 

Original HO 1.28**      (.31) .29**    (.11) .98**   (.29) 

HO* Rank 3 -.88m        (.48) 
HO*Rank 4 -1.14*       (.50) 
HO*Rank 5 -1.50**     (.44) 

Gender 
Female HO .89*     (.39) .17     (.17) .71*    (.36) 

HO*Rank 3 -.57       (.56) 

HO*Rank 4 -1.00m   (.59) 
HO*Rank 5 -1.20*    (.60) 

Male HO 1.50**     (.44) .38**    (.11) 1.20**    (.34) 

HO*Rank 3 -1.20"1      (.66) 
HO*Rank 4 -.95          (.73) 
HO*Rank 5 -1.68*      (.72) 

Race/ethnicity 
Asian HO 1.34      (.84) .18    (.16) 1.41*    (.57) 

HO*Rank 3 -2.08"1    (1.18) 
HO*Rank 4 -1.18       (1.32) 
HO*Rank 5 -2.29*      (.94) 

Black HO .82     (.83) .22     (.28) .46     (.63) 

HO*Rank 3 1.95     (1.14) 
HO*Rank 4 -1.59     (1.39) 
HO*Rank 5 -1.54     (2.51) 

Hispanic HO .55      (.42) .25     (.17) .79     (.48) 

HO*Rank 3 -.45      (.69) 
HO*Rank 4 .29      (.92) 
HO* Rank 5 .71      (1.08) 

White HO 2.25**     (.68) .32*    (.16) .76    (.49) 

HO*Rank 3 -2.09*       (.87) 
HO*Rank 4 -1.94*       (.80) 
HO*Rank 5 -2.29**     (.76) 

Ability Rank Requires Model 1 
Ranks 1&2HO 1.11**         (.28) .39*    (.19) .85      (.61) 

Rank3 HO .61               (.41) .51*     (.17) .93      (.67) 

Rank4 HO .18              (.32) .09      (.18) .98m    (.53) 

Rank 5 HO -.29            (.34) .10      (.15) .79       (.53) 
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Table A4-4: Model 3A Estimated Separately By Gender, Racial/Ethnic 
and Ability Rank Groups 

Specification & Variables ITBS Lever Classification 

Original Between HO 1.65** (.56) .87** (.32) 2.17* (.95) 

HO*Rank 3 -1.57m (.86) -.63 (.41) -1.68 (1.23) 

HO*Rank 4 -2.52** (.75) -.98* (.37) -2.54* (1.13) 
HO*Rank 5 -3.73** (.76) -1.09* (.49) -3.11* (1.33) 

Gender 
Female Between HO 1.02 (.86) .69 (.42) 1.61 (1.70) 

HO*Rank 3 -1.33 (1.05) -.52 (.50) -.60 (2.14) 
HO*Rank 4 -1.58 (.98) -.96m (.49) -1.82 (1.87) 
HO*Rank 5 -2.94* (1.14) -.86 (.52) -1.36 (1.74) 

Male Between HO 2.04** (.69) 1.04** (.33) 2.68** (.92) 

HO*Rank 3 -1.78m (1.01) -.79 (.46) -2.88 (1-69) 
HO*Rank 4 -3.19** (1.01) -.88* (.40) -3.26* (1.49) 

HO*Rank 5 -4.55** (1.09) -1.49* (.75) -6.19** (2.24) 

Race/ethnicity 
Asian Between HO 3.41** (1.25) 1.31* (.60) 6.62** (1.05) 

HO*Rank 3 -5.51** (1.99) -1.00 (1.20) -4.50 (3.65) 

HO*Rank 4 -5.03** (1.43) -1.05 (.78) -9.74** (2.47) 

HO*Rank 5 -6.43** (1.42) -1.51™ (.79) -8.12** (1.52) 

Black Between HO .65 (.95) .03 (.63) 2.54 (2.14) 
HO*Rank 3 2.84 (2.17) 1.69 (1.09) 2.47 (4.07) 

HO*Rank 4 -3.60* (1.36) -1.29 (.84) -5.45 (3.54) 

HO*Rank 5 -5.12m (2.85) -.09 (1.11) 8.10m (4.24) 

Hispanic Between HO 1.61** (.57) .35 (.35) 1.21 (1.06) 
HO*Rank 3 -2.42* (.94) -.84 (.53) -1.80 (1.62) 
HO*Rank 4 -2.02 (1.39) .19 (.58) -1.53 (1.60) 
HO*Rank 5 -3.43* (1.71) -1.07 (1.18) 4.05 (4.16) 

White Between HO 1.85 (1.36) 1.38* (.54) -.64 (1.99) 
HO*Rank 3 -.86 (1.56) -.70 (.56) 1.74 (1.99) 
HO*Rank 4 -1.92 (1.38) -1.38* (.62) 1.96 (2.20) 
HO*Rank 5 -2.97* (1.44) -1.45* (.61) .15 (2.30) 

Model 3 Model 3 Model 3 
Ability Rank Between HO 

Ranks 1 & 2 1.37* (.64) .72* (.36) 1.63 (1.00) 
Rank 3 .34 (.63) .36 (.24) 1.04 (1.07) 
Rank 4 -.82m (-42) -.16 (.23) -.62 (.89) 
Rank 5 -1.98** (.58) -.20 (.28) -.99 (.72) 
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Table A4-5:   Model 1A (ITBS) Estimated Separately for Students from 
Low Deviation Classes vs. those from High Deviation Classes 

Variable Students from All 
Classes 

Students from Low 
Deviation Classes 
CLDFM = 0 

Students from High 
Deviation Classes 
CLDFM = 1 

Hands-on Scale 1.28** 
(.31) 

1.30m 

(.69) 

i   iy#* 

(.33) 
HO*Rank 3 -.88m 

(.48) 
-1.01 
(.94) 

-.89 
(.59) 

HO*Rank 4 -1.14* 
(.50) 

-1.34 
(1.00) 

-1.03"1 

(.57) 
HO*Rank 5 -1.50** 

(.44) 
-2.48* 
(.93) 

-.91m 

(.50) 

n 1231 517 714 
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Table A4-6: Model 1 (Lever & Classification) Estimated Separately for 
Students from Low Deviation Classes vs. those from High Deviation 

Classes 

LEVER CLASSIFICATION 

Variable Students 
from All 
Classes 

Students 
from Low 
Deviation 
Classes 
CLDFM = 0 

Students 
from High 
Deviation 
Classes 
CLDFM = 1 

Students 
from All 
Classes 

Students 
from Low 
Deviation 
Classes 
CLDFM = 0 

Students 
from High 
Deviation 
Classes 
CLDFM = 1 

Hands-on 
Scale 

29** 

(.11) 
-.01 
(.13) 

.40* 
(.15) 

9g** 

(.29) 
.43 
(.49) 

1.21** 
(.38) 

n 1235 519 716 1224 511 713 
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Table A4-7: Model 3A Estimated Separately for Students from Low 
Deviation Classes vs. those from High Deviation Classes 

Test Variable Students 
from All 
Classes 

Students 
from Low 
Deviation 
Classes 
CLDFM = 0 

Students 
from High 
Deviation 
Classes 
CLDFM = 1 

1TBS 
Between-Class 
Hands-on Scale 

1.65** 
(.56) 

1.14 
(.93) 

2.32** 
(.77) 

HO*Rank 3 -1.57m 

(.86) 
-1.14 
(1.38) 

-2.92* 
(1.27) 

HO*Rank 4 -2.52** 
(.75) 

-1.78 
(1.16) 

-4.48** 
(1.13) 

HO*Rank 5 _3 "73** 

(.76) 
-4.27** 
(1.13) 

-3.69* 
(1.39) 

Within Class 
Hands-on Scale 

1.11** 
(.23) 

1.26** 
(.42) 

1.03** 
(.28) 

n 1231 517 714 
Lever 

Between-Class 
Hands-on Scale 

07** 

(.32) 
.45 
(.44) 

1.34** 
(.39) 

HO*Rank 3 -.63 
(.41) 

-.64 
(.63) 

-.87* 
(.36) 

HO*Rank 4 -.98* 
(.37) 

-.81 
(.48) 

-1.29* 
(.60) 

HO*Rank 5 -1.09* 
(.49) 

-.83 
(.56) 

-1.72* 
(.82) 

Within Class 
Hands-on Scale 

•3Q** 

(.13) 
.17 
(.23) 

.46** 
(.16) 

n 1235 519 716 
Classification 

Between-Class 
Hands-on Scale 

2.17* 
(.95) 

1.89 
(1.32) 

2.24 
(1.67) 

HO*Rank 3 -1.68 
(1.23) 

-2.71 
(1.74) 

-.74 
(1.69) 

HO*Rank 4 -2.54* 
(1.13) 

-2.49m 

(1.29) 
-3.04 
(2.23) 

HO*Rank 5 -3.11* 
(1.33) 

-3.28m 

(1.62) 
-3.19 
(2.57) 

Within Class 
Hands-on Scale 

1.65** 
(.32) 

1.40* 
(.64) 

1.70** 
(-38) 

n 1224 511 713 

148 



Table A4-8: Model 1A (ITBS) With Quadratic 

Variable Original Model With Squared Term With Squared Term 
and Interactions 

Hands-on Scale 1.28** 
(.31) 

.04 
(1.14) 

1.34 
(2.33) 

HO*Rank 3 -.88m 

(.48) 
-.94m 

(.49) 
-.39 
(.42) 

HO*Rank 4 -1.14* 
(.50) 

-1.15* 
(.48) 

-3.97 
(.45) 

HO*Rank 5 -1.50** 
(.44) 

-1.54** 
(.44) 

-4.24 
(.44) 

Quadratic HO Scale .19 
(.17) 

-.01 
(.36) 

Quad*Rank3 -.07 
(.42) 

Quad*Rank4 .44 
(.45) 

Quad*Rank5 .41 
(.44) 

R2 .3067 .3077 .3090 
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Table A4-9: Model 1 (Lever & Classification) With Quadratic 

Lever Classification 

Variable Original 
Model 

With 
Squared 
Tenn 

Original 
Model 

With 
Squared 
Tenn 

Hands-on Scale 29** 

(.11) 
-.86 
(.53) 

.98** 
(.29) 

-.37 
(1.92) 

Quadratic HO Scale .18* 
(.08) 

.21 
(.30) 

R2 .2149 .2457 .2693 .2698 
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Table A4-10:   Model 3A (ITBS) With Quadratic 

Variable Original Model With Squared Term With Squared Term 
and Interactions 

HO Between-Class 
Scale 

1.65** 
(.56) 

4.23 
(3.85) 

13.29"1 

(7.61) 

HO*Rank 3 -1.57m 

(.86) 
-1.43 
(.90) 

-13.85m 

(7.14) 

HO*Rank 4 -2.52** 
(.75) 

-2.41** 
(.77) 

-17.12* 
(7.91) 

HO*Rank 5 -3 73** 
(.76) 

-3.59** 
(.78) 

-16.19* 
(7.30) 

Quadratic HO 
Scale 

-.42 
(.62) 

-1.87 
(1.2) 

Quad*Rank 3 1.97m 

(1.10) 
Quad*Rank 4 2.33m 

(1.32) 

Quad*Rank 5 2.00m 

(1.15) 
Within-Class Scale 1.11** 

(.23) 
1.10** 
(.23) 

1.13** 
(-23) 

R2 .3235 .3243 .3297 
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Table A4-11: Model 3A (Lever & Classification) With Quadratic 

Lever Classification 
Variable Original 

Model 
With 
Squared 
Tenn 

With 
Squared 
Term and 
Interactions 

Original 
Model 

With 
Squared 
Tenn 

With 
Squared 
Tenn and 
Interactions 

Between-Class 
HO Scale (.32) 

2.25 
(1.63) 

6.11m 

(3.11) 
2.17* 
(.95) 

10.41m 

(5.33) 
22.48* 
(8.46) 

HO*Rank 3 -.63 
(.41) 

-.58 
(.44) 

-5.50 
(3.52) 

-1.68 
(1.23) 

-1.26 
(1.25) 

-5.89 
(9.73) 

HO*Rank 4 -.98* 
(.37) 

-.93* 
(.39) 

-5.51 
(3.39) 

-2.54* 
(1.13) 

-2.15111 

(1.20) 
-28.77** 
(9.42) 

HO*Rank 5 -1.09* 
(.49) 

-1.02* 
(.51) 

-9.52* 
(3.69) 

-3.11* 
(1.33) 

-2.69m 

(1.40) 
-20.90m 

(12.20) 

Quadratic HO 
Scale 

-.22 
(.26) 

-.84m 

(-48) 
-1.37 
(.87) 

-3.27* 
(1-37) 

Quad*Rank 3 .78 
(.54) 

.79 
(1.42) 

Quad*Rank 4 .73 
(.51) 

4.18* 
(1.48) 

Quad*Rank 5 1.33* 
(.58) 

2.88 
(1.97) 

Within-Class Scale TO** 

(.13) (.13) 
.41** 
(.13) 

1.65** 
(.32) 

1.64** 
(-32) 

1.68** 
(.32) 

R2 .2480 .2491 .2547 .2733 .2769 .2833 
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Chapter 5: Analysis of The National Education Longitudinal 
Study (NELS:88) 

Introduction 

The National Educational Longitudinal Survey (NELS:88) followed students from 

8th grade in 1988 to 10th grade in 1990 to 12th grade in 1992. Our analysis of the three 

waves of NELS data allows us to answer some questions raised by the analysis of the 

RAND data and to extend them. Will the NELS data continue to show a positive 

relationship between student reported hands-on science and multiple choice test, when we 

include additional covariates that may be related to both?   If so, will we continue to see a 

differential relationship between hands-on science and test score due to student ability? 

Will we continue to see a lack of relationship when we use teacher reported data or was 

the small teacher sample size in the RAND data the cause of this finding? Also, will our 

RAND results hold for the two higher grades (10th and 12th) included in the NELS? 

NELS began in 1988 with a survey of 8th grade students, their teachers, parents 

and schools. A cross-sectional analysis of the base year data can be compared to our 

analysis of the RAND 8th grade data. Our analysis of the RAND data found a positive 

relationship between hands-on work and multiple choice test scores for students of lower 

ability and no relationship for students of middle or higher ability when using student 

reports of hands-on science. No relationship was found when using teacher reports of 

hands-on science. 

NELS allows us to further test Hypotheses 1 and 3 in several ways. NELS is a 

nationally representative sample which allows inferences to be made to the whole 

population. Second, it contains additional variables that may be correlated with test 
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scores. If the results from the analysis of the NELS data show a positive relationship 

between test score and hands-on science scale (Hypothesis 1) while using additional 

controls, we will have greater confidence in the robustness of the finding as it is 

supported by two different data sets, the latter having a full set of control variables. We 

will also check whether the addition of covariates supports or explains away the 

important role of student ability in this relationship that we found in the RAND data 

(Hypothesis 3). Third, in the last chapter we postulated that the finding of a lack of a 

relationship between test score and the teacher reported hands-on scale may have been 

due to the small number of teachers involved in the RAND study. If the analysis of the 

NELS data replicates this finding, such a postulate cannot be supported. Conversely, if 

we do find a positive relationship, then the postulate will be reasonable. NELS also 

provides the opportunity for testing the relationship between hands-on science and test 

score for the students in grades 10 and 12 to determine if the findings for the 8th grade are 

consistent across grades or if they differ, possibly due to the increasing ability of more 

mature students to comprehend abstract ideas without the use of concrete examples. 

This chapter is organized in the following fashion. We first discuss the NELS 

sample and identify the measures we will use in our analysis. Next we provide 

descriptive statistics of the sample. The model is then described, the results are 

discussed, and a set of sensitivity analyses is reported. Where applicable, we make 

comparisons with findings from the RAND data. 
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I. The Sample 

In 1988, the National Education Longitudinal Study (NELS:88) surveyed 25,000 

8th graders in 1000 public and private schools across the United States and resurveyed 

these students in 1990 (10th grade) and 1992 (12th grade). Using a two-stage stratified 

clustered sample design the sample was nationally representative in 1988 and was 

freshened (new students added) in both 1990 and 1992 so that it remained nationally 

representative in both follow-ups.   The two-stage design first sampled schools in 1988 

from the 39,000 schools that have an 8th grade. Within the selected schools, students were 

sampled at an average of 23 per school. The 1990 follow-up included all students who 

were in the base year sample and went to a school with ten or more other base year 

students. The remaining students from the base year were probability sampled and 

freshened students were added. In 1992, an attempt was made to survey all students who 

were in the first wave. In addition, freshened students were added (NCES 1994). 

Measures of student achievement, level of hands-on science in the classroom, 

student background, and school characteristics were collected in each year through 

student testing, teacher surveys, parent surveys, student surveys, and school surveys. In 

1988, two teachers of different subjects were to be surveyed for each student.   The 

combination of teachers was to include one English or history teacher and one math or 

science teacher. In 1990, there was an attempt to do a similar selection of teachers but if 

the student was not taking the chosen subject at the time of the survey another teacher of 

the student was surveyed. This allowed two teachers of any combination of the four 

subjects to be surveyed per student. In 1992, only one teacher, math or science, was 
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surveyed per student. If a student was not in a math or science course, there is no teacher 

survey data for him/her. 

Due to missing data, the size of the sub-samples available for our analysis is 

substantially smaller than the total sample. First, not all students have a science test 

score. Second, students may have not answered the hands-on science items on the 

student survey in grade 10 or 12 (no hands-on science questions were asked of students in 

grade 8). Third, a larger number of students may lack a report of a teacher hands-on 

science scale because only a sub-sample of the students had their science teacher 

surveyed1. Out of the sample of 25,000 8th graders, 23,316 have test scores, and 10,221 

have a teacher hands-on science scale. For 10th grade, out of 18,100 students, 16,500 

th 
have test scores, 15,500 have a student scale and 5,400 have a teacher scale. For 12 

grade, out of 17,000 students, 12,700 have scores, 11,200 have a student scale and 3,200 

have a teacher scale. 

We want to check that the characteristics of the sub-samples available for our 

analysis do not greatly differ from those of the full NELS sample by examining whether 

there are significant differences in the descriptive statistics. In Appendix tables A5-1 to 

A5-3, we compare the descriptive statistics of our covariates in the full NELS sample 

versus the sub-samples that contain a test score, the student hands-on scale, and the 

teacher hands-on scale. Overall, these tables show that the distribution of such variables 

1 The lack of a teacher survey for a student may be due to one of three situations: 
1. The student is in a science class and his/her science teacher was not picked to be surveyed 
2. The student is in a science class, his/her science teacher was picked to be surveyed but did not return 

the survey 
3. The student was not in a science class that year so there was no science teacher to be surveyed. 

In all three cases, the student would not be included in the analysis of the teacher hands-on scale. The 
student would be included in the analysis of the student hands-on scale, in pait because the student items 
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as gender, race/ethnicity, ability rank, percent minority and the school variables are 

consistent between the full sample and the sub-samples we use in our analysis. 

However, there are changes in several variables that warrant cautions. 

We see a drop in the percent of minority students (primarily Hispanic), a drop in 

the percent of the lowest SES quartile, and a drop in the percentage of the lower ability 

rank students in the subsamples. This drop is greatest in the 12th grade when looking at 

the sub-sample available for the teacher scale for which a large number of teacher 

responses are lacking and smallest in the 8th grade for which we have a greater number of 

teacher responses. For example, in 8th grade the lowest SES quartile makes up 24.2% of 

the full sample, 23.9% of the sub-sample with a science test score and 22.3% of the sub- 

sample with a teacher report (Table A5-1). hi 12th grade, these percentages are 19%, 

17.2% and 13.3% respectively (Table A5-3). Our analyzed data may then slightly under- 

represent lower achieving students. 

ask for the level of hands-on science done in the last science course taken. A further discussion will be 
provided regarding differences in findings among students taking science versus those not taking science. 
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II. Measures 

Three types of measures were obtained from the NELS materials. Using 

responses to the teacher and student surveys, we created scales to measure the quantity of 

hands-on science in the classroom. Measures of student achievement are based on 

student scores on the science multiple choice test. In addition, covariates that may be 

related to test score were obtained from several of the NELS instruments. 

Science Test Score 

Students within the same grade took the same science test. The test was similar 

between grades with some substitution of new questions to reduce ceiling effects. Each 

grade's test contained 25 multiple choice questions and was to be completed in 20 

minutes. The 10th grade test contained 18 questions from the 8th grade test and 7 new 

questions. The 12th grade test contained 19 questions from the 10th grade test (13 of 

which were also on the 8th grade test), and 6 new items. In total, there was a pool of 38 

science items. To reduce ceiling effects, the new questions were either more difficult or 

addressed content knowledge normally taught in more advanced classes. 

In order to measure gains in test scores across grades, these tests are calibrated on 

the same scale using Item Response Theory (NCES 1995). The pool of test items is 

calibrated on the same scale as the estimates of test takers' ability. From this, a test 

taker's probability of correctly answering a question can be calculated even if that person 

did not answer the question. The IRT-estimated correct score is the sum of probabilities 

of correct answers for the pool of science questions. The IRT-estimated correct score can 

help correct for distortion of scores in cases of students correctly guessing on hard 

158 



questions or omitting answers to questions. The results reported iathis analysis are based 

on the IRT-estimated correct test score (NCES 1995). 

Hands-on Science Scales 

The NELS student and teacher questionnaires contain a number of items 

concerning science instruction in the classroom. For students, these items focus on the 

frequency of instructional practices, e.g., how often did you watch the teacher 

demonstrate an experiment. Student responses range from 1 to 5 with 1 being low and 5 

high. For teachers, there are three types of items. Some items concern the frequency of 

certain practices that use a similarly coded 1 to 5 scale, e.g. how often the teacher 

demonstrates an experiment. Other items concern the percent of class time spent on 

certain practices, e.g. percent of time spent conducting lab periods. Teachers had the 

opportunity to answer on a 1 to 6 scale but none gave a response of 6, the highest 

response. Third, teachers were asked to comment on access, quality and quantity of 

equipment. While there are some similarities between the teacher and student items, they 

differ in many aspects. 

A hands-on science scale was created separately for teacher reports and for 

student reports in each grade. Factor analysis was used to identify which of the teacher 

and student items concerning science instruction provided the main source of variation in 

the scale. Those items identified were summed and averaged, creating a scale with a 

value of 1-5 (1 being low). 

The NELS items regarding the science instructional practices in the classroom did 

not stay constant over the three waves. In the base year, 8th grade, no items regarding 
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science instruction were included in the student questionnaire. Therefore, we cannot 

construct a student scale for 8th grade preventing a direct comparison with the RAND 8l 

grade student scale. Instead, only a teacher scale can be constructed for the 8l grade 

data. Due to the addition of some student items for the 10th grade survey, we are able to 

create a 10th grade student scale. However, one item found key in the RAND analysis 

(how often do you conduct experiments) was not included in the student survey. 

Therefore, our NELS 10th grade student scale has an important difference from our 

RAND scale, giving us less confidence in the construct validity of the NELS scale and 

th 
reducing the value of its comparison with the RAND student results. In the 12   grade 

student survey this key item (how often do you conduct experiments) was added and the 

student scale more closely resembles the RAND student scale. 

Teacher items were modified as well over the three waves. For this reason, 

separate factor analyses were conducted for each wave, thus, the hands-on scales used in 

the analyses are not the same for each wave. However, the three teacher surveys 

contained a similar item asking how often students did experiments and all three teacher 

scales include this item. The scales used were chosen based on the level of their 

reliability . 

Table 5-1 identifies the items used in making each hands-on scale and the 

reliability of each scale. In comparison, the RAND teacher scale also contains time spent 

on labs and frequency of use of materials which is somewhat similar to the frequency of 

experiments. The NELS teacher scale contains information on non-hands-on activities 

that may be related to the frequency of hands-on science (e.g. demonstrations or reports) 

2 As a check, we created other hands-on scales that reflected more uniformity between years. Results from 
these analyses will be discussed in the Results section. 
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which are not part of the RAND teacher scale. The RAND student scale focuses on the 

frequency of doing experiments. The NELS student scale varies a great deal between the 

10th and 12 grade as the 10th grade lacks information on the frequency of experiments and 

focuses on possibly related non-hands-on activities. The 12th grade scale does include 

this information as well as the related activities. 

The NELS student scale also differs from the teacher scale in its interpretation. 

The teacher scale is provided by science teachers having a sampled student in their class. 

Thus, all students who are linked to a teacher scale are currently (meaning in that year of 

the NELS) enrolled in science. However, the student survey asks for responses based on 

"the most recent science class". Since four years of science may not be required, a 

student's scale may be based on the level of hands-on science in a class from one or more 

years ago. This is most likely to occur for 12th graders. Due to this, the models for the 

NELS analysis assume that the student-reported level of hands-on science in a class taken 

this year versus a class taken one to several years ago will have the same relationship 

with 10th and 12th grade test scores. In the Sensitivity Analysis section (VII A) of this 

chapter this assumption is tested and found to hold. 

Covariates 

One of the strengths of the NELS data is the large number of variables collected, 

some of which have been found to be correlated with test scores in past research. In 

addition, these variables may also be correlated to the amount of hands-on science. If 

they are not included in the analysis, their relationship with test score may be confounded 

with the relationship found for hands-on science. If this occurs, we will not obtain an 
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accurate measure of the relationship of hands-on science and test acore. In Table 5-2 we 

identify the variables of this type included in the analysis to avoid this confounding 

problem. These variables address the individual, classroom and school level and are 

identified as such in the table. The first section of the table includes variables also used 

in the analysis of the RAND data and the second section contains the additional variables 

used in the analysis of all three waves of the NELS data. 

For the covariates available in both the NELS and RAND data, there are some 

differences. The ability rank quintiles were constructed from teacher rankings in the 

RAND data. Since such rankings were not available in the NELS data, a composite of 

English and math grades was used to place students in rank quintiles (based on the grades 

of the entire NELS sample). The ability rank variable was constructed as quintiles to 

allow an analysis similar to that used with the RAND data and to check for non-linear 

effects (as were found in the RAND data)3. 

In addition, certain NELS covariates differ between grades. The Percent Minority 

variable was a classroom level variable in the 10th and 12th grade NELS data (and in the 

RAND data) but for 8th grade only a school level variable was available. Type of Science 

Classes Taken was not available for 8th grade, it was reported by students in 10* grade 

and it was based on transcripts for 12th grade. Amount of Science Taken was based on 

these same sources. 

3 The construction of a continuous Ability Rank variable and its effects on the results are discussed in the 
Results Section. 
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III. Descriptive Analysis 

The descriptive analysis of the NELS data serves the dual purpose of determining 

whether it is similar to the RAND data and whether its several years of data are similar to 

one another. We find it similar to the RAND data in two respects. Student test scores 

significantly vary by groups (gender, race/ethnicity and ability rank) and there is 

variation in the student hands-on scale by ethnic group and ability rank but not by gender 

(except in 12l grade). The two data sets differ in other respects. In the NELS, there is 

greater variation in the teacher hands-on scale by group. Such variation enables us to 

estimate more precisely the role of hands-on science as reported by teachers. 

As the NELS data is longitudinal, we can check for differences among the waves. 

The descriptive data presented here are weighted using student weights to address the 

two-stage cluster design and non-response in order to reproduce the population patterns. 

These weights include a weight representing the student's probability of selection and a 

student-level non-response weight based on the combination of school type, school 

region, ethnicity and gender. Cross-sectional weights were created for each grade and 

apply to all members of a wave regardless of their participation in any other wave (NCES 

1994, 1995). 

Table 5-3 provides the weighted univariate analysis of the data showing the 

means and standard deviations for the variables. As expected, we find that test scores 

rise over time as do their standard deviation: the mean of the test score increases with 

grade (from 18.5 to 21.8 to 24.06) as does the standard deviation (from 4.8 to 5.9 to 6.1). 

We would expect the rise in the mean as the tests contain many of the same questions 
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from the wave before and student achievement should rise at different rates with 

additional years of education. 

The mean teacher hands-on scale and its standard deviation are similar over the 

three waves. The student scale exhibits more variation between 10th and 12th grade which 

may in part be due to the inclusion of an important item on how often experiments are 

done in the 12th grade survey. The teacher hands-on science scale is similar throughout 

the three grades with a mean running from 2.69 to 2.75 on a scale of 1-5 with a standard 

deviation between .66 and .70 (Panel I). The student hands-on science scale is only 

available for 10th and 12th grades. The over time difference in the student scale (2.48 

versus 2.75) is greater than in the case of the teacher scale (2.74 versus 2.75) (Panel I). 

Concerning the other covariates, Table 5-3 shows stable values across grades 

except in two cases. The variables of Science Class Track and Class Achievement level 

change between years (Panel II).   By 12th grade, a majority of students have been placed 

in high track and higher achievement by the teachers. The standard deviations for these 

variables remain fairly constant. 

Table 5-4 provides the weighted bivariate analysis showing significant differences 

within certain groups for the hands-on scales and test score. The multiple choice test 

scores differ among groups in an expected pattern, similar to the one seen with the 

RAND data. Males score higher than females (Panel I). Asian and White students score 

higher than Black and Hispanic students (Panel I). Scores increase monotonically with 

SES quintile, ability rank quintile, and achievement level of the class (Panels II & HI). 

Regarding the teacher hands-on scale we see no pattern of differences among the groups 

for Gender or Race (Panel I). There is a pattern that teachers of classes with students of 
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higher SES, ability rank and classes of higher class achievement report more hands-on 

instruction (Panels II & HI). This pattern hold true for all three grades. For SES, this 

pattern holds true for 8th and 10th grades (Panel II). 

Regarding the student hands-on scale we do not see a similar pattern within the 

groups. Instead, we see opposite results between the two grades for several of the groups. 

For example Black reports the lowest scale in 10th but the highest in 12th grade (Panel I). 

In 10th grade, the highest ability rank students report a higher scale but in 12th grade the 

lowest report a higher scale (this is also true for class achievement) (Panels II & HI). 

These anomalies suggest a problem with the reliability of the student hands-on science 

scale. 
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IV. The Models 

As a first step, we will examine the NELS data using the RAND model (the 

model used to analyze the RAND data) to check if we get similar results. The RAND 

model contained covariates for gender, race/ethnicity, classroom percent minority and 

ability rank. 

Our next step will be to make use of the additional covariates available in the 

NELS data and estimate a model using standardized multiple choice science tests for 

each of the three waves of data. The NELS model takes the following form: 

1)    Yij = oco + a,H1J + a2STlj + a3CLj + ouSCHj + £,j 

where 
Yjj = the multiple choice test score for student i in class j. 
Hij = the level of hands-on science for student i in class j (the student or teacher 

hands-on science scale - as teacher reported data is at 
the classroom level it should be represented by Hj in the above equation). 

STjj = the student characteristics (ability rank, gender, race/ethnicity, SES, hours of 
homework and science coursework) that may be related to test scores for student 
i in class j. 

CLj = the class level variables (percent of minority students, class track, and 
achievement level of class,) that may be related to test scores for class j. 

SCHj = the school characteristics (type, metropolitan status and regional location) 
that may be related to test scores for student i in class j. 

a's = the parameters to be estimated (oci being the coefficient for the hands-on scale) 
£jj = the disturbance term for student i in class j. 

In addition, one extension and one modification were made to the NELS model. 

We extend the NELS model to address our finding of a significant effect for an 

interaction term between the ability rank and the student hands-on science scale that was 

seen in the RAND analysis. Similar interaction terms (using both the student and teacher 

hands-on scales) were introduced into the NELS model. These interaction terms were 

found to be non-significant so were not included in the NELS model. 
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We also modified the model to address the greater number of student reports 

versus teacher reports for the students in 10th and 12th grades. Only for a sub-sample in 

each wave were the students' science teachers surveyed.   Therefore, we have more 

student reports and test scores than teacher reports which directly affects the three class 

level covariates provided by the teacher reports: percent minority of science class, 

science class track, and achievement level of students in the science class. The sample 

available for analysis when using these three covariates is much smaller than when not 

using them. The discussion in the section on the data (along with Tables A5-2 and A5-3) 

notes that the descriptive statistics of these two samples are similar. As a further check 

on the effects of this reduction in sample size, the NELS model was estimated both with 

and without the three class level variables for the 10th and 12th grade analysis of the 

student hands-on scale.   This modification did not result in any important changes to our 

results. 

In addition, for covariates that were missing over 100 observations, imputation 

was done by adding a dummy for missing observations while changing the missing 

values to 0. Imputation did not change the results regarding the relationship of the hands- 

on scales to test scores. For some of the covariates, it did increase the efficiency of the 

estimates. 
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V. Results 

The results from the multivariate analysis are discussed below in three sections. 

First, using both the teacher and student scales the data is analyzed using the same model 

as used with RAND data. Second, the NELS model is estimated using the teacher hands- 

on scale. Third, the estimation of the NELS model is made using the student hands-on 

scale. 

The RAND Model 

We first analyze the NELS data using the same model we used with the RAND 

data to examine whether similar results can be obtained from both data sets. Compared to 

the model used for the NELS data this model contains fewer covariates (gender, 

race/ethnicity, ability rank, classroom percent minority and, where significant, the 

interaction of ability rank and the hands-on scale). Table 5-5 contains the results from 

the estimates of this model4. On the left side of the table are the results when using the 

teacher hands-on science scale and on the right side are the results when using the student 

hands-on scale. We show only the model with the best fit for each grade-scale 

combination. This is why the table contains the scale-ability rank interaction terms only 

for the 12th grade-teacher scale and the 8th grade-student scale. The R2 for these models 

are similar and range from .23 - .35. 

4The tables in this section show unweighted results as weights are not used in the multivariate analysis. In 
cases where weights are a function of the independent variables included in the model, unweighted OLS 
estimates have been found to be unbiased, consistent, and have smaller standard errors compared with the 
weighted OLS (Winship and Radbill 1994). We have included as independent variables in our model all 
the variables used to construct the NELS:88 student weights: school type, school region, student ethnicity 
and student gender. For this reason, we use unweighted analysis. 
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Beginning with our findings for the teacher hands-on scale ,we see very different 

results when using the NELS data. For the RAND data, the coefficient for the teacher 

scale was insignificant.   For the NELS data it is positive and significant for all three 

waves of the NELS data and ranges from .75 to .92.   In Chapter 4, we suspected that the 

small number of teachers and lack of variation in the hands-on science reports in the 

RAND data may have been responsible for the non-significant coefficient. The NELS 

data contains a much larger sample of teachers and greater variation in their hands-on 

science reports. The different findings for the RAND versus the NELS data may reflect 

this difference. 

Using the RAND data, we found no significant interactions between the teacher 

hands-on scale and ability rank. From the NELS data for the 8th and 10th grade data, we 

did not find a significant coefficient for the interaction of teacher hands-on scale and 

ability rank either. For the 12th grade NELS data we find two significant negative 

coefficients for this interaction. The coefficients are large enough to offset the positive 

effect of the teacher scale for the higher ability ranks (Ranks 3 & 5 but not Rank 4). The 

results for 12th grade are similar to those found when using student reports in the RAND 

data in that for both cases the positive relationship of hands-on science and multiple 

choice test score was confined to students of lower ability rank. 

Results for the coefficients on the other covariates are very similar for the RAND 

and the NELS data. We see negative coefficients for female (though only marginally 

significant for the RAND data), race/ethnic group (with consistent results for Black and 

Hispanic), and percent minority. We also find positive monotonic coefficients for ability 

rank. 

169 



Turning to the results for the student hands-on science scale (right side of Table 5- 

5), we do not have an 8th grade student scale from the NELS so the comparison is for 10l 

and 12th grade data only. Our findings differ from the RAND data results. The RAND 

data showed a positive significant coefficient for the student hands-on scale (for students 

of lower ability rank) as does the NELS 10th grade data but the NELS 12th grade data 

shows a negative significant coefficient. This multivariate result from the NELS mirrors 

the opposite patterns for grades 10 and 12 observed in the bivariate analysis. Futhermore, 

the interaction of the scale and ability rank was found significantly negative for the 

RAND data and large enough to offset the coefficient on the hands-on scale for students 

of high ability rank. This interaction was not found significant when using the NELS 

data and the coefficient on the hands-on scale applies to students of all ability ranks. 

The coefficients on the covariates are very similar for the two data sets. Their 

signs and significance levels agree in all cases (negative for female, race/ethnicity, 

percent minority and positive for ability rank). 

The NELS Model: The Relationship of the Teacher Scale and Test Score 

The next step is to examine the results from the NELS model which contains 

additional covariates that may be associated with both the level of hands-on science and 

student test scores. We have greater confidence in these findings, than those using the 

previous model, as the addition of the covariates reduces possible confounding effects 

they may have had on the coefficient for hands-on scale when these covariates are not 

included. Table 5-6 shows the results for all three grades when estimating the model 

using the teacher hands-on scale. The imputed results shown on the right side of the table 

are very similar to the non-imputed ones on the left side (though some coefficients 
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become significant when using the imputed data as expected) and we focus our 

discussion on the results from the imputed data. The R2 for these models run from .34 - 

.43, an improvement upon that seen in the RAND model. Since the interaction between 

the hands-on scale and ability rank was not found significant, for the sake of parsimony 

the final NELS model does not contain it. 

In regards to the relationship of the teacher hands-on scale and test scores, the 

results for the 8th and 10th grades are very similar. In both cases, the coefficient for the 

hands-on scale is positive and significant with a similar magnitude of .43 and .32 

respectively (Panel I). The additional covariates have reduced the magnitude of this 

coefficient (from what is seen in Table 5-5) but have not changed its sign nor 

significance. These coefficients can be converted into standard deviation units of test 

score which are .09 and .05 respectively. 

The 12th grade results differ from those of the other two grades and the results 

when estimating the RAND model. The coefficient of the hands-on scale is insignificant 

and changed from its previous positive significant value by the addition of the covariates. 

The results for the covariates are similar among all three grades. Negative 

significant coefficients are seen with Female, Black, Hispanic, and Percent Minority. 

Positive significant coefficients are seen with higher ability rank5, SES, Class Track, 

Achievement Level and non-religious private school. 

5 The Ability Rank variable was constructed as quintile dummy variables. To check if this construction 
affected its results, the model was also re-estimated using a continuous ability rank term and an interaction 
term composed of the hands-on scale and continuous ability rank. For all grades and for both the student 
and teacher scale: 

1. The continuous ability rank variable had a positive significant coefficient 
2. The coefficient on hands-on scale was not affected 
3. The interaction term was not significant. 

In sum. our results are similar when using a quintile ability rank or a continuous ability rank variable. 
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The NELS Model: The Relationship of the Student Scale and Test Spore 

Next, we estimated the model using the student hands-on scale for the two waves 

(10th and 12th grades). As a modification, the model was estimated without the teacher- 

reported classroom level variables to maintain a larger sample. Table 5-7 shows the 

results for the 10th grade of the model and its modification when using non-imputed and 

imputed data. Table 5-8 shows the same for the 12th grade. The R2 for these models run 

from .36 - .46, an improvement on the RAND model. For both grades, there is little 

difference in the results between the model and its modification and little difference 

between the non-imputed versus imputed data within grades. We focus our discussion 

below on the unmodified model using the imputed data. 

There are major differences between the results for the two grades. For the 10 

grade, the coefficient for the hands-on scale is not significant (Table 5-7, Panel I). This 

finding is in contrast both to the finding from the RAND data and from estimating the 

RAND model using the NELS data where the results showed a positive significant 

coefficient. The inclusion of the additional covariates have changed the original results. 

For the 12th grade, the coefficient is negative and significant (Table 5-8, Panel I). 

This finding is similar to that when using the NELS data with the RAND model but very 

different from our findings for the RAND data. This result may be due to the relatively 

unreliable data on student hands-on science of the NELS. 

The results for the covariates are similar for the two grades and with the results 

from the models using the teacher hands-on scale. In addition, we see significant positive 

coefficients for geographic regions when compared to the South. 
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VI. Discussion 

Our findings from the cross-sectional analysis of the NELS data are more of a 

compliment to the analysis of the RAND data rather than a confirmation. On the one 

hand, we find evidence for a positive association between the teacher hands-on scale and 

test scores that we did not find in the RAND data. On the other hand, we did not find 

evidence to support such an association between the student hands-on scale and test score 

using the NELS data. 

In addition, we did not find evidence supporting the importance of the interaction 

of hands-on scales and ability rank as was found with the RAND data when using the 

student scale. We did have a similar finding when estimating the RAND model when 

using the 12th grade data with the teacher scale but this disappeared in the NELS model. 

One concern with our finding of no relationship between the teacher scale and test 

scores in the RAND data was the small number of teachers involved and the lack of 

variation in their reports on the amount of hands-on science in their classes. Using the 

NELS data with its larger teacher sample and the significant variation in the scale for 

different groups (e.g. ability rank, class achievement and SES) addresses this concern. 

Our findings of a positive relationship between the teacher scale and test scores for the 8* 

and 10th grades give us greater confidence that the lack of variation in the teacher scale in 

the RAND data causes the failure to find such a relationship. 

Our failure to find a positive significant relationship when using the student 

hands-on scale for 10th grade and our finding of a negative relationship for 12' grade 

when using the NELS data seemingly contradicts our findings from the RAND data. At 

the same time, this finding is open to several interpretations. The NELS data does not 
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contain a student scale for 8th grade so no direct grade level comparison could be made 

with the RAND analysis. The 10th grade scale suffers from a lack of appropriate items. 

Thus we do not have the tools to make a full comparison between the two data sets as we 

were able to do for the teacher hands-on scale. Additionally, hands-on science may not 

be as effective in 12th grade as students are more capable of abstract thinking (and this 

may explain our finding no relationship for 12th grade using the teacher scale as well). 

These results reveal the complimentary nature of the two data sets. The RAND 

data is stronger regarding the student scale and the NELS data is stronger regarding the 

teacher scale. Our results would be expected to reflect the strengths and weaknesses of 

the data used. 
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VII. Sensitivity Analysis 

Further analyses were carried out to investigate the sensitivity of our results using 

the NELS data. Two topics were investigated: 1) the measurement of the teacher scale 

and 2) measurement of the timing and order of science course taking 

The Measurement of the Teacher Scale 

The hands-on scale is intended to combine different dimensions of a broader 

construct of hands-on science. For this reason the scale is made from several items 

measuring different topics, e.g. time spent in labs; frequency of student experiments, 

teacher demonstrations or student reports on experiments; and amount and condition of 

scientific equipment. Only the 8th grade teacher scale is made up of all these different 

items. The 10th and 12 grade teacher scales combine time spent in labs with frequency of 

student experiments and reports with the 10th grade scale also including frequency of 

teacher demonstrations. The use of different teacher items for each grade's scale was 

based on the results of our factor analysis plus the choice of the scale with the highest 

level of reliability for each grade. 
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In order to check the robustness of the results using the original teacher scale, we 

estimated the models using several different items alone or in combination. These 

included: 

1. Time spent conducting lab periods 
2. Frequency of student experiments 
3. Time conducting lab periods and frequency of student experiments 
4. Frequency of student experiments and frequency of student reports on 

experiments 
5. Amount of scientific equipment and condition of scientific equipment 

The purpose of scales 1,2,3 and 5 is to use a scale composed of the same items in 

all three grades. Scale 4 uses the same items available in grades 10 and 12. Scale 5 also 

addresses hands-on science in a different manner than the other four scales strictly 

through the consideration of scientific equipment. The NELS model was estimated with 

each of these five scales. In Table 5-9 the resulting coefficients on the scales are 

compared to the coefficients on the original scales. Our original results are robust when 

compared to the alternative hands-on scales. For 8th grade, the coefficients on the 

alternative scales are all positive and significant though their magnitude is somewhat 

smaller. For 10th, the coefficients on the alternatives are again positive and significant 

and their magnitudes are almost all similar to the coefficient on the original scale. In 12l 

grade, the coefficients swing from positive to negative but none are significant reflecting 

the lack of significance of the coefficient on the original scale. 

If we had found that the modified scales for the 8th and 10th grades were not 

positive and significant, we might have ascribed the lack of significance in the 12' grade 

original scale as due to a mis-specified scale, as it was made up of fewer items than the 

scales in the other two years. Instead, we found that the results were similar for the 

alternative scales for 8th and 10th grade. Therefore, our finding of no relationship 
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between hands-on science and test score in 12th grade might be attributed to a difference 

in hands-on science's relationship to test score for older, more advanced students. 

Timing and Order of Science Course Taking 

Student course taking in science has been linked to student standardized test 

scores (Mullis & Jenkis 1988, Jones et al. 1992). Much of the explanation for this 

relationship can be classified as opportunity to learn. Course taking may also reflect 

student ability and the inclusion of an ability variable in the model reduces this aspect, 

leaving topic coverage as the most likely explanation for its relationship with test score. 

If students are not exposed in school to materials covered on a test they are less likely to 

have learned them and so are less likely to answer correctly. The NELS science test is 

constructed in a manner that increases the importance of opportunity to learn. To avoid 

ceiling effects, the version of the science test was changed for each grade. Along with 

the addition of more difficult items, items based on material expected to be covered only 

in the later grades were added to each successive version. So if students do not take the 

courses in which this material is expected to be covered, they are less likely to be able to 

correctly answer the added items. 

If course taking is also related to the level of hands-on science but is not 

considered, we may confound the effect of course taking with that of hands-on science. 

Specifically, if we do not address course taking in our model, we will have omitted 

variable bias as the effect of course taking will be taken up by the error term. But as 

course taking is related to hands-on science, the error term in an equation excluding 

course taking will correlate with hands-on science. Our assumption of zero covariance 
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between hands-on science and the error term will not hold and the coefficient for hands- 

on science may be biased. 

To avoid this problem, our NELS model includes as covariates both the type of 

science courses taken and the number of courses taken. The inclusion of these variables 

did not change the sign or significance of our results regarding the hands-on scale 

although it did slightly reduce their magnitude. The coefficients on these covariates are 

significant and so they remain as a part of the NELS model. Table 5-10 reviews the 

coefficients (from tables 5-6 to 5-8). The coefficients on the individual subjects are in 

comparison to taking "other science courses". The results may reflect that the NELS test 

is made increasingly difficult by the addition of new material which in high school 

includes more physics and less biology. We see a decline in biology's positive 

relationship to test score from 10th to 12th grade, a sign change in physics and a stable 

relationship for chemistry. An unexpected finding is that the number of total courses has 

a negative relationship in 10* grade and but positive relationship in 12l grade. Possibly 

these results are due to the use of student reports in 10th grade and a transcript review in 

12th grade. 

There are two additional explorations that can be made into course taking and the 

possibility of confounding effects: 1) current enrollment in a science course, and 2) the 

pattern of science course taking during secondary school. 

A. Current Enrollment in Science 

The issue of current enrollment concerns the student hands-on scale. The items 

that make up the scale are asked in the following manner: "In your current or most recent 

science class, how often did you....?". When using the student hands-on scale, our 
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sample may include students currently in science class and those who may not have taken 

a science class for 1 term to 3 years (the latter can be true for 12th graders who have not 

taken a science class since 9   grade). There may be a relationship between the 

recentness of taking a science course and a student's test score and a relationship between 

this recentness and the level of hands-on science. If so, we again face the problem of 

omitted variable bias. In addition, we may face a reliability problem as students who are 

not in a science course may be less likely to correctly remember the level of hands-on 

science in their last science class. 

The issue of current course taking is not a concern when using the teacher hands- 

on scale. The teacher scale is provided by a sample of science teachers who have a 

NELS student in their science class when surveyed.   Only students currently enrolled in 

a science class are therefore considered when estimating the model using the teacher 

scale. 

For the student hands-on scale, this issue is addressed in two ways. First, when 

estimating the NELS model using the student hands-on scale, a dummy variable on 

student enrollment in a science course is included. This variable is based on student 

response to an item regarding the level of science homework. One of the responses is 

"not taking science". This variable was not found to be significant (although it was 

marginally significant when using the 12th grade data).   As an additional check, we 

estimated the NELS model with an additional interaction term composed of the student 

scale and the "not taking science" dummy variable. The coefficient on the interaction 

term would show whether not being in a science class this term led to a different 

relationship between the hands-on scale and test score. For example, a significant 
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negative coefficient would reflect a weaker relationship for students not presently taking 

a science course. For both the 10th and the 12th grade, neither the interaction terms nor 

the "not taking science" dummy was significant. Therefore, we found no evidence of a 

difference in the relationship of hands-on science to test score due to current enrollment 

in a science class. 

B. The Pattern of Science Course Taking 

The NELS model controls for each type of course taken. A further step would be 

to examine whether the pattern of types of science courses an individual student takes 

affects the relationship of hands-on science to test scores. Possibly, the pattern may be 

correlated with both test scores and the level of hands-on science, creating the potential 

for omitted variable bias. 

The following discussion looks first at 10th grade course taking patterns then 12th 

grade patterns. We examine course taking in each grade using four steps. First we 

identify the top five course taking patterns. Second, we examine the level of hands-on 

science for each pattern. Third we examine the coefficient for hands-on science when the 

NELS model is estimated using only the students who fit within one pattern. Fourth, we 

modify the NELS model to include all the patterns and their interaction with the hands-on 

scale to test if they affect the relationship of the hands-on scale to test score. 

1)    10th Grade 

Tenth grade students were asked to report on their science courses taken in 9n and 

10th grade (be they semester or year long courses). They were not asked to identify the 

order of the courses taken but because biology is often required in the 9th grade and the 

majority of students reported taking biology, we can assume that biology was taken first 
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for the majority of students reporting it. Table 5-11 lists the top 5 patterns of course 

taking as self-reported by 10th grade students. One reason that the Biology, Other Science 

pattern is the largest is due to Other Science being a catch-all category of courses rather 

than one specific course. 

Our second step is to examine whether the level of hands-on science for each 

pattern varies from that of the whole sample. Table 5-12 provides the mean hands-on 

scale (both teacher and student) for the whole sample and each of the top 5 course 

patterns. 

A superscript identifies a significant difference from the mean of another pattern. 

For example, under the teacher scale we see that all the patterns have a 2 superscript 

(except for B,C) which shows that the mean of B,C is significantly greater than that of the 

other patterns. This means that the current teachers of B,C students have reported a 

higher level of hands-on science in their classrooms. Looking at the student scale, we see 

that students with a B,C pattern report significantly more hands-on science in their 

current or last class than students of other patterns while students with a B,0 pattern 

report significantly less hands-on science. 

Our third step is to estimate the model separately for students within each course 

pattern. Table 5-13 shows the coefficient on the hands-on scales for the NELS model 

using the whole sample and for each course pattern. For the teacher scale, we see two 

patterns (marked in bold) that appear different from our original finding of a positive 

significant coefficient. For the pattern B (biology only) we find a negative though not 

significant coefficient. For the pattern B,E (biology and earth science) we find a positive 

significant coefficient but its magnitude is more than double that of our original finding. 
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Interestingly, for the pattern B,C which showed a higher mean value of hands-on science 

than the other patterns (see the table above) we see a coefficient similar to that when 

using the whole sample. 

For the student scale, we see two patterns (marked in bold) that appear different 

from our original finding of a negative non-significant coefficient on the hands-on scale. 

For B,E (biology and earth science) we see a positive but not significant coefficient. For 

the pattern B,0 (biology, other science) which had a significantly lower mean value of 

hands-on science (see table above) we see a negative significant coefficient. Again, for 

the pattern B,C which showed a higher mean value of hands-on science than the other 

patterns (see the table above) we see a coefficient similar to that when using the whole 

sample. 

We want to investigate whether or not differences in the coefficient for the hands- 

on scale between the whole sample and the patterns are significant. To test this we 

estimate an extension of the NELS model for the whole sample which includes all the 

pattern dummy variables plus an interaction term composed of the pattern in question and 

the hands-on scale. For the teacher scale, there are two patterns in question (B and B,E) 

and for the student scale two patterns as well ( B,E and B,0). The model is estimated 

four times using an interaction term for each of these patterns one at a time. If the 

interaction term is significant, then we will conclude that there is a significant difference 

in the relationship of hands-on science to test scores for that specific pattern versus the 

whole sample. Tables 5-14 and 5-15 show the results from estimating this model. 

First, we examine the teacher hands-on scale and its interaction with two patterns, 

B and B,E, which appear to differ from the whole sample. Table 5-14 shows the 
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coefficient on the hands-on scale for the NELS model using the whole sample and for the 

extended models which include the pattern variable and the interaction of the pattern and 

the hands-on scale for the 10th graders. 

The coefficient on the teacher hands-on scale is similar for all three models. 

While the coefficient for the interaction term with B is not significant, the coefficient on 

the interaction term for the pattern B,E is significant and positive (.79). Students taking 

the course pattern (biology and earth science) have a stronger relationship between the 

teacher hands-on scale and their test scores. 

Second, we test the student hands-on scale and its interaction with two patterns, 

B,E and B,0, which appear to differ from the whole sample. Table 5-15 shows the 

coefficient on the hands-on scale for the NELS model and for the extended models which 

include the pattern variable and the interaction of the pattern and the hands-on scale for 

the 10th graders. 

For the model containing the interaction of B,E and the student scale, the 

coefficient on the student scale remains not significant and similar to that of the original 

model. The coefficient on the pattern variable is positive and significant and the 

coefficient on the interaction term is not significant when the class level covariates are 

included but is significant when they are left out 

For the model containing the interaction of B,0 and the student scale, the 

coefficient on the student scale becomes positive and marginally significant. The 

coefficient on the pattern variable is positive and significant. The coefficient on the 

interaction term is negative and significant. We combine the coefficient on the hands-on 

scale and the coefficient on the interaction term: .11+ (-.35) = -.24. Using a test of 
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equivalence of coefficients (H0: Coefficient on Main Scale + Coefficient on Interaction 

Term = 0), we find that we can reject the hypothesis that the resulting final coefficient 

equals 0 at the 5% significance level. Students with the B,0 pattern of course taking 

have an overall negative relationship of hands-on science and test score. 

To sum up the results for the 10th grade, we find that course pattern does not 

affect our result of a positive relationship between the teacher hands-on scale and test 

score but that the relationship is increased for course pattern biology-earth science (B,E). 

For the student hands-on scale, we find a negative significant relationship with test score 

for the specific pattern of biology-other science (B,0). 

2) 12th Grade 

The NCES gathered 12th grade transcripts from the sampled students and from 

this constructed variables on the courses taken and number of Carnegie units in each 

course. These variables have the advantage of not relying on student memory as the 10l 

grade variables do. Like the 10th grade variables, they do not show the order in which the 

courses were taken. Table 5-16 lists the top 5 patterns of course taking as gathered 

through a review of 12th grade student transcripts. The Biology, Other Science pattern 

remains the largest pattern though it now makes up one-fifth of the sample rather than 

one-third as it did in 10tb grade. The number of students with B,0 status is furthered 

reduced by the larger percentage of missing data for the hands-on scales for students in 

this pattern (see n's in Table 5-17). 

We examine whether the level of hands-on science for each pattern varies from 

that of the whole sample. Table 5-17 provides the mean hands-on scale (both teacher and 

student) for the whole sample and each of the top 5 course patterns. 
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There are no significant differences regarding the mean of the teacher scale 

among the five patterns. Looking at the student scale, we see that students with a B,C,0 

pattern and, to a lessor extent, the B,C pattern report significantly more hands-on science 

in their current or last class than students with B,C,P and B,C,0,P patterns. The 

differences in the mean student hands-on scale among the patterns and between the 

patterns and whole sample is much less than what was seen with the 10' grade data.. We 

do not see any significant differences with the B,0 pattern as we saw in 10' grade. 

Next, we estimate the model separately for students within each course pattern. 

Table 5-18 shows the coefficient on the hands-on scales for the NELS model using the 

whole sample and for each course pattern. For the teacher scale, we see two patterns 

(marked in bold) that appear different from our original finding of a positive non- 

significant coefficient. For the pattern B,C (biology, chemistry) we find a negative 

though not significant coefficient. For the pattern B,C,0, P (biology, chemistry, other 

and physics) we find a positive marginally significant coefficient but its magnitude 

almost six times that of our original finding. 

For the student scale, our results for the individual patterns are very similar to 

those of the original finding. In all cases, we see a negative significant coefficient. 

To test whether or not differences in the coefficient on the hands-on scale 

between the whole sample and the course patterns are significant, we estimate an 

extension of the NELS model as we did for the 10th grade data. 

For students with the patterns B,C and B,C,P,0 the results appear to differ from 

that of the whole sample. Table 5-19 shows the coefficient on the teacher hands-on scale 
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for the NELS model using the whole sample and for the extended models which include 

the pattern variable and the interaction of the pattern and the hands-on scale. 

The coefficient on the teacher hands-on scale is not significant for any of the three 

models. The coefficient on either of the interaction terms is not significant so we 

conclude that course taking pattern does not change our original results for 12* graders. 

Because the results for the different patterns were similar to those of the whole 

sample when using the student scale, we do not expect to find a significant interaction 

effect that differs from the whole sample. Our tests (not presented here) show that for 

four of the patterns we found no significant interaction effect and no change in the sign 

and significance of the coefficient on the student hands-on scale. For the pattern B,0, we 

continued to find a negative significant coefficient on the student scale but also a positive 

significant coefficient on the interaction term. The combination of the coefficients of the 

student scale (-.57) and interaction term [-.57 + .30 = (-.27)] remained negative and 

significantly different from zero. 

hi sum, the analysis of the 12l grade data shows that course pattern does not 

affect our results regarding the hands-on scale when using either teacher or student 

scales. As in 10   grade, taking courses in the pattern B, O seems to reduce but not dispel 

the negative relationship found between the student scale and test score. 
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Summary of Sensitivity Analysis 

The robustness of the results of our sensitivity analysis increases our confidence 

in the findings from the NELS model. Different compositions of the scale did not change 

our findings of a significant positive relationship between the teacher scale and test score. 

Modifying the NELS model to include greater detail on the timing and order of 

science course taking also provided findings similar to the NELS model. The NELS 

model's inclusion of course type and number did not change the sign nor significance of 

the coefficient on the hands-on scale (though the magnitude was reduced). The inclusion 

of current enrollment in science was found not to be significant nor did it change the 

coefficient of the hands-on scale. 

On the whole, inclusion of the pattern of course taking also did not change the 

findings of the NELS model. For the teacher scale, only with one of the five top 10' 

grade course-taking patterns was there a significant change in the results (the coefficient 

on the interaction term was the same sign as the coefficient on the teacher scale) which 

did not change the conclusions drawn from the original results. For 12l grade, course 

taking patterns had no significant impacts on the original result for the hands-on scale. 

For the student scale, the introduction of course taking patterns into the model led to no 

significant change in the results with the one exception for 10th grade.   Overall then, our 

sensitivity tests hold with the results of the NELS model and provide us with greater 

confidence that we can base conclusions upon them. 
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Table 5-1: Composition and Reliability of Hands-on Science Scales Used in NELS 
Analysis 

Grade Type of Scale Items Alpha 
Reliability 

8th Teacher 1. Time spent conducting lab periods 
2. How often teacher demonstrates an experiment 
3. How often student experiments are done 
4. Access to lab in classroom 
5. Amount of scientific equipment 
6. Condition of scientific equipment 

.80 

10th Teacher 1. Percent time spent conducting lab periods 
2. How often teacher demonstrates an experiment 
3. How often experiments are done 
4. How often reports on experiments are done 

.74 

10th Student 1. How often watch teacher demonstrate an 
experiment 

2. How often write reports of lab work 
3. How often use books to show how experiments 

work 

.62 

12th Teacher 1. Percent time spent conducting lab periods 
2. How often have students do experiments 
3. How often require reports on experiments 

.74 

12th Student 1. How often watch teacher demonstrate an 
experiment 

2. How often do experiment alone or in group 
3. How often use books to show how to do an 

experiment 
4. How often write reports on experiments and 

observations 

.77 
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Table 5-2: Covariates Used in the Analysis of the NELS Data 

Analysis Level Variable Values 

NELS & RAND 
Student Gender Female & Male 

Race/Ethnicity Asian, Black, Hispanic, White 
Ability Rank Quintiles(l is low) 

Classroom Percent Minority RAND: 0-100% 
NELS: Scale of 0-6 with 0 = 0% and 

6 = 91-100% 

NELS Only 
Student Family SES Standardized scale with a mean of 0 

and std. dev. of 1 
Hours of Science 
Homework 

Scale of 0-3 (0 meaning 0 hours and 3 
meaning four or more hours a week) 

Types of Science Classes 
Taken 

Dummies (0,1) for biology, chemistry, 
earth science, physics and other science 
(for 10th and 12th grades only) 

Amount of Science Taken 10th grade: number of different 
science courses taken in 9   & 10 
grades 

12th grade: Carnegie units for 
science taken in high school 

Classroom Science Class Track High versus Low 
Achievement Level of 
Students in Class vs. 
Average Student 

Low, Average, High, Differential 

School School Type Public, Catholic, Private-other religion, 
Private-non-religious 

Metropolitan Status Urban, Suburban, Rural 
Regional Location Northeast, North Central, South, West 
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Table 5-3: Descriptive Statistics of Variables Used In NELS Analysis 
(weighted means and std. deviations) 

Panel I 

Variable 

Individual Level Variables 
Science Test Score 

Teacher Reported Hands-on Science Scale 
(1-5 with 1 low) 

Student Reported Hands on Science Scale 
(1-5 with 1 low) 

Female % 

Race/Ethnicity (White as reference) % 
Asian 

Black 

Hispanic 

White 

Ability Rank Quintiles (based on English & math grades) % 
Ability Rank 1 (low) 

Ability Rank 2 

Ability Rank 3 

Ability Rank 4 

Ability Rank 5 

Family SES (standardized to a mean of 0) 

Hours of Science Homework (scale of 0-3 with 0 =no hours 
and 3=4 hours or more 

,h Grade 10,h Grade 12th Grade 

18.52 21.81 24.06 
(4.84) (5.91) (6.10) 

2.69 2.74 2.75 
(0.66) (.70) (0.66) 

NA 2.48 2.75 
(.90) (0.79) 

0.50 0.51 0.50 

(0.50) (0.50) (0.50) 

0.03 0.04 0.05 
(0.17) (0.19) (0.21) 
0.12 0.12 0.11 

(0.32) (0.32) (0.31) 
0.09 0.09 0.10 

(0.29) (0.29) (0.30) 
0.76 0.75 0.75 

(0.43) (0.43) (0.44) 

0.20 0.19 0.19 
(0.40) (0.39) (0.40) 
0.18 0.18 0.20 

(0.38) (0.39) (0.40) 
0.21 0.22 0.21 

(0.41) (0.41) (0.41) 
0.23 0.22 0.20 

(0.42) (0.42) (0.40) 
0.18 0.18 0.19 

(0.38) (0.39) (0.40) 

-0.08 0.04 0.09 
(0.76) (0.76) (0.77) 

1.05 1.25 1.65 
(.64) (.89) (•97) 
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Table 5-3 

Panel II 

Variable 

Science Courses Taken (%) 
(self reported in 10lh grade and based on transcripts for 12lh) 

Biology 

Chemistry 

Earth Science 

Physics 

Other Science 

Carnegie Units in Science 
(scale of 0-11) 

Classroom Level Variables 

School/Class Minority Composition 
(scale of 0-7 with 0 low) 

Science Class Track % 
High Track 

Other Track 

8th Grade 

NA 

\th IQT Grade ith 12m Grade 

.87 
(.31) 

.95 
(.21) 

.18 
(.39) 

.64 
(.48) 

.28 
(.45) 

.22 
(.41) 

.04 
(.20) 

.30 
(.46) 

.64 
(.48) 

.60 
(.49) 

NA NA 3.04 
(1.05) 

2.81 
(2.07) 

2.64 
(2.21) 

2.59 
(2.11) 

0.25 
(0.43) 
0.75 

(0.43) 

0.58 
(0.49) 
0.42 

(0.49) 

.73 
(.44) 
0.27 

(0.44) 

Achievement Level of this Class 
Versus the Average Student in the Grade % 

Differential Achievement 

Low Achievement 

Average Achievement 

High Achievement 

0.22 0.10 0.09 
(0.41) (0.31) (0.29) 
0.15 0.15 0.07 

(0.36) (0.36) (0.25) 
0.39 0.44 0.25 

(0.49) (0.50) (0.44) 
0.24 0.31 0.58 

(0.43) (0.46) (0.49) 
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Table 5-3 
Panel III 

Variable 

School Level Variables 

School Control % 

Public 

Catholic 

Private - other religious 

Private - non-religious 

Metropolitan Status % 

Urban 

Suburban 

Rural 

Geographic Location % 

Northeast 

North central 

South 

West 

N 
Student reported variables 
Teacher reported variables 

8th Grade 10th Grade ,th 12in Grade 

0.88 0.90 0.90 
(0.33) (0.29) (0.30) 
0.08 0.06 0.06 

(0.26) (0.24) (0.24) 
0.03 0.02 0.02 

(0.18) (0.14) (0.14) 
0.01 0.01 0.02 

(0.12) (0.11) (0.13) 

0.23 0.27 0.26 
(0.42) (0.45) (0.44) 
0.43 0.42 0.41 

(0.50) (0.49) (0.49) 
0.33 0.31 0.33 

(0.47) (0.46) (0.47) 

0.18 0.19 0.20 
(0.38) (0.39) (0.40) 
0.27 0.27 0.27 

(0.44) (0.44) (0.44) 
0.36 0.36 0.35 

(0.48) (0.48) (0.48) 
0.19 0.18 0.19 

(0.39) (0.39) (0.39) 

10,100 15,200 10,400 
5.400 3,000 
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Table 5-5: Results From RAND Model 

Teacher Scale Student Scale 
Variable RAND NELS NELS NELS RAND NELS NELS 

8"" 8,h lO'" 12'" 8,b 10'h 12"" 
Grade Grade Grade Grade Grade Grade Grade 

Teacher Hands-on Scale -.43 .92** .91** .75* 
(.37) (.07) (.10) (.30) 

Student Hands-on Scale 1.28** 
(.31) 

.27** 
(.05) 

-.42** 
(.06) 

Female -.74m -1.25** -2.34** -2.41** -.89* -2.22** -2.87** 
(.42) (.09) (.14) (.18) (.41) (.18) (.10) 

Race/ethnicity (White 
as reference) 

Asian -2.44** -.30 .68* -.22 -2.46** -.37* -1.15** 
(.56) (.19) (.30) (.34) (.57) (.17) (.19) 

Black -5.19** -2.75** -2.85** 2.93** -5.00** -4.17** -3.91** 
(.62) (.16) (.28) (.38) (.62) (.15) (.18) 

Hispanic -3.05** -1.99** -2.24** -2.19** -2.66** -3.26** -2.95** 
(.59) (.15) (.26) (.36) (.55) (.14) (.16) 

Missing Race/Ethnicity NA -2.69** -3.59** -1.54 NA -3.33** -3.61** 
(.42) (.81) (2.21) (.57) (1.12) 

Classroom % Minority -7.68** -.18** -3.70** -1.82** -6.46** -2.45** -.82* 
(2.14) (.03) (.32) (.42) (1.89) (.28) (.36) 

Missing Minority Percent NA -1.33** -.85m .09 NA -.43** -1.19** 
(.34) (.45) (.72) (.11) (.13) 

Ability Rank 
(Iowas reference) 

Rank 2 NA .88** 1.57** 2.4P NA 1.46** .1.44** 

(.14) (.24) (1.27) (.14) '(.16) 
Rank 3 1.06 2.11** 2.65** 6.16** 3.75* 2.56** 3.18** 

(.87) (.14) (.23) (1.19) (1.67) (.14) (.16) 
Rank 4 3.85** 3.00* 4.37** 5.36** 7.52** 4.04** 5.16** 

(1.17) (.13) (•23) (1.23) (1.66) (.14) (.16) 
Rank 5 (highest) 5.67** 5.02** 6.55** 10.04** 10.64** 6.59** 7 99** 

(1.28) (.14) (.24) (1.17) (1.66) (.14) (.16) 
Interaction of Ability Rank & 
Hands-on Scale   (Scale X Low 

Rank as reference) 
Scale X Ability Rank 2 -.58 

(.46) 
NA 

Scale X Ability Rank 3 -1.03* 
(.43) 

-.88™ 
(.48) 

Scale X Ability Rank 4 -.20 
(.44) 

-1.14* 
(.50) 

Scale X Ability Rank 5 -.85* 
(.42) 

-1.50** 
(.44) 

1231 10.072 5435 3112 1231 15.241 10,438 
2 .29 .23 .29 .31 .31 .25 .35 
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Table 5-6: Cross-Sectional NELS Model for Teacher Hands-on Scale 
and Test Score from NELS Data (1988,1990,1992) 

Panel I 

Variable 

Teacher reported hands-on science scale 

Female 

Race/Ethnicity (White as reference) 
Asian 

Black 

Hispanic 

Race/Ethnicity Missing 

Ability Rank Quintiles (Rank 1. low. as reference) 
Ability Rank 2 

Ability Rank 3 

Ability Rank 4 

Ability Rank 5 

Family SES 

Hours of Science Homework 

Missing Hours of Science Homework 

Science Course Taken (versus other science courses) 
Biology 

Missing Biology 

Chemistry 

Missing Chemistry 

Non-Imputed Data Imputed Data 
8«h 10th 12th 8th 10,h 12,h 

Grade Grade Grade Grade Grade Grade 
.45** .38** -.10 .43** .32** -.02 

(-07) (-11) (.14) (.07) (.10) (.12) 

-1.17** -2.31** -2.08** -1.16** -2.32** -1.89** 

(.09) (.14) (.18) (.08) (.13) (.17) 

-.44* .01 -1.03** -.35™ .02 _ 39** 

(.19) (.31) (.34) (.18) (.28) (.32) 

-2.04** _j 79** -2.33** -2.00** _1 9]** -2.26** 

(.16) (.29) (.38) (.15) (.26) (.36) 

_ 94** -1.02** -1.38** . 90** -1.05** -1.39** 
(.16) (.27) (.38) (.15) (.25) (-34) 

-2.18** -1.21 -2.02 
(.39) (.96) (2.29) 

.61** 1.01** -.24 .50** 1.00* -.33 
(.15) (.25) (.35) (.13) (.22) (.30) 

1.46** 1.73** 1.93** 1.31** 1.54** 1.03** 
(.14) (.24) (.34) (.13) (.21) (.31) 

2.06** 2.68** 1.48** 1.85** 2.76** 1.43** 
(.14) (.24) (.35) (.13) (.22) (.32) 

3.59** 4.55** 3.35** 3.45** 4.42** 3.53** 
(.15) (.25) (.37) (.14) (.23) (-34) 

1.40** 1.53** 1.33** 1.40** 1.50** 1.31** 

(.07) (.11) (.13) (.06) (.10) (.12) 

.33** ..07 -.02 .31** .07 .08 
(.07) (.08) (.10) (.06) (.08) (.09) 

-.18 . 9g** -2.21** 
(.22) (-37) (.60) 

NA NA 
.88* .42 .85** .70 
(.27) (.55) (.25) 

.78 
(.66) 

(.47) 
NA 

1.63** 1.32** 1.57** 1.33** 
(.21) (.27) (.20) 

-.58 
(.58) 

(.24) 
NA 

table 5-6 continued 
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Table 5-6 

Panel II 
Non-Imputed Data In 

Variable 8th             10'" 12"" 8th 

Grade      Grade Grade Grade 
Earth Science .15 .19 

(.18) (.22) 
Missing Earth Science 

Physics -.10** 1.54** 
(.37) (.21) 

Missing Physics 

Number of Courses Taken 

Missing Number of Courses Taken 

Classroom Level Variables 

School/Class Minority Percent 

Missing Minority Percent 

Science Class Track 
(Other Track as reference) 
High Track 

Missing Track 

Achievement Level of Students in Class 
(Low Achievement as reference) 
Differential Achievement 

Average Achievement 

High Achievement 

Missing Achievement 

NA 

NA 

_ 20** 
(.06) 

44** 

(.12) 
NA 

NA 

10'" 12,h 

Grade Grade 
.09 .36 
(.17) (.21) 
.22 NA 
(.47) 
. 99** 1.58** 
(.34) (.20) 
.34 NA 
(.62) 
. 17** .45** 
(.05) (.11) 
NA NA 

-.14** 
(.03) 

-2.46** 
(.36) 

-1.30** 
(.46) 

-.14** 
(.03) 
-.85** 
(.31) 

-2.31** 
(.32) 
-.93* 
(.42) 

-1.46** 
(.42) 
-.34 
(.67) 

2.79** 
(-11) 

.75** 
(.17) 

.15 
(.27) 

.82** 
(-11) 

.80** 
(.15) 

.15 
(.25) 

.40** 
(.16) 

NA .49 
(.89) 

1.07** 
(.16) 

1.64** 
(.30) 

.81 
(.49) 

1.06** 
(.14) 

1.55** 
(.27) 

.51 
(.42) 

.85** 
(.14) 

1.55** 
(.23) 

.79™ 
(.42) 

.84** 
(.13) 

1.46** 
(.21) 

.61* 
(.36) 

2.31** 
(.16) 

2.67** 
(.27) 

1.96** 
(.46) 

2.28** 
(.15) 

2.65** 
(.25) 

1.66** 
(.40) 

2.15** 
(.61) 

.95* 
(.47) 

2.78* 
(1.11) 

table 5-6 continued 
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Table 5-6 

Panel m 

Variable 

School Level Variables 

School Control ( Public as reference) 
Catholic 

Private - other religious 

Private - non-religious 

Metropolitan Status 
(Urban as reference) 
Suburban 

Rural 

Geographic Location 
(South as reference) 
Northeast 

North central 

West 

N 
R2 

Non-Imputed Data 
8,h 10.h 12.h 

Grade      Grade      Grade 
8" 

Imputed Data 
10th 12" 

Grade      Grade      Grade 

-.25 -.12 -.12 -.33* .11 -.31 

(.16) (.34) (-36) (.15) (.31) (.34) 

-.18 -.001 .19 -.14 .10 -.04 

(.23) (.53) (•62) (.21) (.51) (.55) 

1.55** 2.00** .50 1.58** 2.29** .64m 

(.19) (.34) (.38) (.18) (.31) (.36) 

-.13 -.10 . 75** -.14 .04 _ 79** 

(.11) (.20) (.24) (.10) (.20) (.23) 
-.03 -.10 44** -.10 .08 -.57* 
(.13) (.22) (.27) (.12) (.20) (.25) 

.02 .51* ..05 -.01 .45* .11 
(.13) (.22) (.26) (.12) (.20) (.25) 

.21 .66** .58* .23* .55** .48* 

(.11) (.18) (.24) (.10) (.17) (.22) 

.06 .68** 94** .12 .56* .81** 

(.13) (.21) (.28) (.12) (.19) (.26) 

8737 4443 2630 10071 5283 3102 
.34 .40 .40 .34 .41 .43 

199 



Table 5-7: Cross-Sectional NELS Model of Science Test Scores and 
Student Hands-on Scale Using 10th Grade NELS Data (1990) 

Panel I 

Variable 

Individual  Level  Variable 

Student reported hands-on science scale 

Female 

Race/Ethnicity (White as reference) 
Asian 

Black 

Hispanic 

Missing Race/Ethnicity 

Ability Rank Quintiles (Rank 1 as reference) 
Ability Rank 2 

Ability Rank 3 

Ability Rank 4 

Ability Rank 5 

Family SES 

Hours of Science Homework 

Missing Hours of Science Homework 

Student answered "not in science class" in response 
To Hours of Science Homework item 

Non-Imputed 
10,h Grade 
(w/o teacher 
reported 
classroom 
variables) 
-.06 
(.05) 
-2.21** 
(.08) 

-.44* 
(.18) 
-3.08** 
(.16) 

(.15) 

.92** 
(.14) 

1.68** 
(.14) 

2.71** 
(.14) 

4.91** 
(.15) 

1.84** 
(.06) 

.27** 
(.04) 

10,h Grade 
(with teacher 
reported 
classroom 
variables) 
-.10 
(.08) 
-2.32** 
(.14) 

.05 
(.31) 
-1.80** 
(.29) 
-.88** 
(.27) 

1.10** 
(.25) 

1.80** 
(.24) 

2.76** 
(.24) 

4.63** 
(.25) 

1.55** 
(.11) 

.11 
(.08) 

Imputed 
10th Grade 10"' Grade 

.31 
(.22) 

NA 

(w/o teacher 
reported 
classroom 
variables) 
-.05 
(.05) 
-2.07** 
(.08) 

-.38* 
(.23) 
-3.08** 
(.15) 
-1.83** 
(.14) 
-3.48** 
(.85) 

91 ** 

(.13) 

1.61** 
(.13) 

2.73** 
(.13) 

4.80** 
(-14) 

1.84** 
(.06) 

.28** 
(.05) 
-1.89** 
(.23) 
.33 
(.25) 

(with teacher 
reported 
classroom 
variables) 
.05 
(.05) 
-2.16** 
(.08) 

-.41** 
(.17) 
-2.92** 
(.15) 
-1.73** 
(.14) 
-2.69** 
(.85) 

.88** 
(.13) 

1.54** 
(.13) 

2.61** 
(.13) 

4.61** 
(.14) 

1.76** 
(-06) 

.24** 
(-05) 
-1.80** 
(.23) 
-.15 
(.21) 

table 5-7 continued 
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Panel H 

Variable 

Science Courses Taken (vs. other science courses) 
Biology 

Missing Biology 

Chemistry 

Missing Chemistry 

Earth Science 

Missing Earth Science 

Physics 

Missing Physics 

Number of Science Courses Taken 

Missing Number of Science Courses Taken 

Class Level Variables 
School/Class Minority Percent 

Missing Minority Percent 

Science Class Track 
(Low Track as reference) 
High Track 

Missing Track 

Achievement Level of Students in Class 
(Low Achievement as reference) 
Differential Achievement 

Average Achievement 

High Achievement 

Missing Achievement 

Table 5-7 „ 

Non-imputed 
w/o classroom 

Non-imputed 
w classroom 

Imputed w/o 
classroom 

Imputed w 
classroom 

5S) 
1.76** .87** 1.78** 1.61** 
(.15) (.26) (.14) 

.38 
(.14) 
.34 

2.13** 1.70** 
(.36) 
2.16** 

(.36) 
2.02** 

(.12) (.21) (.12) 
.02 

(.12) 
-.02 

.10 .19 
(.35) 
.11 

(.35) 
.12 

(.11) (.18) (.10) 
-.51m 

(.10) 
-.47m 

-.80** . 9g** 
(.27) 
-.73** 

(.27) 
-.68** 

(.22) (.38) (.21) (.21) 

-.42 .40 

-.27** -.22** 
(.37) 
-.28** 

(.36) 
-.27** 

(.03) (.06) (.03) 
NA 

(.03) 
NA 

-2.42** . 96** 

(.36) (.27) 
-.13 
(-32) 

.84** .60** 
(.17) (.15) 

NA 

1.62** 
(.30) 
1.54** 
(.23) 
2.64** 
(.27) 

1.32** 
(.28) 
1.27** 
(.21) 
2.31** 
(.24) 
1.86** 
(.36) 

table 5-7 continued 
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Table 5-7 

Panel III 
Variable 

School Level Variables 

School Control 
( Public as reference) 
Catholic 

Private - other religious 

Private - non-religious 

Metropolitan Status 
(Urban as reference) 
Suburban 

Rural 

Geographic Location 
(South as reference) 
Northeast 

North central 

West 

N 

R2 

Non-imputed      Non-imputed      Imputed w/o       Imputed w 
w/o classroom    w classroom       classroom classroom 

-.04 .0001 .01 -.01 

(.19) (.37) (.18) (.18) 

.07 -.16 .23 .27 
(.26) (.54) (.25) (.25) 

2.16** 2.02** 2.27** 2.30** 

(.20) (.34) (.19) (.19) 

-.01 -.12 .07 .05 
(.11) (.21) (.11) (.11) 

.27 -.17 .35* .31* 

(.12) (.22) (.12) (.11) 

90** .47* 9j** .88** 

(.12) (.22) (.12) (.12) 
94** .74** 90** .88** 

(.11) (-19) (.10) (.11) 

.40** .74** 44** .46** 

(.13) (.21) (.12) (.12) 

13.001 4413 14,715 14,715 

.36 .40 .37 .38 
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Table 5-8: Cross-Sectional NELS Model of Science Test Scores and 
Student Hands-on Scale Using 12th Grade NELS Data (1992) 

Panel I 

Variable 

Individual Level Variable 

Student reported hands-on science scale 

Female 

Race/Ethnicity (White as reference) 
Asian 

Black 

Hispanic 

Missing Race/Ethnicity 

Ability Rank Quintiles (Rank 1 as reference) 
Ability Rank 2 

Ability Rank 3 

Ability Rank 4 

Ability Rank 5 

Family SES 

Hours of Science Homework 

Missing Hours of Science Homework 

Student answered "not in science class" in response 
To Hours of Science Homework item 

Non- 
12"1 Grade 

Imputed 
12th Grade 

Imputed 
12th Grade        12th Grade 

(w/o teacher 
reported 
classroom 

(with teacher 
reported 
classroom 

(w/o teacher 
reported 
classroom 

(with teacher 
reported 
classroom 

variables) 
-.52** 

variables) 
-.59** 

variables) 
-.52** 

variables) 
-.52** 

(.06) (.12) (-06) (.06) 

-2.34** -2.15** -2.26** -2.27** 

(•9) (.08) (.09) (.09) 

-1.45** -1.00** .1 44** -1.44** 

(.18) 
-3.21** 

(.33) 
-2.23** 

(.18) 
-3.17** 

(.18) 
-3.14** 

(.18) 
-1.71** 

(.38) 
-1.43** 

(.17) 
-1.67** 

(.17) 
-1.67** 

(.16) (.38) (.16) 
-3.02* 

(.16) 
-3.15* 

(1.27) ( 1-27) 

.64** -.07** .52** .51** 
(.16) (.34) (.15) (.15) 

1.39** 1.01** 1.32** 1.29** 
(.16) (.34) (.16) (.16) 

2.36** 1.52** 2.26** 2.22** 
(.17) (-36) (.16) (.16) 

4.20** 3 33** 4.15** 4.00** 
(.18) (.37) (.17) (.18) 

1.37** 1 29** 1.39** 1.37** 
(.07) (.23) (.07) (.07) 

.22** .07 .26** 19** 

(.06) (.10) (.06) 
-1.85** 

(.06) 
-1.82** 

.28"' -.66 
(.35) 
.26m 

(.37) 
.28m 

(.15) (1.50) (.14) (.15) 

table 5-8 continued 
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Table 5-8 
Panel II 

Variable 

Science Courses Taken (vs. other science courses) 
Biology 

Chemistry 

Earth Science 

Physics 

Number of Science Courses Taken 

Class Level Variables 

School/Class Minority Percent 

Missing Minority Percent 

Science Class Track 
(Other Track as reference) 
High Track 

Missing Track 

Achievement Level of Students in Class 
(Low Achievement as reference) 
Differential Achievement 

Average Achievement 

High Achievement 

Missing Achievement 

Non-imputed 
w/o classroom 

Non-imputed 
w classroom 

Imputed w/o 
classroom 

Imputed w 
classroom 

-.07 .11 -.01 -.02 
(.23) 
i 79** 

(.56) 
1.28** 

(.21) 
1.80** 

(.23) 
1.77** 

(.13) 
.26* 

(.27) 
.24 

(.12) 
.29* 

(.12) 
.31** 

(.12) 
1.84** 

(.22) 
1.59** 

(.11) 
1.85** 

(.11) 
1.78** 

(.13) 
.57** 

(.21) 
.42** 

(.12) 
.57** 

(.12) 
.54** 

(.07) (.12) (.07) (.07) 

-1.22** -.98** 
(.45) (.24) 

.19 
(.27) 

.67 
(.49) 
.74m 

(.42) 
1 97** 

(.46) 

.13 
(.42) 

-.04** 
(.24) 
-.03 
(.72) 

.24 
(.43) 
.44 
(.37) 
1.23** 
(.39) 
.41 
(.82) 

table 5-8 continued 
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Table 5-8 

Panel HI 

School Level Variables 

Non-imputed      Non-imputed      Imputed w/o       Imputed w 
w/o classroom    w classroom        classroom classroom 

School Control 
(Public as reference) 
Catholic 

Private - other religious 

Private - non-religious 

Metropolitan Status 
(Urban as reference) 
Suburban 

Rural 

Geographic Location 
(South as reference) 
Northeast 

North central 

West 

-.42* -.12 -.43* -.39* 
(.20) (.36) (.20) (.20) 
.52m .29 .51m .51* 
(.30) (.60) (.28) (.28) 
.38m .63 .41** .46* 
(.21) (.38) (.20) (.20) 

-.02 -.70** -.02 -.03 
(.12) (.24) (.12) (.12) 
.10 -.43 .11 .08 
(.13) (.27) (.13) (.13) 

N 
R2 

44** .12 .47** .51** 
(.14) (.26) (.13) (.14) 
.52** .67** .52** .52** 
(.12) (.23) (.12) (.12) 
.48** 1.01** .50** .48** 
(.14) (.28) (.14) (.14) 

9,895 2,628 10,389 10,389 
.46 .41 .46 .46 
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Table 5-9: Coefficients on Teacher Hands-on Scale 

Scale 8th Grade 10,ü Grade 12th Grade 

Original Scale .43** 
(.07) 

32** 

(.10) 
-.02 
(.12) 

1. Time on Lab Periods .20** 
(.04) 

.14m 

(.08) 
-.07 
(.09) 

2.   Student Experiments .18** 
(.04) 

.31** 
(.08) 

.04 
(.12) 

3.   Time on Lab Periods + 
Student Experiments 

23** 

(.04) 
.33** 
(.09) 

-.05 
(.11) 

4.   Student Experiments + 
Student Reports 

NA 32** 

(.08) 
.05 
(.13) 

5.   Amount and Condition 
of Scientific Equipment 

33** 

(.05) 

33** 

(.11) 
.12 
(.13) 
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Table 5-10: Coefficients on Course Taking Variables 

Variable 1 0th Grade 12th Grade 
Teacher Scale Student Scale Teacher Scale Student Scale 

Biology .85** 
(.25) 

1.61** 
(.14) 

.70 
(.47) 

-.02 
(.23) 

Chemistry 1.57** 
(.20) 

202** 
(.12) 

1 33** 

(.24) 

1 77** 

(.12) 
Earth Science ..09 

(.17) 
.12 
(.10) 

.36 
(.21) 

2\ ** 

(.11) 
Physics -.99* 

(.34) 
-.68** 
(.21) 

1.58** 
(.20) 

1.78** 
(.12) 

Total Courses _ 17** 

(.05) 

_ 27** 

(.03) 
.45** 
(.11) 

.54** 
(.07) 
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Table 5-11: Top 5 Patterns of Course Taking for 10th Grade Students 

Course Pattern Percent of Whole 
Sample 

N 

Biology (B) 9 1,456 

Biology, Chemistry (B,C) 9 1,584 

Biology, Earth Science (B,E) 10 1,788 

Biology, Other Science (B,0) 33 5,755 

Biology, Earth, Other (B.E.O) 7 1,135 
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itb Table 5-12: Mean of Hands-On Science Scale By Course Pattern: 10™ Grade 
(Significant differences between groups shown in superscript) 

Index Course Pattern Teacher Scale N Student Scale N 

Full Sample 2.74 
(.70) 

5,400 2.48 
(.90) 

15,200 

1 B 2.76' 
(.64) 

493 2.47' 
(.89) 

1,433 

2 B,C 2.90u~3 

(.62) 
549 2.771>:> 

(.73) 
1,583 

3 B,E 2.76' 
(.66) 

620 2.49'"4 

(.85) 
1,780 

4 B,0 2.70' 
(.70) 

2,201 2.41''^ 
(.88) 

5,709 

5 B,E,0 2.69' 
(.65) 

372 2.54'<4 

(.92) 
1,119 

Top 5 Patterns 
Together 

2.74 
(.68) 

4,235 2.49 
(.87) 

11,624 
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Table 5-13: Coefficient on Hands-on Scale By Course Pattern: 10   Grade 

Course Pattern Teacher Scale Student Scale 
(with class level 
covariates) 

Student Scale 
(without class level 
covariates) 

Whole Sample .32** 
(.10) 

-.05 
(.46) 

-.05 
(.46) 

B -.04 
(.35) 

.09 
(.15) 

.07 
(.15) 

B,C .53m 

(.31) 
-.14 
(.16) 

-.15 
(.16) 

B,E .84** 
(.31) 

.23 
(.14) 

.26m 

(.14) 

B,0 .34* 
(.15) 

-.24** 
(.08) 

-.24** 
(.08) 

B,E,0 .43 
(.41) 

.001 
(.17) 

.03 
(.17) 
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Table 5-14: Results from Extended NELS Model Including Course Pattern and 
Interaction Term for Teacher Hands-on Scale: 10th Grade 

Variable Original Model Interaction of B & 
Scale 

Interaction of B,E & 
Scale 

Teacher Scale .32** 
(.10) 

.34** 
(.11) 

.23* 
(.11) 

B .56 
(1.16) 

-.20 
(.64) 

Interaction of 
B*Teacher Scale 

-.28 
(.35) 

NA 

B,E 2.08** 
(.65) 

-.09 
(1.06) 

Interaction of 
B,E*Teacher Scale 

NA .79* 
(-31) 

B,C 
79m 

(.46) 
.78m 

(.46) 

B,0 .86 
(.59) 

.87 
(.59) 

B,E,0 .68 
(.66) 

.70 
(.66) 

R^ .40 .42 .42 
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Table 5-15: Results from Extended NELS Model Including Course Pattern and 
Interaction Term for Student Hands-on L Scale: 10" < jrade 

Variable Original Model Including Interaction 
ofB,E& Scale 

Including Interaction 
of B,0& Scale 

With Class 
Level 
Covariates 

w/o Class- 
Level 
Covariates 

With Class 
Level 
Covariates 

w/o Class- 
Level 
Covariates 

With Class 
Level 
Covariates 

w/o Class- 
Level 
Covariates 

Student Scale -.05 
(.05) 

-.05 
(.05) 

-.07 
(.07) 

-.07 
(.05) 

.ir 
(.06) 

.llm 

(.06) 

B,E 2.23** 
(.53) 

2.04** 
(.52) 

2.63** 
(.38) 

2.86** 
(.38) 

Interaction of 
B,E& Scale 

.17 
(.15) 

.34* 
(.15) 

NA NA 

B,0 2.29** 
(.42) 

1.64** 
(.35) 

2.37** 
(.42) 

2.52** 
(.42) 

Interaction of 
B,0& Scale 

NA NA -.35** 
(.10) (.10) 

B .74 
(.38) 

.93* 
(.38) 

.74* 
(.38) 

.92* 
(.38) 

B,C 1.38** 
(.27) 

1.48** 
(.27) 

1.37** 
(.27) 

1.47** 
(.27) 

B,E,0 1.22** 
(.38) 

1.46** 
(.38) 

1.21** 
(.38) 

1.42** 
(.38) 

R1 .38 .37 .39 .38 .39 .38 
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th Table 5-16: Top 5 Patterns of Course Taking for 12   Grade Students 

Course Pattern Percent of Whole 
Sample 

N 

Biology, Chemistry (B,C) 7 1,232 

Biology, Other (B,0) 20 3,319 

Biology, Chemistry, Other (B,C,0) 14 1,655 

Biology, Chemistry, Physics (B,C,P) 10 2,411 

Biology, Chemistry, Other, Physics (B,C,0,P) 8 1,354 
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,th Table 5-17: Mean of Hands-On Science Scale By Course Pattern: 12ra Grade 
(Significant differences between groups shown in superscript) 

Index Course Pattern Teacher Scale N Student Scale N 

Whole Sample 2.73 
(.65) 

3,820 2.77 
(.80) 

13,382 

1 B,C 2.76 
(.66) 

277 2.79j 

(.76) 
1,092 

2 B,0 2.68 
(.77) 

406 2.74 
(.85) 

2,164 

3 B,C,P 2.69 
(.65) 

628 2.701'4 

(.71) 
1,559 

4 B,C,0 2.79 
(.63) 

634 2.803:) 

(.79) 
2,227 

5 B,C,P,0 2.76 
(.63) 

635 2.704 

(.75) 
1,291 

Total for 5 
Patterns 

2.74 
(.67) 

2,580 2.75 
(.78) 

8,333 
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Table 5-18: Coefficient on Hands-on Scale for Sub-Samples of Course-Taking: 12 
Grade 

th 

Course Pattern Teacher Scale Student Scale 
(with class level 
covariates) 

Student Scale 
(without class level 
covariates) 

Whole Sample .10 -.46** -.45** 

B,C -.20 -.76** -.79** 

B,0 -.04 -.29* -.26* 

B,C,P .01 -.76** -.80** 

B,C,0 .24 -.65** -.67** 

B,C,P,0 .57™ -.52** . 49** 
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Table 5-19: Results from Extended NELS Model Including Course Pattern and 
lh Interaction Term Teacher Hands-on Scale: 12   Grade 

Variable Original Model Including B,C Including B,C,P,0 
Teacher Scale .10 

(.13) 
.004 
(.13) 

-.11 
(.14) 

B,C .24 
(1.40) 

-.72 
(.62) 

Interaction of B,C & 
Scale 

-.34 
(.46) 

NA 

B,C,0,P -.69 
(.52) 

-2.21* 
(1.09) 

Interaction of B,C,0,P 
& Scale 

NA .55 
(.34) 

B,0 -.49 
(.49) 

-.47 
(.49) 

B,C,P -.42 
(.52) 

-.44 
(.52) 

B,C,0 -1.45* 
(.49) 

-1.44* 
(.59) 

R2 .40 .42 .42 
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Table A5-1: NELS 8th Grade: A Comparison of the Full Sample and the 
Sub-Samples Available for Analysis 

(unweighted) 

Variable 

(based on the number of student id) 

NELS 8<h Grade 
Sample 

24,599 

% 
Gender 

Female 50.2 
Male 49.8 

Race/Ethnicity 
Asian 6.4 
Black 12.5 
Hispanic 13.2 
White 67.9 

SES Quartiles 
(1 is low) 
Quartile 1 24.2 
Quartile 2 23.4 
Quartile 3 23.7 
Quartile 4 28.7 

Ability Rank Quintiles 
(1 is low) 
Ability Rank 1 19.9 
Ability Rank 2 16.8 
Ability Rank 3 22.5 
Ability Rank 4 23.4 
Ability Rank 5 17.5 

School Control 
Public 78.9 
Catholic 10.6 
Private School - other religion 4.4 
Private School - - non-religious 6.1 

Geographic Region 
Northeast 20.0 
North Central 25.0 
South 34.5 
West 20.5 

Metro Status 
Urban 31.0 
Suburban 41.7 
Rural 27.4 

Sample with 
Science Test 

Score 
23.616 

% 

50.3 
49.8 

6.4 
12.3 
13.0 
68.3 

23.9 
23.4 
23.8 
28.9 

19.7 
16.7 
22.5 
23.5 
17.7 

78.6 
10.7 
4.5 
6.1 

20.0 
25.3 
34.5 
20.3 

30.7 
41.7 
27.6 

Sample Available 
for Analysis of 
Teacher Scale 

10,221 

% 

50.4 
49.6 

5.9 
11.2 
11.9 
70.1 

22.3 
23.2 
23.9 
30.7 

19.4 
17.0 
21.8 
23.6 
18.2 

78.6 
10.1 
4.4 
6.9 

16.9 
26.8 
37.0 
29.3 

29.3 
42.5 
28.2 

table A5-1 continued 
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Table A5-1 

Variable NELS 8th Grade Sample with Sample Available 
Sample Science Test for Analysis of 

Score Teacher Scale 
School Minority Percent 

0. 0% 12.3 12.4 10.5 
1.  1-5% 21.8 22.2 22.2 
2. 6 - 10% 11.1 11.1 13.1 
3.  11-20% 13.2 13.4 14.8 
4. 21-40% 15.4 15.0 16.1 
5. 41 - 60% 9.0 9.0 9.9 
6. 61 -90% 9.4 9.3 7.2 
7. 91 - 100% 7.8 7.6 6.1 
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Table A5-2: NELS 10th Grade: A Comparison of the Full Sample and the 
Sub-Samples Available for Analysis 

(unweighted) 

Variable NELS 10,h Sample With Sample Sample 
Grade Sample Science Test Available for Available for 

Score Analysis of 
Student Scale 

Analysis of 
Teacher Scale 

N 18,104 16542 15.478 5.449 

(based on number of student id) 
% % % % 

Gender 
Female 50 50.3 51 52 

Male 50 49.7 49 48 

Race/Ethnicity 
Asian 6.8 6.6 6.7 6.1 

Black 10.2 9.8 9.4 9.1 

Hispanic 12.7 11.9 11.3 10.9 

White 69.4 71.8 72.7 73.9 

SES Quartiles 
(1 is low) 
Quartile 1 21.7 21.2 20.2 19.0 

Quartile 2 24 24.0 23.6 23.7 

Quartile 3 24 24.3 24.5 25.2 

Quartile 4 30.3 30.5 31.8 32.1 

Ability Rank Quintiles 
(1 is low) 
Ability Rank 1 (low) 18.7 18.4 17.5 16.0 

Ability Rank 2 18.2 17.9 17.6 17.3 

Ability Rank 3 21.9 22.0 22.1 22.9 

Ability Rank 4 22.3 22.4 23.0 23.0 

Ability Rank 5 18.9 19.2 19.8 20.7 

School Control 
Public 86.4 86.3 85.8 86.9 

Catholic 5.6 5.8 6.0 5.4 

Private School - other religion 2.6 2.7 2.7 1.6 

Private School - -non-religious 5.4 5.2 5.5 6.2 

Geographic Region 
Northeast 18.8 18.7 19.1 16.9 

North Central 26.2 27.1 27.0 25.8 

South 34.5 35.0 35.3 39.4 

West 20.6 19.3 18.7 18.0 

Metro Status 
Urban 29.5 28.7 28.5 27.3 

Suburban 39.6 39.6 40.1 40.2 

Rural 30.1 31.7 31.5 32.5 

table A5-2 continued 
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Table A5-2 

Variable                                            NELS 10th        Sample With           Sample Sample 
Grade Sample      Science Test      Available for Available for 

Score              Analysis of Analysis of 
Student Scale Teacher Scale 

% % % % 
School Minority Percent 

0. 0% 
1. 1-5% 
2. 6 - 10% 
3. 11-20% 
4. 21-40% 
5. 41 -60% 
6. 61 - 90% 
7. 91 - 100% 

24.3 24.5 25.1 25.1 
8.0 8.1 8.1 8.1 
11.7 11.7 11.9 11.9 
18.1 18.0 18.3 18.3 
15.9 16.0 16.1 16.1 
8.7 8.7 8.6 8.6 
7.2 7.1 6.6 6.6 
6.1 5.9 5.2 5.2 
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.th Table A5-3: NELS 12,n Grade: A Comparison of the Full Sample and the 
Sub-Samples Available for Analysis 

(unweighted) 

Variable 

N 
(based on number of student id) 

NELS 12 
Grade 

16.977 

th Sample With 
Science Test 

Score 

12.734 

Sample 
Available for 
Analysis of 

Student Scale 
11.203 

Sample 
Available for 
Analysis of 

Teacher Scale 
3.180 

Gender 
Female 50 50.2 51 51 

Male 50 49.8 49 49 

Race/Ethnicity 
Asian 7.4 7.1 7.7 8.7 

Black 9.5 9.2 9.0 9.2 

Hispanic 12.0 11.7 11.8 7.1 

White 71.1 72.0 71.5 75.0 

SES Quartiles 
(1 is low) 
Quartile 1 19.0 19.0 17.2 13.3 

Quartile 2 23.3 23.6 22.6 20.1 

Quartile 3 25.2 25.2 25.6 26.5 

Quartile 4 32.6 32.2 34.6 40.1 

Ability Rank Quintiles 
(1 is low) 
Ability Rank 1 20.0 19.1 17.3 13.3 

Ability Rank 2 20.3 20.2 19.2 16.6 

Ability Rank 3 19.7 20.2 20.0 20.5 

Ability Rank 4 20.5 20.8 21.9 23.9 

Ability Rank 5 19.5 19.7 21.6 25.7 

School Control 
Public 86.1 85.6 84.3 82.8 

Catholic 5.5 6.0 6.5 7.3 

Private School - other religion 2.6 2.7 2.9 2.7 

Private School -non-religious 5.8 5.7 6.3 7.2 

Geographic Region 
Northeast 19.6 18.9 19.8 20.0 

North Central 26.5 27.2 25.7 27.9 

South 33.7 35.0 34.9 33.2 

West 20.2 19.0 19.5 19.0 

Metro Status 
Urban 28.9 28.1 29.5 29.4 

Suburban 40.7 38.9 39.4 40.0 

Rural 30.5 33.0 31.2 31.0 

table A5-3 continued 
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Variable 

School Minority Percent 
0. 0% 
1. 1-5% 
2. 6- 10% 
3. 11-20% 
4. 21-40% 
5. 41 - 60% 
6. 61 - 90% 
7. 91 - 100% 

Table A5-3 

NELS 12th Sample With Sample Sample 
Grade Science Test Available for Available for 

Score Analysis of Analysis of 
Student Scale Teacher Scale 

% % % % 

21.7 22.9 22.6 22.4 
8.7 8.9 9.0 9.5 

13.3 13.4 13.4 13.2 
18.3 17.9 18.2 19.5 
16.7 16.3 16.4 16.4 
7.5 7.4 7.4 7.6 
7.5 7.0 6.8 6.7 
6.4 6.3 6.1 4.7 
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Chapter 6: Conclusion 

Revisiting Our Objectives 

We set out with this work to examine the relationship of hands-on science with 

student achievement. Our work arises from the current intersection of two science 

education policies. The first is the ongoing promotion of hands-on science for the past 40 

years and the second a decade-long science reform effort that would reduce the use of 

hands-on science. Our concern arises from the mixed results on past research regarding 

the relationship between hands-on science and student achievement. Without a 

conclusive finding on this relationship, it is not clear which of the two is the better policy 

to implement. 

Our fundamental research question is whether there is a positive link between 

hands-on science and student achievement. Past research on this topic has examined the 

relationship of the level of hands-on science in the classroom with student scores on 

standardized tests. We have identified four issues that may contribute to the 

inconclusiveness of this past work as well as have implications for current policy. These 

issues include: 1) the need to control for variables that may be linked to both hands-on 

science and test scores, 2) the need to examine the link between hands-on science and 

performance test scores as well as the more traditional multiple choice test scores - the 

importance of which has increased with the current debate over the adequacy of using 

multiple choice tests to measure student achievement, 3) the need to investigate a 

potential differential relationship of hands-on science and test score due to student ability, 

and 4) the need to consider the multiple facets of hands-on science including the quantity, 

quality and instructional approach used with it. 
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With guidance from the theoretical and empirical literature, we developed three 

hypotheses from our research question and the above four issues. Specifically, we 

hypothesized that: 

1. Higher levels of hands-on science are associated with higher test scores, be 
they multiple choice or performance tests, all else being equal. 

2. This association is stronger with performance tests than with multiple choice 
tests. 

3. This association is weaker for higher ability students. 

To test these hypotheses, we analyzed two data sets allowing us to perform 

complimentary analyses, giving us greater confidence in our results, as well as addressing 

the first three issues. Unfortunately, we were not able to address the fourth issue as data 

limitations did not allow us to discern the quality of nor the instructional approach used 

with the hands-on science. Our primary data set, the RAND data, has a large 8l grade 

student sample from the Southern California region but a small teacher sample. It is used 

to test all three hypotheses. The advantage of the RAND data is that it contains both 

multiple choice and performance test scores for the same students. A disadvantage is the 

lack of some covariates we would like to see included. The NELS is nationally 

representative and contains the covariates linked to the level of hands-on science and 

student test scores. It has both a large student and teacher sample but lacks performance 

test data and an 8th grade student survey of hands-on science. We use it to test 

Hypotheses 1 and 3. NELS also contains data on students in 10l and 12l grades 

allowing us to examine the relationship in higher grades as to its similarity or difference 

(as predicted by developmental theory) with 8th grade results. 
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Overall Findings 

The table below lays out the overall findings from the analysis. Column 1 lists 

the survey and the grade level of the sample. Column 2 identifies the source of the 

hands-on science measure: reported by student or teacher. Columns 3 & 4 are concerned 

with the evidence for Hypothesis 1 and note whether positive relationships between the 

hands-on science scale and the multiple choice test scores or performance test scores 

were found. Column 5 lists whether evidence was found in support of Hypothesis 2 that 

the relationship would be stronger with performance test scores. Columns 6 & 7 concern 

Hypothesis 3 and show whether higher ability students have a less positive relationship 

between hands-on work and multiple choice or performance test scores. These results 

should be considered with the strengths and weaknesses of the two data sets kept in mind 

(a topic we will return to in the next section). 

Table 6.1: Overall Results 

Survey Hands-on 
Measure 

Hypothesis 1 Hypothesis 2 Hypothesis 3 

MC Test PA Test MC Test PA Test 
RAND 

8th Grade Student Yes1 Yes Yes2 Yes No/YesJ 

Teacher No No No No No 

NELS 
8"1 Grade Teacher Yes NA NA No NA 

10th Grade Student No4 NA NA No NA 
10th Grade Teacher Yes NA NA No NA 

12th Grade Student No NA NA No NA 
12th Grade Teacher No NA NA No NA 

1 For students of lower Ability Ranks 2 For students of higher Ability Ranks 
3 Not found with full scale but found when using between-class variation in the scale. 

Incomplete scale 
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Let us start by summarizing the evidence regarding Hypothesis 1 using the 8 

grade results as these are the focus of our primary data set. The RAND results support 

Hypothesis 1 in regards to students of lower Ability Ranks when using the student reports 

but provide no supporting evidence when using the teacher data. The NELS 8l grade 

results, based on teacher reports and multiple choice test scores, also support Hypothesis 

1 but without regard to student Ability Rank. As the NELS 8th grade student survey did 

not include items on hands-on science, we have no results using a student scale. Hence 

we are faced with the seemingly inconsistent result that teacher reports from one data set 

support our hypothesis while teacher reports from another do not.   This inconsistency is 

not a total surprise for the RAND data has a low variation in the teacher scale due to the 

small number of teachers taking part making it difficult to find a relationship. 

Looking to the NELS results using higher grades for further evidence leads to 

further mixed evidence. The NELS teacher reports support the hypothesis for 10th grade 

students as they did for 8th grade. However, the 10th grade student reports do not and we 

again face inconsistent results when using reports from the same source (this time 

students) in different data sets. Here again, this inconsistency is not unexpected as the 

NELS 10th grade student scale is incomplete and may not be an adequate measure of 

hands-on science. For the 12th grade results, the results based on either the student and 

teacher data do not support Hypothesis 1. Further consideration must be given to the 

appropriateness of comparing 12th graders with 8th graders before making conclusions 

based on this finding. 

Concerning Hypothesis 2, we can draw upon our RAND results which show a 

stronger relationship for hands-on science with one type of performance test than with the 
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multiple choice test for higher ability students but no difference for lower ability students. 

Our finding for higher ability students is not really in the spirit of Hypothesis 2 which 

was based on the idea that hands-on science would better prepare students for 

performance tests. Instead, our finding occurs because for higher ability students hands- 

on science is negatively linked to multiple choice test scores rather than associated with 

higher performance test scores. 

For Hypothesis 3, the RAND student results provide evidence that hands-on 

science is positively linked to test scores for lower ability students for both types of test 

while this relationship does not occur for higher ability students. For performance test 

scores, we see these findings after breaking out the between-class variation in the scale. 

However, the NELS results show a uniform positive relationship between hands-on 

science and test score, when using the 8th and 10th grade teacher data, for all students 

regardless of student ability. Because the NELS model includes additional relevant 

covariates we have greater confidence in them and overall we do not find enough 

evidence to support Hypothesis 3. 

Findings for the major covariates are similar for all the analyses. We see positive 

relationships between test scores and higher SES and higher student ability (individually 

in both data sets as well as in high class track and high class achievement level in the 

NELS data), and negative relationships between test scores and Hispanic, Black and 

classroom percentage minority. 

The findings were further examined through a series of sensitivity analyses which 

confirmed their robustness. For the RAND data, we broke the student scale down into its 

between-class and within-class variation as the former may be a better measure of the 
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actual differences in hands-on science. Additionally we checked if the results were 

maintained for different student characteristics and considered the need for non-linearities 

in the relationship of hands-on science to test score.   For the NELS data, we examined 

alternative teacher scales (based on uniformity between the three waves). In addition we 

performed a detailed analysis of the impact of course taking on the relationship including 

current enrollment in a science course and the pattern of courses taken. 

In conclusion, we find little evidence to support Hypotheses 2 & 3.   After a first 

glance at the data for Hypothesis 1, the results from the two data sets appear 

contradictory. The analysis of the RAND data found a relationship between test scores 

and the student hands-on science scale but not with the teacher scale. With NELS, we 

found a relationship between the 8th and 10th grade teacher scale and test scores but little 

relationship when using the student scale in 10th grade. No relationship was found when 

using NELS 12th grade data, teacher and student. 

However, our findings in regard to Hypothesis 1 need to be further evaluated. We 

must consider the quality of the data and its appropriateness before concluding that the 

mixed findings do not allow us to make a conclusion regarding Hypothesis 1. 

Evaluating the RAND and NELS:88 Results Based on the Strengths and 
Weaknesses of the Data 

The RAND and NELS data sets differ in their strengths and weaknesses and this 

is what makes them complimentary.   When considering the inconsistent evidence 

provided by the results from both data sets we wish to place greater emphasis on the 

results derived from the strengths of each. Here we examine the strength of the data sets 
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in regards to three issues: 1) the teacher scale results, 2) the student scale results, and 3) 

the NELS 12th grade results. 

Regarding the teacher scale, NELS has the better data on teacher reports of hands- 

on science. The RAND data contains a small sample of teachers with little variation in 

their reports of hands-on science. For this reason, it is not unexpected that we would not 

find a relationship between the teacher scale and test scores when using the RAND data. 

NELS has a large teacher sample with greater variation in teacher reports. If we had 

failed to find the positive relationship using the NELS, it would be strong evidence that 

the relationship does not exist. However, we did find such a relationship when using 

NELS (8th and 10th grade data) and we can attribute this, in part, to the larger teacher 

sample available. For this reason, we have greater confidence in our results for the 

teacher scale when using the NELS data than the RAND data. Furthermore, our 

confidence is greater in the NELS results because of the additional covariates that have 

been controlled for. 

For the student scale, the RAND data is stronger. RAND's student survey asked 

questions well related to the level of hands-on science in the classroom including key 

ones on how often experiments were done and scientific materials were used in class. 

NELS did not ask students in 8th grade about the level of hands-on science so no 

comparison with the RAND data can be done for the 8th grade. In 10th grade students 

were asked several questions but the key one on how often experiments were done was 

not included. Therefore the 10th grade student scale is lacking a crucial item and we are 

not surprised that it shows little relationship with test score. For this reason, we have 

greater confidence in our results for the student scale when using the RAND data. 
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Both the 12th grade student and teacher scales showed no relationship with test 

score. The teacher scale was similar in construction to the scales of the earlier grades and 

the student scales contains the crucial item on how often experiments were done. 

Therefore the quality of the items making up the scale does not reduce our confidence in 

the results. 

However, there are two other concerns regarding the 12l grade data. The first is 

the reliability of the 12th grade (and 10th grade) student scale. As noted in Chapter 5, our 

descriptive analysis found opposite results for the 10th grade versus 12' grade student 

scale when students were broken down into racial/ethnic and student ability groups. 

Specifically, Black reported the lowest scale in 10th grade but highest in 12th. The student 

scale also flipped from high to low in 10th versus 12th grade for the highest ability rank 

and class achievement. This concern over the student scale reduces our confidence in the 

12th grade results based upon it. 

Second, 12th grade students are very different from 8th grade students. Abstract 

thinking should be further developed by 12th graders and the concrete illustrations of 

hands-on science may be less beneficial for their learning. For this reason, they may not 

respond to hands-on science the same way that 8th graders do and we would expect the 

relationship of hands-on science to test score to be weaker for older students. For this 

reason, we have less confidence that the results using the 12th grade data make a proper 

comparison with those of 8   grade. 

Our evaluation leads us to differentiate among the results providing us with more 

confidence in those based upon the RAND 8th grade student scale and the NELS 8* and 

10th grade teacher scales. From these results, we argue that hands-on science is positively 
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related to test scores. The evidence is stronger for a relationship with multiple choice test 

scores as it comes from two separate surveys using different multiple choice tests. The 

results from the NELS data makes us more confident that the relationship between hands- 

on science and multiple choice test scores does indeed remain when a fuller array of 

covariates are controlled. 

The magnitude of the relationship was found to be substantial for both data sets. 

An increase of 1 point in the 5 point hands-on scale leads to an increase of almost 0.2 of a 

standard deviation of the test score for the multiple choice test in the RAND analysis and 

0.1 in the NELS 8th grade analysis. If we consider a shift from the lowest to the highest 

level of hands-on science (from 1 to 5 points), the coefficients would convert to four 

times their value, a magnitude equivalent (though opposite in the sign) to what we saw 

for the negative relationships of Hispanic or Black to test score. 

In conclusion, our analysis provides three important findings. First, hands-on 

science is positively related to test scores for upper middle and lower high school 

students. Second, this relationship persists after controlling for additional variables that 

are closely related to science achievement and after carrying out a series of sensitivity 

analysis. Third, the relationship is substantial in that a full implementation of hands-on 

science is equivalent to the negative association of minority status (Black and Hispanic) 

with test score. Not enough evidence was found in support of the two other hypotheses 

that hands-on science would be more strongly associated with performance test scores 

versus multiple choice test scores or that its association with test score would depend 

upon student ability rank. Further research, discussed below, could further confirm these 

findings and address the weaknesses of our data. 
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Policy Implications 

After using the strengths of the data to evaluate the results, we find a positive 

relationship between hands-on science and test score. This finding supports a continued 

emphasis on the promotion of hands-on science that began in the 1960s, with an 

exception for upper high school. The finding of a relationship with both multiple choice 

and performance test scores should make this promotion more attractive. In those states 

or districts that intend to continue to rely on multiple choice tests, the use of hands-on 

science can support efforts to increase scores without the fear that the increased time 

required for hands-on science will harm student test scores. States or districts that adopt 

performance assessments often promote increase hands-on science under an assumption 

that the two are linked. Our results provide evidence to confirm this assumption. States 

and districts using a combination of test types may have been torn in the approach to take 

toward increasing scores. Our results show that an emphasis on hands-on science can 

support gains in both types of test scores. 

A continued emphasis on promoting hands-on science will require greater 

attention to the practical constraints to its use (discussed in Chapter 2) including the need 

for logistical support and adequate training whose lack helped block the adoption of the 

curricula developed in the 1960s (Chapter 3). It is clearer today that supporting the 

teaching of hands-on science requires more than just developing new curricula. Others 

issues need to be addressed including the recurrent needs in training faculty and 

providing materials in a timely and affordable basis, addressing faculty turnover, 

offsetting deficits in faculty content knowledge and classroom management skills, and 

ensuring long-term administration support for this work. In addition, the requirement for 

233 



greater time per topic under hands-on science (discussed in Chapter 2) must be taken into 

account. This can be partly addressed by reducing the repetitive busy work aspect of 

hands-on science that has been criticized throughout its history. But, consideration will 

also have to be given to a reduction in content coverage both in the curriculum and in the 

standardized tests. 

The finding of a positive relationship does not support the current emphasis of 

science reform to temper the use of hands-on science. Instead, it suggests that further 

research should first be done on the instructional methods proposed by reform to 

determine if there is evidence for their reduced emphasis on hands-on science. 

Additionally, current efforts to focus on inquiry as the primary instructional 

approach for hands-on science need to be reconsidered. We were not able to separate out 

the relationship by instructional approach so our results are based on the average effects 

of the various instructional approaches. As inquiry has only been promoted for a 

relatively short period of time it is unlikely to be the predominant instructional approach 

used with hands-on science and so is unlikely to be the primary source of the relationship 

of hands-on science and test scores. Further research should be done on all available 

instructional approaches before we discard some of them that may be contributing to 

positive student outcomes. 

The finding that the positive relationship of hands-on science and test score does 

not differ by type of test has implications for testing programs. If multiple choice tests 

capture the benefits of hands-on science as well as perfonnance tests, then the promotion 

of the increased used of performance tests cannot be justified on these grounds. An 

alternate view of our results could be that both the perfonnance and multiple choice tests 
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used in this analysis were poor at capturing process skills. For this reason, further 

research using other versions of both types of tests should be done in an attempt to extend 

our analysis. 

Our inconsistent findings on whether ability rank affects the link of hands-on 

science to achievement should reduce criticisms of its widespread application among all 

students. That the evidence does not clearly show an adverse relationship for high ability 

students should reduce resistance from academic oriented students and their parents who 

fear that hands-on science might reduce the breadth of knowledge needed to succeed in 

standardized tests. 

In considering these policy implications, several caveats should be kept in mind. 

First, our conclusion of a positive relationship of hands-on science and test score is based 

on our evaluation of the mixed results using the strengths of the data sets. Others might 

evaluate the results differently and give greater weight to our findings that did not show 

such a relationship. Second, our conclusion concerns a positive relationship but does not 

prove a causal relationship between hands-on science and test score. If some other non- 

controlled factor is responsible for both greater levers of hands-on science and higher 

tests, then policies to promote hands-on science may not lead to higher test scores unless 

they also raise levels of the unknown factor. Third, our analysis was not able to control 

for quality of instruction nor instructional approach (the latter was discussed above). 

However, our inability to consider quality of hands-on instruction leads to conservative 

results.   By definition, higher quality instruction leads to greater student learning and 

higher test scores. We would then expect to find a stronger relationship between high 
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quality hands-on science and test score than the relationship we found which was based 

on an unknown average level of quality. 

In sum, our results provide evidence in favor of the above discussed policy 

options. Additional research will be necessary to confirm our findings, further address 

some of the inconsistencies we found as well as overcome the caveats we had to place 

upon our policy options due to research issues we could not resolve. 

Further Research 

Further research needs identified in this work can be broken down into two 

categories: research to confirm and extend our findings and research to support the better 

use of hands-on science in the classroom. 

Because the two data sets were in many ways complementary rather than 

confirmatory, there are several findings whose replication would provide additional 

evidence to support the policies described above. The results from the NELS analysis 

would be strengthened using similar data that also contained performance test scores. A 

data set containing both more covariates and performance test scores could also be used 

to confirm the lack of a differential relationship by type of test.   Furthermore, the 

collection of this type of data longitudinally that also contained consistent items on the 

level of hands-on science across grades would allow a stronger test of the relationship of 

hands-on science to test score including some consideration of causality. 

We examined two multiple choice tests from separate respected sources and two 

performance tests developed by RAND. Similar results using different standardized tests 

236 



would strengthen confidence in our results. The policy impact of this further research 

would be greater if the tests chosen were already in wide use. 

Confirmation of a more basic issue would be to address the validity of hands-on 

scales obtained from survey data using such techniques as classroom observation or 

teacher and student logs. Surveys on hands-on science to both students and teachers 

could be given and compared to results from these techniques. These comparisons could 

be used to improve survey items and help develop items to identify quality and 

instructional approach. This work might also help explain inconsistencies in results from 

teacher versus student reports on the level of hands-on science. 

Research for the better application of hands-on science is primarily concerned 

with the instructional approaches used in providing hands-on science. The current 

choices in the approaches are primarily made on theoretical grounds or convenience. 

Specific studies on the approaches used in the classroom and the relationship with test 

scores could be done to determine the best approach or mix to use. The inclusion of 

items in the national surveys on what instructional approaches are used with hands-on 

science would be a step forward in this direction. 

In addition, further analysis on upper high school grades could examine the 

uniqueness of upper high school science instruction and learning. This could help 

determine empirically if there is a difference in the relationship of hands-on science and 

test score between middle school and upper high school students. The lack of evidence 

from our work to support the use of hands-on science in upper high school requires 

further research to determine its role there. 
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