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ABSTRACT 

This dissertation describes the development of an instrument to assess students' 

attitudes toward science. The rationale for developing a new instrument is presented in the 

context of a review of existing instruments. As discussed in the literature review, many 

existing instruments are based on ill-defined theoretical constructs, and include statements 

that do not appear to be assessing the single construct of attitude toward science. In 

addition, existing instruments do not distinguish between biological and physical science. 

Thus, the purpose of this study was to carefully define the construct, attitude toward 

science, and develop an attitude instrument to reflect that construct and to distinguish 

between biological and physical science. For this study, biological science was defined as 

any of the branches of science dealing with living things, such as genetics, entomology, or 

anatomy. Physical science was defined as any of the branches of science dealing with non

living things, such as physics, geology, chemistry, or earth science. 

Once the Likert-scale instrument was developed, it was piloted on a sample 

population of students in science classes at a suburban, southwestern high school. Their 

responses were used to do item analyses and to calculate validity and reliability. Principal

component analysis was also performed to try to identify sub-scales. The results of the data 

analysis were used to select items for a final scale. The final instrument consists of two 

parallel forms of 20 items each. For each form, 12 items refer to science in general, four to 

biological science, and four to physical science. 

The test-retest reliability coefficients of the final instruments are 0.768 for Form A 

and 0.788 for Form B. The parallel-forms reliability coefficient of the instrument is 0.93. 

The construct validity coefficients of the final instruments, compared to Germann's Attitude 

Toward Science in School Assessment, is 0.82 for Form A and 0.85 for Form B. Inter-

------
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item consistency, measured by Cronbach's alpha coefficient, is 0.91 for Form A and 0.89 

forFormB. 
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CHAPTER 1 

THE PROBLEM 

Introduction 

When asked to complete the statement, "When I think of science, I. .. ", a biology 

student at a suburban, southwestern high school responded" .. .! used to think 'Yeah'; now 

I think 'Do I have to go'?" (Novodvorsky, 1992). Another biology student at the same 

school completed the statement, "What I like about science as a school subject is ... ", by 

stating" ... not much. I don't think it should be required for people who aren't going to 

need it or want to know it." These responses were typical of about 38% of the students 

surveyed in entry-level science courses at this high school. 

High-school students are not alone in their unfavorable attitudes toward science 

classes. The following response is from a highly educated professional who directs a 

computer lab. When asked to describe his feelings toward the science classes he had taken 

in high school, he replied 

I liked the way things went together and also how science explained how 

things worked. But I got the feeling I wasn't good at it, because I'd do the 

experiments and "come up with the wrong answers." Looking back, I 

probably knew a lot of concepts, but because I had poor math skills, I 

would not do well. I was always in a panic about failing. And so I lost the 

love of that part of science that I understood. (Johnson, 1991) 

According to a 1977 National Science Foundation study, 750,000 high-school 

sophomores claimed to be interested in studying science and engineering. However, by 

their senior year, only 590,000 still claimed interest (NSF, 1987). Students' experiences in 
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high school appear to influence their interest in pursuing science. This interest is closely 

linked to their attitude toward science, as illustrated by Combs (1971), who asserts that an 

educational system that ignores affect is making itself ineffective. He goes on to state that, 

since affect is the degree of closeness of an idea, object, or sentiment to one's self, 

information will impact students only to the degree to which they have discovered personal 

meaning in the information. 

Newton (1975) echoes the importance ofthe affective domain, stating that science 

educators often fail to examine their teaching from students' perspectives and consider the 

attitudes students bring with them to science classes. 

In order to be able to assess whether a given curriculum or technique is effective in 

impacting students' attitudes toward science, it is necessary to have a reliable and valid 

instrument to assess attitudes. However, in the words of Peterson and Carlson (1979), 

"Attitude research is chaotic ... " (p. 548). LaForgia (1988) states that science teachers do 

not treat affective objectives in the same way as cognitive objectives due to the lack of 

appropriate evaluation measures. "Certainly researchers need to provide teachers with 

reliable and valid evaluation instruments and not continue as they have in the past by 

developing instruments which would hardly satisfy modest criteria." (p. 407) 

Statement of the Problem 

The purpose of this study was to develop a valid and reliable instrument to assess 

students' attitudes toward science as a subject in school. Science was divided into the 

biological and physical sciences to allow for differences in attitudes toward those sub

fields. 
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Objectives of the Study 

The following objectives provided direction for this study: 

1. Clearly define the construct of students' attitudes toward science as a subject in 

school. 

2. From this construct, generate a valid list of attitude statements relating to 

science, or biological or physical sciences, as subjects in school. 

3. Admini:lter these attitude statements to a population of high-school students 

and perform item analysis on their responses. 

4. Generate a final version of the instrument which demonstrates construct 

validity and reliability. 

Assumptions Underlying the Study 

For the purposes of this study, the following assumptions were made: 

• 1. The respondents of the self-reporting instrument were truthful in their 

responses. 

2. The Attitude Toward Science in School Assessment (Germann, 1988) is a 

reliable and valid instrument for assessing attitude toward science as a subject 

in school. 

3. The division of science into biological science and physical science represents a 

logical division of subject areas within science. 



Limitations ofthe Study 

The following were the limitations of this study: 
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·1. The validity and reliability of the resulting instrument are limited to high-school 

students in schools like the one utilized in the development of the instrument. 

2. The instrument that resulted from this study is valid only in assessing attitudes 

toward biological and physical sciences as subjects in secondary school. 

Definitions of Terms 

For the purpose of this study, the following definitions were used: 

Attitude: 

A learned tendency to respond in a consistently favorable or unfavorable manner with 

respect to a given attitude object (Fishbein and Ajzen, lenS). 

Attitude Categories: 

Two categories of attitudes related to science are 

Attitudes toward science: 

Category of attitude statements in which there is a distinct attitude object to which the 

respondent is asked to react favorably or unfavorably; e.g., interest in science, 

attitudes toward science, or attitudes toward the social responsibility of scientists 

(Gardner, 1975a). This is the category of attitude statements that was used in this 

study. 

Scientific attitudes: 

Category of attitude statements characterized by traits presumed to be displayed by 

scientists; e.g., open-mindedness, honesty, or skepticism (Gardner, lenSa). 



Attitude Object: 

Any symbol, phrase, slogan, person, institution, ideal, or idea toward which 

people can differ with respect to positive or negative affect (Thurstone, 1946). 

Attitude Statements: 
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The items making up an attitude scale and referring to the attitude object in question 

(Edwards, 1957). 

Behavioral Intentions: 

Psychological concept expressing a person's intention to perform a specific 

behavior (Ajzen & Fishbein, 1980). 

Psychological concept that links an object to some attribute. For example, a belief 

that "gravity attracts objects to the surface of the earth" links the object, gravity, to 

an attribute, attracting objects to the earth's surface. Beliefs can range from 

evaluative to factual (Fishbein and Ajzen, 1975). 

Biological Science: 

Any of the branches of science dealing with living things, such as genetics, 

entomology, or anatomy. 

--_ ....... _----. 
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Content Validity: 

Type of validity which describes the representativeness of the sample of questions 

included in the instrument (Henerson, Morris, & Fitz-Gibbon, 1987) . 

Construct Validity: 

Type of validity which describes the extent to which one can be sure the items in the 

instrument represent the construct whose name appears in the title (Henerson, 

Morris, & Fitz-Gibbon, 1987). 

Opinion: 

Psychological concept that straddles the domains of attitude and belief. It is more 

affective than belief and more cognitive than attitude (Fleming, 1967). 

Physical Science: 

Any of the branches of science dealing with non-living things, such as physics, 

geology, chemistry, or earth science. 

Reliability: 

The extent to which measurement results are free of unpredictable kinds of error 

(Henerson, Morris, & Fitz-Gibbon, 1987). 

Psychological concept that lacks a specific referent and is broader in nature than 

attitudes. Values develop from cultural origins and personal experiences and tend to 

be more ego involving than attitudes (Rokeach, 1970). 

---"--
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Organization of Remaining Chapters 

Chapter 2 presents a review of the literature related to attitudes, including 

definitions of attitude and related concepts, techniques for assessing attitudes, rationales for 

investigating attitudes, and an overview of existing research on attitudes. Chapter 3 

presents the procedures used in developing the instrument, including choice of a scale type, 

generation of items, maximization of validity and reliability, and analysis of items after pilot 

testing. Chapter 4 presents the results of data analysis, including item analysis, calculation 

of validity and reliability, factor analysis, and selection of the items for the final instrument. 

Chapter 5 summarizes the study and discusses implications for the practitioner and 

suggestions for further research. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

This review of the literature is divided into four main sections: definitions of attitude 

and related concepts, techniques for assessing attitudes, rationales for investigating 

attitudes, and an overview of existing research on attitudes. The first two sections are 

focused on general attitude concepts; the last two sections focus on the attitude concept as 

applied to science. 

The use of attitude as a psychological concept dates back to 1918 (Thomas and 

Znaniecki). Assessment of attitudes has been conducted by a number of researchers since 

then in a wide range of contexts: religion (Thurstone & Chave, 1929); business, 

government, industry, community interrelations, and education (Remmers, 1954); and 

sociology and psychology (Mueller, 1986). In science, the number of research summaries 

and meta-analyses points to the significance of the concept of attitude toward science 

(Aiken & Aiken, 1969; Gardner, 1975a; Gardner, 1975b; Haiadyna & Shaughnessy, 1982; 

LaForgia, 1988; Schibeci, 1984). However, in spite of the widespread use of attitude 

assessment in science, many of the existing instruments have severe limitations, as will be 

discussed in the fourth section ofthis chapter. Those limitations serve as the rationale for 

the construction of a new instrument to assess attitudes toward science. 
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Definition of Attitude and Related Concepts 

According to the Oxford Dictionary, 'attitude' came into English about 1710 from 

the Italian attitudine, a derivative of the mediaeval Latin aptitudo from classical aptus, 

meaning "fitness" or "adaptedness" (Fleming, 1967). Around the tum of the 18th century, 

artists used attitude to describe the posture of a stationary figure or of live actors and 

dancers. Charles DaIWin began to move the concept of attitude toward a more 

psychological meaning in the mid-1800's by using the term to describe the emotional 

readiness of animals in a state of crisis (Shrigley, Koballa, Simpson, 1988). 

Attitude was used as a psychological concept for the first time in 1918 in Thomas 

and Znaniecki's study of the acculturation of Polish farmers in the urban North. In the late 

1920s, experiments in the Hawthorne Works of the Western Electric Company in Chicago 

firmly established attitude as a mental concept (Fleming, 1967). In those experiments, 

worker fatigue was attributed to an accumulation of poisons resulting from physical 

exertion. Therefore, it was theorized, shorter hours should oxidize the poisons, reduce 

worker fatigue, and increase production. However, when hours were lengthened again and 

breaks eliminated, worker production continued to increase, apparently because workers 

were aware that they were involved in an experiment. This "Hawthorne Effect" indicated 

that attitude was a mental, not physical, concept. 

The first valid technique for measuring attitudes was developed by Thurstone 

(1928). In this technique, he sampled opinions on an attitude object and created a frequency 

distribution of opinions. The resulting attitude scale was constructed so that two opinions 

separated by a unit distance in one portion of the scale seemed to differ as much in the 

attitude object as two opinions separated by a unit distance in another portion. Fleming 

(1967) claimed that without Thurstone's work, the study of attitudes would have been 

dismissed as psuedoscience. Instead, many other techniques for measuring attitudes were 

- . -----_._-------'--



subsequently developed, including Likert's scale, Guttman's scalogram, and Osgood's 

semantic differential (Crano & Brewer, 1973). 
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Thurstone (1928) defined attitude as " ... the sum total of a man's inclinations and 

feelings, prejudice or bias, preconceived notions, ideas, fears, threats, and convictions 

about any specified topic" (p. 531). Attitude research since the 1920s has been 

characterized by a deepening ofthe concept, by which attitudes have come to stand for 

" ... the deeply imbedded tendencies, extended in time and cutting across overt opinions 

from beneath, that underpin the individual's visible reaction to his environment" (Heming, 

1967, p 349). 

Most of the attitude scales currently in use are based on the definition of attitude 

proposed by Fishbein and Ajzen (1975): " ... attitude can be described as a learned 

predisposition to respond in a consistently favorable or unfavorable manner with respect to 

a given object" (p. 6). Fishbein and Ajzen stress three features of this definition: that 

attitudes are learned, that they predispose action, and that such actions are consistently 

favorable or unfavorable toward the attitude object. 

It is generally accepted that attitudes are learned. Baron, Byrne, & Griffitt (1977) 

commented on the role oflearning in attitude: 

Heroes may be born, but bigots are clearly made. No one would seriously 

suggest. .. that children spring from the womb with all the complex attitudes they 

will later show as adults finnly in place. Rather, there is virtually universal 

agreement that they acquire these reactions in precisely the same manner that they 

acquire other fonns of behavior--Iargely through a prolonged period of learning. 

(p. 105) 

Because attitudes are learned, they can be changed. Wrightsman (1977) has 

suggested that the changeability of an attitude is related to its specificity. For example, the 
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attitude of a science teacher toward the concept of hands-on activities is undoubtedly quite 

enduring. That same teacher's attitude toward a specific activity, such as animal dissection, 

may be more transient, depending upon the feasibility of implementation and perceived 

usefulness. 

Shrigley (1983) identified two types of knowledge that can directly affect attitudes. 

The first is knowledge that is sought by individuals because of an immediate need, such as 

information on alternatives to animal dissection sought by a science teacher. This 

information may cause a change in the teacher's attitude toward the necessity of animal 

dissection. 

The second is knowledge that produces ~ognitive dissonance. In this case, the 

learner receives two inconsistent pieces of information which, when considered 

simultaneously, result in psychological discomfort. To resolve this discomfort, the learner 

may choose to simply ignore one piece of information. For example, if a science teacher 

finds several educationally sound alternatives to animal dissection which are available to her 

but continues to use dissection exclusively, she may rationalize her decision by claiming 

that dissection was how she learned and so it is appropriate for her students. She is, in a 

sense, ignoring the availability of alternatives. However, if she chooses to try some of the 

alternatives and then utilizes them in addition to or in place of dissection, she will have 

reconciled the conflict between her behavior and educational research. In the process of 

reconciliation, her attitude toward animal dissection will have changed. 

Utilizing Fishbein & Ajzen's definition, attitudes predispose action and, as such, 

cannot be observed directly but have to be inferred from behavior. They are viewed as 

latent or underlying variables that guide or influence behavior (Fishbein & Ajzen, 1975). 

Since attitudes cannot be directly observed, it would be ideal if the actions resulting from 

attitudes were consistently favorable or unfavorable. This is certainly not always the case, 
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as illustrated by LaPiere's study (1934) of attitudes toward Orientals. In responding to a 

questionnaire, hotel proprietors asserted that they would not serve Orientals. However, 

when LaPiere appeared at the hotels with a Chinese couple, most proprietors rented them a 

room. 

Three different types of response consistency are identified: stimulus-response 

consistency, response-response consistency, and evaluative consistency (Fishbein & 

Ajzen, 1975). Stimulus-response consistency refers to a person consistently displaying the 

same response to the given object or concept, a definition of consistency that is not easily 

distinguished from habit, trait, or motive. For example, if a commuter always rides the bus 

to work, it cannot easily be determined from just this response if he behaves that way 

because he is environmentally aware, because he can't find or afford parking at his 

workplace, or if it is merely a habit. It would be erroneous to assume from this consistency 

that his attitude toward the environment is one of concern. 

Response-response consistency refers to a person always responding in the same 

way toward a given attitude object. This consistency must be judged along some dimension 

to be valid. For example, if a person claims to be environmentally concerned, there are 

certain behaviors considered consistent with that attitude, including composting, recycling, 

and using public transportation or driving a fuel-efficient car. Someone who composts and 

recycles trash but drives an older, gas-guzzling car seems to be inconsistent when judged 

along the dimension of environmental concern. However, when judged along the 

dimension of being economically concerned, the person's behaviors are consistent, since 

the older car is completely paid for and well-maintained. Again, response-response 

consistency will not provide a valid base for judging attitudes unless the dimension is broad 

enough to account for other factors influencing the response. 
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Overall evaluative consistency is the type of consistency most useful in judging 

attitudes. This definition of consistency refers to an overall favorable or unfavorable 

response to an attitude object. Continuing with the previous example, a person who 

expresses a favorable attitude toward the environment would be observed perfonning 

various behaviors such as composting, recycling, using public transportation, contributing 

money to environmental organizations, or buying products with less packaging. However, 

these behaviors would not necessarily be observed all at once, and may be affected by other 

factors, such as money and availability of public transportation. Overall, however, the 

person's concern for the environment would be reflected in behaviors that could be 

observed over time, and anyone observing the person's behavior should be able to 

conclude that she displays behaviors consistent with an attitude of environmental concern. 

This definition of consistency highlights Fishbein and Ajzen's (1975) view that attitude and 

response are linked in a probabilistic manner, whereby a person's response can be expected 

to accurately reflect attitude in a certain percentage of cases, but not necessarily 100%. 

Used in this context, attitudes are strictly evaluative, and reflect a person's 

favorable or unfavorable evaluation of the attitude object. Koballa (1988) stresses that 

attitudes always have a referent. They always refer to feelings about some attitude object, 

which can be a person, situation, group, policy, issue, or an abstract idea. 

There are several psychological concepts which are similar to attitudes. Closely 

related to attitude is the concept of belief, which Fishbein and Ajzen define as linking an 

object to some ~ttribute (1975). While attitudes are strictly evaluative, beliefs can range 

from evaluative to factual. For example, the belief that "gravity attracts objects to the 

surface of the earth" is a factual belief linking the object, gravity, to an attribute, attracting 

objects to the earth's surface. In contrast, the belief that "the production of the first atomic 

bomb was the greatest scientific event of the twentieth century" is evaluative. 
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Whether a belief is factual or evaluative, it may be held by a person at different 

levels of strength. A science historian may believe with complete certainty that the 

production of the first atomic bomb was the greatest scientific event of the twentieth 

century, while a medical historian may endorse that belief with only some certainty, citing 

other medical advances as just as significant. Both of these beliefs link the same object (the 

production of the first atomic bomb) with the same attribute (greatest scientific event of the 

twentieth century) but at different levels of strength. Beliefs are related to attitude, since 

" ... a set of beliefs forms the basis of one's attitude. Whether one has a positive or negative 

attitude toward something depends on whether the relevant beliefs are evaluated positively 

or negatively and the strength with which the beliefs are held" (Koballa, 1988, p. 118). 

Another concept that has sometimes been confused with attitude is opinion, which 

is depicted by Fleming (1967) as straddling the domains of attitude and belief. He describes 

opinion as more affective than belief and more cognitive than attitude. Berkowitz (1980) 

distinguishes attitude from opinion and belief by positing that one can have an opinion or 

belief without caring deeply. Thus, opinion and belief are both more cognitive in nature 

than attitude, which embodies a degree of caring about the attitude object. 

A more global concept is that of value. Unlike attitudes, values lack a specific 

referent and are broader in nature (Rokeach, 1970). Values develop from cultural origins 

and personal experiences and tend to be more ego involving than attitudes. Attitudes are 

certainly related to values, but are directed toward specific referents. 

While attitudes are feelings about a particular construct and beliefs are cognitive 

links between the construct and various attributes, behavioral intentions express a person's 

intention to perform a specific behavior (Ajzen & Fishbein, 1980). The strength of the 

intention is indicated by the person's own rating of the probability that he/she will perform 

the behavior in question. 
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The final psychological concept considered is that of behavior. While attitudes, 

beliefs, opinions, values, and behavioral intentions are all internal and can only be inferred 

from verbal remarks or responses to questionnaires, behavior is an observable concept. 

Koballa (1988) summarizes many researchers' models of the relationship among beliefs, 

attitudes, behavioral intentions, and behavior: 

A person's beliefs about an object detennine how the person feels towards the 

object (that is, the person's attitude). In tum, the attitude, mediated by values, 

detennines the person's behavioral intentions with respect to the object. Finally, 

these behavioral intentions influence, but do not completely detennine, how the 

person actually behaves toward the object (p.121) . 

Techniques for Assessing Attitudes 

One of the earliest scales for assessing attitudes was developed by Thurstone 

(1928). This scale of equal-appearing intervals contains a number of statements about an 

attitude object, reflecting various positions on a continuum from strongly favorable to 

strongly unfavorable. The positions of the statements are determined in a judging phase in 

which individuals from a group similar to those who will be using the final instrument are 

asked to place each statement on the attitude continuum. Thus, each statement is assigned a 

scale value. The judging phase also serves to eliminate any ambiguous statements, those 

which receive widely varying placements on the attitude continuum. When the scale is 

administered, respondents are simply asked to indicate with which statements they agree. 

Their scores are detennined by calculating the mean or median of the scale values of the 

statements they select. 

One major criticism of this technique is the implied assumption that the judges' own 

attitudes do not influence their placement of the attitude statements (Krech & Crutchfield, 
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1948). To eliminate this problem, Likert (1932) developed a technique of summated 

ratings. In this technique, the investigator again starts by generating a pool of statements 

about a particular attitude object. However, the investigator serves as the judge and decides 

if each statement reflects a favorable or unfavorable attitude. Any statements that reflect a 

neutral position are rejected. This pool of items is then given to a test group of respondents, 

who are asked to respond to each item in terms of a scale varying from two to five items-

YeslNo, ApprovelNeutrallDisapprove, Strongly Agree/Agree/ Not SurelDisagree/Strongly 

Disagree. Each response is assigned a numerical value ranging from 1 to 5 (or the number 

of choices), with 1 corresponding to the least favorable choice and 5 corresponding to the 

most favorable choice. (fhis scoring is reversed for negatively worded items.) Based on 

this preliminary data collection, those items that do not discriminate between respondents at 

the opposite ends of the continuum are rejected. When the scale is then administered, 

attitude scores are calculated by adding the scores on each item (Gardner, 1975a). 

Both Thurstone's scale of equal-appearing intervals and Likert scales involve only 

the evaluative dimension; items which are not evaluative are rejected during the test phase 

(Edwards, 1957). Semantic differential scales, developed to assess meaning, can be used 

to assess attitudes that are not necessarily evaluative (Osgood, Suci, & Tannenbaum, 

1957). In these scales, a word or phrase representing an attitude object is presented, 

followed by several bipolar adjectives, such as 'good/bad' or 'interesting/dull,' which lie 

on the ends of a 7-point scale. Respondents mark a position on the scale for each object, 

which results in a profile of their attitude toward that object. Factor analysis is also often 

performed on the responses to distill out a smaller number of basic dimensions. "Three 

factors frequently emerge: Evaluative (e.g., adjectives such as 'good/bad,' positive/ 

negative'), Potency ('severe/lenient, ' 'strong/weak'), and Activity ('active/passive,' 

'excitable/calm')" (Gardner, 1975a, p. 7). 
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Attitudes are assessed with semantic differential scales by selecting those adjective 

pairs that load on the evaluative factor. Respondents are then asked to rate attitude objects 

with respect to each of those pairs. Responses to each pair are scored from +3 to -3, with 

positive values assigned to the positive side of the scale. In using adjectives pairs that have 

been previously identified as evaluative with respect to a certain attitude object, it is 

important to note that those pairs may not be evaluative with respect to all attitude objects, 

or the positive and negative sides of the scale may be reversed (Mueller, 1986). 

A more indirect method of assessing attitudes is the use of interest inventories. 

Respondents are typically given a list of careers, topics, or activities and asked to select 

those that they find interesting or enjoyable. The selection of a large number of science

related activities or science classes is then assumed to reflect a positive attitude toward 

science. In some inventories, respondents are asked to rate their level of interest on a five

point scale, with their ratings then treated as responses to a Likert-type scale (Gardner, 

1975a). 

Another fairly limited technique for assessing attitudes is preference ranking, in 

which students are asked to rank the subjects they are taking in order of preference 

(Gardner, 1975a). Since the ranking is relative, it is of questionable validity in assessing 

attitudes toward science. For example, a student with a very positive attitude toward all her 

school subjects could rank science last, but still have a more favorable attitude toward 

science than another student who disliked most subjects but rated science first. 

Rating scales and inventories are undisguised techniques; they make no attempt to 

hide their purpose from respondents (Gardner, 1975a). 

Although such scales [rating scales] are in common use, some writers argue that 

there is an important place for projective tests which delve beneath the surface of 
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superficial answers in an attempt to uncover hidden attitudes which are not revealed 

through ordinary methods. (p. 9) 

In one such projective test, Mead and Metraux (1957) investigated attitudes toward 

science and scientists by asking students to complete sentences such as "When I think 

about a scientist, I think or' or "If I were going to be a scientist, I should like to be the kind 

of scientist who" (p. 385). Lowery (1966) developed three projective tests to assess 

attitudes toward science: a word-association test, in which one word is read aloud and the 

respondent is asked for the first three words that occur to him/her; an apperception test, in 

which a drawing is shown and the respondent is asked to interpret it; and a sentence 

completion test. In 1989, Fort & Varney asked students to describe a typical scientist in 

short essays and in drawings. 

Rationale for Investigating Attitudes in Science Education 

Why should science educators be concerned about students' attitudes toward 

science? Classroom teachers certainly have enough material to teach without also worrying 

about students' attitudes. However, since attitudes predispose behavior, statistics suggest 

that teachers do need to be concerned about students' attitudes. In a nationwide survey of 

3472 high schools (Neuschatz & Covalt, 1988), it was reported that in 67% of those 

schools, students are only required to take two years of science to graduate. While it is 

likely that those students who plan to pursue science-related careers will take more than two 

years of science, many high-school teachers only have two years to influence those 

students who may not have been considering a career in science. Between 1966 and 1986, 

the number of college freshmen planning to major in science decreased by half (Green, 

1989). Even after students had completed introductory-level college courses, one-third to 

one-half of those who had indicated an interest in science left science for another major 
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(Tobias, 1990). Thus, if part of the job of science teachers is to provide a supply of 

students who plan to study science in college and pursue science-related careers, it seems 

clear that concern about students' attitudes has a place in the classroom. 

There is, however, a more critical reason to be concerned about students' attitudes 

toward science. "The first task and central purpose of science education is to awaken in the 

child, whether or not he will become a professional scientist, a sense of the joy, the' 

excitement, and the intellectual power of science" (Sears & Kessen, 1964). 

If this joy and excitement can be kindled in students, it is much more likely they 

will grow up to be scientifically literate adults who will be able to make rational decisions 

about science-related issues. The National Science Foundation's renewed emphasis on pre

college science education is summarized by Salinger (1991). 

The current reforms are distinctly different from those of the post-Sputnik era, 

which were intended to increase the supply of scientists and engineers. The reaction 

to those refonns was a back-to-basics movement, which in turn has produced 

students who can calculate but who have difficulty knowing when to apply a 

particular algorithm. 

The new emphasis now is on scientific, mathematical and technological literacy , if 

not capability, of all students .... While important individual reforms attempt to 

change what happens in the classroom, the general trend is toward restructuring the 

overall educational system to make it responsive to the needs of lifelong learners in 

the information age. (p. 39) 

Since attitudes predispose behavior, students who have favorable attitudes toward 

science are more likely to take from their science courses knowledge and an interest in 

learning that will help them become scientifically literate. Thus, attitudes must be a critical 

component in science education. "It is almost universally acknowledged that educational 
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objectives in the affective domain--those dealing with attitudes, interests and values--are of 

great importance" (Choppin & Frankel, 1976, p. 57). 

Schibeci (1984) summarizes some indicators of the importance of student attitudes 

to the science education community. About 17% of the 113 papers at the National 

Association for Research in Science Teaching 1983 meeting were directly related to student 

attitudes. About 13% of the 588 dissertations in science education listed in University 

Microfilms International's 1982 catalog were directly related to attitudes. In a summary of 

circa 1960's research on attitudes toward science, Aiken and Aiken (1969) cited 54 journal 

articles and dissertations involving some assessment of student attitudes. Gardner, in a 

1975 summary of similar research, cited some 100 journal articles and dissertations 

(1975a). In a meta-analysis of studies addressing attitudes toward science among 

elementary and secondary students, Haladyna and Shaughnessy (1982) identified 49 

reports published between 1960 and 1980. In a recent article, Koballa (1992), meshes 

persuasion research and attitude change in science education. In virtually all of these 

studies, researchers were attempting to correlate students' attitudes with other factors, with 

the implied intent being to learn which factors could be manipulated to improve students' 

attitudes toward science. It is thus clear that investigation of students' attitudes toward 

science is not a new area of inquiry and it is one that is rich in possibilities for improving 

science education. 

Review of Existing Attitude Instruments in Science Education 

"Almost all of the customary techniques of measuring attitudes have been applied to 

the measurement of attitudes toward science" (Aiken & Aiken, 1969, p. 295). In that same 

article, Aiken & Aiken summarize circa 1960's research concerning attitudes toward 

science. While their discussion is primarily non-evaluative, they do describe several 
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instruments that are "empirically-based, since they were not designed with any particular 

theory of the nature of attitudes toward science or scientists in mind" (p. 296). Those 

instruments that are grounded in some conceptualization of the components of science 

attitude are directed toward scientific attitudes rather than attitudes toward science. The 

authors conclude by stating, 

... the growing impact of science on our daily lives necessitates continued study of 

ways in which to assess and improve these attitudes. Of particular importance in 

further research on attitudes toward science is the development of more precise 

measures of attitudes toward the various aspects of science. (p. 303) 

In his 1975 article, Gardner (1975a) summarized research up to that time on 

attitudes toward science. He identified three scales of equal-appearing intervals, 12 Likert

type scales, five semantic differential scales, and ten interest inventories, all of which had 

been used to assess students' attitudes toward science. While this summary was directed 

primarily at identifying attitude instruments and describing their use in research, he did 

mention lack of theoretical construct and confusion of various theoretical constructs as a 

common weakness of many of the instruments. Gardner concluded by calling for 

comparative studies to determine if the numerous instruments available do in fact measure a 

common construct. 

Schibeci (1984) published a descriptive summary of research involving attitudes 

toward science in which he focused on variables which correlate to attitude, as well as on 

inadequate instrumentation to measure attitudes. He cited lack of a theoretical framework as 

the most serious problem plaguing attitude research, and also lamented the number of 

studies in which the attitude instrument, included almost as an afterthought, was not valid 

or reliable. 
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Despite the plethora of instruments that exist, virtually all possess potentially 

damaging deficiencies. Gardner (1975b) classifies these deficiencies into two types: II( 1) 

scales which lack any discernible underlying theoretical construct; and (2) scales in which 

various theoretical constructs are confounded together; i.e., scales which attempt to reduce 

multi-dimensional attributes to single scores II (p. 101). 

The ... two defects apparently spring from a lack of appreciation of what 

measurement means. When we measure a physical property of some object--Iet us 

take as an example a dining-room table--we assign numbers to some attribute of the 

object in accordance with some set of operating rules. Note that, strictly speaking, 

we do not measure the table:, we measure some well-defined and conceptually clear 

aspect of it. We may, for example measure its length, or its weight, or the 

reflectivity of its surface. If a bright young researcher comes along and tells us that 

he thinks the rate of tarnishing of cutlery is related to the tamability of table-tops, 

the onus is on him to specify exactly what he means by the concept of , tarn ability' 

and how he proposes to go about measuring it. Oearly defined concepts and 

operational procedures are indispensable to the act of measurement. (Gardner, 

1975b, p. 101) 

To elaborate on the necessity for a well-defined theoretical construct, Gardner 

(1975a) states: 

An attitude scale yields a score. If this score is to be meaningful, it should faithfully 

reflect the respondent's position on some well-defined attitude continuum. For this 

to happen, the items within the scale must all be related to a single attitude object. A 

disparate collection of items, reflecting attitudes towards a wide variety of attitude 

objects, does not constitute a scale, and cannot yield a meaningful score (p. 12). 
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As an example of this lack of construct, Gardner lists items from an instrument 

developed by Harrison (1971) to assess the attitude of students in a college oftechnology 

towards their course: 

'Traveling to this college is a difficult business.' 

'No fees should be charged for my course here.' 

'My lecturers tell me what to learn and no more than that.' 

'I am keen to make a career for myself in teaching.' 

The first statement deals with the convenience of getting to the college, the second 

is related to the students' economic condition, and the third and fourth statements give no 

indication of students' attitude toward the college. There is no single construct underlying 

these statements; a high score on these items would only indicate a close match between the 

respondent's opinion and the author's ideas of what constitutes a positive attitude. 

In commenting on the confounding of various theoretical constructs, Gardner 

(1975a) states: 

To add up the weight, the number of doors, and the number of cylinders in a motor 

car to produce a single number would have little meaning. Yet many would-be 

attitude researchers do the equivalent all the time. Instruments have frequently been 

constructed which contain two or more logically and psychologically distinct 

variables; the distinctions are either not perceived, or ignored, and all the item 

responses are summed to yield a single score. (p. 13) 

An example of an attitude instrument that exhibits both of these problems is that 

developed by Tilford (1973). He developed a Likert-type scale to assess attitudes toward 

science among Negro students. Tilford describes how the statements in the instrument were 

generated: "A review of literature and discussions with several Negro science professors 

resulted in thirty-five statements about science and scientists in general, science teachers, 
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science courses, and self-concept as it relates to science" (p. 368). In spite of the apparent 

differentiation of four separate attitude objects, no analysis is done to detennine which 

statements relate to each of these objects. In addition, Tilford calculates a total score for the 

instrument, apparently adding respondents' rating of four distinct attitude objects. From the 

fact that many of the statements on the final instrument, which resulted from a trial on 195 

students, are similar to statements that appear on other attitude instruments, Tilford 

concludes that Negro students' attitudes toward science parallel those of white students. 

An attitude instrument developed by Fisher (1973) demonstrates lack of theoretical 

construct, as well as questionable validity and reliability. The statements for this Likert-type 

instrument were developed 

by a half dozen science curriculum specialists who outlined the broad area of 

interest they wished to explore and then designed five statements to match each 

area. These statements were refined and reduced in number to what was felt to be 

the best twenty. (pp. 647-648) 

In addition to not mentioning any theoretical construct, Fisher (1973) compounds 

the instrument's weakness by assessing validity on the basis of correlation between the 

total score on the instrument and respondents' reply to the open-ended question, "I think 

science class is ... " (p. 648). In addressing the instrument's reliability, Fisher states, "It 

seems to have adequate reliability to be capable of discrimination between groups of 

students" (p. (48). He goes on to calculate correlation coefficients between item scores 

and the total scores, in spite of the fact the total score is virtually meaningless due to lack of 

a clear theoretical construct. 

Another example of an instrument lacking a well-defined theoretical construct is that 

developed by Shrigley (1974) to assess the attitudes of pre-service elementary teachers. In 

describing the construction of this Likert-type scale, Shrigley writes, "Thirty eight attitude 
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statements toward science were gleaned from comments made voluntarily by students 

enrolled in an undergraduate methods course" (p. 243). To be completely fair to Shrigley, 

it should be noted that this reference dealt with the use of the instrument, not its 

development. He had discussed the development of the instrument in a paper presented at a 

National Science Teachers Association conference in 1971 (Shrigley, 1971). Nonetheless, 

examination of the 23 items in the instrument seems to indicate several attitude objects. 

Sample items that indicate this randomness are: 

'I dread science classes.' 

'Science is not an important subject in the elementary curriculum.' 

'I am afraid that young pupils will ask me science questions that I cannot 

answer.' (p.246) 

The first of these statements seems to have college science classes as its attitude 

object. The second seems to deal with the respondents' philosophy concerning elementary

school curriculum, while the third statement is related to the respondents' self-confidence 

as a teacher. In spite of the apparent lack of a single attitude object being assessed, 

responses are reported as a single score. 

In her development of the Wareing Attitudes Toward Science Protocol, Wareing 

(1982), cited the lack of reliable attitude instruments: 

Owing to the paucity of reliable scientific instruments, ... teachers tend to neglect the 

development of attitudes, interests, appreciations, and values in science education. 

It therefore seems likely that the sensible way to stimulate greater affective 

awareness and understanding is to provide meaningful tools for assessment. 

(p.640) 

Her instrument is a Likert-type scale of 50 items generated from a pool of 400 

statements. In spite of her expressed concern about the integrity of attitude instruments, no 
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indication is given of any theoretical constructs underlying the statements. Sample items 

seem to indicate that the attitude object for some items is science as a subject in school, and 

for some is science in general. Reliability is calculated for the scale (0.91-0.94), but no 

factor analysis is performed to identify the attitude objects considered, and a single score is 

reported. 

Another attitude instrument that displays similar problems is the Women in Science 

Scale, which was developed to measure the attitude of early adolescent girls and boys 

toward women in science (Erb & Smith, 1984). No mention was made of how the items in 

this 27-item, Likert-type instrument were generated, although items are grouped into one of 

three dimensions: "Women possess characteristics which enable them to be successful in 

science careers", "Women's role as mother and wife are compatible with successful science 

career pursuits", and "Women and men ought to have equal opportunities to prepare for 

and pursue science careers" (p. 393). In spite of the identification ofthree separate sub

scales, a single score is reported for the attitude of adolescents toward women in science. 

As stated by Aiken and Aiken (1 %9), those instruments that are grounded in some 

theoretical construct are designed to assess scientific attitudes rather than attitudes toward 

science. One example is the Science Support Scale (Schwirian, 1968), which measures 

respondents' support of five science-related attitudes: rationality, universalism, 

utilitarianism, individualism, and belief in progress. These attitudes are assessed in five 

sub-scales containing Likert-type items, and separate sub-scores are reported. 

Another instrument based on a theoretical construct is the Test o/Science-Related 

Attitudes (Fraser, 1978). This instrument has seven sub-scales: social implications of 

science, normality of scientists, attitude toward scientific inquiry, adoption of scientific 

attitudes, enjoyment of science lessons, leisure interest in science, and career interest in 

science. Reported reliability for the sub-scales ranged from 0.63 to 0.93, using the 
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One instrument that seems to be free of many of the problems of other instruments 

is the Attitude toward Science in School Assessment (ATSSA) (Germann, 1988). Germann 

states clearly the construct behind the scale. 

The objective in the development of the ATSSA was to measure a single dimension 

of a general attitude toward science, specifically, how students feel toward science 

as a subject in school. ... The attempt was to measure a general attitude toward 

science in school without confounding the interpretation by including other 

dimensions of attitude or science. (p. 694) 

He generated a pool of 34 Likert-type items which was reduced to 24 after review for 

construct validity by three judges. Via factor analysis, he eliminated all those items in the 

original pool that did not load on a factor that fit the construct of general attitude toward 

science, leaving 14 items. Reported reliability (Cronbach alpha coefficient) for the resulting 

instrument was 0.95-0.97. 

All of the surveys presented here have been used to assess attitudes toward the 

general subject of science. None were found which broke science into the sub fields of 

biology or chemistry or physics. However, many researchers have pointed out girls' 

preference for biology over the physical sciences, and boys' preference for chemistry and 

physics over biology (Clarke, 1971; Koelsche & Newberry, 1971; Bradley & Hutchings, 

1973). Kelly (1975) suggested that girls' preference for biology is a compromise with 

society's expectations. "Although their aptitudes and personality may lead them towards 

science, girls who are interested in physics and chemistry are made to feel out of place; so 

they choose biology, where girls are more accepted." (p. 630) 
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When boys' and girls' scores on attitude measures are separated by sex and subject 

before analysis, differences emerge. Hudson (1966) found that students interested in 

biology at both the high-school and undergraduate level tend to have a different 

psychological profile than those interested in the physical sciences. In another study 

involving psychological profiles, Ballham (1964) found that the profiles of boys studying 

biology were more similar to those of boys studying the arts than studying physical 

sciences or mathematical subjects. 

The biological sciences are also perceived to be more beneficial to society than the 

physical sciences. In a study by Duckworth and Entwistle (1974), students rated biology 

higher than chemistI)' and physics on a social-benefit scale. Ormerod (1975) found that 

scores on a social acceptability scale correlated significantly with liking for and choice of 

physics and chemistry, but that a similar relationship was not found for biology. He 

interpreted these results to mean that favorable views about the social implications of 

science are necess3l)' among those who choose the physical sciences, while there is more 

intrinsic trust in the benefits of the biological sciences. 

These findings affect the interpretation of research results and statistics. For 

instance if pupils' scores on attitude measurements in biology and the physical 

sciences are lumped together regardless of the sex of the pupils or the particular 

science being studied, then the significant differences in attitude shown by the sexes 

towards the individual sciences are obscured. (Ormerod & Duckworth, 1975, p.14) 

Thus, there seems to be a place for an attitude instrument that separates science into the 

sub-fields of biological and physical science. 
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Summary 

This chapter summarized definitions of attitude and related concepts, techniques for 

assessing attitudes, rationales for investigating attitudes, and existing research on attitudes. 

It is clear from this literature review that research on attitudes toward science is both a 

timely topic and one that deserves more careful treatment than it is typically afforded. Thus, 

there is a place for another attitude instrument; but, one that is based on clearly formulated 

theoretical constructs, maintains the integrity of those constructs in reporting scores, 

separates the subject of science into the physical and biological sciences, and demonstrates 

construct and content validity and reliability. 
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CHAPTER 3 

RESEARCH PROCEDURES 

Introduction 

This study focused on the development of an instrument to assess students' 

attitudes toward science as a subject in school. In developing the instrument, the following 

aspects were considered: selecting a feasible assessment scale, limiting the theoretical 

construct to students' attitudes toward science as a school subject, and separating attitudes 

toward the biological and physical sciences. Once initial items were generated, they were 

reviewed for validity and piloted on a sample population of high-school students. Item 

analysis was performed on the results to determine which items should be retained, and 

reliability and validity coefficients were calculated. 

This chapter presents the justification for selecting the assessment scale used; the 

procedures used for generating the scale items, maximizing validity and reliability, and 

performing item analysis; and a description of the pilot-test sample. 

Scale Selection 

As was discussed in Chapter 2, there are three major formats for attitude 

instruments: Thurstone's scale of equal-appearing intervals, Likert's scale of summated 

ratings, and Osgood's semantic differential (Mueller, 1986). Although the semantic 

differential is easy to construct, short and quick to administer, it has several drawbacks that 

argue against using it in this study (Mueller). Since it is the most transparent ofthe 

techniques, it is easy for respondents to slant their ratings toward the attitude they think is 
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expected. In addition, some respondents may balk at applying some of the evaluative 

adjectives to the attitude object in question. For example, they may not be willing or able to 

apply the pair "clean-dirty" to the attitude object "science." For these reasons, the semantic 

differential was not used for this study. 

In order to justify the selection of a Likert scale for use in this study, aspects of 

constructing both Thurstone scales and Likert scales are presented below. In constructing a 

Thurstone scale of equal-appearing intervals, the initial attitude statements are given to 

several judges who are asked to place each along an equal-interval continuum ranging from 

favorable through neutral to unfavorable (Edwards, 1957). Those judges are not asked to 

indicate their agreement or disagreement with the items; they are asked simply to rank each 

as to how favorable it is toward the attitude object in question. Mter judges have completed 

their rankings, scale values are calculated for each statement. The results are also analyzed 

for the variation of distribution of judgments for a given statement. The final instrument is 

made up of those statements whose scale values span the continuum from favorable to 

unfavorable and whose variations in ranking are relatively small. The resulting attitude 

scores are either the arithmetic means or medians of the scale values of the statements with 

which respondents agreed. Since the Thurstone scale has a neutral point, the resulting 

scores represent absolute scores rather than scores relative to other respondents (Mueller, 

1986). 

In constructing a Likert scale, a pool of initial items is given to a pilot group 

(Mueller, 1986). Respondents indicate their level of agreement by selecting one of the 

choices, strongly agree, agree, neither agree nor disagree, disagree, or strongly disagree, 

for each statement. To score positively worded items "strongly agree" is given 5 points, 

"agree" 4 points, and so on. Scoring is reversed for negatively worded items. Item analysis 

is then done to weed out those items whose scores do not correlate positively with the 
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overall scale score, as they do not discriminate among respondents in the same way as the 

overall scale. The remaining items then fonn the final scale, which is scored in the same 

manner as the pilot scale. Since the Likert scale contains no clearly neutral point, the 

resulting scores are relative, which means that they have meaning only relative to the scores 

of other respondents for a given administration. 

Given the fact that ajudging phase is required to construct a Thurstone scale, it 

would appear, at first glance, that this process would be more laborious than the 

construction of a Likert scale. Indeed, Edwards and Kenney (1946) claimed that the time 

required to construct an equal-appearing interval scale is about twice that to construct a 

Likert scale. Much of this extra time is spent in the judging phase. In their original study on 

attitudes toward the church, Thurstone and Chave (1929) used 300 judges in obtaining 

scale values for 130 items. However, other researchers have reported high correlations 

between much smaller groups of judges. Edwards and Kenney (1946) reported a 

correlation of .95 between the scale values obtained from 72 judges and those from 300 

judges. Uhrbrock (1934) obtained scale values for two groups of 50 judges each, with a 

correlation between scale values of .99. Rosander (1936) reported a correlation of .99 for 

the scale values obtained from two groups of 15 judges each. It is clear from these results 

that a large number of judges is not needed, thus reducing the time needed to construct a 

Thurstone scale. 

One study was located in which a Thurstone scale and Likert scale were compared 

in a valid way (Edwards & Kenney, 1946). In this study, Edwards & Kenney used the 

original statements of Thurstone and Chave from their study of attitudes toward the church 

(Thurstone & Chave, 1929). They constructed the two types of scales independently from 

these statements, rather than trying to fonnat already ranked Thurstone items as Likert 

items, or vice versa, as had been done in other studies (Likert, Roslow, & Murphy, 1934; 
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Eysenck & Crown, 1949; Ferguson, 1941) The resulting Likert scale had a reported 

reliability of .94, while the reliability coefficients for two forms of a Thurstone scale were 

both.88 (Edwards & Kenney, 1946). The correlation coefficients between scores on the 

Likert scale and the Thurstone scales were .72 and .92. In discussing this study, Edwards 

(1957) stated, " ... we might predict that the relative ordering of subjects on either an equal

appearing interval scale or a summated-rating scale would be, for all practical purposes, 

essentially the same" (p. 168). 

Thus, there appears to be no essential difference in the results obtained from 

Thurstone and Likert scales. Since the ultimate use ofthe instrument developed in this 

study will be to assess the effectiveness of various treatments, relative scores will be 

sufficient to assess that effectiveness. Therefore, a Likert scale of summated ratings was 

developed. 

Item Generation 

As was discussed in Chapter 2, many existing attitude scales fail to clearly define 

the attitude object to which the items refer. This leads to seemingly random items that are 

only loosely related to the construct the scale attempts to measure. According to Mueller 

(1986): 

In order for attitude-scale scores to be meaningful, it is essential for the researcher 

who uses the scale scores to have precisely the same object in mind as do the 

respondents to the scale. Similarly, the scale-construction effort will not be 

successful if the attitudinal object is so nebulous or ill defined that different 

respondents have slightly different objects in mind. (p. 8) 

In discussing construct validity, Henerson, Morris, & Fitz-Gibbon (1987), state: 
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Often, particularly in attitude measurement, the construct will be "fuzzy," 

imprecise, or complex as in the case of "self-esteem," "attitude toward school," or 

"teacher warmth." No clear, widely accepted definitions yet exist for'these. In such 

cases, demonstrating construct validity will demand a preliminary step--precise 

construct definition. Before you consider the validity of the measurement 

instrument (actually, before you write or select the instrument), you will have to 

define the construct as precisely as possible. Defining the construct means 

explaining what you mean by, say, "self-esteem" or "need for achievement" and 

pointing out how your definition might differ from those given by others. (p. 136) 

They go on to suggest the following aspects of that definition: 

1. A list or graph of its distinctive features, possibly based on previous writing 

about the construct, including its SUbcomponents and their relationships to one 

another. This should include a description of how a person with a lot or a little 

of the construct might behave. 

2. A list of closely related constructs with which your construct might be 

confused, and an argument about why your construct is distinct from those. 

(p. 137) 

In this study, the attitude object attitude toward science as a subject in school was 

defined as "a learned predisposition to respond in a consistently favorable or unfavorable 

manner with respect to science as a school subject." This definition was based on the 

general definition of attitude proposed by Fishbein and Ajzen (1975). Once this definition 

was established, a list of distinctive features of attitude toward science as a subject in 

school was generated, based on literature described in Chapter 2, discussions with 

colleagues, and personal experiences. That list is shown in Table 1. 
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Before the first attempt at item generation, the first seven distinctive features were 

collapsed into three major factors: interest in science classes and activities in science classes 

(features 1-4), confidence in ability to do science (feature 5), and internal motivation to 

study science (features 6 and 7). The last feature (feature 8) was not included in the first 

round of item generation as it was felt that this feature was not as strongly related to attitude 

toward science as a subject in school as the other three factors. 

Colleagues in the author's department were asked to list characteristics of students 

with positive attitudes toward science. That list is shown in Table 2, with the characteristics 

related to the previously-identified factors. 

Table 1 
Distinctive Features of Attitude Toward Science as a School Subject 

1. interest in elective science classes 

2. willing participation in science-class activities 

3. concern about perfonnance/grades in science class 

4. willingness to ask questions in science class 

5. confidence in ability to do science 

6. willingness to ignore peer pressure regarding science interest 

7. willingness to ignore cultural pressure regarding science interest 

8. interest in science-related activities outside of school 
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Table 2 
Characteristics of Students with Positive Attitudes Toward Science 

Interest in Science Confidence in Ability Internal Interest in Science-
Classes & Activities to do Science Motivation to Related Activities 
in Science Classes Study Science Outside of School 

curiosity persistence ability to work pursuit of science 
self-motivation investigative nature around lack of activities outside 
self-discipline positive self-esteem home support school 
diligence 

Once the attitude object was carefully defined, items were generated for the Likert 

scale. Edwards (1957) summarized various informal criteria for generating items for 

attitude scales: 

1. A void statements that refer to the past rather than to the present. 

2. Avoid statements that are factual or capable of being interpreted as factual. 

3. A void statements that may be interpreted in more than one way. 

4. Avoid statements that are irrelevant to the psychological object under 

consideration. 

5. A void statements that are likely to be endorsed by almost everyone or by 

almost no one. 

6. Select statements that are believed to cover the entire range ofthe affective scale 

of interest. 

7. Keep the language of the statements simple, clear, and direct. 

8. Statements should be short, rarely exceeding 20 words. 

9. Each statement should contain only one complete thought. 

10. Statements containing universals such as all, always, none, and never often 

introduce ambiguity and should be avoided. 



11. Words such as only, just, merely, and others of a similar nature should be 

used with care and moderation in writing statements. 

12. Whenever possible, statements should be in the form of simple sentences 

rather than in the form of compound or complex sentences. 

13. Avoid the use of words that may not be understood by those who are to be 

given the completed scale. 

14. Avoid the use of double negatives. (pp. 13-14) 

In commenting on generating an item pool, Mueller (1986) stated: 
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Since completed Likert scales typically contain only about 20 of the dozens or even 

hundreds and thousands of possible beliefs about a particular object, they will be 

most valid if they constitute a fairly comprehensive and representative sampling of 

this almost infinite theoretical domain. One way to achieve this comprehensiveness 

in generating potential scale items is to ask a diverse group of people (those with 

substantial knowledge about, and with both positive and negative attitudes toward, 

the attitudinal object) to write down several of their own beliefs and feelings about 

the attitudinal object. (p. 9) 

To begin the generation of attitude statements, students in general science, earth 

science, biology, chemistry, and physics at the author's high school were asked to 

complete the following two sentences: "When I think of the subject science, 1..." and 

"What I like about science as a school subject is ... " (Novodvorsky, 1992). Those 

responses which related to one of the previously identified factors were used to write some 

scale items. In addition, items were generated by consulting colleagues and previously 

published instruments (Cummings, 1970; Dutton & Stephens, 1963; Fisher, 1973; 

Krynowsky, 1988; Shrigley, 1974; Tilford, 1973). 
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Items were written to address attitudes toward both the biological and physical 

sciences and to address the factors, interest in science classes and activities, confidence in 

ability to do science, and internal motivation to study science. Ten items were written for 

each factor, with four of those items referring to science in general, three referring to 

biological sciences, and three referring to physical sciences. To control for an acquiescence 

response set (described in the next section), half of the items were positively worded and 

half negatively worded. Two parallel sets of thirty items each were generated to allow for 

the calculation of parallel-form reliability (also described in the next section). A sample 

statement for each factor is listed in Table 3. The complete list of attitude statements is in 

Appendix A, sorted by factor and referenced to general science or science sub-fields. 

Table 3 
Initial Factors and Sample Attitude Statements 

Factor Sample Attitude Statement 
Interest in science classes and activities in I am fascinated by what I learn in 
science classes science classes. 

Confidence in ability to do science Biology seems to be "over my head." 

Internal motivation to study science I would take a physical science class 
even if an older brother or sister said I 
shouldn't. 

Mter carefully reviewing the initial attitude statements, it became clear that the 

statements corresponding to factor 3, internal motivation to study science, were not as 

much concerned with attitude toward science as they were with the construct oflocus of 

control. Since that construct is beyond the scope of this instrument, and can in fact be 

assessed by other instruments (Lefcourt, 1976), the third factor was changed to interest in 

science-related activities outside of school. The resulting final list of attitude statements is 
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found in Appendix B, sorted by factors and referenced to general science or science sub

fields. A sample statement for each factor is listed in Table 4. 

Table 4 
Final Factors and Sample Attitude Statements 

Factor Sample Attitude Statement 
Interest in science classes and activities in Science classes should be required only 
science classes for students who plail on being 

scientists. 

Confidence in ability to do science Learning things in biology is easy for 
me. 

Interest in science-related activities outside I do not enjoy taking items apart to see 
of school how they work. 

Validity Determination 

As items were being written and edited, validity was considered. As defined by 

Henerson, Morris, & Fitz-Gibbon (1987), "The construct validity of an instrument is the 

extent to which you can be sure it represents the construct whose name appears in its title" 

(p. 136). As indicated earlier in this chapter, the first step in assuring construct validity is 

carefully defining the construct to be measured. Once the attitude object is carefully defined 

and items are written, Henerson et al. (1987) suggest four ways to defend construct 

validity: 

1. Opinions of judges . ... You can get some idea of the validity of the question

naire by showing it to a group of judges ... without telling them its purpose. If 

the judges' individual conclusions about what the instrument seems to be 

measuring closely agree, then you have some evidence of construct validity. 
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2. Correlations. Another measure of the same or a related construct can be 

administered to a group of people and then correlated with results from your 

instrument for these same people to yield evidence about validity. 

3. Criterion-group studies. If possible, find a group of people judged to possess 

an abundance or deficiency of the construct in question and administer the 

instrument to them. Demonstrating that people judged independently to be high 

in self-esteem, for instance, score well on the instrument and that people 

judged low [in self-esteem] score low builds a strong case for the instrument's 

validity ... .In addition to assessing validity, they [criterion-group studies] 

help you to identify items that are inadequate for measuring the construct (or 

which give unreliable responses). 

4. Appeal to logic. Many times, particularly when the construct can be easily 

defined, audiences will accept the instrument as logically related to the 

construct as long as they know that it has been administered fairly ... 

(pp. 137-38) 

For this study, construct validity was assessed using the first two methods. Science 

teachers at the author's school were asked to review the instrument, without being told 

what it was designed to assess, and identify what topic(s) the items seemed to be 

addressing. The memo requesting that input is in Appendix C. All seven respondents 

identified the topics of attitude toward science, both biological and physical, self

confidence in science ability, and interest in science activities outside of school as those that 

the items seemed to be addressing. They also suggested minor wording changes to make 

some items clearer. 

In order to provide further evidence of validity, Germann's Attitude toward Science 

in School Assessment (1988) was used to calculate correlation coefficients with a related 
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measure. As indicated in Chapter 2, this instrument was based on a clearly defined 

construct and demonstrated high levels of reliability. It was administered to the pilot-test 

group along with the instrument developed in this study. A copy of the letter from 

Germann granting permission to use the instrument is in Appendix D. 

Another aspect of validity is content validity, defined by Henerson, Morris, & Fitz

Gibbon (1987) as " ... the representativeness of the sample of questions included in the 

instrument" (p. 141). They go on to state that "High content validity means that the test 

'maps onto' the collection of possible questions by sampling representatively from its 

various manifestations ... " (p. 141). Their suggestions for displaying content validity of 

an instrument are to 

provide assurance that you 

• Have not left out any important behaviors 

• Have not included too much emphasis on a single sub-area of potential 

behaviors" (p. 143). 

For this study, those guidelines were utilized in generating and editing the list of attitude 

statements. 

As summarized by Mueller (1986): 

... another aspect of validity is to ensure that the measurement instrument isn't 

measuring what it isn't supposed to measure. One of the most pervasive 

measurement problems in this regard is response sets. Response sets are systematic 

response patterns based on considerations other than the content of the items. 

(p.73) 

He identifies two types of response sets and provides suggestions to deal with them. The 

acquiescence response set occurs because of a cultural tendency to agree, or to please the 

test constructor. The effects of acquiescence responding can be,controlled in a Likert scale 
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simply by including half positively worded items and half negatively worded items. While 

this technique does not eliminate or reduce acquiescence responding, it cancels out its 

effect. For every point in attitude score gained by acquiescing to a positively worded item, 

a point is lost in acquiescing to a negatively worded item, since negatively worded items are 

scored in reverse. The resulting score should be primarily a measure of attitude, with the 

effects of acquiescing eliminated. 

The social-desirability response set represents the tendency of respondents to give 

the responses they feel are socially desirable rather than those that truly reflect their attitudes 

(Mueller, 1986). While the effects of this response set are harder to control, there are some 

techniques to reduce its impact on validity. Respondents should be made to feel 

unthreatened by the measurement process, and should be assured of the anonymity and 

confidentiality of their responses. These techniques were utilized in this study to minimize 

the impact of response sets and improve content validity. 

Reliability Determination 

The other aspect that must be considered in construction of an attitude instrument is 

reliability. "Reliability refers to the extent to which measurement results are free of 

unpredictable kinds of error" (Henerson, Morris, & Fitz-Gibbon, 1987, p. 147). There are 

four procedures for calculating the reliability of a psychological measure such as an attitude 

scale: test-retest, parallel fonns, split-half, and internal consistency (Mueller, 1986). 

In the test-retest procedure, the same attitude scale is administered twice to the same 

group of people and scores from the first testing are correlated with those from the second 

testing. A high correlation coefficient, or reliability coefficient, implies that high scorers on 

the first testing scored high on the second test, average scorers scored average, and low 

scorers scored low. The time between the two testings is critical in this procedure. If the 
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time is too short, responses on the second testing may be affected by respondents' memory 

of individual items. If the time is too long, respondents' attitudes may have actually 

changed in the time between testings, and the resulting correlation coefficient will be 

lowered. Mueller (1986) suggests a few weeks as a good compromise between the two 

problems. 

In the parallel-forms procedure, an equivalent attitude scale is constructed that 

measures the same attitude object as the original form but with different items (Mueller, 

1986). Both forms are administered to the same group of respondents and the scores from 

the two forms are correlated to obtain a reliability coefficient. Although this procedure 

eliminates the influence of respondents remembering individual items from one testing to 

the next, the different content in the two fonns causes the two sets of scores to be 

somewhat different. "In fact, the alternate-forms reliability-estimation procedure tends to 

produce the most conservative reliability estimates of the four procedures ... " (p. 59). 

The split-half procedure involves a single administration of the attitude instrument 

(Mueller, 1986). The items on the instrument are then divided, for scoring purposes, into 

two equivalent, half-length tests. Each respondent receives two scores and these two sets 

of scores are correlated to obtain a reliability coefficient. The Spearman-Brown formula for 

doubled length can then be used to calculate the reliability of the entire instrument. This 

procedure has an advantage over test-retest and parallel forms since only one administration 

is necessary. Care must be taken, however, to ensure that the two halves of the test are 

truly equivalent in content, item type, and item difficulty. 

The final procedure, internal consistency, is a way of estimating inter-item 

consistency (Mueller, 1986). The Cronbach alpha formula (Cronbach, 1951) is used for 

Likert scale attitude items; the reSUlting alpha coefficient is a measure of the internal 
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consistency of the items. In essence, the alpha fonnula treats each item as an alternate fonn 

and determines the consistency of measurement across fonns. 

Internal-consistency reliability-estimation procedures are particularly relevant for 

tests measuring psychological constructs (such as attitudes, values, and personality 

traits). In these instances it is important for all items to be measuring the same 

underlying variable (the psychological construct). All items must discriminate 

similarly among test takers. (Mueller, 1986, p. 62) 

Mueller (1986) stresses that none of these reliability-estimation procedures is the 

right one or the best one, and that each is conceptually distinct. "In fact, applying more than 

one of the procedures to a particular test will enrich understanding of the test's 

measurement qualities" (p. 62). In this study, the two parallel fonns of the instrument 

were administered twice to each student in the pilot-test group, allowing for the calculation 

of both test-retest and parallel-fonns reliability. Cronbach alpha coefficients were also 

calculated to estimate reliability. 

Sample 

The attitude instrument developed in this study was pilot tested on a sample 

population of students at a suburban, southwestern high school. In order to reduce the 

possibility of response sets, the author of the instrument was not identified and students 

were assured of the anonymity of their responses. In order to allow for calculation of test

retest correlation coefficients, students were asked to provide their student identification 

numbers. Anonymity was maintained as the author did not have access to student records 

that would allow students to be identified from their numbers. Students were asked to 

complete the instrument twice, with approximately three weeks between administrations. 

The first administration was in mid-April, 1993; the second was in early May, 1993. The 
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number of students completing the instrument during the first administration was 663, and 

during the second administration was 636. A total of 465 students completed the instrument 

during both administrations. 

Each student responded to the 30 items on each of the two parallel forms, 14 items 

from Germann's instrument (1988), and four demographic items. The 60 items generated 

for this study were listed randomly on the attitude instrument. Students recorded their 

responses on machine-scorable answer sheets. The complete instrument is included in 

Appendix E, along with teacher instructions for administering it. 

Item Analysis 

The responses of the pilot-test students were used to conduct item analysis. In that 

analysis, three sets of statistics were computed for each item: 1) percentage of respondents 

making each response, 2) item mean and standard deviation, and 3) item discrimination 

index (Mueller, 1986). The first two statistics were used in a qualitative way to eliminate 

some items. "In general, items on which respondents are spread out across response 

categories are better than items on which respondents are clustered primarily in two or three 

response categories" (Mueller, 1986, p. 13). 

The item discrimination index is essentially a correlation coefficient between each 

item and the total scale score (Mueller, 1986). This statistic was used to eliminate any items 

with a zero or negative correlation with the total scale score, as these items were not 

measuring the same thing as the other items and were not contributing to the total 

measurement of the scale. Factor analysis was also done on the pilot-test responses to 

verify that the items in each sub-scale loaded on the correct factor. 

- --------.--.-------
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Summary 

This chapter included the justification for selecting a Likert scale; the procedures 

used for generating the scale items, maximizing validity and reliability, and performing item 

analysis; and a description of the pilot-test sample. The results of the data analysis are 

presented in Chapter 4. 



55 

CHAPTER 4 

RESULTS OF THE STUDY 

Introduction 

This study involved the development of an instrument to assess students' attitudes 

toward science as a school subject. The results of that study are organized into four 

sections. The first section reports the results of item analysis, including response 

distributions, item means and standard deviations, and item-rest correlations. In the second 

section, the results of validity and reliability calculations are presented, including parallel

forms correlations, test-retest correlations, and Cronbach alpha calculations. The third 

section includes the results of factor analyses that were run on the data. The fourth section 

describes the selection of items for the final version of the instrument. The chapter 

concludes with a brief summary of the results. 

Results of Item Analysis 

After the second administration of the instrument, in May of 1993, all of the answer 

sheets were checked. Answer sheets which were incomplete or on which students had 

provided incomplete identification numbers were discarded. In all, 270 answer sheets were 

discarded, 663 were retained from the first administration, and 636 were retained from the 

second administration. The answer sheets were scanned via computer. 

The raw data was then modified for calculation of scores. In keeping with the 

standard for scoring positively worded items on a Likert scale (Mueller, 1986), "strongly 

agree" was given 5 points, "agree" 4 points, "neither agree nor disagree" 3 points, 

"disagree" 2 points, and "strongly disagree" 1 point. The scoring for negatively worded 
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items was reversed; i.e., "strongly agree" was given 1 point, "agree" 2 points, and so on. 

The data was then imported into a statistical software package for analysis. Scale scores 

and sub-scale scores were calculated for each student in each administration. Table 5 

displays the algorithms that were used to calculate each of those scores. 

The first step in item analysis involved the calculation of student response 

distributions for each item and each administration. The number and percentage of students 

selecting each choice for each item was calculated. In addition, the mean response and 

standard deviation for each item in each administration was calculated. The results of those 

calculations are shown in Appendix F. This part of the analysis did not reveal any items on 

which respondents were clustered in two or three response categories, or items with a mean 

very different from 3.00 or with a small standard deviation. These are the items, according 

to Mueller (1986), that should be eliminated. Thus, no items were eliminated on the basis 

of this part of the item analysis. 

The next step in item analysis was to calculate the correlation between each item and 

its corresponding sub-scale score. This item discrimination index (Mueller, 1986) is the 

item-rest correlation for each item with its corresponding sub-scale score. Those correlation 

coefficients are shown in Tables 6 through 11. Each table lists the correlations for the items 

corresponding to each factor on each form. The results for the first and second 

administrations are displayed separately, and are sorted in descending order by the results 

from the first administration. 
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Table 5 
Algorithms Used to Calculate Scores 

Description of Score Score Algorithm 
Form A, Factor 1 Sub-Scale, 1st AIScorel Q2+Q6+Q9+Qll +QI5+QI8+ 
Administration Q21 +Q26+Q27+Q30 
Form A, Factor 2 Sub-Scale, 1st A2Scorel Q3+Q5+Q7+QI2+QI3+QI7+ 
Administration QI9+Q20+Q22+Q28 
Form A, Factor 3 Sub-Scale, 1st A3Scorel Ql +Q4+Q8+QI0+QI4+QI6+ 
Administration Q23+Q24+Q25+Q29 
Form A. Scale Score, 1st AScorel A 1 Score 1+A2Scorel + 
Administration A3Scorel 

(Q 1 +Q2+Q3+ ... +Q30) 
Form A, Factor 1 Sub-Scale, 2nd AIScore2 Q2+Q6+Q9+Ql1 +QI5+QI8+ 
Administration Q21 +Q26+Q27+Q30 
Form A, Factor 2 Sub-Scale, 2nd A2Score2 Q3+Q5+Q7+Q12+Q 13+Q17+ 
Administration QI9+Q20+Q22+Q28 
Form A, Factor 3 Sub-Scale, 2nd A3Score2 Q 1 +Q4+Q8+Ql O+Ql4+Ql6+ 
Administration Q23+Q24+Q25+Q29 
Form A, Scale Score, 2nd AScore2 A IScore2+A2Score2+ 
Administration A3Score2 

(Ql+Q2+Q3+ ... +Q30) 
Form B, Factor 1 Sub-Scale, 1 st BIScorel Q31 +Q36+Q39+Q43+Q51 + 
Administration Q52+Q55+Q57+Q59+Q60 
Form B, Factor 2 Sub-Scale, 1st B2Scorei Q35+Q38+Q4I+Q42+~ 
Administration Q45+Q46+Q47+Q48+Q56 
Form B, Factor 3 Sub-Scale, 1st B3Scorei Q32+Q33+Q34+Q37+Q40+ 
Administration Q49+Q50+Q53+Q54+Q58 
Form B, Scale Score, 1st BScorei ts I Score 1 +B2Score 1 + 
Administration B3Scorei 

(Q31 +Q32+Q33+ ... +Q60) 
Form B, Factor I Sub-Scale, 2nd BIScore2 Q31 +Q36tQ39+Q43+Q51 + 
Administration Q52+Q55+Q57+Q59+Q60 
Form B, Factor 2 Sub-Scale, 2nd B2Score2 Q35+Q38+Q41 +Q42+Q44+ 
Administration Q45+Q46+Q47+Q48+Q56 
Form B, Factor 3 Sub-Scale, 2nd B3Score2 Q324Q334-Q34+Q37+Q404-
Administration Q49+Q50+Q53+Q54+Q58 
Form B, Scale Score, 2nd BScore2 B 1 Score2+B2ScCie2+ 
Administration B3Score2 

(Q31 +Q32+Q33+ ... +Q60) 
Germann's Form, 1st Administration GScorel Q61 +Q62+Q63+ ... +Q74 
Germann's Form, 2nd Administration GScore2 Q61 +Q62+Q63+ ... +Q74 

(Note: QI, Q2, Q3, etc., refer to responses to Item I, Item 2, Item 3, and so on.) 
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Table 6 

Item-Rest Correlations 

FormA 
Factor 1: Interest in science classes and activities in science classes 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
27. Science classes are interesting 0.694 0.680 
2. I do not want to take any more science classes than 0.624 0.647 

I have to take. 
30. J am fascinated by what I learn in science classes. 0.596 0.549 
6. I would not recommend science classes to anyone. 0.527 0.593 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

11. I am interested in learning more about topics in 0.647 0.615 
biology. 

26. Studying biology is boring. 0.640 0.603 
21. I am interested in learning more about topics in 0.560 0.531 

physical science. 
9. Studying physical science is boring. 0.542 0.503 
15. I enjoy participating in hands-on activities in 0.468 0.480 

physical science classes. 
18. I do not enjoy doing labs in biol02Y classes. 0.455 0.430 
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Table 7 

Item-Rest Correlations 

FonnB 
Factor 1: Interest in science classes and activities in science classes 

Items Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
52. I enjoy science classes. 0.690 0.641 
31. I do not want to study any more science. 0.656 0.633 
59. Things that I learn in science classes interest me. 0.655 0.647 
57. Science classes should be required only for 0.450 0.406 

students who plan on being scientists. 
Science Sub-Field Items Correlation with 

Sub-Scale Score 
55. I like going to physical science classes because I 0.556 0.512 

learn interesting things. 
39. I like going to biology classes because I learn 0.509 0.557 

interesting things. 
60. I do not enjoy participating in hands-on activities in 0.504 0.426 

biology classes. 
43. I do not enjoy doing labs in physical science 0.437 0.444 

classes. 
51. Paying attention in biology classes is easy for me. 0.436 0.446 
36. Paying attention in physical science classes is hard 0.409 0.504 

Jorme. - . - . _. - . - .. -. "- ---
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Table 8 

Item-Rest Correlations 

FonnA 
Factor 2: Confidence in ability to do science 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
20. Science classes are too difficult for me. 0.629 0.581 
3. I enjoy the challenge of science classes. 0.562 0.603 
7. I am confident about answering questions in 0.546 0.491 

science classes. 
13. I am not confident about my ability to understand 0.511 0.502 

science. 
Science Sub-Field Items Correlation with 

Sub-Scale Score 
12. I doubt I will ever grasp biology. 0.615 0.612 
22. Biology makes no sense to me. 0.615 0.610 
28. I doubt I will ever grasp physical science. 0.563 0.578 
17. I have a talent for physical science. 0.535 0.530 
5. I have a talent for biology. 0.505 0.522 
19. Physical science makes sense to me. 0.484 0.518 
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Table 9 

Item-Rest Correlations 

FormB 
Factor 2: Confidence in ability to do science 

Items Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
41. I have the ability to be successful in science 0.582 0.535 

classes. 
46. I feel overwhelmed in science classes. 0.457 0.465 
44. Although sometimes science is difficult, I enjoy 0.390 0.399 

trying to understand it. 
45. I am afraid to ask questions in science classes. 0.318 0.405 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

42. Biology seems to be "over my head." 0.649 0.617 
56. Physical SCIence seems to be "over my head." 0.583 0.559 
48. I am able to easily understand topics in biology. 0.565 0.560 
47. Learning things in physical science in easy for me. 0.555 0.447 
38. I am not able to easily understand topics in physical 0.548 0.575 

science. 
35. Learning things in biologyis easy for me. 0.500 0.540 



62 

Table 10 

Item-Rest Correlations 

FormA 
Factor3: Interest in science-related activities outside of school 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
10. I like to share what I've learned in science class 0.557 0.498 

with my friends or family. 
14. I do not think about the things I learn in science 0.549 0.526 

class outside of school. 
16. I enjoy reading books about science. 0.468 0.428 
24. I do not enjoy watching TV shows that deal with 0.455 0.457 

science. 
Science Sub-Field Items Correlation with 

Sub-Scale Score 
25. I like learning about rocks and minerals. 0.445 0.356 
1. I wonder about stars and constellations. 0.382 0.394 
29. I do not like to read about different kinds of 0.370 0.403 

animals. 
4. I do not enioy identifying shells. 0.340 0.321 
8. I do not enjoy taking things apart to see how they 0.324 0.272 

work. 
23. I enjoy taking care of animals. 0.180 0.154 
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Table 11 

Item-Rest Correlations 

FonnB 
Factor3: Interest in science-related activities outside of school 

Items Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
50. I do not enjoy talking about science with my 0.481 0.469 

friends. 
49. I enjoy reading about science in the newspaper or 0.472 0.508 

magazines. 
40. I would not try to learn about science on my own. 0.445 0.470 
37. I would or do belong to a science-related club. 0.413 0.327 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

32. I often ask my family how mechanical things work. 0.386 0.336 
33. I do not enjoy watching and learning about birds. 0.378 0.379 
53. I would not like to learn more about the weather. 0.356 0.356 
58. I have or would like to have ajob dealing with 0.318 0.212 

animals. 
54. I do not enjoy reading about animals that live in the 0.270 0.344 

ocean. 
34. I like to repair things such as bic)'cles or cars. 0.246 0.184 
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According to Mueller (1986), those items which have a negative or zero correlation 

with the scale score should be eliminated since these items are not measuring the same thing 

as the other items and are not contributing to the total measurement of the scale. According 

to the results displayed in tables 6 through 11, none of the items needed to be eliminated on 

the basis of this condition. Thus, all 60 items were used for validity and reliability 

calculations. 

Results of Validitv and Reliability Calculations 

In order to assess the validity of the instrument, students were also asked to 

respond to the 14 items in Germann's Attitude toward Science in School Assessment 

(1988). Students' scores on that instrument were correlated with their scores on the sub-

scales of the two parallel forms developed in this study. Those correlation coefficients are 

shown in Table 12. 

Table 12 
Correlations Between Germann's Instrument and Forms A and B 

Administration #1 Administration #2 
Score Correlation with Score Correlation with 

Gscorel Gscore2 
A 1 Score 1 0.787 A1Score2 0.803 
A2Scorel 0.692 A2Score2 0.717 
A3Scorel 0.673 A3Score2 0.677 
AScorel 0.804 AScore2 0.818 
BIScorel 0.848 B1Score2 0.830 
B2Scorel 0.708 B2Score2 0.689 
B3Scorel 0.671 B3Score2 0.688 
BScorel 0.860 BScore2 0.844 

The correlations between the scores on Germann's items and the scores on the 

factor 1 sub-scale are the highest. This is because Germann's items all load on a factor he 

described as general attitude toward science (1988) and the factor 1 sub-scale contains 
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items related to interest in science classes and activities in science classes. The fact that 

these correlations are high, plus that the correlations between the scores on Germann's 

items and the total scores on Forms A and B are high, supports the construct validity of 

Forms A and B. 

One of the methods used to assess scale reliability was the calculation oftest-retest 

correlations. For this calculation, students' scores (overall scales and sub-scales) on the 

first administration were compared with their scores on the second administration. The 

results of those calculations are displayed in Table 13. These correlation coefficients 

indicate that both forms of the instrument demonstrate test-retest reliability. 

Table 13 
Test-Retest Correlation Coefficients 

Correlation Correlation Coefficient 
A1Score1--A1Score2 0.749 
A2Score 1--A2Score2 0.714 
A3Score 1--A3Score2 0.724 
AScorel--AScore2 0.780 
B 1 Score1--B 1 Score2 0.741 
B2Score I--B2Score2 0.726 
B3Scorel--B3Score2 0.657 
BScore I--BScore2 0.783 

The second measure of reliability used in this study was parallel-forms reliability. 

For this measure, correlation coefficients were calculated between students' scores on 

Form A (items 1-30) and their scores on Form B (items 31-60). The results of those 

calculations are shown in Table 14. 
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Table 14 
Parallel-Forms Correlation Coefficients 

Administration #1 
Al A2 A3 A Bl B2 B3 B 
Score 1 Score 1 Scorel Scorel Scorel Score 1 Score 1 Score 1 

Al 1.000 
Score 1 
A2 0.771 1.000 
Score 1 
A3 0.716 0.610 1.000 
Score 1 
A 0.934 0.894 0.854 1.000 
Score 1 
Bl 0.835 0.740 0.696 0.849 1.000 
Score 1 
B2 0.656 0.790 0.518 0.737 0.736 1.000 
Score 1 
B3 0.614 0.506 0.723 0.681 0.657 0.475 1.000 
Score 1 
B 0.815 0.789 0.743 0.875 0.929 0.857 0.809 1.000 
Score 1 

Administration #2 
Al A2 A3 A Bl B2 B3 B 
Score2 Score2 Score2 Score2 Score2 Score2 Score2 Score2 

Al 1.000 
Score2 
A2 0.760 1.000 
Score2 
A3 0.763 0.612 1.000 
Score2 
A 0.940 0.889 0.865 1.000 
Score2 
Bl 0.829 0.758 0.685 0.846 1.000 
Score2 
B2 0.669 0.818 0.560 0.765 0.753 1.000 
Score2 
B3 0.651 0.536 0.729 0.703 0.676 0.503 1.000 
Score2 
B 0.823 0.812 0.747 0.885 0.934 0.871 0.813 1.000 
Score2 
(The correlatIon coefficIents shown In bold are the correlations between each factor In Fonn 
A and the corresponding factor in Fonn B.) 
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As the results in Table 14 indicate, both of the two fonns demonstrate parallel-fonn 

reliability. 

In order to assess inter-item consistency, another measure of reliability, Cronbach 

alpha coefficients were calculated. Coefficients were calculated for each of the sub-scales, 

for each fonn, and for each administration. The results of those calculations are shown in 

Table 15. 

Table IS 
Cronbach Alpha Coefficients 

Administration #1 Administration #2 
Fonn A, Factor 1 0.86281 0.85678 
Fonn A, Factor 2 0.85358 0.85271 
Fonn A, Factor 3 0.74584 0.72190 
Fonn A, Items 1-30 0.92452 0.92267 
Fonn B, Factor 1 0.83584 0.83071 
Fonn B, Factor 2 0.82755 0.82514 
Fonn B, Factor 3 0.71554 0.69741 
Fonn B, Items 31-60 0.90533 0.90554 

As the results in Table 15 indicate, the items in factors 1 and 2 demonstrate the 

highest inter-item consistency. The items in factor3, with their lowerCronbach alpha 

coefficients, may not be assessing the same overall construct as the items in factors 1 and 

2. In spite of this, none of the validity and reliability coefficients were low enough to 

indicate that specific items or factors should be eliminated. Thus, ali 60 items were retained 

for factor analysis. 
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Results of Factor Analysis 

Since three sub-scales were identified as part of the original theoretical construct, 

principal-component analyses were run on the data to see if these sub-scales were reflected 

in the results. Principal-component analysis, a type of factor analysis, is appropriate when 

dealing with combinations of identified variables (Systat, 1992). The analysis was first run 

on each of the two parallel fonns with two, three, four, five, and six components specified, 

using a varimax rotation. The results of that analysis are displayed in Appendix G. The 

results were inconclusive, as the components identified by the analysis were made up of 

combinations of the items thought to characterize each factor identified in the scale 

construction. 

To see whether a pattern would emerge across the two parallel fonns, all 60 items 

were combined and principal-component analysis was run with two and three components 

specified, using a varimax rotation. The results of that analysis are displayed in Appendix 

H. Again, the results were inconclusive, as the components identified in the analysis were 

made up of combinations of the items thought to characterize each of the originally 

identified factors. 

To see if the fact that items were positively or negativeiy worded was 

overshadowing their loading on the components, the positive and negative items were 

analyzed separately. The results of that analysis are shown in Appendix I. As before, the 

results were inconclusive. The components that resulted from the analysis were made up of 

combinations of the items thought to characterize each of the originally identified factors. 

All of the principal-component analyses perfonned in this study were inconclusive, 

with the identified components not corresponding to the factors identified during scale 

construction. This indicated that the three factors were not distinct enough so that the 

responses could be separated into three components. For this data, it would not be valid to 



report three sub-scale scores, although previous analyses indicated that the scales were 

reliable and valid. 

Selection ofItems for Final Instrument 
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The results of the validity and reliability calculations and principal-component 

analyses did not indicate any major problems with the items in either form. Test-retest 

correlation coefficients were 0.780 for Form A and 0.783 for Form B. The parallel-forms 

reliability coefficients were 0.875 for the first administration and 0.885 for the second. 

Inter-item consistency coefficients were 0.925 and 0.923 for the first and second 

administrations of Form A and 0.905 and 0.906 for the two administrations of Form B. 

Thus, it was decided to retain enough items to comprise two parallel forms. 

To decide which items to retain for the final instruments, the item-rest correlations 

were considered. For factors 1 and 2, the two general-science items and the four science 

sub-field items with the largest correlations on each form were retained. In all but one 

instance, discussed later, these items represented an even distribution between positive and 

negative items, and between items referring to biological and physical science. For factor 3, 

none of the science sub-field items cOA'elated very highly with the sub-scale score, while 

the general science items correlated somewhat better. In order to improve the reliability of 

the factor 3 sub-scale, all eight general-science items from both forms were combined and 

retained as the factor-3 items on both final forms. The items retained for each form, along 

with their item-rest correlations, are shown in Tables 16 through 20. 
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Table 16 
Item-Rest Correlations for Final Items 

FonnA 
Factor 1: Interest in science classes and activities in science classes 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
27. Science classes are interesting 0.694 0.680 
2. I do not want to take any more science classes than 0.624 0.647 

I have to take. 
Science Sub-Field Items Correlation with 

Sub-Scale Score 
11. I am interested in learning more about topics in 0.647 0.615 

biology. 
26. Studying biology is boring. 0.640 0.603 
21. I am interested in learning more about topics in 0.560 0.531 

physical science. 
9. Studying physical science is boring. 0.542 0.503 

Table 17 
Item-Rest Correlations for Final Items 

FonnB 
Factor 1: Interest in science classes and activities in science classes 

Items Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
52. I enjoy science classes. 0.690 0.641 
31. I do not want to study any more science. 0.656 0.633 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

55. I like going to physical science classes because I 0.556 0.512 
learn interesting things. 

39. I like going to biology classes because I learn 0.509 0.557 
interesting things. 

60. I do not enjoy participating in hands-on activities in 0.504 0.426 
biology classes. 

43. I do not enjoy doing labs in physical science 0.437 0.444 
classes. 
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Table 18 
Item-Rest Correlations for Final Items 

FormA 
Factor 2: Confidence in ability to do science 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
20. Science classes are too difficult for me. 0.629 0.581 
3. I enjoy the challenge of science classes. 0.562 0.603 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

12. I doubt I will ever grasp biology. 0.615 0.612 
22. Biology makes no sense to me. 0.615 0.610 
28. I doubt I will ever grasp physical science. 0.563 0.578 
17. I have a talent for physical science. 0.535 0.530 

Table 19 
Item-Rest Correlations for Final Items 

FormB 
Factor 2: Confidence in ability to do science 

Items Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
41. I have the ability to be successful in science 0.582 0.535 

classes. 
46. I feel overwhelmed in science classes. 0.457 0.465 

Science Sub-Field Items Correlation with 
Sub-Scale Score 

42. Biology seems to be "over my head." 0.649 0.617 
56. Physical science seems to be "over my head." 0.583 0.559 
48. I am able to easily understand topics in biology. 0.565 0.560 
47. Learmng things in physical science in easy for me. 0.555 0.447 
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Table 20 
Item-Rest Correlations for Final Items 

FormsA&B 
Factor 3: Interest in science-related activities outside of school 

Item Admin. #1 Admin. #2 
General Science Items Correlation with 

Sub-Scale Score 
10. I like to share what I've learned in science class 0.557 0.498 

with my friends or family. 
14. I do not think about the things I learn in science 0.549 0.526 

class outside of school. 
50. I do not enjoy talking about sCIence with my 0.481 0.469 

friends. 
49. I enjoy reading about science in the newspaper or 0.472 0.508 

magazines. 
16. I enjoy reading books about science. 0.468 0.428 
24. I do not enjoy watching TV shows that deal with 0.455 0.457 

science. 
40. I would not try to learn about science on my own. 0.445 0.470 
37. I would or do belong to a science-related club. 0.413 0.327 

Once the final items were identified, Cronbach alpha coefficients were calculated for 

each sub-scale and the total scale of each form to assure that inter-item consistency was 

acceptable and baianced among the three sub-scales. The results of those calculations are 

shown in Table 21. 

As indicated in Table 21, the inter-item consistency of both forms is acceptable, and 

the consistencies of the three sub-scales of each form are comparable. Factor 2 of Form A 

contains three negatively worded items and one positively worded item. Those four items, 

which had the largest item-rest correlations, were included in the final instrument to 

produce a Cronbach alpha coefficient for factor 2 comparable to those for factors 1 and 3. 
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Table 21 
Cronbach Alpha Coefficients for Final Items 

Administration #1 Administration #2 
Form A, Factor 1 0.82569 0.81309 

(Q2, Q9, Qll, 
Q21, Q26, Q27) 

Form A, Factor 2 0.80494 0.80599 
(Q3, Q12, Q17, 
Q20, Q22, Q28) 

Form A, Factor 3 0.81351 0.79815 
(QIO, Q14, Q16, 
Q24, Q37, Q40, 
Q49,Q50) 

Form A, all 20 items 0.91524 0.91180 
Form B, Factor 1 0.78383 0.75729 

(Q31, Q39, Q43, 
Q52, Q55, Q60) 

Form B, Factor 2 0.78567 0.75808 
(Q41, Q42, Q46, 
Q47, Q48, Q56) 

Form B, Factor 3 0.81351 0.79815 
(QIO, Q14, Q16, 
Q24, Q37, Q40, 
Q49,Q50) 

Form B, all 20 items 0.89980 0.88850 

To check the validity of the final instruments, students' responses on the final 

versions of Forms A and B were correlated with their responses to Germann's Attitude 

toward Science in School Assessment (1988). The results of those calculations, shown in 

Table 22, indicate that the two versions of the final instrument demonstrate construct 

validity. 

To check the reliability of the final instruments, correlation coefficients were 

calculated for students' responses to the items on the final versions of Fonns A and B. 

Those results are shown in Table 23 and indicate that the final versions of the instrument 

demonstrate parallel-form reliability. 



Table 22 
Correlations Between Germann's Instrument 

and Final Versions of Forms A and B 
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Administration #1 Administration #2 
Score 

Al Score 1 
A2Scorel 
A3Scorel 
AScorel 
BlScorel 
B2Scorei 
B3Scorei 
BScorel 

Correlation with Score 
Gscorel 

0.776 AlScore2 
0.675 A2Score2 
0.730 A3Score2 
0.819 AScore2 
0.803 BlScore2 
0.670 B2Score2 
0.730 B3Score2 
0.851 BScore2 

Table 23 
Parallel-Forms Correlation Coefficients 

for Final Versions of Forms A and B 

Correlation with 
Gscore2 

0.800 
0.683 
0.749 
0.837 
0.803 
0.614 
0.749 
0.847 

Administration # I 
Al A2 A3 A Bl B2 B3 B 
Score! Scorel Scorel Scorel Score 1 Score! Scorel Scorel 

Al 1.000 
Score I 
A2 0.744 1.000 
Score I 
A3 0.707 0.616 1.000 
Score I 
A 0.912 0.865 0.891 1.000 
Score! 
BI 0.801 0.703 0.681 0.815 1.000 
Score I 
B2 0.598 0.7S6 0.526 0.693 0.647 1.000 
Score I 
B3 0.707 0.616 1.000 0.891 0.681 0.526 1.000 
Score I 
B 0.815 0.791 0.884 0.937 0.890 0.811 0.884 1.000 
Score I 



75 

Table 23 (continued) 

Administration #2 
Al A2 A3 A Bl B2 B3 B 
Seore2 Seore2 Seore2 Seore2 Seore2 Seore2 Score2 Seore2 

Al 1.000 
Score2 
A2 0.714 1.000 
Score2 
A3 0.757 0.590 1.000 
Score2 
A 0.923 0.848 0.896 1.000 
Score2 
Bl 0.779 0.696 0.682 0.806 1.000 
Score2 
B2 0.578 0.750 0.489 0.671 0.628 1.000 
Score2 
B3 0.757 0.590 1.000 0.896 0.682 0.489 1.000 
Score2 
B 0.829 0.782 0.876 0.935 0.891 0.798 0.876 1.000 
Score2 
(The correlation coeffiCients shown In bold are the correlations between each factor In Fonn 
A and the corresponding factor in Form B.) 

As a further check of the reliability of the instruments, students' scores on the first 

administration of the final versions were correlated with their scores on the second 

administration. Those iesults, shown in Table 24, indicate a test-retest reliability 

comparable to that demonstrated by the pilot versions of the instruments. 

The 20 items in each of the final versions of Fonns A and B were then listed in 

random order and renumbered. The final instruments are presented in Tables 25 and 26, 

with each item listed with its corresponding factor. 



1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Table 24 
Test-Retest Correlation Coefficients 
for Final Versions of Form A and B 

Correlation Correlation Coefficient 
A 1 Score l--A IScore2 0.724 
A2Score l--A2Score2 0.664 
A3Score l--A3Score2 0.716 
AScore l--AScore2 0.768 
B IScorel--B IScore2 0.710 
B2Score l--B2Score2 0.669 
B3Scorel--B3Score2 0.716 
BScorel--BScore2 0.788 

Table 25 
Final Version of Attitude Instrument--Form A 

Item 
I do not want to take any more science classes than I have to take. 
I enjoy the challeng~ of science classes. 
I would or do belong to a science-related club. 
StUdying physical science is boring. 
I like to share what I've learned in science class with my friends or 
family. 
I am interested in learning more about topics in biology. 
I doubt I will ever grasp biology. 
I do not think about the things I learn in science class outside of 
school. 
I enjoy reading books about science. 
I have a talent for physical science. 
Science classes are interesting. 
I would not try to learn about science on my own. 
Science classes are too difficult for me. 
Studying biology is boring. 
Biology-makes no sense to me. 
I do not enjoy watching TV shows that deal with science. 
I doubt I will ever grasp physical science. 
I enjoy reading about science in the newspaper or magazines. 
I am interested in leaming_more about to~ics in physical science. 
I do not enjoy talking about science with my friends. 

Factor 1: Interest in science classes and activities in science classes 
Factor 2: Confidence in ability to do science 
Factor3: Interest in science-related activities outside of school 
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Factor 
1 
2 
3 
1 
3 

1 .., 
"-

3 

3 
2 
1 
3 
2 
1 
2 
3 
2 
3 
1 
3 



Table 26 
Final Version of Attitude Instrnment--Form B 

Item 
1. I do not want to study anymore science. 
2. I feel overwhelmed in science class. 
3. I would or do belong to a science-related club. 
4. I do not enjoy doing labs in physical science classes. 
5. I like to share what I've learned in science class with my friends or 

family. 
6. Biology seems to be "over my head." 
7. I enjoy science classes. 
8. I do not think about the things I learn in science class outside of 

school. 
9. I enjoy reading books about science. 
10. Physical science seems to be "over my head." 
11. I do not enjoy participating in hands-on activities in biology 

classes. 
12. I would not try to learn about science on my own. 
13. I have the ability to be successful in science classes. 
14. I like going to biology classes because I learn interesting things. 
15. Learning things in physical science is easy for me. 
16. I do not enjoy watching TV shows that deal with science. 
17. I am able to easily understand topics in biology. 
18. I enjoy reading about science in the newspaper or magazines. 
19. I like going to physical science classes because I learn interesting 

things. 
20. I do not enjoy talking about science with my friends. 

Factor 1: Interest in science classes and activities in science classes 
Factor 2: Confidence in ability to do science 
Factor3: Interest in science-related activities outside of school 
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Factor 
1 
2 
3 
1 
3 

2 
1 
3 

3 
2 
1 

3 
2 
1 
2 
3 
2 
3 
1 

3 
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Summary 

The results of this study were presented in four sections. The first section described 

the results of item analysis of the pilot versions of the instrument. The second section 

presented the results of validity and reliability calculations on the pilot data. The third 

section detailed the factor analyses that were performed on the data. The fourth section 

described the selection of items for the final versions of the instrument. 

Item analysis revealed that none of the items in the original versions of the 

instrument needed to be eliminated due to zero or negative correlation with the rest of the 

instrument, or due to not discriminating among respondents. Calculations of validity and 

reliability indicated that both fonns demonstrated construct validity, test-retest reliability, 

parallel-form reliability, and inter-item consistency. The results of factor analysis were 

inconclusive; for this data set, no clear pattern of principal components emerged, indicating 

that although three separate sub-scales were identified in the development of the instrument, 

it would not be valid to report three sub-scores for the instruments. 

Based on the results of the data analysis, two parallel forms were extracted from the 

original items, each containing 20 items. Factors i and 2 of each version were represented 

by 6 items each. The eight items representing factor 3 were the same for both versions of 

the fonn. Calculations of validity and reliability for the final versions indicated that they 

demonstrated construct validity, test-retest reliability, parallel-form reliability, and inter

item consistency. 
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CHAPTER S 

CONCLUSIONS 

Introduction 

This chapter is organized into three main sections, summary of the study, 

implications for the practitioner, and recommendations for further research. The summary 

of the study outlines the rationale, research procedures, and findings. The implications for 

the practitioner includes how the attitude instruments developed in this study might be used 

to assess the effectiveness of various treatments. In recommendations for further research, 

suggestions are made for further refinement of the attitude instrument and how it might be 

used to further understanding of how students best learn science. 

Summary of the Study 

The rationale for the study resulted from a concern for students' attitudes toward 

science and how those attitudes, which were often negative, were impacting their interest in 

pursuing science-related careers and their ability to make informed decisions regarding 

scientific issues. In order to assess how effective a particular curriculum or technique is in 

improving students' attitudes, a reliable and valid instrument to assess their attitudes is 

needed. As the review of the literature in Chapter 2 indicated, many attitude instruments 

exist, but only one was found that was based on a well-defined theoretical construct and 

that demonstrated adequate validity and reliability (Germann's Attitude Toward Science in 

School Assessment, 1988). All of the existing instruments, including Germann's, dealt 

with science as one field of study, neglecting any possible differences between attitudes 

toward biological and physical science. Thus, this study was aimed at the development of a 



valid and reliable attitude instrument, based on a well-defined theoretical construct, to 

assess students' attitudes toward science in general and toward biological and physical 

science as sub-fields. 

The objectives that guided this study were: 
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1. Clearly define the construct of students' attitudes toward science as a subject in 

school. 

2. From this construct, generate a valid list of attitude statements relating to 

science, or biological or physical sciences, as subjects in school. 

3. Pilot these attitude statements on a popUlation of high-school students and 

perform item analysis on their responses. 

4. Generate a final version of the instrument which demonstrates construct 

validity and reliability. 

The procedures for this study involved the definition of students' attitudes toward 

science as "a learned predisposition to respond in a consistently favorable or unfavorable 

manner with respect to science as a school subject." From this, three factors related to 

attitudes toward science were identified: 1) interest in science classes and activities in 

science classes, 2) confidence in ability to do science, and 3) interest in science-related 

activities outside of school. Once the theoretical construct had been defined, initial attitude 

statements were written, based on input from students and colleagues and review of 

existing instruments. These statements were then reviewed by other science teachers and 

modified for clarity. 

The resulting Likert-type attitude instrument, which contained two parallel forms of 

30 items each, along with the 14 items of Germann's Attitude Toward Science in School 

Assessment (1988), was piloted on students at a suburban, southwestern high school in a 

test-retest format. Item analysis was performed on the pilot-test data, revealing that none of 
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the original items needed to be eliminated on the basis of zero or negative correlations with 

the scale score or because offailing to discriminate among respondents. Validity 

calculations resulted in correlation coefficients with Germann's form of 0.804 and 0.818 

for the two administrations of Form A and 0.860 and 0.844 for the two administrations of 

Form B. Reliability calculations resulted in test-retest correlation coefficients of 0.780 for 

Form A and 0.783 for Form B, parallel-forms correlation coefficients of 0.875 for the first 

administration and 0.885 for the second, and inter-item consistency coefficients of 0.925 

and 0.923 for the first and second administrations of Form A and 0.905 and 0.906 for the 

two administrations of Form B. 

Principal-component analyses were performed on the data to determine if it reflected 

the division of the instrument into three factors. Those results were inconclusive, indicating 

that the three factors were not distinct enough to show up as separate components. Thus, 

reporting of sub-scale scores would not be valid for this data. 

On the basis of the item analysis and validity and reliability calculations, it was 

decided to retain enough items to comprise two final versions of the instrument. This 

would allow a test-retest format with different items, reducing problems arising from 

respondents remembering items from one administration to the next. Those items from 

Factors 1 and 2 with the highest item-rest correlations and that included references to both 

general science and science sub-fields were retained for each form. For each final form, 

this resulted in six items for each of the two factors, with two items referring to science in 

general and four items referring to either biological or physical science. Since the science 

sub-field items in Factor 3 correlated very weakly with the scale score, they were all 

eliminated in favor of retaining all eight general-science items from both forms. By using 

the same eight items on both forms, the inter-item consistency of the third factor was made 

comparable to those of Factors 1 and 2. Thus, each form of the final attitude instrument 
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consisted of 20 items, six each from Factors 1 and 2 and eight from Factor 3. The 

instrument is designed to be a Likert-type scale, with respondents choosing one of the 

responses, "strongly agree," "agree," "neither agree nor disagree," "disagree," or "strongly 

disagree." 

As can be seen from the above discussion of the procedures, the objectives of the 

study were met. The construct of students' attitudes toward science was carefully defined 

in the first stage of the procedure, and attitude statements were written to fit that theoretical 

construct, as well as to address attitudes toward science in general and toward the sub

fields of biological and physical science. The resulting items were piloted on a popUlation 

of high-school students and data analysis was performed to evaluate the instrument. From 

this analysis, two versions of a final instrument were developed. These versions both 

demonstrated construct validity and reliability. 

In conclusion, this study resulted in the creation of two parallel versions of an 

instrument to assess students' attitudes toward science. Both versions demonstrate 

construct validity, test-retest reliability, and parallel-forms reliability. 

Implications for the Practitioner 

LaForgia (1988) stated that science teachers do not treat affective objectives in the 

same way as cognitive objectives due to the lack of appropriate evaluation measures. 

"Certainly researchers need to provide teachers with reliable and valid evaluation 

instruments and not continue as they have in the past by developing instruments which 

would hardly satisfy modest criteria." (p. 407) With the existence of the two forms of this 

instrument to assess students' attitudes toward science, classroom teachers and science 

education researchers have a valid and reliable means to assess the effectiveness of a given 

treatment in impacting students' attitudes. In order to best utilize the instruments, students 
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in a treatment group would be asked to respond to one of the versions of the instrument 

prior to the treatment. This would establish a measure of their initial attitudes. It is 

important to note that the Likert-type scale produces relative scores only; i.e., the scores 

only have meaning as compared to other scores in the same cohort. It would be 

meaningless to state, for example, that student A had an attitude score of 55. It would be 

valid, however, to state that student A, with an attitude score of 55, had a more positive 

attitude toward science than student B, who had an attitude score of 35. 

Following the treatment, students would be asked to respond to the other version of 

the instrument. A student-by-student comparison of their pre- and post-treatment scores 

would indicate whether the treatment had an impact on their attitudes toward science. To 

quantify that impact, a statistical test such as a t-test would need to be performed to 

determine if any differences could be attributed to the treatment or were due to chance. 

Depending on the topics discussed in the particular course being studied, students' 

responses to the items concerning biological or physical science could be similarly analyzed 

to determine the treatment's impact on attitudes toward those sub-fields. The results of such 

research could lead to the development of treatments to improve attitudes toward science. 

Recommendations for-Further Research 

The development and refinement of this attitude instrument does not stop with the 

selection ofthe items for the final versions. Since the results of the principal-component 

analysis were inconclusive, more data should be collected from different groups of students 

to determine if the three factors are in fact distinct enough to justify the reporting of sub

scale scores. Confirmatory factor analysis, a technique in which an attempt is made to fit 

the data to the original three-factor model, could be performed in a further attempt to justify 

the three sub-scales. 
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In order to increase the ease of administration, the final versions should be 

produced in a convenient format. One possibility is to print the items on a machine-scorable 

answer sheet, so that respondents would not have to indicate their choices on a separate 

answer sheet, which increases the chances for errors. The completed answer sheets would 

then be machine scored and the resulting data file manipulated by computer to produce a 

report of students' attitudes scores. Another possibility is to administer the entire 

instrument on a computer, with students inputting their choices via the keyboard or mouse. 

The computer would then analyze their responses and produce a final report. The delivery 

of a paper-and-pencil instrument via computer has already been found to be feasible 

(Johnson, 1987), and would further reduce the number of errors. 

Since the underlying rationale for this study was to assess the impact of various 

curricula or programs on students' attitudes toward science, this instrument was developed 

as a tool for that purpose and can be used in the context of assessing students' attitudes 

toward science. It is hoped that this instrument can be used to help dispel some of the chaos 

in attitude research referred to by Peterson and Carlson (1979). 



APPENDIX A 

Initial Attitude Statements 

Factors: 1. Interest in science classes and activities in science classes 
2. Confidence in ability to do science 
3. Internal motivation to study science 

Factor l-·General Science Items--Form A 
I do not want to take any more science classes than I have to take. 
I am fascinated by what I learn in science classes. 
I would not recommend science classes to anyone. 
Science classes are interesting. 

Factor I--General Science Items--Form B 
I don't want to study any more science. 
I am intrigued by what I learn in science classes. 
Science classes should be required only for students who plan on being scientists. 
I enjoy science classes. 

Factor la-Science Sub-Field Items--Form A 
Biology classes are boring. 
Classes in the physical sciences are boring. 
I am interested in learning more about some aspect of biology. 
I am interested in learning more about some aspect of physical science. 
I do not enjoy doing labs in biology classes. 
I enjoy doing labs in physical science classes. 

Factor la-Science Sub-Field Items--Form B 
Biology classes are less interesting than almost any other subject. 
Physical science classes are less interesting than almost any other subject. 
I like going to biology classes because I lea;n interesting things. 
I like going to physical science classes because I learn interesting things. 
I enjoy participating in hands-on activities in biology classes. 
I do not enjoy participating in hands-on activities in physical science classes. 

Factor 2--General Science Items--Form A 
I am not confident about my ability to understand science. 
I enjoy the challenge of science classes. 
I am confident about answering questions in science classes. 
Science classes are too difficult for me. 

Factor 2--General Science Items--Form B 
I have the ability to be successful in science classes. 
Although sometimes science is difficult, I enjoy trying to understand it. 
I am afraid to ask questions in science classes. 
I feel ovelWhelmed in science class. 
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Fador 2--Science Sub-Field Items--Form A 
I have a strong aptitude for biology. 
I have a strong aptitude for physical science. 
Physical science makes sense to me. 
Biology makes no sense to me. 
I doubt I will ever grasp biology. 
I doubt I will ever grasp physical science. 

Factor 2--Science Sub-Field Items--Form B 
Learning things in biology is easy for me. 
Learning things in physical science is easy for me. 
I am able to readily understand biology. 
I am not able to readily understand physical science. 
Physical science seems to be "over my head." 
Biology seems to be "over my head." 

Factor 3--General Science Items--Form A 
I take science classes only because my friends take them. 
I enjoy reading my science book even if I don't have an assignment. 
I would not try to earn good grades in my science classes if my friends didn't. 

86 

I work on science assignments at home even if my parents don't think they are important. 

Fador 3--General Science Items--Form B 
I would take a science class that my friends weren't taking. 
I do not enjoy talking about science with my friends. 
I try to my best work in science class even if my friends don't. 
It would be hard for my to study science at home if my parents didn't think it was 

important. 

Factor 3--Sub-field Items--Form A 
I would take a biology class even if my parents didn't advise it. 
I would take a physical science class even if my parents didn't advise it. 
I don't feel I should be interested in biology. 
I don't feel I should be interested in physical science. 
I neverfeel I should pretend that I don't like biology. 
I feel I should pretend that I don't like physical science. 

Factor 3--Sub-field Items--Form B 
I would take a biology class even if an older brother or sister said I shouldn't 
I would take a physical science class even if an older brother or sister said I shouldn't. 
I feel uncomfortable about my interest in biology. 
I feel uncomfortable about my interest in physical science. 
I would be uncomfortable if I were the only girl (or boy) in a biology class. 
I would be comfortable ifI were the only girl (or boy) in a physical science class. 



Factors: 

APPENDIX B 

Final Attitude Statements 

1: Interest in science classes and activities in science classes 
2: Confidence in ability to do science 
3: Interest in science-related activities outside of school 

Factor I--General Science Items--Form A 
I do not want to take any more science classes than I have to take. 
I am fascinated by what I learn in science classes. 
I would not recommend science classes to anyone. 
Science classes are interesting. 

Factor I--General Science Items--Form B 
I don't want to study any more science. 
I am intrigued by what I learn in science classes. 
Science classes should be required only for students who plan on being scientists. 
I enjoy science classes. 

Factor I--Science Sub-Field Items--Form A 
Biology classes are boring. 
Classes in the physical sciences are boring. 
I am interested in learning more about biology. 
I am interested in learning more about physical science. 
I enjoy participating in hands-on activities in physical science classes. 
I do not enjoy doing labs in biology classes. 

Factor I--Science Sub-Field Items--Form B 
It is easy for me to pay attention in biology classes. 
It is hard for me to pay attention in physical science classes. 
I like going to biology classes because I learn interesting things. 
I like going to physical science classes because I learn interesting things. 
I don't enjoy participating in hands-on activities in biology classes. 
I don't enjoy doing labs in physical science classes. 

Factor 2--General Science Items--Form A 
I am not confident about my ability to understand science. 
I enjoy the challenge of science classes. 
I am confident about answering questions in science classes. 
Science classes are too difficult for me. 

Factor 2--General Science Items--Form B 
I have the ability to be successful in science classes. 
Although sometimes science is difficult, I enjoy trying to understand it. 
I am afraid to ask questions in science classes. 
I feel overwhelmed in science class. 
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Factor 2--Science Sub-Field Items--Form A 
I have a talent for biology. 
I have a talent for physical science. 
Physical science makes sense to me. 
Biology makes no sense to me. 
I doubt I will ever grasp biology. 
I doubt I will ever grasp physical science. 

Factor 2--Science Sub-Field Items--Form B 
Learning things in biology is easy for me. 
Learning things in physical science is easy for me. 
I am able to readily understand biology. 
I am not able to readily understand physical science. 
Physical science seems to be "over my head." 
Biology seems to be "over my head." 

Factor 3--General Science Items--Form A 
I do not think about the things I learn in science class when I'm not in school. 
I enjoy reading my science book even if I don't have an assignment. 
I do not enjoy watching TV shows that deal with science. 
I like to share what I've learned in science class with my family. 

Factor 3--Genera! Science Items--Form B 
I do not enjoy talking about science with my friends. 
I enjoy reading about science in the newspaper or magazines. 
I would never pursue science independently. 
I would or do belong to a science-related club. 

Factor 3--Sub-field Items--Form A 
I enjoy caring for animals at home. 
I do not enjoy taking items apart to see how they work. 
I enjoy collecting rocks. 
I do not enjoy collecting shells. 
I do not like to read about different kinds of animals. 
I enjoy looking at stars and constellations. 

Factor 3--Sub-field Items--Form B 
I would not like to learn more about the weather. 
I like to repair things such as bicycles or cars. 
I have or would like to have a job dealing with animals. 
I often ask my family how mechanical things work. 
I do not enjoy reading about the animals that live in the ocean. 
I do not enjoy watching and learning about birds. 
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APPENDIX C 

Teacher Input Request 

March 31, 1993 
To: Science Teachers 

From: Ingrid 

Re: Surveys 

As part of my dissertation research, I am developing a survey for high-school 
students. The initial items for that survey are listed below. In order to help me determine if 
the survey is valid, I need your help. Please read through the items and decide what you 
think I am trying to learn about students from the survey. As you are reading, please note 
any items that you feel would be difficult for high-school students to understand. Thanks 
for your help. 

Each student will be asked to respond to the following items by selecting one ofthe 
choices: strongly agree, agree, neither agree or disagree, disagree, or strongly disagree. 
For some of the questions, I have divided science into biology and physical science, which 
includes chemistry, physics, and geology. Student instructions will include this division. 

1. Although sometimes science is difficult, I enjoy trying to understand it. 
2. Biology makes no sense to me. 
3. Classes in the physical sciences are boring. 
4. I am afraid to ask questions in science classes. 
5. It is hard for me to pay attention in physical science classes. 
6. I am fascinated by what I learn in science classes. 
7. I am interested in learning more about physical science. 
8. I often ask my family how mechanical things work. 
9. Physical science seems to be "over my head." 
10. I do not enjoy collecting shells. 
11. I am not confident about my ability to understand science. 
12. I enjoy participating in hands-on activities in physical science classes. 
13. I do not enjoy doing labs in biology classes. 
14. I enjoy caring for animals at home. 
15. I do not enjoy taking items apart to see how they work. 
16. I do not enjoy watching and learning about birds. 
17. I enjoy the challenge of science classes. 
18. I do not enjoy watching TV shows that deal with science. 
19. I am not able to readily understand physical science. 
20. I do not think about the things I learn in science class when I'm not in school. 
21. I like going to biology classes because I learn interesting things. 
22. I do not want to take any more science classes than I have to take. 
23. Biology classes are boring. 
24. I don't enjoy doing labs in physical science classes. 
25. I enjoy reading about science in the newspaper or magazines. 
26. I don't want to study any more science. 
27. I doubt I will ever grasp physical science. 
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28. I have a talent for biology. 
29. I enjoy collecting rocks. 
30. I don't enjoy participating in hands-on activities in biology classes. 
31. I enjoy looking at stars and constellations. 
32. I do not enjoy reading about the animals that live in the ocean. 
33. I feel overwhelmed in science class. 
34. I enjoy science classes. 
35. I enjoy reading my science book even if I don't have an assignment. 
36. I do not enjoy talking about science with my friends. 
37. I have a talent for physical science. 
38. I have or would like to have ajob dealing with animals. 
39. I have the ability to be successful in science classes. 
40. I do not like to read about different kinds of animals. 
41. I like going to physical science classes because I learn interesting things. 
42. I doubt I will ever grasp biology. 
43. I like to repair things such as bicycles or cars. 
44. I like to share what I've learned in science class with my family. 
45. I would never pursue science independently. 
46. I would not like to learn more about the weather. 
47. I am interested in learning more about biology. 
48. I would or do belong to a science-related club. 
49. I would not recommend science classes to anyone. 
50. I am able to readily understand biology. 
51. I am confident about answering questions in science classes. 
52. It is easy for me to pay attention in biology classes. 
53. Learning things in physical science is easy for me. 
54. Physical science makes sense to me. 
55. Science classes are interesting. 
56. Biology seems to be "over my head." 
57. Science classes should be required only for students who plan on being scientists. 
58. Science classes are too difficult for me. 
59. Learning things in biology is easy for me. 
60. I am intrigued by what I learn in science classes. 

Topic(s) this survey seems to be addressing: 

Please mark any items that don't seem understandable for high-school students. Thanks 
again!! 



APPENDIX D 

Permission Letter for Germann's Instrument 

:1:. 
UNIVERSITY OF MISSOUAI·COWMBIA 

April 5, 1993 

Ms. Ingrid Novodvorsky 
Mountain View Hgh School 
3901 W. Linda Vista 
Tucson. AZ. 85741 

Dear Ms. Novoavorsky, 

COllege of Eoucallon 

CurrICUlum ana InslruCtlon 

212 To-nsencII'IaII 
Coumoo&. Mrsscun 6521 I 
leoeonone 131"8112-6572 

Your reauest had to travel a few extra thousand miles to get to me, but I 
finally received it. Please feel tree to use the Anjtude Toward Scj""nce in 
School Assessment (ATSSA). The instrument you have already located in 
the Journal of Fleseard! in Sciencg Teaching, (ZS. (8), 689-703) along with 
validity and reliability information. I coded strongly agree (SA) as 5 and 
strongly disagree (SO) as 1, except for items 2, i, 10, and ,,,. These four 
negatively phrased items were coded 1 for SA to 5 for SO. A maximum 
score, then, is 70, and a minimum score is '4. If you have any further 
questions, please do nat hesitate to call or write. 

Sincerely ,/ 

~~/~~-V 
/ 

Dr. Paul :1. Germann 
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APPENDIX E 

Pilot Attitude Instrument and Student Instructions 

Attitude Survey 
This survey is designed to gather information about your attitude toward science. 

Before you begin the survey, darken the circles corresponding to your sex and grade level 
on the answer sheet. Write your student number in the "Special Codes" boxes, which are 
highlighted in yellow, and darken the corresponding circles. Do not put your name on 
the answer sheet. The researchers need your student number only to keep 
track of the responses. They will not be able to find out your name from 
your student number. 

Some of the statements in the survey refer to "science." You should think about any 
science classes you have taken when you respond to those statements. Some statements 
refer to "biology." You should think about any biology classes you have taken or any parts 
of science classes in which you learned about living things. Some statements refer to 
"physical science." You should think about classes such as chemistry, physics, geology, or 
earth science, or any parts of science classes in which you learned about chemicals, the 
earth, machines, or similar topics. If you have not yet had a class in biology or in any 
physical science, respond to the statements on the basis of what you know or have heard 
about those classes. 

Please read the statements and decide how much you agree with each. Using the 
following list, darken the lettered circle that matches how you feel about each statement. 

Example: 

A: strongly agree 
B: agree 
C: neither agree nor disagree 
D: disagree 
E: strongly disagree. 

I enjoy reading scary stories. 

If you really don't like scary stories, you would probably "strongly disagree" with 
this statement, and would darken the circle labeled "E" on the answer sheet. If you like 
scary stories somewhat, you would probably "agree" with this statement, and would 
darken the circle labeled "B" on the answer sheet. 
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A: strongly agree B: agree C: neither agree nor disagree 
D: disagree E: strongly disagree 
Please respond to items 1 through 74 using the list above. 

1. I wonder about stars and constellations. 
2. I do not want to take any more science classes than I have to take. 
3. I enjoy the challenge of science classes. 
4. I do not enjoy identifying shells. 
5. I have a talent for biology. 
6. I would not recommend science classes to anyone. 
7. I am confident about answering questions in science classes. 
8. I do not enjoy taking things apart to see how they work. 
9. Studying physical science is boring. 
10. I like to share what I've learned in science class with my friends or family. 
11. I am interested in learning more about topics in biology. 
12. I doubt I will ever grasp biology. 
13. I am not confident about my ability to understand science. 
14. I do not think about the things I learn in science class outside of school. 
15. I enjoy participating in hands-on activities in physical science classes. 
16. I enjoy reading books about science. 
17. I have a talent for physical science. 
18. I do not enjoy doing labs in biology classes. 
19. Physical science makes sense to me. 
20. Science classes are too difficult for me. 
21. I am interested in learning more about topics in physical science. 
22. Biology makes no sense to me. 
23. I enjoy taking care of animals. 
24. I do not enjoy watching TV shows that deal with science. 
25. I like learning about rocks and minerals. 
26. Studying biology is boring. 
27. Science classes are interesting. 
28. I doubt I will ever grasp physical science. 
29. I do not like to read about different kinds of animals. 
30. I am fascinated by what I learn in science classes. 
31. I do not want to study any more science. 
32. I often ask my family how mechanical things work. 
33. I do not enjoy watching and learning about birds. 
34. I like to repair things such as bicycles or cars. 
35. Learning things in biology is easy for me. 
36. Paying attention in physical science classes is hard for me. 
37. I would or do belong to a science-related club. 
38. I am not able to easily understand topics in physical science. 
39. I like going to biology classes because I learn interesting things. 
40. I would not try to learn about science on my own. 
41. I have the ability to be successful in science classes. 
42. Biology seems to be "over my head." 
43. I do not enjoy doing labs in physical science classes. 
44. Although sometimes science is difficult, I enjoy trying to understand it. 
45. I am afraid to ask questions in science classes. 
46. I feel overwhelmed in science class. 
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47. Learning things in physical science is easy for me. 
48. I am able to easily understand topics in biology. 
49. I enjoy reading about science in the newspaper or magazines. 
50. I do not enjoy talking about science with my friends. 
51. Paying attention in biology classes is easy for me. 
52. I enjoy science classes. 
53. I would not like to learn more about the weather. 
54. I do not enjoy reading about animals that live in the ocean. 
55. I like going to physical science classes because I learn interesting things. 
56. Physical science seems to be "over my head." 
57. Science classes should be required only for students who plan on being scientists. 
58. I have or would like to have ajob dealing with animals. 
59. Things that I learn in science classes interest me. 
60. I do not enjoy participating in hands-on activities in biology classes. 
61. Science is fun. 
62. I do not like science and it bothers me to have to study it. 
63. During science class, I usually am interested. 
64. I would like to learn more about science. 
65. If I knew I would never go to science class again, I would feel sad. 
66. Science is interesting to me and I enjoy it. 
67. Science makes me feel uncomfortable, restless, irritable, and impatient. 
68. Science is fascinating and fun. 
69. The feeling that I have towards science is a good feeling. 
70. When I hear the word science, I have a feeling of dislike. 
71. Science is a topic which I enjoy studying. 
72. I feel at ease with science and I like it very much. 
73. I feel a definite positive reaction to science. 
74. Science is boring. 
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The researchers also need some information about you. 
75. Science class you're taking now: 

A. Biology (any level butAP) 
B. APBiology 
C. Chemistry 
E. Environmental Science 
F. Geology 
G. Physics 
H. AP Physics 

76. Science classes you've taken (Darken all the circles that apply.): 
A. Biology (any level but AP) 
B. AP Biology 
C. Chemistry 
D. Environmental Science 
E. Geology 
F. Physics 
G. AP Physics 

77. Your ethnic group: 
A. Mrican-American 
B. Asian-American 
C. Caucasian 
D. Hispanic 
E. NativeAmerican 

78. Is this the first or second time you've completed this survey? 
A. First 
B. Second 

Thank you for completing this survey. 
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Teacher Instructions for Administering the Instrument 

To: Science Teacher#l 

From: Ingrid Novodvorsky 

Re: Attitude Survey Teacher Directions 

Number of surveys: 30 

Number of answer sheets: ISO 

April 12, 1993 

Thank you again for agreeing to participate in my research by administering this 
survey to your students. I need to have your students complete the survey by Friday, April 
16, and again during the week of May 4. In order to avoid any problems with students 
responding on the basis of what they may think about me, please do not tell them that this 
is my research project. Tell them that this survey is being done by researchers from the 
University of Arizona. Please let them know that their responses will be anonymous. 
Although I am asking for their student numbers, I will not have access to the names 
corresponding to each number. 

I have given you a class set of surveys and answer sheets for your students, plus a 
few extra. (I have included answer sheets for the first administration only.) Students are 
not to write on the surveys, so you can use them for all of your sections. Before you 
distribute the surveys and answer sheets, please read through the student instructions so 
you are familiar with the infonnation I need. It is important that students fill in only their 
sex, grade, and student number on the front of the answer sheet. (Their student numbers 
go in the "Special Codes" section which is highlighted in yellow, NOT the section labeled 
"Identification Number. ") Students need to use No.2 pencils to fill out the answer sheet. 

So that everyone is familiar with the directions, please read to them the following, 
which is also on their copy: 

This survey is designed to gather information about your altitude toward science. 
Some of the statements refer to "science." You should think about any science classes you 
have taken when you respond to those statements. Some statements refer to "biology." You 
should think about any biology classes you have taken or any parts of science classes in 
which you learned about living things. Some statements refer to "physical science." You 
should think about classes such as chemistry, physics, geology, or earth science, or any 
parts of science classes in which you learned about chemicals, the earth, machines, or 
similar topics. If you have not yet had a class in biology or in any physical science, 
respond to the statements on the basis of what you know or have heard about those classes. 

Please ask students to respond honestly to the survey. It should take them about 20 
minutes to complete it. When students have finished the survey, collect both their answer 
sheets and the surveys. You may return everything to me, or I will collect them on Friday, 
April 16. 

Thanks again for your help!! 



Item SD 
Ql 72 
Q2 109 
Q3 93 
Q4 172 
Q5 93 
Q6 48 
()} 54 
Q8 54 
q) 100 
QIO 95 
Qll 70 
Q12 57 
Q13 50 
Q14 76 
Q15 23 
Q16 164 
Q17 74 
Q18 40 
Q19 52 
Q20 -'0 

070 

Q21 68 
Q22 52 
Q23 26 
Q24 80 
Q25 110 
Q26 70 
Q27 48 
Q28 60 
Q29 47 
Q30 47 

APPENDIX F 

Distribution Of Student Responses 

FonnA 

Administration #1 Administration #1 
Frequencies Percenta ges 

D N A SA SD D N A 
63 145 272 112 11 9 22 41 
93 112 174 176 16 14 17 26 

118 186 195 72 14 18 28 29 
167 187 89 49 26 25 28 13 
98 253 170 50 14 15 38 26 
33 144 229 210 7 5 22 34 

102 204 238 66 8 15 31 36 
99 105 203 203 8 15 16 31 

105 211 173 75 15 16 32 26 
115 214 183 57 14 17 32 28 
95 191 206 102 11 14 29 31 
63 164 218 162 9 9 25 33 

108 156 212 138 8 16 23 32 
90 130 265 103 11 14 20 40 
49 139 247 206 3 7 21 37 

178 164 118 40 25 27 25 18 
113 299 125 53 11 17 45 19 
72 114 234 204 6 11 17 35 
70 250 224 68 8 11 38 34 
69 137 257 163 6 10 21 39 

109 208 184 95 10 16 31 28 
57 157 251 147 8 9 24 38 
48 113 223 254 4 7 17 34 

103 170 200 111 12 16 26 30 
171 202 139 42 17 26 30 21 
102 206 184 102 11 15 31 28 
59 176 279 101 7 9 27 42 
84 218 209 93 9 13 33 31 
64 139 272 142 7 10 21 41 
87 224 224 82 7 13 34 34 

- -.---.-------- -- _ .. - _._----
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SA 
17 
27 
11 
7 
8 

32 
10 
31 
11 
9 

15 
24 
21 
16 
31 
6 
8 

31 
10 
25 
14 
22 
38 
17 
6 

15 
15 
14 
21 
12 
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Distribution Of Student Responses 

FormA 

Administration #2 Administration #2 
Frequencies Percenta !es 

Item SD D N A SA SD D N A SA 
Ql 66 71 142 223 136 10 11 22 35 21 
Q2 99 115 134 155 135 16 18 21 24 21 
Q3 70 111 182 191 84 11 17 29 30 13 
Q4 134 159 210 93 42 21 25 33 15 7 
Q5 77 87 239 168 67 12 14 37 26 11 
Q6 49 48 170 226 145 8 8 27 35 23 
Q7 53 82 183 238 82 8 13 29 37 13 
Q8 61 107 133 186 151 10 17 21 29 24 
Q) 96 118 205 157 62 15 19 32 25 10 
QlO 70 93 207 193 75 11 15 32 30 12 
Q11 59 91 168 209 III 9 14 26 33 17 
Q12 65 79 178 203 113 10 12 28 32 18 
Q13 62 120 157 203 96 10 19 25 32 15 
Q14 68 115 159 209 87 11 18 25 33 14 
Q15 33 55 175 224 151 5 9 27 35 24 
Q16 99 159 194 129 57 16 25 30 20 9 
Q17 65 103 265 138 67 10 16 42 22 11 
Q18 54 79 146 223 136 8 12 23 35 21 
Q19 49 84 207 216 82 8 13 32 34 13 
Q20 62 87 148 209 132 10 14 23 33 21 
Q21 58 85 207 177 III 9 13 32 28 17 
Q22 56 83 156 223 120 9 13 24 35 19 
Q23 23 42 158 203 212 4 7 25 32 33 
Q24 77 117 172 188 84 12 18 27 29 13 
Q25 93 155 178 158 54 15 24 28 25 8 
Q26 84 96 181 179 98 13 15 28 28 15 
Q27 50 61 180 234 113 8 10 28 37 18 
Q28 58 102 187 203 88 9 16 29 32 14 
Q29 57 100 161 217 103 9 16 25 34 16 
Q30 49 71 211 217 90 8 11 33 34 14 
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Item Means and Standard Deviations 

FonnA 

Administration #1 Administration #2 
Item Mean SD Mean. SD 
Ql 3.435 1.194 3.458 1.233 
Q2 3.324 1.420 3.176 1.365 
Q3 3.053 1.210 3.169 1.188 
Q4 2.512 1.217 2.608 1.161 
Q5 2.979 1.125 3.096 1.138 
Q6 3.783 1.157 3.580 1.145 
QJ 3.241 1.086 3.335 1.112 
~ 3.605 1.280 3.406 1.275 
q} 3.027 1.214 2.955 1.192 

QlO 2.988 1.169 3.172 1.153 
Qll 3.264 1.193 3.348 1.190 
Q12 3.550 1.201 3.345 1.201 
Q13 3.422 1.200 3.237 1.201 
Q14 3.345 1.223 3.207 1.200 
Q15 3.849 1.051 3.635 1.091 
Q16 2.536 1.209 2.821 1.183 
Q17 2.955 1.060 3.061 1.097 
Q18 3.738 1.178 3.483 1.197 
Q19 3.280 1.043 3.310 1.094 
Q20 3.660 1.126 3.411 1.230 
Q21 3.194 1.178 3.310 1.173 
Q22 3.578 1.153 3.420 1.187 
Q23 3.950 1.093 3.845 1.070 
Q24 3.239 1.246 3.133 1.213 
Q25 2.747 1.149 2.882 1.183 
Q26 3.220 1.192 3.174 1.243 
Q27 3.495 1.085 3.469 1.125 
Q28 3.288 1.132 3.252 1.154 
Q29 3.599 1.135 3.328 1.181 
Q30 3.312 1.072 3.357 1.094 
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Distribution of Student Responses 

FormB 

Administration #1 Administration #1 
Frequencies Percenta ~es 

Item SD D N A SA SD D N A SA 
Q31 81 92 125 215 151 12 14 19 33 23 
Q32 78 143 193 186 64 12 22 29 28 10 
Q33 78 155 205 163 63 12 23 31 25 9 
Q34 104 126 134 160 140 15 19 20 24 21 
Q35 53 75 229 197 110 8 11 34 30 17 
Q36 68 120 235 166 75 10 18 35 25 11 
Q37 201 188 144 87 44 30 28 22 13 7 
Q38 54 108 217 209 76 8 16 33 31 11 
Q39 63 86 205 222 88 9 13 31 33 13 
Q40 86 128 156 197 97 13 19 23 30 15 
Q41 35 37 124 252 216 5 6 19 38 33 
Q42 43 63 148 245 165 6 9 22 37 25 
Q43 56 66 160 231 151 8 10 24 35 23 
Q44 44 97 181 235 107 7 15 27 35 16 
Q45 32 60 157 259 156 5 9 24 39 23 
Q46 53 107 213 199 92 8 16 32 30 14 
Q47 59 105 243 187 70 9 16 37 28 11 
Q48 41 72 199 248 104 6 11 30 37 16 
Q49 94 155 194 162 59 14 23 29 24 9 
QSO 142 123 213 134 52 21 19 32 20 8 
Q51 59 76 197 203 102 9 11 30 35 15 
Q52 . 51 87 158 257 111 8 13 24 39 17 
Q53 85 161 198 179 41 13 24 30 27 6 
Q54 60 67 127 260 ISO 9 10 19 39 23 
Q55 59 105 236 193 71 9 16 36 29 11 
Q56 61 86 224 209 84 9 13 34 31 13 
Q57 84 84 128 217 151 13 13 19 33 23 
Q58 54 102 198 171 139 8 15 30 26 21 
Q59 38 55 187 280 104 6 8 28 42 16 
Q60 42 81 155 223 163 6 12 23 34 25 



Item SD 
Q31 106 
Q32 75 
Q33 69 
Q34 71 
Q35 45 
Q36 76 
Q37 139 
Q38 62 
Q39 55 
Q40 88 
Q41 37 
Q42 56 
Q43 56 
Q44 50 
Q45 42 
Q46 49 
Q47 54 
Q48 46 
Q49 76 
Q50 103 
Q51 61 
Q52 50 
Q53 96 
Q54 59 
Q55 63 
Q56 73 
Q57 89 
Q58 36 
Q59 50 
Q60 52 

Distribution of Student !lesponses 

FormB 

Administration #2 Administration #2 
Frequencies Percenta ~es 

D N A SA SD D N A 
90 137 193 112 17 14 21 30 

139 185 178 61 12 22 29 28 
138 215 152 64 11 22 34 24 
147 135 171 114 11 23 21 27 
90 207 214 82 7 14 32 34 

132 195 163 72 12 21 31 26 
163 164 108 64 22 26 26 17 
108 215 184 69 10 17 34 29 
92 199 203 89 9 14 31 32 

134 180 158 78 14 21 28 25 
50 117 242 192 6 8 18 38 
89 153 221 119 9 14 24 35 
77 203 185 117 9 12 32 29 
86 178 234 90 8 13 28 37 
95 167 211 123 7 15 26 33 

123 190 180 96 8 19 30 28 
93 234 168 89 8 15 37 26 
82 185 222 103 7 13 29 35 

128 210 160 64 12 20 33 25 
133 221 118 63 16 21 35 19 
78 169 217 113 10 12 26 34 
69 175 228 116 8 11 27 36 

158 200 143 41 15 25 3i 22 
101 144 207 127 9 16 23 32 
103 221 178 73 10 16 35 28 
93 212 175 85 11 15 33 27 
85 158 193 113 14 13 25 30 

100 176 212 114 6 16 28 33 
73 194 226 93 8 11 30 35 
97 155 211 122 8 15 24 33 

101 

SA 
18 
10 
10 
18 
13 
11 
10 
11 
14 
12 
30 
19 
18 
14 
19 
15 
14 
16 
10 
10 
18 
18 
6 

20 
11 
13 
18 
18 
15 
19 
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Item Means and Standard Deviations 

FormB 

Administration #1 Administration #2 
Item Mean SD Mean SD 
Q31 3.396 1.306 3.180 1.334 
Q32 3.023 1.163 3.017 1.162 
Q33 2.967 1.153 3.006 1.136 
Q34 3.160 1.370 3.172 1.277 
Q35 3.355 1.126 3.310 1.085 
Q36 3.673 1.078 3.436 1.152 
Q37 2.375 1.225 2.679 1.264 
Q38 3.218 1.102 3.141 1.123 
Q39 3.280 1.139 3.281 1.135 
Q40 3.137 1.255 3.006 1.225 
Q41 3.869 1.093 3.787 1.130 
Q42 3.642 1.143 3.404 1.192 
Q43 3.535 1.188 3.361 1.169 
Q44 3.398 1.120 3.357 1.120 
Q45 3.673 1.078 3.436 1.152 
Q46 3.256 1.127 3.237 1.153 
Q47 3.157 1.093 3.227 1.121 
Q48 3.455 1.073 3.398 1.120 
Q49 2.905 1.180 3.013 1.154 
Q50 2.745 1.222 2.851 1.189 
Q51 3.361 1.141 3.381 1.188 
Q52 3.437 1.142 3.456 1.140 
Q53 2.895 1.123 2.804 1.138 
Q54 3.562 1.202 3.379 1.228 
Q55 3.169 1.098 3.149 1.128 
Q56 3.255 1.120 3.166 1.177 
Q57 3.402 1.308 3.245 1.283 
Q58 3.360 1.203 3.420 1.120 
Q59 3.538 1.036 3.370 1.116 
Q60 3.578 1.166 3.399 1.191 
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APPENDIX G 

Results Of Principal Component Analysis On Each Form 

The following tables display the results of principal-component analysis on each of 

the two parallel forms, with three, four, five, and six components identified, and a varimax 

rotation used. The component loadings in bold type are the largest of the loadings for each 

item. The item code column in each table indicates which of the three original factors each 

item corresponds to, whether the item refers to general science or one of the science sub

fields of biological or physical science, and whether the item was positively or negatively 

worded. For example, "Factor lISub-field/Pos." means the item corresponded to factor 1, 

referred to the sub-field of biology or physical science, and was positively worded. The 

three factors identified in scale construction were 1) interest in science classes and 

activities in science classes, 2) confidence in ability to do science, and 3) interest in 

science-related activities outside of school. 
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Form A (Items 1-30) 

Administration #1--3 Components 

Item Rotated Component LoadinRs Item Code 
Q20 0.697 0.038 0.253 Factor 2/General/Neg. 
Q28 0.667 0.095 0.152 Factor 21Sub-fieldINeg. 
Q13 0.646 0.022 0.087 Factor 2/General/Neg. 
Q12 0.612 0.095 0.405 Factor 21Sub-fieldlNeg. 
Q22 0.586 0.131 0.477 Factor 2/Sub-fieldlNeg. 
Q19 0.582 0.327 -0.146 Factor 21Sub-fieldlPos. 
OJ 0.579 0.232 0.014 Factor 2/GenerallPos. 

Q17 0.557 0.421 -0.191 Factor 21Sub-fieldlPos. 
Q2 0.480 0.403 0.226 Factor IIGeneral/Neg. 
Q9 0.470 0.382 0.158 Factor IISub-fieldlNeg. 
Q5 0.416 0.339 0.235 Factor 21Sub-fieldlPos. 

Q15 0.409 0.316 0.118 Factor IISub-fieldlPos. 
Q8 0.381 0.205 0.120 Factor 3/Sub-fieldlNeg. 

Q16 0.225 0.695 -0.063 Factor 3/GenerallPos. 
QlO 0.161 0.655 0.219 Factor 3/GenerallPos. 
Q21 0.410 0.616 -0.096 Factor IISub-fieldlPos. 
Q25 0.055 0.607 0.134 Factor 3/Sub-fieldlPos. 
Q30 0.349 0.599 0.125 Factor I/GenerallPos. 
Q3 0.473 0.514 0.141 Factor 21GenerallPos. 
Qll 0.339 0.514 0.386 Factor IISub-fieldlPos. 
Q27 0.477 0.511 0.284 Factor lIGenerallPos. 
Ql -0.016 0.489 0.174 Factor 3/Sub-fieldlPos. 

Q14 0.416 0.468 0.291 Factor 3/General/Neg. 
Q24 0.216 0.420 0.244 Factor 3/GenerallNeg. 
Q4 -0.056 0.392 0.388 Factor 3/Sub-fieldlNeg. 

Q29 0.084 0.186 0.585 Factor 3/Sub-fieldINeg. 
Q26 0.394 0.335 0.569 Factor lISub-fieldINeg. 
Q23 -0.011 0.009 0.535 Factor 3/Sub-fieldlPos. 
Q18 0.355 0.087 0.504 Factor lISub-fieldINeg. 
Q6 0.401 0.231 0.445 . Facto! lIGe~~ral/N~g:_ _. . _.- .. -

Variance Explained by Rotated Components 
5.596 I 4.745 I 2.778 

Percent of Total Variance Explained 
18.653 15.815 9.259 .. 

(The Item code column mdlCates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form A (Items 1-30> 

Administration #2··3 Components 

Item Rotated Component Loadings Item Code 
Q28 0.747 0.119 0.042 Factor 2/Sub-field1Neg. 
Q20 0.715 0.016 0.255 Factor 21GeneraIlNeg. 
Q22 0.665 0.109 0.334 Factor 21Sub-field1Neg. 
Q13 0.619 0.044 0.185 Factor 21General/Neg. 
Q12 0.557 0.178 0.426 Factor 2/Sub-field1Neg. 
Q19 0.548 0.445 -0.159 Factor 21Sub-field1Pos. 
Q17 0.518 0.517 -0.196 Factor 21Sub-field1Pos. 
Q14 0.433 0.387 0.366 Factor 3/General/Neg. 
Q15 0.356 0.345 0.200 Factor lISub:fieldlNeg. 
Q8 0.291 0.138 0.193 Factor 3/Sub-fieldINeg. 

Q21 0.305 0.693 -0.097 Factor lISub-fieldlPos. 
Q16 0.143 0.686 -0.025 Factor 3/GenerallPos. 
Qll 0.179 0.642 0.360 Factor 3/Sub-fieldlPos. 
QlO 0.086 0.62] 0.301 Factor 3/GenerallPos. 
Q30 0.165 0.609 0.249 Factor lIGenerallPos. 
Q3 0.405 0.606 0.177 Factor 21GenerallPos. 
Q27 0.371 0.565 0.286 Factor lIGenerallPos. 
Q25 -0.027 0.553 0.052 Factor 3/Sub-field1Pos. 
Ql -0.021 0.534 0.138 Factor 3/Sub-fieldlPos. 
Q5 0.305 0.497 0.197 Factor 21Sub-fieldlPos. 
Q2 0.440 0.445 0.352 Factor lIGeneraI/Neg. 
([1 0.394 0.404 0.047 Factor 21GenerallPos. 
(lJ 0.342 0.387 0.231 Factor IISub-fieldlNeg. 

Q29 0.240 0.105 0.612 Factor 3/Sub-fieldINeg. 
Q23 0.012 -0.022 0.564 Factor 3/Sub-fieldlPos. 
Q6 0.338 0.333 0.530 Factor IIGeneral/Neg. 

Q26 0.395 0.303 0.525 Factor lISub-fieldlNeg. 
Q18 0.400 0.061 0.482 Factor IISub-fieldINeg. 
Q24 0.238 0.293 0.383 Factor 3/General/Neg. 
Q4 -0.061 0.348 0.349 Factor 3/Sub-fieldINeg. 

., 
Vanance Explained by Rotated Components 
4.764 5.392 3.063 

Percent of Total Variance ~~lained 
15.878 17.975 10.211 .. 

(The Item code column mdIcates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor I/Sub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form A (Items 1-30) 

Administration #1--4 Components 

Item Rotated Component Loadings Item Code 
Q12 0.730 0.109 0.167 0.155 Factor 2/Sub-fieldlNeg. 
Q22 0.667 0.132 0.302 0.203 Factor 21Sub-fieldlNeg. 
Q20 0.660 -0.002 0.110 0.332 Factor 21General/Neg. 
Q5 0.574 0.372 -0.042 0.061 Factor 21Sub-fieldlPos. 

Q26 0.573 0.374 0.366 0.074 Factor lISub-fieldlNeg. 
Q2 0.567 0.408 -0.008 0.176 Factor lIGeneral/Neg. 
Q6 0.550 0.261 0.247 0.074 Factor I/General/Neg. 

Q13 0.542 -0.038 -0.010 0.366 Factor 21General/Neg. 
(JJ 0.493 0.177 -0.116 0.350 Factor 2/GenerallPos. 

QI0 0.216 0.658 0.106 0.144 Factor 3/GenerallPos. 
Q16 0.150 0.651 -0.141 0.285 Factor 3/GenerallPos. 
Q25 0.078 0.604 0.073 0.122 Factor 3/Sub-fieldlPos. 
Qll 0.538 0.560 0.118 0.039 Factor I/Sub-fieldlPos. 
Q30 0.258 0.546 0.078 0.355 Factor lIGenerallPos. 
Q3 0.461 0.484 -0.020 0.295 Factor 21GenerallPos. 

Q27 0.422 0.466 0.205 0.365 Factor lIGenerallPos. 
Ql -0.064 0.465 0.232 0.162 Factor 3/Sub-fieldlPos. 
Q4 0.131 0.451 0.281 -0.111 factor 3/Sub-fieldlNeg. 
Q14 0.410 0.442 0.188 0.280 Factor 3/General/Neg. 
Q24 0.120 0.371 0.297 0.297 Factor 3/General/Neg. 
Q23 -0.010 0.006 0.678 0.069 Factor 3/Sub-fieldlPos. 
Q29 0.175 0.208 0.600 0.039 Factor 3/Sub-fieldlNeg. 
Q18 0.348 0.067 0.512 0.218 Factor lISub-fieldlNeg. 
Q19 0.183 0.164 0 0.707 Factor 21Sub-fieldlPos. 
Q17 0.246 0.289 -0.149 0.608 Factor 21Sub-fieldlPos. 
Q15 0.104 0.191 0.295 0.569 Factor IISub-fieldlPos. 
Q21 0.143 0.501 -0.041 0.552 Factor lISub-fieldlPos. 
Q28 0.438 -0.011 0.189 0.539 Factor 2/Sub-fieldlNeg. 
Q9 0.263 0.286 0.217 0.497 Factor lISub-fieldlNeg. 
Q8 0.143 0.105 0.248 0.463 Factor 3/Sub-fieldlNeg. 

Variance Explained By Rotated Components 
I 4.818 I 4.151 2.034 3.453 

Percent Of Total Variance Explained 
16.061 13.836 6.779 11.509 .. 

(The Item code column mdicates which ofthe three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 

-------
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Form A <Items 1-30) 

Administration #2··4 Components 

Item Rotated Component Loadings Item Code 
Q21 0.678 0.233 -0.194 0.200 Factor lISub-fieldlPos. 
Q16 0.670 0.085 -0.096 0.174 Factor 3/GenerallPos. 
Qll 0.669 0.213 0.378 0.061 Factor lISub-fieldlPos. 
Q3 0.634 0.415 0.165 0.066 Factor 21GenerallPos. 
QlO 0.625 0.087 0.279 0.142 Factor 3/GenerallPos. 
Q30 0.604 0.144 0.191 0.198 Factor lIGenerallPos. 
Q27 0.570 0.359 0.216 0.212 Factor lIGenerallPos. 
Q5 0.559 0.378 0.292 -0.157 Factor 21Sub-fieldlPos. 

Q17 0.519 0.459 -0.282 0.125 Factor 21Sub-fieldlPos. 
Q25 0.508 ·0.109 ·0.065 0.295 Factor 3/Sub~fieldlPos. 
Ql 0.502 -0.076 0.051 0.250 Factor 3/Sub-fieldlPos. 
Q2 0.450 0.432 0.267 0.245 Factor l/General/Neg. 
QJ 0.450 0.429 0.089 -0.089 Factor 2/GenerallPos. 
Q20 0.033 0.718 0.161 0.196 Factor 21General/Neg. 
Q28 0.102 0.678 -0.141 0.341 Factor 21Sub-fieldINeg. 
Q22 0.126 0.672 0.242 0.219 Factor 21Sub-fieldINeg. 
Q13 0.061 0.622 0.109 0.151 Factor 21Sub-fieldlNeg. 
Q12 0.214 0.604 0.400 0.110 Factor 21Sub-fieldlNe2. 
Q19 0.448 0.494 -0.248 0.132 Factor 21Sub-fieldlNeg. 
Q14 0.367 0.391 0.217 0.381 Factor 3/General/Neg. 
Q23 0.004 0.092 0.608 0.028 Factor 3/Sub-fieldlPos. 
Q26 0.306 0.405 0.440 0.281 Factor lIStib-fieldlNeg. 
Q6 0.325 0.334 0.426 0.327 Factor lIGeneral/Neg. 
~ 0.063 0.171 -0.062 0.568 Factor 3/Sub-fieldINeg. 

Q24 0.234 0.154 0.172 0.530 Factor 3/General/Neg. 
Q29 0.059 0.199 0.426 0.517 Factor 3/Sub-fieldlNe2. 
(lJ 0.332 0.244 0.016 0.502 Factor lISub-fieldlNeg. 

Q15 0.292 0.259 -0.010 0.481 Factor lISub-fieldlPos. 
Q18 0.029 0.361 0.306 0.448 Factor lISub-fieldlNeg. 
Q4 0.310 -0.102 0.245 0.323 Factor 3/Sub-fieldlNeg. 

Variance Explained By Rotated Components 
5.302 4.396 2.128 2.686 

Percent Of Total Variance Explained 
17.675 14.654 7.093 8.953 .. 

(The Item code column mdlcates which ofthe three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Fonn A (Items 1-30) 

Administration #1--5 Components 

Item Rotated Component Loadin~s Item Code 
Q20 0.671 0.301 0.096 0.156 0.023 Factor 21General/Neg. 
Q13 0.667 0.154 -0.072 0.163 0.053 Factor 2/GenerallNeg. 
Q28 0.630 0.061 0.154 0.337 0.087 Factor 2/Sub-fieldlNeg. 
Q12 0.580 0.475 0.173 0.040 0.066 Factor 21Sub-fieldINeg. 
Q22 0.539 0.431 0.318 0.092 0.099 Factor 21Sub-fieldINeg. 
Q6 0.506 0.327 0.136 -0.064 0.353 Factor lIGeneral/Neg. 
~ 0.437 -0.141 0.132 0.275 0.303 Factor 3/Sub-fieldlNeg. 
Q9 0.427 0.070 0.141 0.377 0.371 Factor lISub-fieldlNeg. 
Q5 0.151 0.705 0.097 0.195 0.044 Factor 21Sub-fieldlPos. 
Qll 0.145 0.693 0.184 0.158 0.305 Factor lISub-fieldlPos. 
Q26 0.291 0.561 0.410 0.085 0.241 Factor lISub-fieldlNeg. 
Q2 0.372 0.522 -0.017 0.175 0.286 Factor lIGeneral/Neg. 
Q3 0.294 0.480 -0.008 0.332 0.328 Factor 21GenerallPos. 

Q27 0.262 0.446 0.255 0.402 0.306 Factor I/GenerallPos. 
OJ 0.335 0.428 -0.015 0.369 -0.028 Factor 21GeneraI/Pos. 

Q23 -0.068 0.013 0.770 0.071 -0.003 Factor 3/Sub-fieldlPos. 
Q29 0.131 0.128 0.575 -0.014 0.274 Factor 3/Sub-fieldINeg. 
Q18 0.308 0.190 0.551 0.132 0.076 Factor lISub-fieldINeg. 
Q17 0.162 0.307 0.002 0.703 0.016 Factor 21Sub-fieldlPos. 
Q19 0.341 0.043 0.046 0.656 0.102 Factor 21Sub-fieldlPos. 
Q21 0.100 0.263 0.022 0.647 0.309 Factor IISub-fieldlPos. 
Q15 0.170 0.065 0.383 0.564 0.108 Factor IISub-fieldlPos. 
Q30 0.092 0.405 0.135 0.460 0.343 Factor lIGenerallPos. 
Q1 0.093 -0.059 0.055 0.108 0.631 Factor 3/Sub-fieldlPos. 

QlO 0.079 0.365 0.043 0.216 0.578 Factor 3/Sub-fieldlPos. 
Q4 0.072 0.182 0.145 -0.126 0.540 Factor 3/Sub-fieldINeg. 

Q25 -0.033 0.270 0.022 0.217 0.523 Factor 3/Sub-fieldlPos. 
Q24 0.228 0.051 0.200 0.228 0.466 Factor 3/General/Neg. 
Q16 -0.013 0.384 -0.127 0.434 0.444 Factor 3/GenerallPos. 
Q14 0.364 0.331 0.126 0.232 0.432 Factor 3/General/Neg. 

Vanance ExplalDed By Rotated Components 
3.594 3.727 1.995 3.216 3.031 

Percent Of Total Variance Explained 
11.980 12.423 6.650 I 10.7181 10.102 .. 

(The Item code column mdlcates whIch of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldIPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Fonn A (Items 1-30) 

Administration #2--5 Components 

Item Rotated Com-,onent Loadin~s Item Code 
Q3 0.693 0.330 0.031 0.134 0.053 Factor 2/GenerallPos. 
Qll 0.667 0.243 0.202 0.024 0.329 Factor lISub-fieldlPos. 
Q5 0.645 0.331 0.149 -0.121 0.060 Factor 21Sub-fieldlPos. 
Q21 0.639 0.109 -0.300 0.263 0.117 Factor lISub-fieldlPos. 
Q30 0.624 0.067 0.131 0.296 0.083 Factor lIGenerallPos. 
QlO 0.614 0.074 0.173 0.164 0.242 Factor 3/GenerallPos. 
Q16 0.607 0.005 -0.199 0.205 0.212 Factor 3/GenerallPos. 
Q27 0.598 0.322 0.084 0.244 0.142 Factor I/GenerallPos. 
Q7 0.573 0.286 0.027 0.052 -0.194 Factor 2/GenerallPos. 
Q2 0.513 0.395 0.157 0.298 0.052 Factor lIGeneral/Neg. 

Q17 0.508 0.345 -0.426 0.147 0.050 Factor 21Sub-fieldlPos. 
Q19 0.480 0.351 -0.351 0.208 -0.080 Factor 21Sub-fieldlPos. 
Ql 0.427 -0.093 -0.010 0.260 0.254 Factor 3/Sub-fieldlPos. 
Q6 0.376 0.367 0.330 0.341 0.128 Factor lIGeneral/Neg. 

Q20 0.135 0.729 0.026 0.172 -0.065 Factor 2/General/Neg. 
Q22 0.196 0.725 0.069 0.147 0.081 Factor 21Sub-fieldINeg. 
Q28 0.112 0.678 -0.303 0.271 0.056 Factor 2/Sub-fieldlNeg. 
Q12 0.304 0.666 0.225 0.050 0.106 Factor 21Sub-fieldINeg. 
Q13 0.139 0.630 -0.020 0.119 -0.031 Factor 2/General/Neg. 
Q26 0.316 0.520 0.255 0.173 0.318 Factor lISub-fieldlNeg. 
Q18 0.012 0.497 0.173 0.323 0.269 Factor lISub-fieldlNeg. 
Q14 0.382 0.399 0.099 0.380 0.148 Factor 3/General/Neg. 
Q23 0.130 0.134 0.633 0.101 -0.088 Factor 3/Sub-fieldlPos. 
Q8 0.053 0.121 -0.031 0.651 -0.059 Factor 3/Sub-fieldlNeg. 

Q15 0.303 0.178 -0.024 0.583 -0.037 Factor lISub-fieldlPos. 
Q9 0.289 0.234 -0.064 0.506 0.167 Factor lISub-fieldINeg. 

Q24 0.188 0.201 0.105 0.506 0.223 Factor 3/General/Neg. 
Q29 0.071 0.292 0.381 0.497 0.157 Factor 3/Sub-fieldINeg. 
Q4 0.112 0.142 0.027 0.026 0.777 Factor 3/Sub-fieldlNeg. 

Q25 0.326 -0.028 -0.222 0.143 0.557 Factor 3/Sub-fieldlPos. 
Variance Explained By Rotated Components 

5.426 4.328 1.553 2.631 1.639 
Percent Of Total Variance Explained 

18.087 14.426 5.178 8.771 5.463 .. 
(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form A (Items 1-30> 

AdDllDIstration #1--6 Components 

Item Rotated Component Loadings Item Code 
Q25 0.603 0.047 0.027 0.283 -0.082 0.157 Factor 3/Sub-fieldlPos. 
Q4 0.596 0.111 0.118 -0.088 0.015 0.122 Factor 3/Sub-fieldINeg. 

QIO 0.550 0.050 -0.003 0.228 0.170 0.368 Factor 3/GenerallPos. 
Ql 0.490 -0.039 -0.023 0.058 0.466 0.052 Factor 3/Sub-fieldlPos. 

Q16 0.450 0.004 -0.136 0.474 0.025 0.331 Factor 3/GeneralIPos. 
Q24 0.427 0.200 0.157 0.214 0.263 0.067 Factor 3/General/Neg. 
Q14 0.423 0.354 0.079 0.236 0.179 0.323 Factor 3/General/Neg. 
Q20 0.043 0.686 0.061 0.152 0.091 0.284 Factor 21General/Neg. 
Q28 0.116 0.672 0.139 0.337 0.120 0.011 Factor 21Sub-fieldlNeg. 
Q13 0.046 0.661 -0.109 0.155 0.136 0.143 Factor 2/General/Neg. 
Q12 0.140 0.635 0.144 0.062 -0.037 0.421 Factor 2/Sub-fieldlNeg. 
Q22 0.128 0.556 0.276 0.086 0.086 0.428 Factor 21Sub-fieldlNeg. 
~ 0.323 0.397 0.098 0.356 0.294 0.084 Factor IISub-fieldlNeg. 

Q23 0.024 -0.037 0.770 0.041 0.076 0.039 Factor 3/Sub-fieldlPos. 
Q29 0.416 0.263 0.588 0.030 -0.117 0.012 Factor 3/Sub-fieldlNeg. 
Q18 -0.053 0.183 0.472 0.035 0.436 0.363 Factor IISub-fieldlNeg. 
Q17 0.073 0.247 0.036 0.743 -0.093 0.208 Factor 21Sub-fieldlPos. 
Q19 0.070 0.344 0.043 0.644 0.183 0.028 Factor 21Sub-fieldlPos. 
Q21 0.258 0.078 0.005 0.644 0.187 0.268 Factor IISub-fieldlPos. 
Q15 -0.034 0.062 0.336 0.481 0.437 0.201 Factor IISub-fieldlPos. 
Q30 0.306 0.068 0.105 0.458 0.164 0.421 Factor IIGenerallPos. 
Q8 0.073 0.231 0.029 0.158 0.681 0.069 Factor 3/Sub-fieldlNeg. 
Q5 0.064 0.156 0.072 0.209 -0.051 0.708 Factor 21Sub-fieldlPos. 
Qll 0.323 0.146 0.144 0.176 0.023 0.693 Factor IISub-fieldlPos. 
Q2 0.186 0.265 -0.098 0.139 0.289 0.621 Factor IIGeneral/Neg. 

Q26 0.274 0.306 0.367 0.087 0.063 0.563 Factor I/Sub-fieldlNeg. 
Q3 0.258 0.227 -0.068 0.315 0.232 0.533 Factor 2/GenerallPos. 

Q27 0.289 0.252 0.217 0.396 0.166 0.458 Factor IIGenerallPos. 
OJ -0.046 0.323 -0.036 0.364 0.062 0.438 Factor 2/GenerallPos. 
Q6 0.272 0.409 0.044 -0.107 0.334 0.422 Factor IIGeneral/Neg. 

Variance Explained By Rotated Components 
2.780 3.360 1.719 3.120 I 1.748 3.886 . - .. .. 

Percent Of Total Variance Explained 
9.267 11.201 5.730 10.399 5.828 12.954 .. 

(The Item code column mdIcates WhICh of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Fonn A (Items 1-30) 

Administration #2--6 Components 

Item Rotated Component Loadings Item Code 
Q3 0.660 0.318 0.250 0.121 0.066 0.025 Factor 21GenerallPos. 
Qll 0.651 0.190 0.180 -0.019 0.315 0.273 Factor lISub-fieldlPos. 
QlO 0.621 0.056 0.110 0.156 0.233 0.138 Factor 3/GenerallPos. 
Q5 0.621 0.290 0.198 -0.161 0.054 0.197 Factor 21Sub-fieldlPos. 

Q30 0.614 0.046 0.179 0.281 0.080 0.106 Factor lIGenerallPos. 
fP 0.598 0.341 0.061 0.111 -0.175 -0.184 Factor 21GenerallPos. 
Q27 0.556 0.278 0.269 0.203 0.144 0.166 Factor lIGeneral/Pos. 
Q16 0.536 0.008 0.300 0.193 0.246 -0.192 Factor 3/GenerallPos. 
Q2 0.529 0.397 0.111 0.313 0.051 0.095 Factor lIGeneral/Neg. 
Q6 0.452 0.377 -0.066 0.382 0.105 0.207 Factor lIGeneral/Neg. 
Ql 0.378 -0.131 0.222 0.217 0.258 0.074 Factor 3/Sub-fieldlPos. 

Q20 0.111 0.709 0.168 0.157 -0.058 0.122 Factor 2/General/Neg. 
Q13 0.171 0.686 -0.007 0.186 -0.012 -0.141 Factor 21General/Neg. 
Q22 0.164 0.683 0.195 0.112 0.081 0.221 Factor 21Sub-fieldINeg. 
Q28 -0.016 0.634 0.431 0.207 0.097 -0.033 Factor 2/Sub-fieldINeg. 
Q12 0.317 0.632 0.083 0.033 0.090 0.293 Factor 21Sub-fieldINeg. 
Q26 0.347 0.492 0.031 0.169 0.298 0.292 Factor I/Sub-fieldINeg. 
Q14 0.368 0.374 0.177 0.365 0.148 0.150 Factor 3/General/Neg. 
Q19 0.281 0.257 0.666 0.074 -0.036 0.014 Factor 2JSub-fieldlPos. 
Q17 0.307 0.268 0.657 0.028 0.104 -0.088 Factor 2JSub-fieldlPos. 
Q21 0.467 0.032 0.600 0.152 0.156 -0.025 Factor lISub-fieldlPos. 
~ 0.033 0.118 0.146 0.650 -0.049 -0.006 Factor 3/Sub-fieldINeg. 

Q24 0.243 0.244 -0.057 0.570 0.224 -0.038 Factor 3/General/Neg. 
Q29 0.135 0.258 -0.067 0.496 0.117 0.397 Factor 3/Sub-fieldINeg. 
Q15 0.192 0.080 0.441 0.472 -0.034 0.264 Factor lISub-fieldlPos. 
Q9 0.221 0.191 0.302 0.459 0.180 0.087 Factor lISub-fieldINeg. 
Q4 0.132 0.145 -0.054 0.046 0.774 0.053 Factor 3/Sub-fieldlNeg. 
Q25 0.256 -0.039 0.225 0.121 0.585 -0.125 Factor 3/Sub-fieldlPos. 
Q23 0.213 0.051 -0.133 0.052 -0.163 0.688 Factor 3/Sub-fieldlPos. 
Ql8 -0.064 0.361 0.292 0.193 0.241 0.584 Factor lISub-fieldlNeg. 

Variance Explained By Rotated Components 
4.699 3.836 2.408 2.316 1.659 1.656 

Percent Of Total Variance Explained 
15.663 12.788 8.027 7.722 5.531 5.521 .. 

(The Item code column mdlCates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form B (Items 31-60) 

Administration #1--3 Components 

Item Rotated Component Loadings Item Code 
Q48 0.751 0.198 0.118 Factor 21Sub-fieldlPos. 
Q35 0.669 0.259 0.017 Factor 21Sub-fieldlPos. 
Q51 0.651 0.114 0.168 Factor lISub-fieldlPos. 
Q39 0.624 0.024 0.385 Factor lISub-fieldlPos. 
Q42 0.570 0.491 0.064 Factor 2/Sub-fieldINeg. 
Q41 0.471 0.399 0.239 Factor 2/GenerallPos. 
Q60 0.366 0.257 0.307 Factor lISub-fieldlNeg. 
Q56 0.109 0.741 0.235 Factor 21Sub-fieldINeg. 
Q38 0.154 0.686 0.120 Factor 2/Sub-fieldlNeg. 
Q46 0.224 0.621 -0.152 Factor 21General/Neg. 
Q36 0.010 0.612 0.248 Factor lISub-fieldlPos. 
Q47 0.255 0.543 0.240 Factor 21Sub-fieldlPos. 
Q45 0.141 0.474 -0.111 Factor 21General/Neg. 
Q43 0.019 0.443 0.343 Factor lISub-fieldlNeg. 
Q57 0.280 0.347 0.304 Factor lIGeneral/Neg. 
Q32 -0.005 -0.040 0.591 Factor 3/Sub-fieldlPos. 
Q49 0.294 0.099 0.563 Factor 3/GenerallPos. 
Q52 0.451 0.282 0.559 Factor lIGenerallPos. 
Q59 0.367 0.307 0.551 Factor lIGenerallPos. 
Q55 0.189 0.422 0.522 Factor lISub-fieldlPos. 
Q50 0.213 0.189 0.519 Factor 3/General/Neg. 
Q37 0.223 -0.005 0.516 Factor 3/GeneraIlPos. 
Q44 0.345 0.220 0.485 Factor 21GenerallPos. 
Q34 -0.268 0.116 0.474 Factor 3/Sub-fieldlPos. 
Q40 0.163 0.375 0.468 Factor 3/General/Neg. 
Q33 0.157 0.010 0.452 Factor 3/Sub-fieldlNeg. 
Q53 0.005 0.227 0.430 Factor 3/Sub-fieldlNeg. 
Q31 0.384 0.417 0.422 Factor lIGeneral/Neg. 
Q58 0.285 -0.196 0.366 Factor 3/Sub-fieldlPos. 
Q54 0.281 0.117 0.294 Factor 3/Sub-fieldlNeg. 

Variance Explained By Rotated Components 
3.860 4.080 4.337 

Percent Of Total Variance Explained 
12.866 13.601 14.455 .. 

(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Fonn B (Items 31-60) 

Administration #2--3 Components 

Item Rotated Component Loadings Item Code 
Q35 0.654 0.297 0.073 Factor 21Sub-fieldlPos. 
Q48 0.644 0.309 0.104 Factor 21Sub-fieldlPos. 
Q41 0.639 0.058 0.137 Factor 21GenerallPos. 
Q42 0.630 -0.037 0.393 Factor 21Sub-fieldlNeg. 
Q47 0.583 0.345 -0.023 Factor 21Sub-fieldlPos. 
Q38 0.544 0.081 0.420 Factor 2/Sub-fieldINeg. 
Q56 0.544 0.012 0.399 Factor 2/Sub-fieldINeg. 
Q46 0.543 -0.216 0.311 Factor 2/General/Neg. 
Q51 0.505 0.440 0.090 Factor IISub-fieldlPos. 
Q36 0.444 0.216 0.355 Factor I/Sub-fieldINeg. 
Q49 0.139 0.659 0.229 Factor 3/GenerallPos. 
Q37 0.058 0.620 -0.002 Factor 3/GenerallPos. 
Q52 0.358 0.595 0.328 Factor I/GenerallPos. 
Q39 0.252 0.503 0.356 Factor IISub-fieldlPos. 
Q32 0.106 0.487 0.002 Factor 3/Sub-fieldlPos. 
Q44 0.269 0.476 0.349 Factor 2/GenerallPos. 
Q55 0.363 0.459 0.243 Factor IISub-fieldlPos. 
Q34 -0.099 0.350 -0.031 Factor 3/Sub-fieldlPos. 
Q58 0.011 0.318 0.107 Factor 3/Sub-fieldlPos. 
Q54 0.088 0.073 0.695 Factor 3/Sub-fieldlNeg. 
Q31 0.362 0.253 0.597 Factor IIGenerallNeg. 
Q60 0.196 0.009 0.580 Factor IISub-fieldlNeg. 
Q43 0.285 -0.053 0.573 Factor IISub-fieldlNeg. 
Q40 0.175 0.316 0.556 Factor 3/Sub-fieldlNeg. 
Q57 0.121 0.071 0.543 Factor VGeneraiiNeg. 
Q53 0.043 0.225 0.482 Factor 3/Sub-fieldlNeg. 
Q50 0.158 0.378 0.478 Factor 3/General/Neg. 
Q59 0.310 0.467 0.478 Factor IIGenerallPos. 
Q33 0.037 0.257 0.415 Factor 3/Sub-fieldlNeg. 
Q45 0.398 -0.227 0.412 Factor 21General/Neg. 

Variance Explained By Rotated Components 
4.351 3.631 4.376 

Percent Of Total Variance Explained 
14.504 12.105 14.586 .. 

(The Item code column mdlcates which ofthe three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-field/Pos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form B (Items 31-60) 

Administration #1··4 Components 

Item Rotated Component Loadings Item Code 
Q59 0.438 0.264 0.320 0.412 Factor IIGenerallPos. 
Q34 0.458 0.105 -0.276 0.136 Factor 3/Sub-fieldlPos. 
Q50 0.499 0.168 0.202 0.220 Factor 3/Generai/Neg. 
Q52 0.456 0.241 0.407 0.405 Factor lIGenerallPos. 
Q44 0.388 0.183 0.304 0.357 Factor 2/GenerallPos. 
Q40 0.395 0.346 0.133 0.305 Factor 3/Generai/Neg. 
Q37 0.626 0 0.260 -0.011 Factor 3/GenerallPos. 
Q49 0.619 0.091 0.310 0.108 Factor 3/GenerallPos. 
Q32 0.614 -0.050 0 0.119 Factor 3/Sub-fieldlPos. 
Q55 0.539 0.407 0.192 0.181 Factor lISub-fieldlPos. 
Q56 0.235 0.730 0.110 0.152 Factor 21Sub-fieldlNeg. 
Q38 0.173 0.687 0.176 0.034 Factor 21Sub-fieldlNeg. 
Q46 -0.150 0.618 0.229 0.044 Factor 21GenerailNeg. 
Q36 0.252 0.604 0.012 0.125 Factor lISub-fieldlNeg. 
Q47 0.353 0.552 0.298 -0.033 Factor 21Sub-fieldlPos. 
Q45 -0.210 0.453 0.107 0.196 Factor 21Generai/Neg. 
Q48 O.ISO 0.189 0.760 0.091 Factor 21Sub-fieldlPos. 
Q35 0.037 0.2SO 0.676 0.080 Factor 21Sub-fieldlPos. 
Q51 O.ISO 0.096 0.641 0.166 Factor lISub-fieldlPos. 
Q39 0.326 -0.007 0.596 0.280 Factor lISub-fieldIPos. 
Q41 0.200 0.377 0.455 0.227 Factor 21GenerallPos. 
Q42 0.016 0.469 0.552 0.215 Factor 21Sub-fieldlNeg. 
Q54 -0.038 0.041 0.152 0.669 Factor 3/Sub-fieldlNeg. 
Q60 0.033 0.190 0.259 0.602 Factor IISub-fieldlNeg. 
Q43 0.100 0.386 -0.074 0.539 t'actor lISub-fieldINeg. 
Q53 0.228 0.177 -0.074 0.473 Factor 3/Sub-fieldlNeg. 
Q31 0.259 0.368 0.319 0.470 Factor lIGenerai/Neg. 
Q58 0.156 -0.248 0.200 0.458 Factor 3/Sub-fieldlPos. 
Q33 0.262 -0.040 0.080 0.455 Factor 3/Sub-fieldlNeg. 
Q57 0.123 0.299 0.209 0.448 Factor lIGenerai/Neg. 

Variance Explained By Rotated Components 
3.381 3.733 3.497 3.141 

Percent Of Total Variance Explained 
11.271 12.442 11.657 10.469 

(The item code column indicates which ofthe three ori inal factors each item corres onds g p . 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form B (Items 31-60) 

Administration #2--4 Components 

Item Rotated Component Loadings Item Code 
Q51 0.657 0.080 0.259 0.098 Factor lISub-fieldlPos. 
Q35 0.636 0.018 0.426 -0.008 Factor 21Sub-fieldlPos. 
Q39 0.636 0.393 0.041 0.046 Factor lISub-fieldlPos. 
Q48 0.630 0.051 0.425 0.010 Factor 21Sub-fieldlPos. 
Q52 0.609 0.354 0.170 0.280 Factor lIGenerallPos. 
Q44 0.525 0.374 0.113 0.154 Factor 2/GenerallPos. 
Q59 0.500 0.489 0.194 0.178 Factor lIGenerallPos. 
Q58 0.387 0.161 -0.152 -0.016 Factor 3/Sub-fieldlPos. 
Q54 0.171 0.681 0.139 -0.152 Factor 3/Sub-fieldINeg. 
Q31 0.317 0.561 0.357 0.096 Factor lIGeneral/Neg. 
Q40 0.218 0.557 0.195 0.220 Factor 3/General/Neg. 
Q60 0.131 0.538 0.255 -0.125 Factor lISub-fieldINeg. 
Q57 0.128 0.524 0.169 -0.065 Factor lIGeneral/Neg. 
Q43 -0.050 0.497 0.441 0.058 Factor I/Sub-fieldINeg. 
Q50 0.266 0.494 0.141 0.254 Factor 3/General/Neg. 
Q53 0.077 0.492 0.104 0.199 Factor 3/Sub-fieldINeg. 
Q33 0.107 0.433 0.071 0.213 Factor 3/Sub-fieldINeg. 
Q56 0.025 0.289 0.662 0.227 Factor 21Sub-fieldINeg. 
Q46 0.025 0.179 0.635 -0.104 Factor 2/General/Neg. 
Q42 0.279 0.277 0.624 -0.118 Factor 2/Sub-fieldINeg. 
Q38 0.146 0.325 0.607 0.176 Factor 21Sub-fieldINeg. 
Q41 0.310 0.037 0.576 0.026 Factor 2/GenerallPos. 
Q45 -0.045 0.300 0.528 -0.127 Factor 21General/Neg. 
Q36 0.179 0.297 0.473 0.292 Factor lISub-fieldINeg. 
Q47 0.372 -0.074 0.466 0.371 Factor2lSub-fieldlPos. 
Q32 0.100 0.040 0.086 0.664 Factor 3/Sub-fieldlPos. 
Q34 -0.098 0.020 -0.051 0.600 Factor 3/Sub-fieldlPos. 
Q37 0.373 0.076 -0.100 0.496 Factor 3/GenerallPos. 
Q49 0.470 0.297 -0.017 0.445 Factor 3/General/Pos. 
Q55 0.355 0.239 0.284 0.409 Factor 1/Sub-fieldlPos. 

Variance Explained By Rotated Components 
3.859 3.902 3.793 2.157 

Percent Of Total Variance Explained 
12.863 13.006 12.645 7.192 .. 

(The Item code column mdlcates which ofthe three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Fonn B <Items 31-60) 

Administration #1·-5 Components 

Items Rotated Component Loadings Item Code 
Q37 0.630 0.012 0.241 0.097 0.011 Factor 3/GenerallPos. 
Q49 0.620 0.061 0.269 0.042 0.200 Factor 3/General/Pos. 
Q32 0.590 -0.015 -0.009 0.265 0.036 Factor 3/Sub-fieldlPos. 
Q55 0.542 0.308 0.119 -0. ISO 0.419 Factor lISub-fieldlPos. 
Q50 0.479 0.185 0.184 0.231 0.184 Factor 3/General/Neg. 
Q34 0.421 0.159 -0.271 0.312 -0.005 Factor 3/Sub-fieldlPos. 
Q40 0.368 0.347 0.109 0.214 0.288 Factor 3/General/Neg. 
Q38 0.182 0.718 0.175 0.060 O.OSO Factor 21Sub-fieldINeg. 
Q56 0.237 0.693 0.074 -0.052 0.281 Factor 21Sub-fieldINeg. 
Q46 -0.136 0.627 0.230 -0.036 0.088 Factor 21General/Neg. 
Q36 0.245 0.606 -0.005 0.065 0.159 Factor IISub-fieldINeg. 
Q47 0.377 0.527 0.267 -0.115 0.118 Factor 21Sub-fieldlPos. 
Q45 -0.220 0.464 0.110 0.081 0.172 Factor 21General/Neg. 
Q48 0.172 0.203 0.754 0.062 0.125 Factor 21Sub-fieldlPos. 
Q35 0.055 0.289 0.684 0.108 0.063 Factor 21Sub-fieldlPos. 
Q51 0.159 0.095 0.628 0.081 0.195 Factor IISub-fieldlPos. 
Q39 0.320 -0.029 0.566 0.128 0.319 Factor lISub-fieldlPos. 
Q42 0.021 0.480 0.544 0.100 0.231 Factor 21Sub-fieldlNeg. 
Q41 0.205 0.322 0.412 -0.046 0.367 Factor 21GenerallPos. 
Q33 0.197 0.066 0.110 0.636 0.138 Factor 3/Sub-fieldlNeg. 
Q58 0.094 -0.147 0.233 0.624 0.135 Factor 3/Sub-fieldlPos. 
Q53 0.168 0.206 -0.080 0.409 0.317 Factor 3/Sub-fieldlNeg. 
Q60 -0.014 0.138 0.219 0.208 0.607 Factor I/Sub-fieldlNeg. 
Q54 -0.101 0.003 0.121 0.304 0.602 Factor 3/Sub-fieldlNeg. 
Q59 0.420 u.i6u 0.244 -0.021 0.597 Factor IIGenerallPos. 
Q52 0.440 0.141 0.334 -0.011 0.586 Factor IIGenerallPos. 
Q44 0.375 0.065 0.226 -0.095 0.573 Factor 2/GenerallPos. 
Q43 0.049 0.326 -0.119 0.154 0.569 Factor lISub-fieldlNeg. 
Q31 0.230 0.315 0.271 0.134 0.538 Factor IIGeneral/Neg. 
Q57 0.090 0.263 0.176 0.160 0.466 Factor IIGeneral/Neg. 

Variance Explained By Rotated Components 
3.186 3.407 I 3.129 1.557 3.567 

Percent Of Total Variance Explained 
10.619 11.358 10.431 5.189 11.889 .. 

(The Item code column mdICates WhICh of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 

. _ ....... -.- .. ----- ._-
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Fonn B (Items 31-60) 

Administration 82--5 Components 

Item Rotated Component Loadings Item Code 
Q37 0.677 -0.095 0.058 0.137 -0.086 Factor 3/General/Pos. 
Q52 0.607 0.123 0.392 0.066 0.268 Factor I/GenerallPos. 
Q49 0.581 -0.032 0.232 0.261 0.216 Factor 3/General/Pos. 
Q55 0.554 0.281 0.200 0.163 0.075 Factor I/Sub-fieldlPos. 
Q44 0.511 0.089 0.317 -0.028 0.308 Factor 21GenerallPos. 
Q59 0.500 0.189 0.318 0.033 0.415 Factor IIGenerallPos. 
Q50 0.483 0.210 0.064 0.072 0.360 Factor 3/General/Neg. 
Q40 0.474 0.289 0.021 0.030 0.403 Factor 3/General/Neg. 
Q39 0.439 -0.024 0.446 -0.050 0.410 Factor I/Sub-fieldlPos. 
Q56 0.229 0.701 0.102 0.122 0.104 Factor 21Sub-fieldINeg. 
Q38 0.297 0.631 0.170 0.040 0.154 Factor 21Sub-fieldINeg. 
Q46 -0.125 0.602 0.259 0.011 0.152 Factor 21General/Neg. 
Q45 -0.067 0.558 0.104 -0.068 0.239 Factor 21General/Neg. 
Q42 0.018 0.553 0.447 -0.033 0.273 Factor 21Sub-fieldINeg. 
Q43 0.173 0.549 -0.051 -0.007 0.348 Factor IISub-fieldINeg. 
Q36 0.466 0.517 0.086 0.035 0.078 Factor IISub-fieldINeg. 
Q48 0.207 0.239 0.702 0.025 0.104 Factor 21Sub-fieldlPos. 
Q35 0.265 0.247 0.671 -0.067 0.038 Factor 21Sub-fieldlPos. 
Q51 0.335 0.100 0.621 0.040 0.111 Factor IISub-fieldlPos. 
Q41 0.003 0.445 0.516 0.128 0.059 Factor 21GenerallPos. 
Q47 0.370 0.359 0.394 0.214 -0.184 Factor 21Sub-fieldlPos. 
Q58 0.020 -0.246 0.372 0.158 0.323 Factor 3/Sub-fieldlPos. 
Q34 0.070 -0.036 -0.056 0.720 0.009 Factor 3/Sub-fieldIPos. 
Q32 0.248 0.064 0.106 0.694 -0.010 Factor 3/Sub-fieldlPos. 
Q54 0.023 O.i97 O.i61 0.014 0.734 I"actor 3/Sub-field/Neg. 
Q33 0.034 0.093 0.143 0.414 0.486 Factor 3/Sub-fieldINeg. 
Q57 0.164_ 0.240 0.055 -0.076 0.480 Factor IIGeneral/Neg. 
Q60 0.176 0.330 0.063 -0.172 0.470 Factor IISub-fieldINeg. 
Q31 0.407 0.403 0.197 -0.039 0.441 Factor IIGeneral/Neg. 
Q53 0.206 0.183 0.003 0.217 0.438 Factor 3/Sub-fieldINeg. 

Variance Explained By Rotated Components 
3.737 3.644 2.977 1.500 2.956 

Percent Of Total Variance Explained 
12.457 12.146 9.924 5.001 9.854 

The item code column indicates which ofthe three ori inal factors each item corres onds ( g P 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form B (Items 31-60) 

Administration #1--6 Components 

Item Rotated Component Loadings Item Code 
Q37 0.673 0.002 0.188 -0.042 0.087 0.123 Factor 3/GenerallPos. 
Q49 0.648 0.043 0.234 0.157 0.030 0.144 Factor 3/General/Pos. 
Q50 0.560 0.193 0.126 0.127 0.229 0.073 Factor 3/General/Neg. 
Q40 0.508 0.374 0.034 0.222 0.227 -0.023 Factor 3/General/Neg. 
Q55 0.444 0.257 0.174 0.421 -0.205 0.323 Factor lISub-fieldlPos. 
Q38 0.189 0.704 0.199 0.032 0.023 0.118 Factor 21Sub-fieldlNeg. 
Q56 0.185 0.663 0.132 0.281 -0.104 0.218 Factor 21Sub-fieldINeg. 
Q46 -0.038 0.638 0.222 0.073 -0.025 -0.137 Factor 21General/Neg. 
Q36 0.328 0.620 -0.033 0.115 0.051 0.028 Factor lISub-fieldlNeg. 
Q45 -0.181 0.472 0.129 0.175 0.083 -0.059 Factor 21General/Neg. 
Q47 0.265 0.469 0.345 0.131 -0.180 0.301 Factor 21Sub-fieldlPos. 
Q48 0.162 0.160 0.782 0.131 0.059 0.056 Factor 21Sub-fieldlPos. 
Q35 0.121 0.273 0.676 0.051 0.125 -0.075 Factor 21Sub-fieldlPos. 
Q51 0.213 0.076 0.615 0.183 0.102 -0.040 Factor lISub-fieldlPos. 
Q42 0.041 0.457 0.574 0.233 0.095 0.020 Factor 21Sub-fieldINeg. 
Q39 0.402 -0.039 0.523 0.288 0.156 -0.031 Factor I/Sub-fieldlPos. 
Q41 0.136 0.275 0.476 0.385 -0.074 0.180 Factor 21GenerallPos. 
Q60 0.003 0.135 0.236 0.610 0.220 0.035 Factor IISub-fieldINeg. 
Q43 -0.071 0.300 -0.031 0.598 0.106 0.288 Factor IISub-fieldINeg. 
Q54 -0.008 0.031 0.091 0.586 0.345 -0.095 Factor 3/Sub-fieldINeg. 
Q59 0.443 0.142 0.238 0.576 -0.023 0.113 Factor IIGenerallPos. 
Q44 0.384 0.043 0.227 0.561 -0.095 0.101 Factor 21GenerallPos. 
Q52 0.491 0.126 0.313 0.558 -0.003 0.073 Factor IIGenerallPos. 
Q31 0.330 0.323 0.238 0.502 0.152 -0.018 Factor IIGeneral/Neg. 
Q57 0.237 0.292 0.116 0.423 0.197 -0.128 Factor i/General/Neg. 
Q58 0.067 -0.146 0.235 0.125 0.618 0.151 Factor 3/Sub-fieldlPos. 
Q33 0.159 0.067 0.118 0.119 0.609 0.227 Factor 3/Sub-fieldlNeg. 
Q53 0.321 0.258 -0.165 0.252 0.435 -0.069 Factor 3/Sub-fieldlNeg. 
Q34 0.048 0.076 -0.094 0.054 0.165 0.767 Factor 3/Sub-fieldlPos. 
Q32 0.357 -0.078 0.081 0.053 0.169 0.565 Factor 3/Sub-fieldlPos. 

Variance Explained By Rotated Components 
3.209 3.249 3.110 3.315 1.524 1.490 

Percent Of Total Variance Explained 
10.698 10.829 10.367 11.049 5.079 4.967 . .. 

(The Item code column mdlcates which ofthe three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Form B (Items 31-60) 

Administration #2··6 Components 

Item Rotated Component Loadings Item Code 
Q37 0.673 0.002 0.188 -0.042 0.087 0.123 Factor 3/GenerallPos. 
Q49 0.648 0.043 0.234 0.157 0.030 0.144 Factor 3/GenerallPos. 
Q50 0.560 0.193 0.126 0.127 0.229 0.073 Factor 3/General/Neg. 
Q40 0.508 0.374 0.034 0.222 0.227 -0.023 Factor 3/Generai/Neg. 
Q55 0.444 0.257 0.174 0.421 -0.205 0.323 Factor IISub-fieldlPos. 
Q38 0.189 0.704 0.199 0.032 0.023 0.118 Factor 21Sub-fieldlNeg. 
Q56 0.185 0.663 0.132 0.281 -0.104 0.218 Factor 21Sub-fieldlNeg. 
Q46 -0.038 0.638 0.222 0.073 -0.025 -0.137 Factor 21Generai/Neg. 
Q36 0.328 0.620 -0.033 0.115 0.051 0.028 Factor IISub-fieldINeg. 
Q45 -0.181 0.472 0.129 0.175 0.083 -0.059 Factor 21Generai/Neg. 
Q47 0.265 0.469 0.345 0.131 -0.180 0.301 Factor 21Sub-fieldlPos. 
Q48 0.162 0.160 0.782 0.131 0.059 0.056 Factor 21Sub-fieldlPos. 
Q35 0.121 0.273 0.676 0.051 0.125 -0.075 Factor 21Sub-fieldlPos. 
Q51 0.213 0.076 0.615 0.183 0.102 -0.040 Factor IISub-fieldIPos. 
Q42 0.041 0.457 0.574 0.233 0.095 0.020 Factor 21Sub-fieldlNeg. 
Q39 0.402 -0.039 0.523 0.288 0.156 -0.031 Factor I/Sub-fieldlPos. 
Q41 0.136 0.275 0.476 0.385 -0.074 0.180 Factor 21GenerallPos. 
Q60 0.003 0.135 0.236 0.610 0.220 0.035 Factor IISub-fieldlNeg. 
Q43 -0.071 0.300 -0.031 0.598 0.106 0.288 Factor I/Sub-fieldlNeg. 
Q54 -0.008 0.031 0.091 0.586 0.345 -0.095 Factor 3/Sub-fieldlNeg. 
Q59 0.443 0.142 0.238 0.576 -0.023 0.113 Factor IIGenerallPos. 
Q44 0.384 0.043 0.227 0.561 -0.095 0.101 Factor 21GenerallPos. 
Q52 0.491 0.126 0.313 0.558 -0.003 0.073 Factor IIGenerallPos. 
Q31 0.330 0.323 0.238 0.502 0.152 -0.018 Factor IIGenerai/Neg. 
Q57 0.237 0.292 0.116 0.423 1\ 11\"'7 -0.128 Factor lIGeueli:J/Neg. v. J.'71 

Q58 0.067 -0.146 0.235 0.125 0.618 0.151 Factor 3/Sub-fieldlPos. 
Q33 0.159 0.067 0.118 0.119 0.609 0.227 Factor 3/Sub-fieldlNeg. 
Q53 0.321 0.258 -0.165 0.252 0.435 -0.069 Factor 3/Sub-fieldlNeg. 
Q34 0.048 0.076 -0.094 0.054 0.165 0.767 Factor 3/Sub-fieldlPos. 
Q32 0.357 -0.078 0.081 0.053 0.169 0.565 Factor 3/Sub-fieldlPos. 

Variance Explained By Rotated Components 
3.209 3.249 3.110 3.315 1.524 1.490 

Percent Of Total Variance Explained 
10.698 10.829 10.367 11.049 5.079 4.967 .. 

(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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APPENDIX H 

Results Of Principal Component Analysis On Both Forms 

The following tables display the results of principal-component analysis on both of 

the two parallel forms combined, with two and three components specified, and a varimax 

rotation used. The component loadings in bold type are the largest of the loadings for each 

item. The item code column in each table indicates which of the three original factors each 

item corresponds to, whether the item refers to general science or one of the science sub

fields of biological or physical science, and whether the item was positively or negatively 

worded. For example, I1Factor lISub-fieldlPos.11 means the item corresponded to factor 1, 

referred to the sub-field of biology or physical science, and was positively worded. The 

three factors identified in scale construction were 1) interest in science classes and 

activities in science classes, 2) confidence in ability to do science, and 3) interest in 

science-related activities outside of school. 
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Forms A and B (Items 1-60) 

Administration #1--2 Components 

Item Rotated Component Loadin2s Item Code 
Q20 0.718 0.117 Factor 21General/Neg. 
Q42 0.697 0.134 Factor 21Sub-fieldlNeg. 
Q22 0.682 0.222 Factor 21Sub-fieldINeg. 
Q56 0.662 0.143 Factor 2/Sub-fieldINeg. 
Q12 0.659 0.200 Factor 21Sub-fieldINeg. 
Q28 0.658 0.151 Factor 21Sub-fieldINeg. 
Q38 0.629 0.084 Factor 21Sub-fieldINeg. 
Q46 0.604 -0.135 Factor 21General/Neg. 
Q41 0.571 0.297 Factor 21GenerallPos. 
Q31 0.565 0.446 Factor 21General/Neg. 
Q13 0.543 0.111 Factor 21General/Neg. 
Q47 0.537 0.248 Factor 2JSub-fieldlPos. 
Q35 0.534 0.210 Factor 21Sub-field1Pos. 
Q48 0.517 0.316 Factor 21Sub-fieldlPos. 
(JJ 0.486 0.261 Factor 21GeneraIlPos. 
Q6 0.481 0.332 Factor IIGeneral/Neg. 

Q36 0.481 0.184 Factor IISub-fieldINeg. 
Q19 0.451 0.319 Factor 21Sub-fieldlPos. 
Q18 0.449 0.220 Factor IISub-fieldINeg. 
Q60 0.440 0.304 Factor IISub-fieldINeg. 
Q45 0.426 -0.102 Factor 21General/Neg. 
Q57 0.423 0.276 Factor I/General/Neg. 
Q51 0.401 0.332 Factor I/Sub-fieldlPos. 
.Q43 0.398 0.231 Factor IISub-fieldINeg. 
QS 0.319 0.269 Factor 3/Sub-fieldINeg. 

Q30 0.283 0.646 Factor IIGenerallPos. 
Q16 0.140 0.632 Factor 3/GenerallPos. 
QIO 0.197 0.625 Factor 3/GenerallPos. 
Q52 0.431 0.623 Factor IIGenerallPos. 
Q49 0.179 0.614 Factor 3/GenerallPos. 
Q27 0.448 0.607 Factor IIGenerallPos. 
Q59 0.391 0.580 Factor lIGenerallPos. 
Qll 0.383 0.572 Factor IISub-fieldlPos. 
Q39 0.300 0.566 Factor IISub-fieldlPos. 
Q21 0.307 0.551 Factor IISub-fieldlPos. 
Q25 0.097 0.547 Factor 3/Sub-fieldlPos. 
Q44 0.316 0.527 Factor 2/GenerallPos. 
Q37 0.086 0.526 Factor 3/GenerallPos. 
Q55 0.410 0.512 Factor IISub-fieldlPos. 



122 

Administration #1··2 Components (continued) 

Item Rotated Component Loadings Item Code 
Q50 0.240 0.505 Factor 3/General/Neg. 
Q32 -0.038 0.504 Factor 3/Sub-field/Pos. 
Q3 0.469 0.497 Factor 21General/Pos. 
Q14 0.461 0.492 Factor 3/General/Neg. 
Q26 0.478 0.463 Factor lISub-fieldlNeg. 
Q24 0.258 0.462 Factor 3/General/Neg. 
Q2 0.493 0.442 Factor lIGeneral/Neg. 
Q40 0.358 0.438 Factor 3/General/Neg. 
Q33 0.075 0.430 Factor 3/Sub-field/Neg. 
Ql 0.067 0.420 Factor 3/Sub-field/Pos. 
Q9 0.414 0.414 Factor lISub-fieldlNeg. 
Q5 0.396 0.411 Factor 21Sub-field/Pos. 

Q17 0.373 0.404 Factor 21Sub-field/Pos. 
Q58 -0.030 0.388 Factor 3/Sub-field/Pos. 
Q4 0.112 0.369 Factor 3/Sub-field/Neg. 

Q53 0.175 0.346 Factor 3/Sub-fieldlNeg. 
Q29 0.204 0.366 Factor 3/Sub-fieldlNeg. 
Q15 0.345 0.346 Factor 1ISub-field/Pos. 
Q54 0.222 0.330 Factor 3/Sub-field/Neg. 
Q34 0.003 0.264 Factor 3/Sub-field/Pos. 
Q23 0.078 0.213 Factor 3/Sub-field/Pos. 

Variance Explained by Rotated Components 
10.613 9.790 

Percent of Total Variance Explained 
17.688 16.317 

(The item code column indicates which of the three original factors each item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-field/Pos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Forms A and B (Items 1-60) 

Administration #2··2 Components 

Item Rotated Component Loadings Item Code 
Q42 0.712 0.120 Factor 21Sub-fieldINeg. 
020 0.679 0.118 Factor 21General/Neg. 
Q22 0.677 0.184 Factor 21Sub-fieldINeg. 
Q12 0.644 0.246 Factor 2/Sub-fieldINeg. 
Q31 0.639 0.383 Factor IIGeneral/Neg. 
Q28 0.632 0.183 Factor 21Sub-fieldINeg. 
Q38 0.609 0.260 Factor 21Sub-fieldINeg. 
Q26 0.589 0.354 Factor IISub-fieldINeg. 
Q56 0.584 0.183 Factor 21Sub-fieldINeg. 
Q13 0.580 0.103 Factor 2/General/Neg. 
Q18 0.574 0.093 Factor IISub-fieldINeg. 
Q46 0.565 -0.020 Factor 21General/Neg. 
Q43 0.535 0.140 Factor IISub-fieldINeg. 
Q6 0.535 0.356 Factor IIGeneral/Neg. 

Q45 0.534 -0.045 Factor 21General/Neg. 
Q14 0.521 0.403 Factor 3/General/Neg. 
Q60 0.518 0.112 Factor IISub-fieldINeg. 
Q54 0.517 0.187 Factor 3/Sub-fieldINeg. 
Q2 0.513 0.464 Factor IIGeneral/Neg. 
029 0.507 0.160 Factor 3/Sub-fieldINeg. 
Q36 0.469 0.318 Factor IISub-fieldINeg. 
Q41 0.469 0.221 Factor 21GenerallPos. 
Q57 0.463 0.160 Factor IIGeneral/Neg. 
Q40 0.437 0.385 Factor 3/General/Neg. 
Q35 0.424 0.416 t'actor 2iSub-fieidipos. 
Q24 0.400 0.285 Factor 3/General/Neg. 
Q53 0.311 0.247 Factor 3/Sub-fieldINeg. 
Q33 0.300 0.247 Factor 3/Sub-fieldINeg. 
C8 0.274 0.216 Factor 3/Sub-fieldINeg. 
Q23 0.271 0.030 Factor 3/Sub-fieldlPos. 
Q16 0.063 0.688 Factor 3/GenerallPos. 
021 0.159 0.687 Factor IISub-fieldlPos. 
Q49 0.105 0.672 Factor 3/GenerallPos. 
Q52 0.326 0.650 Factor I/GenerallPos. 
Q30 0.213 0.643 Factor IIGenerallPos. 
Qll 0.311 0.620 Factor IISub-fieldlPos. 
027 0.393 0.616 Factor I/GenerallPos. 
Q3 0.386 0.604 Factor 21GenerallPos. 
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Administration #2--2 Components (continued) 

Item Rotated Component Loadings Item Code 
QlO 0.214 0.583 Factor 3/GenerallPos. 
Q59 0.414 0.571 Factor I/General/Pos. 
Q39 0.322 0.563 Factor IISub-fieldlPos. 
Q37 -0.102 0.559 Factor 3/GenerallPos. 
Q17 0.272 0.548 Factor 21Sub-fieldlPos. 
Q44 0.306 0.546 Factor 2/GenerallPos. 
Q55 0.234 0.524 Factor IISub-fieldlPos. 
Q25 0.018 0.510 Factor 3/Sub-fieldlPos. 
Q5 0.316 0.509 Factor 21Sub-fieldlPos. 

Q51 0.289 0.508 Factor IISub-fieldlPos. 
Q19 0.327 0.482 Factor 21Sub-fieldlPos. 
Q47 0.265 0.456 Factor 21Sub-fieldlPos. 
Q32 -0.031 0.455 Factor 3/Sub-fieldlPos. 
Q50 0.370 0.442 Factor 3/Generai/Neg. 
Ql 0.069 0.442 Factor 3/Sub-fieldlPos. 

Q48 0.404 0.438 Factor 21Sub-fieldlPos. 
OJ 0.326 0.416 Factor 21GenerallPos. 
qJ 0.342 0.414 Factor I/Sub-fieldlNeg. 

Q15 0.343 0.358 Factor I/Sub-fieldlPos. 
Q4 0.188 0.277 Factor 3/Sub-fieldlNeg. 

Q34 -0.138 0.261 Factor 3/Sub-fieldlPos. 
Q58 0.100 0.217 Factor 3/Sub-fieldlPos. 

Variance Explained by Rotated Components 
10.673 10.598 

Percent of Total Variance E~lained 
17.497 17.374 

(The item code column indicates which of the three original factors each item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor I/Sub-fieldlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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Forms A and B (Items 1-60) 

Administration #1--3 Components 

Item Rotated Component Loadinas Item Code 
Q16 0.657 0.008 0.173 Factor 3/GenerallPos. 
Q21 0.637 0.276 0.100 Factor lIGenerallPos. 
Q55 0.612 0.384 0.094 Factor I/Sub-fieldlPos. 
Q49 0.590 0.111 0.253 Factor 3/GenerallPos. 
Q30 0.587 0.197 0.344 Factor lIGenerallPos. 
Q52 0.543 0.335 0.409 Factor lIGenerallPos. 
QIO 0.540 0.107 0.356 Factor 3/GenerallPos. 
Q17 0.536 0.368 0.004 Factor 21Sub-fieldIPos. 
Q37 0.526 0.036 0.167 Factor 3/GenerallPos. 
Q32 0.524 -0.075 0.099 Factor 3/Sub-fieldlPos. 
Q27 0.508 0.346 0.437 Factor lIGenerallPos. 
Q59 0.502 0.301 0.383 Factor lIGenerallPos. 
Q25 0.496 0.028 0.255 Factor 3/Sub-fieldIPos. 
Q19 0.487 0.463 -0.054 Factor 21Sub-fieldlPos. 
Q50 0.480 0.179 0.242 Factor 3/General/Neg. 
(lJ 0.461 0.379 0.149 Factor lISub-fieldINeg. 
Q44 0.460 0.237 0.331 Factor 21GenerallPos. 
Q3 0.459 0.396 0.319 Factor 21GenerallPos. 

Q40 0.434 0.306 0.220 Factor 3/GenerallNeg. 
Q14 0.425 0.380 0.359 Factor 3/General/Neg. 
Q24 0.406 0.190 0.283 Factor 3/General/Neg. 
Q34 0.402 0.025 -0.139 Factor 3/Sub-fieldlPos. 
Ql 6.384 0.015 0.190 Factor 3/Sub-fieldlPos. 

Q15 0.358 0.299 0.198 Factor lISub-fieldlPos. 
~ 0.325 0.303 nn~n 

V.V/V Factoi 3/Sub-fiel~~eg. 
Q53 0.282 0.lI8 0.241 Factor 3/Sub-fieldINeg. 
Q20 0.102 0.679 0.243 Factor 21GenerallNeg. 
Q56 0.299 0.679 -0.031 Factor 21Sub-fieldINeg. 
Q28 0.260 0.658 0.045 Factor 21Sub-fieldINeg. 
Q38 0.224 0.647 -0.030 Factor 21Sub-fieldINeg. 
Q42 0.039 0.631 0.366 Factor 21Sub-fieldINeg. 
Q46 -0.103 0.606 0.072 Factor 21General/Neg. 
Q22 0.080 0.592 0.459 Factor 21Sub-fieldINeg. 
Q12 0.095 0.585 0.391 Factor 2/Sub-fieldINeg. 
Q47 0.396 0.546 -0.021 Factor 2ISub-fieldIPos. 
Q13 0.157 0.530 0.102 Factor 21General/Neg. 
Q41 0.258 0.513 0.291 Factor 21GenerallPos. 
Q36 0.316 0.492 -0.028 Factor lISub-fieldINeg. 
([l 0.290 0.457 0.154 Factor 2IGenerallPos. 



126 

Administration #1--3 Components (continued) 

Item Rotated Component Loadings Item Code 
Q45 -0.091 0.424 0.067 Factor 21General/Neg. 
Q2 0.370 0.413 0.363 Factor lIGeneral/Neg. 
Q43 0.220 0.360 0.184 Factor lISub-fieldlNeg. 
Q26 0.231 0.345 0.612 Factor lISub-fieldlNeg. 
Qll 0.363 0.251 0.S82 Factor lISub-fieldlPos. 
Q39 0.352 0.169 0.S6S Factor lISub-fieldlPos. 
Q29 0.112 0.081 0.S47 Factor 3/Sub-fieldlNeg. 
Q54 0.101 0.110 O.SOS Factor 3/Sub-fieldlNeg. 
Q58 0.135 -0.147 0.491 Factor 3/Sub-fieldlPos. 
Q60 0.126 0.340 0.476 Factor lISub-fieldINeg. 
Q48 0.157 0.419 0.468 Factor 2JSub-fieldlPos. 
Q5 0.260 0.297 0.4S0 Factor 21Sub-fieldlPos. 

Q23 -0.026 -0.022 0.449 Factor 3/Sub-fieldlPos. 
Q51 0.170 0.305 0.447 Factor lISub-fieldlPos. 
Q18 0.052 0.359 0.438 Factor lISub-fieldINeg. 
Q31 0.345 0.473 0.429 Factor lIGeneral/Neg. 
Q6 0.212 0.395 0.405 Factor lIGeneral/Neg. 

Q33 0.262 -0.020 0.398 Factor 3/Sub-fieldINeg. 
Q35 0.087 0.457 0.387 Factor 21Sub-fieldlPos. 
Q4 0.219 0.026 0.364 Factor 3/Sub-fieldlNeg. 

Q57 0.171 0.349 0.350 Factor lIGeneral/Neg. 
Variance Explained by Rotated Components 
8.020 I 8.404 I 6.510 

Percent of Total Variance Explained 
13.367 14.006 10.851 

(The item code column indicates which of the three original factors each item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor lISub-fieidlPos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 



127 

Forms A and B (Items 1-60) 

Administration #2--3 Components 

Item Rotated Component Loadings Item Code 
Q28 0.712 0.157 0.125 Factor 21Sub-field1Neg. 
Q38 0.662 0.224 0.175 Factor 21Sub-fieldINeg. 
Q20 0.652 0.054 0.274 Factor 21General/Neg. 
Q56 0.648 0.155 0.134 Factor 21Sub-fieldINeg. 
Q42 0.632 0.035 0.357 Factor 21Sub-fieldINeg. 
Q22 0.589 0.097 0.374 Factor 21Sub-fieldINeg. 
Q46 0.584 -0.056 0.141 Factor 21General/Neg. 
Ql3 0.574 0.054 0.210 Factor 21General/Neg. 
Q36 0.543 0.298 0.117 Factor I/Sub-fieldINeg. 
Q41 0.511 0.193 0.138 Factor 21GenerallPos. 
Q12 0.502 0.141 0.454 Factor 21Sub-fieldINeg. 
Q45 0.497 -0.097 0.205 Factor 21General/Neg. 
Q43 0.469 0.073 0.289 Factor lISub-fieldINeg. 
Q35 0.440 0.376 0.207 Factor 21Sub-fieldlPos. 
Q48 0.411 0.397 0.219 Factor 21Sub-fieldlPos. 
C8 0.212 0.167 0.223 Factor 3/Sub-fieldINeg. 

Q21 0.228 0.678 0.116 Factor lISub-fieldlPos. 
Q16 0.079 0.668 0.162 Factor 3/GenerallPos. 
Q55 0.356 0.628 0.053 Factor lISub-fieldIPos. 
Q49 0.037 0.621 0.288 Factor 3/GenernllPos. 
Q52 0.268 0.587 0.336 Factor lIGenerallPos. 
Q30 0.105 0.572 0.369 Factor lIGenerallPos. 
Q37 -0.044 0.570 0.021 Factor 3/GenerallPos. 
Q17 0.423 0.562 0.005 Factor 21Sub-fieldlPos. 
Q3 O.32~ 0.536 0.347 Factor 2/GenerallPos. 
Q27 0.271 0.526 0.438 Factor lIGenerallPos. 
Qll 0.128 0.517 0.499 Factor I/Sub-fieldlPos. 
QlO 0.056 0.496 0.424 Factor 3/GenerallPos. 
Q47 0.472 0.493 -0.097 Factor 21Sub-fieldlPos. 
Q19 0.479 0.493 0.006 Factor 21Sub-fieldlPos. 
Q25 -0.006 0.485 0.161 Factor 3/Sub-fieldIPos. 
Q44 0.171 0.461 0.413 Factor 21GenerallPos. 
Q32 0.013 0.459 0.038 Factor 3/Sub-fieldlPos. 
Q51 0.247 0.457 0.267 Factor lISub-fieldlPos. 
Q5 0.237 0.444 0.327 Factor 21Sub-fieldIPos. 
Q7 0.366 0.392 0.144 Factor 21GenerallPos. 
Ql -0.036 0.388 0.273 Factor 3/Sub-fieldlPos. 
qJ 0.285 0.356 0.283 Factor lISub-fieldINeg. 
Q15 0.271 0.297 0.292 Factor I/Sub-fieldlPos. 
Q34 -0.077 0.284 -0.063 Factor 3/Sub-fieldlPos. 
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r' Administration #2--3 Components (continued) 

Item Rotated Component Loadings Item Code 
Q54 0.208 0.038 0.632 Factor 3/Sub-fieldINeg. 
Q26 0.344 0.216 0.606 Factor IISub-fieldINeg. 
Q29 0.215 0.019 0.599 Factor 3/Sub-fieldINeg. 
Q6 0.310 0.229 0.561 Factor IIGenerai/Neg. 

Q31 0.462 0.263 0.533 Factor IIGeneral/Neg. 
Q18 0.358 -0.026 0.498 Factor IISub-fieldINeg. 
Q39 0.132 0.458 0.497 Factor IISub-fieldlPos. 
Q14 0.347 0.293 0.496 Factor 3/Generai/Neg. 
Q2 0.351 0.357 0.494 Factor I/Generai/Neg. 

Q24 0.189 0.175 0.484 Factor 3/Generai/Neg. 
Q60 0.310 0 0.474 Factor I/Sub-fieldINeg. 
Q59 0.264 0.470 0.471 Factor IIGenerallPos. 
Q50 0.216 0.349 0.432 Factor 3/Generai/Neg. 
Q40 0.292 0.291 0.428 Factor 3/Generai/Neg. 
Q57 0.307 0.067 0.397 Factor IIGenerai/Neg. 
Q23 0.056 -0.064 0.388 Factor 3/Sub-fieldlPos. 
Q33 0.131 0.160 0.387 Factor 3/Sub-fieldINeg. 
Q4 0.019 0.197 0.359 Factor 3/Sub-field1Neg. 

Q53 0.198 0.178 0.311 Factor 3/Sub-fieldlNeg. 
Q58 -0.039 0.156 0.275 Factor 3/Sub-fieldlPos. 

Variance Explained by Rotated Components 
7.955 8.411 7.263 

Percent of Total Variance Explained 
13.041 13.789 11.907 

(The item code column indicates which of the three original factors each item corresponds 
to, whether the item refers to general science or one of the science sub-fields of biological 
or physical science, and whether the item was positively or negatively worded. For 
example, "Factor IISub-field1Pos." means the item corresponded to factor 1, referred to the 
sub-field of biology or physical science, and was positively worded.) 
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The following tables display the results of principal-component analysis on the 

positive and negative items from both fonns, with three components identified and a 

varimax rotation used. The component loadings in bold type are the largest of the loadings 

for each item. The item code column in each table indicates which of the three original 

factors each item corresponds to, and whether the item refers to general science or one of 

the science sub-fields of biological or physical science. For example, "Factor lISub-field" 

means the item corresponded to factor 1 and referred to the sub-field of biology or physical 

science. The three factors identified in scale construction were 1) interest in science classes 

and activities in science classes, 2) confidence in ability to do science, and 3) interest in 

science-related activities outside of school. 
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Positive Items 

Administration #1' 
Item Rotated Component Loadings Item Code 
Q32 0.591 -0.033 0.092 Factor 3/Sub-field 
Q16 0.576 0.211 0.269 Factor 3/General 
QlO 0.571 0.301 O.ISO Factor 3/General 
Q49 0.543 0.295 0.203 Factor 3/General 
Q30 0.539 0.358 0.309 Factor lIGeneral 
Q52 0.505 0.469 0.337 Factor I/General 
Q25 0.504 0.214 0.123 Factor 3/Sub-field 
Q59 0.500 0.399 0.293 Factor lIGeneral 
Ql 0.499 0.048 0.042 Factor 3/Sub-field 
Q44 0.469 0.353 0.244 Factor 21General 
Q37 0.460 0.228 0.157 Factor 3/General 
Q34 0.452 -0.237 0.160 Factor 3/Sub-field 
Q48 0.070 0.720 0.226 Factor 21Sub-field 
Q35 -0.061 0.680 0.271 Factor 21Sub-field 
Q5 0.156 0.660 0.184 Factor 21Sub-field 

Q51 0.094 0.648 0.144 Factor lISub-field 
Qll 0.348 0.628 0.185 Factor lISub-field 
Q39 0.348 0.627 0.093 Factor lISub-field 
Q27 0.479 0.499 0.314 Factor lIGeneral 
Q3 0.343 0.477 0.383 Factor2lGeneral 
Q41 0.193 0.464 0.388 Factor 21General 
Q58 0.356 0.357 -0.335 Factor3/Sub-field 
Q23 0.195 0.308 -0.246 Factor 3/Sub-field 
Q19 0.200 0.099 0.731 Factor 21Sub-field 
Q47 0.133 0.268 0.650 Factor 21Sub-field 
Q17 0.247 0.225 A L"" Factor 21Sub-field v.~~.! 

Q21 0.414 0.209 0.554 Factor lISub-field 
Q55 0.434 0.223 0.553 Factor IISub-field 
crt 0.156 0.397 0.425 Factor 21General 
Q15 0.295 0.188 0.425 Factor IISub-field 

Variance Explained by Rotated Components 
4.658 4.970 3.673 

Percent of Total Variance Explained 
15.528 16.567 12.243 I .. 

(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, and whether the item refers to general science or one of the science sub-fields of 
biological or physical science. For example, "Factor lISub-field" means the item 
corresponded to factor 1 and referred to the sub-field of biology or physical science.) 
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Positive Items 

Administration #2 
Item Rotated Component Loadin~s Item Code 
Q47 0.694 0.210 -0.060 Factor 21Sub-field 
Q19 0.681 0.228 0.021 Factor 21Sub-field 
Q35 0.640 -0.012 0.347 Factor 21Sub-field 
Q17 0.638 0.348 0.010 Factor 21Sub-field 
Q48 0.620 0.015 0.356 Factor 21Sub-field 
Q41 0.574 -0.091 0.202 Factor 21General 
Q21 0.538 0.483 0.128 Factor I/Sub-field 
Q3 0.536 0.286 0.414 Factor 21General 
Q5 0.519 0.071 0.479 Factor 2/Sub-field 
Q55 0.515 0.416 0.118 Factor I/Sub-field 
Q52 0.490 0.357 0.416 Factor I/General 
qJ 0.484 0.152 0.254 Factor 21General 
Q51 0.479 0.167 0.390 Factor lISub-field 
Q15 0.373 0.281 0.127 Factor lISub-field 
Q49 0.229 0.597 0.329 Factor 3/General 
Q37 0.147 0.556 0.090 Factor 3/General 
Q32 0.101 0.553 0.044 Factor 3/Sub-field 
Q16 0.371 9.551 0.196 Factor 3/General 
Q25 0.130 0.527 0.163 Factor 3/Sub-field 
Q34 -0.032 0.491 -0.154 Factor 3/Sub-field 
QI 0.059 0.462 0.281 Factor 3/Sub-field 
Q39 0.321 0.247 0.607 Factor lISub-field 
Q23 -0.018 -0.227 0.587 Factor 3/Sub-field 
QIl 0.396 0.264 0.587 Factor lISub-field 
Q59 0.375 0.316 0.537 Factor I/General 
Q44 0.319 0.311 0.494 Factoi 21Geneml 
QlO 0.238 0.381 0.493 Factor 3/General 
Q27 0.435 0.372 0.463 Factor lIGeneral 
Q30 0.329 0.404 0.458 Factor I/General 
Q58 -0.003 0.046 0.444 Factor 3/Sub-field 

Variance Explained by Rotated Components 
5.529 3.811 3.869 

Percent of Total Variance Explained 
18.430 12.703 12.897 .. 

(The Item code column mdicates which of the three ongmal factors each Item corresponds 
to, and whether the item refers to general science or one of the science sub-fields of 
biological or physical science. For example, "Factor lISub-field" means the item 
corresponded to factor 1 and referred to the sub-field of biology or physical science.) 
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Negative Items 

Administration #1 
Item Rotated Component Loadings Item Code 
Q20 0.698 0.260 0.119 Factor 21General 
Q42 0.663 0.272 0.125 Factor 21Sub-field 
Q12 0.655 0.378 0.044 Factor 21Sub-field 
Q46 0.649 -0.018 0.047 Factor 21General 
Q22 0.611 0.464 0.090 Factor 21Sub-field 
Q38 0.577 -0.062 0.432 Factor 21Sub-field 
Q56 0.572 -0.002 0.501 Factor 21Sub-field 
Q28 0.564 0.098 0.429 Factor 21Sub-field 
Q13 0.530 0.140 0.185 Factor 21General 
Q2 0.427 0.393 0.293 Factor lIGeneral 
Q6 0.400 0.400 0.252 Factor lIGeneral 

Q45 0.392 -0.016 0.120 Factor2lGeneral 
Q26 0.82 0.648 0.113 Factor lISub-field 
Q60 0.261 0.598 0.125 Factor lISub-field 
Q29 0.021 0.595 0.188 Factor 3/Sub-field 
Q54 0.038 0.582 0.128 Factor 3/Sub-field 
Q18 0.285 0.543 0.087 Factor lISub-field 
Q31 0.467 0.494 0.318 Factor lIGeneral 
Q33 -0.094 0.447 0.317 Factor 3/Sub-field 
Q4 -0.053 0.418 0.274 Factor 3/Sub-field 

Q14 0.369 0.393 0.382 Factor3/General 
Q57 0.316 0.346 0.297 Factor lIGeneral 
Q40 0.200 0.207 0.617 Factor3/General 
Q36 0.366 -0.009 0.566 Factor lISub-field 
Q50 0.130 0.227 0.531 Factor3/General 
Q53 -0.013 0.268 0.510 Factor 3/Sub-field 
Q24 0.094 0.338 0.491 Factor 3/General 
(]:) 0.276 0.290 0.481 Factor lISub-field 
~ 0.225 0.130 0.437 Factor 3/Sub-field 
Q43 0.188 0.331 0.390 Factor lISub-field 

Variance Explained by Rotated Components 
5.032 I 3.997 I 3.519 I 

Percent of Total Variance ~:xplained 
16.773 13.325 11.730 .. 

(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, and whether the item refers to general science or one of the science sub-fields of 
biological or physical science. For example, "Factor IISub-field" means the item 
corresponded to factor 1 and referred to the sub-field of biology or physical science.) 

----_._-
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Negative Items 

Administration #2 
Item Rotated Component Loadings Item Code 
Q54 0.632 0.150 0.190 Factor 3/Sub-field 
Q6 0.610 0.232 0.270 Factor lIGeneral 

Q26 0.577 0.316 0.296 Factor lISub-field 
Q2 0.555 0.287 0.316 Factor lIGeneral 

Q31 0.552 0.403 0.359 Factor I/General 
Q12 0.551 0.528 0.026 Factor 21Sub-field 
Q29 0.536 0.139 0.277 Factor3/Sub-field 
Q18 0.503 0.321 0.121 Factor lISub-field 
Q57 0.472 0.265 0.114 Factor lIGeneral 
Q4 0.407 -0.057 0.221 Factor3/Sub-field 
Q60 0.405 0.251 0.243 Factor lISub-field 
Q28 0.086 0.669 0.355 Factor 21Sub-field 
Q46 0.183 0.641 -0.044 Factor 21General 
Q42 0.356 0.636 0.130 Factor 21Sub-field 
Q20 0.253 0.630 0.213 Factor 21General 
Q56 0.036 0.624 0.381 Factor 21Sub-field 
Q38 0.109 0.589 0.447 Factor 21Sub-field 
Q22 0.419 0.573 0.132 Factor 21Sub-field 
Q13 0.223 0.565 0.146 Factor 21General 
Q45 0.119 0.546 0.076 Factor2lGeneral 
Q43 0.185 0.397 0.365 Factor lISub-field 
Q36 -0.027 0.444 0.618 Factor I1Sub-field 
fl) 0.241 0.124 0.573 Factor I1Sub-field 
Q50 0.314 0.127 0.569 Factor 3/General 
Q40 0.314 0.196 0.561 Factor3/General 
Q24 -0.339 0.100 0.509 Factor 3/General 
Q14 0.452 0.258 0.464 Factor 3/General 
~ 0.132 0.124 0.448 Factor 3/Sub-field 

Q53 0.216 0.100 0.432 Factor 3/Sub-field 
Q33 0.353 0.016 0.388 Factor 3/Sub-field 

Variance Explained by Rotated Components 
4.395 I 4.827 3.712 I 

Percent of Total Variance Explained 
14.651 I 16.089 12.375 I .. 

(The Item code column mdlcates which of the three ongmal factors each Item corresponds 
to, and whether the item refers to general science or one of the science sub-fields of 
biological or physical science. For example, "Factor lISub-field" means the item 
corresponded to factor 1 and referred to the sub-field of biology or physical science.) 
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