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ABSTRACT 

Instruments have been developed that attempt to assess chemistry 

attitudes or chemistry anxiety. Many of these attempted to reduce the constructs 

to a single, numeric score of dubious value (Novodvorsky, 1993). Chemistry 

attitude instruments tend to contain statements that might be better 

characterized as science attitudes, math attitudes, or attitudes toward a specific 

course or program. Further, these instruments frequently include statements of 

belief or opinion. Attitudes and beliefs should not be considered the same 

construct. Attitudes refer to a general and enduring positive or negative feeling 

about an attitude object. A belief is information that a person accepts to be true. 

For example, the statement, "I like chemistry" is an attitude because it denotes a 

positive or negative feeling about chemistry. While, "in chemistry, some ethnic 

groups have an ability advantage over others" should be classified as a statement 

of belief, instead of attitude. Melvin Johnson (1991) stated, "There seems to be a 

perception that Asian-Americans have special abilities and thus excel in the 

sciences and mathematics" (p. 518). Therefore, it is important that such 

perceptions be explored. 

Existing chemistry anxiety instruments contain statements that would 

more properly come under the constructs of math anxiety or test anxiety. 
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Therefore, they lack construct validity for the construct they claim to assess, that 

of chen\istry anxiety. 

This research described the development of an instrument to assess 

chemistry perceptions. The instrument attempted to correct the deficiencies of 

previous instruments. Perceptions, instead of attitudes, were assessed because it 

is a broader construct that also includes beliefs and opinions. Further, statements 

that might be better characterized as science attitudes, math attitudes, or 

attitudes toward a specific course or program, were not included. Eliminating 

statements concerned with math and test anxiety insured that responses to 

statements of anxiety were perceptions of anxiety solely related to chemistry. 

Seven subscales were utilized to produce scores for variables that assess 

the participants' perceptions in each of seven areas. The titles of these subscales 

are: Aptitude, Chemophobia, Discipline, Ethnicity, Gender, Instruction, and 

Value. The subscales should not be confused with the constructs that inform 

them: self-efficacy, anxiety, and attitudes. They are groupings of related 

perception statements that provide meaningful information about different 

aspects of the participants' chemistry perceptions. 

A five-point Likert scale, from strongly agree to strongly disagree, was 

utilized. Construct and content validity was determined by the completion of a 

Validation of Proposed Perception Statements form by qualified judges, and item 

analysis. The nature of Likert scale construction and calculation of internal 



consistency also supported the validity of the instrument. Reliability estimates 

were calculated through the test-retest method and Cronbach's Coefficient Alpha 

for the overall instrument and each of the seven subscales. Item analysis 

involved the calculation of three sets of statistics for each item, including an item 

discrimination index. Factor analysis confirmed the multidimensionality of the 

instrument. 

Do different ethnic groups have perceptions of chemistry that differ from 

those of other groups? Do successful chemistry students have different 

perceptions from those who are not successful? How do the perceptions of 

chemistry students differ from those of their instructors? Should chemistry 

departments use different recruiting and/or instructional techniques depending 

on a student's chemistry perceptions? Before researchers can begin to answer 

these, and other questions, it is important that they have a valid and reliable 

instrument to determine chemistry perceptions. 
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CHAPTER I 

INTRODUCTION 

Introduction 

Chemistry, being what many consider the central science, the science of 

matter, or the science that matters should be held in high regard by all who wish 

to understand the universe around them. The Labor Department has estimated 

that 1.3 million new high-tech jobs will be created from 1996 to 2006 (Jacobs, 

1999). These high-tech jobs will need people with at least a minimum 

understanding of science and technology. It is not just the programmers and 

engineers who will be required to have this knowledge. "Intel requires even 

entry-level workers have one year each of chemistry, physics and electronics, 

plus a firm grasp of basic science" (Jacobs, 1999, p. 11). However, "Many 

undergraduates do not receive enough education in these subjects. From some 

of the most prestigious institutions in the country, it is possible for students to 

graduate with not more than six percent of their work in the sciences and 

technology" (National Academy of Sciences, 1996, p. 2). The need for students to 

obtain some chemistry knowledge has never been greater, and will most likely 

continue to increase. 

Tobias (1992) found that schools which actively recruit chemistry students 

are a rarity. She notes that, "fewer than one out of 100 introductory chemistry 



students at large state universities typically selects chemistry as a major" (p. 55). 

Seymore (1992,1995) and Tobias (1990,1992) are among those who bemoan the 

low numbers of chemistry majors and the high attrition rates for students in 

science majors, especially among females. Similarly, Blacks/African-Americans 

and Hispanics are underrepresented in the sciences. "Only five percent of 

graduate students in science programs are black, and fewer than four percent are 

Hispanic" (Southwick, 2000). Do these groups have perceptions of chemistry 

that differ from those of other groups? Do successful chemistry students have 

different perceptions from those who are not successful? How do the 

perceptions of chemistry students differ from those of their instructors? Should 

chemistry departments use different recruiting and/or instructional techniques 

depending on a student's chemistry perceptions? In order to answer these, and 

other questions, a valid and reliable instrument to determine chemistry 

perceptions is needed. 

Koballa (1988) observed that affective variables, particularly attitudes, 

have received considerable attention by science educators. He noted that, 

"affective variables are as important as cognitive variables in influencing 

learning outcomes, career choices, and use of leisure time" (p. 115). 

Attitudes and beliefs, having different definitions and attributes, should 

not be considered the same construct. Because a person's beliefs about chemistry 



might provide useful information, this instrument assessed chemistry 

perceptions in order to be inclusive of both attitudes and beliefs. 

An instrument to assess chemistry perspectives provides more 

information than an instrument that addresses only the constructs of attitude or 

anxiety. Additionally, having scores for seven different subscales is much more 

meaningful than is a single score. This information could be used by researchers 

to establish possible correlations between chemistry perceptions and the 

relatively low numbers of students, especially females and minorities, majoring 

in chemistry, enrolling in chemistry courses as electives, or choosing to teach 

chemistry. Information about the nature and prevalence of chemistry 

perspectives could also be useful to chemistry department heads, professors, 

instructors, teachers, administrators, curriculum developers, textbook authors, or 

anyone else concerned with chemistry education. Because the chemistry 

perceptions of students and educators are not known, how should positive 

perceptions be reinforced, or negative perceptions corrected? 

Statement of the Problem 

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

to assess chemistry perceptions. The instrument provides meaningful 

information by reporting scores for each of seven subscales. This information is 

necessary before it can be determined if there are correlations between chemistry 



perceptions and chemistry course enrollments or many other possible questions. 

Schools, businesses, and individuals involved with chemistry education should 

also find such information valuable in order to combat negative perceptions and 

reinforce positive perceptions. The instrument should be appropriate for any 

group or individual of high school age or above. Essentially, a valid and reliable 

instrument to assess chemistry perceptions is necessary for any research in which 

chemistry perceptions may be a factor. 

Objectives 

The following objectives provided direction for this study: 

1. Evaluate the validity of proposed perception statements through the 

completion of a Validation of Proposed Perception Statements instrument 

by qualified judges (see Appendix A). 

2. Develop an instrument to assess chemistry perceptions. 

3. Use factor analysis to confirm the multidimensionality of the chemistry 

perceptions construct. 

4. Use test-retest and Cronbach's Coefficient Alpha to estimate the reliability 

of the instrument. 

Assumptions 

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



1. A Likert scale is the most suitable scale for the instrument. The Likert 

scale is more familiar and offers similar results, and reliabilities at least 

equivalent, to those of other types. 

2. The opinions of the validity judges are sufficient to establish reasonable 

validity of the perception statements. 

3. Test-retest coefficients of stability and Cronbach's Coefficient Alpha are 

appropriate methods to estimate reliability for this instrument. 

4. The subscales represent logical divisions, as interpreted from the 

literature, allowing the generation of useful variables. This provides 

insight into seven, distinct aspects of chemistry perception. 

Limitations 

Though relatively minor, and typical for this type of study, the following 

were considered limitations of the study: 

1. The reliability estimates of the instrument were limited to groups similar 

to those utilized in its development, and may not generalize well to other 

populations. 

2. Participants tested for the purposes of item analysis, and the calculations 

of internal consistency came from convenience samples instead of random 

samples. 



3. Self-report instruments cannot guarantee the absence of response bias. 

The possibility of acquiescence response sets (a tendency to agree with 

statements) is reduced by the inclusion of negatively worded and reverse 

scored items. 

4. The number of participants were, by necessity, limited. However, a 

sample size in excess of one hundred participants reduced sampling 

errors to an acceptable level. 

The Significance of the Study 

This study was significant as it resulted in the development of a valid and 

reliable instrument to assess chemistry perceptions. Although the 

determinations of validity and reliability were limited to convenience samples of 

community college students, the instrument should be appropriate for any 

individual, or group of individuals, of high school age or above, whether 

student, faculty, parent, or adult member of the community. Such an instrument 

is needed because it is specific to chemistry, provides meaningful data through 

subscale scores, and is a useful tool for further studies. Examples of questions 

that might be explored with this instrument are: Do different ethnic groups have 

perceptions of chemistry that differ from those of other groups? Do the 

chemistry perceptions of males differ from females? Do successful chemistry 

students have different perceptions from those who are not successful? How do 



the perceptions of chemistry students differ from those of their instructors? 

Should chemistry departments use different recruiting and/or instructional 

techniques depending on a student's chemistry perceptions? How do the 

perceptions of chemistry majors differ from non-majors? Do perceptions change 

after having experienced a course in chemistry? Are there similar perception 

changes after experiencing a conceptual versus traditional chemistry curriculum? 

Before researchers can begin to answer these, and other questions, it is important 

that they have a valid and reliable instrument to determine chemistry 

perceptions. 

Definitions of Terms 

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

Attitude: "a learned predisposition to respond in a consistently favorable 

or unfavorable manner toward an attitude object" (Fishbein & Ajzen, 1975, p. 6). 

Belief: what a person considers to be fact (Koballa & Crawley, 1985). 

Construct validity: "the extent to which a particular test can be shown to 

measure a hypothetical construct" (Borg & Gall, 1989, p. 255). 

Content validity: "is a subjective measure of how appropriate the items 

seem to a set of reviewers who have some knowledge of the subject matter" 

(Litwin, 1995, p. 35). 

Perception: an attitude, view, belief, or opinion (see Chapter II). 



Predictive validity: "is the extent to which a test accurately predicts a 

criterion-for example, the extent to which a scholastic achievement test predicts 

subsequent school performance" (Mueller, 1986, p. 63). 

Reliability: "the level of internal consistency or stability of the measuring 

device over time" (Borg & Gall, 1989, p. 257). 

Subscale: a part or division of the overall construct (for this study, the 

overall construct = perceptions of chemistry). 

Subscale titles: the labels placed on the subscales. (The titles were 

selected so that they do not share a first letter in order to allow single letter 

designations when coding or scoring. They are intended to only label the 

subscales, not identify constructs.) The titles are identified below: 

Aptitude: the perception of interest and/or ability in chemistry. 

Chemophobia: the perception of anxiety or fear concerning 

chemicals and chemistry. 

Discipline: the perception of inherent qualities or characteristics of 

the discipline of chemistry. 

Ethnicity: the perception that one's ethnicity influences one's 

ability to learn chemistry or be successful in a chemical career. 

Gender: the perception that one's gender influences one's ability to 

learn chemistry or be successful in a chemical career. 



Instruction: the perception of chemistry courses and how they are 

taught. 

Value: the perception that chemistry has value for individuals or 

society. 

Summary of Chapter I 

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

to assess chemistry perceptions. Because reliance on an overall score could easily 

mask some important aspects of chemistry perceptions, the instrument provides 

meaningful information by reporting scores for each of seven subscales. This 

instrument should prove to be valuable in any research for which chemistry 

perceptions might be a factor. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

After a discussion of perceptions, this chapter was organized by the 

subscale titles for which the Chemical Perception Questionnaire (CPQ) provides 

scores, in alphabetical order. Each subscale was defined, and related constructs 

examined. For example, the subscale title Aptitude included an examination of 

the construct of self-efficacy. Chemophobia looked at the construct of anxiety, 

and etc. Although the construct of attitudes was involved with all of the 

subscales, it was discussed under the title of Instruction. 

The subscales are groups of related perception statements that are titled 

for convenience, not necessarily with the name of a construct. This was done so 

that the participant responses could be grouped into subscales that provide 

meaningful information about the perceptions of the participants. An 

instrument that provided a single score for attitudes toward chemistry, would 

not inform the researcher about specific areas of concern. As an example, a 

female participant might think that chemistry is interesting and that she has the 

necessary background to be successful in a chemistry course; yet hold the view 

that females are not good at chemistry. Averaged together into a single attitude 

score, that participant's score might indicate that she has a neutral, or perhaps 
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even a positive, attihide towards chemistry; yet she might not even consider 

majoring in a field that required her to take a chemistry course because of her 

perception that females are not good at chemistry. 

Perceptions 

Although the word "perceptions" is frequently used in the literature, it 

seems to be assumed that everyone knows what it is; and that a definition is 

unnecessary. Some authors appeared to consider attitudes and perceptions to be 

different concepts by using the conjunction "and" between them (Greenfield, 

1997; Rennie & Dunne, 1994). While others, appeared to use perceptions 

inclusively of, or synonymously with, attitudes (Cost, 2000; Ost & White, 1979; 

Yager and Bonnstetter, 1984). 

Peterson and Yaakobi (1979) defined "perceptions of behavior" as "how a 

person sees him/herself, the behavior of others, or a fictitious ideal" (p. 433). 

Barman (1997) used "views" and "perceptions" interchangeably. Yager and 

Yager (1985), in their article Changes in Perceptions of Science for Third, Seventh, 

and Eleventh Grade Students, identified four affective categories of perceptions 

of science: (1) views of science teachers, (2) views of science classes, (3) views 

concerning usefulness of science study, and (4) views of what it is like to be a 

scientist. In the same article. Yager and Yager appeared to interchangeably use 

the terms perception, view, observation, feeling, describe, report, or believe. 
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As described in the Attitudes subsection of the Instruction section of this 

chapter, some researchers make a distinction between attitudes and beliefs. "The 

one prominent attribute that distinguishes attitudes from beliefs is that attitudes 

engender a predisposition to respond emotionally; beliefs do not" (Koballa & 

Crawley, 1985, p. 225). Yet, some of the statements, in previously available 

attitude instruments, could be better classified as belief statements. The 

instrument in this study contained statements that could be classified as attitudes 

as well as statements that could be classified as beliefs. 

There seems to be some agreement that perception is synonymous with 

view. Because of the distinction that can be made between the terms attitude and 

belief, this study used perception as a more general term to be inclusive of both. 

Therefore, for the purpose of this study, perception was defined as an attitude, 

view, belief, or opinion. 

Aptitude 

From a study predicting continued participation in college chemistry, 

Deboer (1987) stated, "Students who believe they have ability in science expect to 

do well in the future and are more likely to continue to take science courses" (p. 

534). In the same article, he stated. 

.men and women did not differ significantly in their ratings of their 
ability or in their plan to continue in chemistry. The success of the model 
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in predicting continued participation in science for both sexes indicates, 
however, that if substantial sex differences in perceived ability or 
expectations were present, differences in the intention to continue in 
science would most likely be present as well. (p. 535) 

In a survey of 1060 chemistry lab students and eleven of their instructors. 

Carter and Brickhouse (1989) found that: "Ten of 11 faculty members believe 

that their students experience difficulty due to a lack of interest in chemistry. 

Less than half of the students said that lack of interest is an important factor" (p. 

224). Also in that study, only 36% of the students agreed that a lack of 

background contributed to the difficulty of chemistry; and: "Interviews with 

students in the course indicate that each student believes that he or she has a 

very strong background" (p. 225). Yet, 73% of the faculty believed that a lack of 

background was an important factor. 

Self-Efficacy 

A psychological construct that informs the Aptitude subscale, is that of 

self-efficacy. Druckman and Bjork (1994) identified related concepts, noting that 

terms such as "self-confidence," "perceived ability," and "perceived 

competence" have been used to describe a person's perceived capability to 

accomplish a certain level of performance. They preferred the term self-

confidence, rather than self-efficacy, because it is more familiar to most people. 

More specifically, some of the statements for the Chemical Perception 
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Questionnaire could be referred to as confidence beliefs as defined in the 

following quote from Druckman and Bjork (1994). 

Self-confidence is a judgment of one's ability to perform at a certain level; 
expectancies pertain to the outcomes one expects from a given level of 
effort. In essence, confidence expectations are concerned with beliefs 
about one's competence and outcome expectations are concerned with 
beliefs about one's environment. For example, a person may believe that 
running a marathon in less than 2 hours will lead to social recognition, 
money, and self-satisfaction (outcome belief), but may question whether 
she can actually run that fast (corifidence belief). Similarly, a woman may 
believe that Karate self-defense techniques will deter assault (outcome 
belief), but may doubt her capability to be effectively aggressive against a 
powerful assailant (confidence belief), (p. 175) 

Albert Bandura (1977) distinguished efficacy expectations from response-

outcome expectancies, defining them as: "An outcome expectancy is defined as a 

person's estimate that a given behavior will lead to certain outcomes. An efficacy 

expectation is the conviction that one can successfully execute the behavior 

required to produce the outcomes" (p. 193). Efficacy expectations vary on 

several dimensions. Three of these dimensions are: magnitude whereby different 

individuals may be limited by the level of difficulty, generality that may be 

limited to, or extend beyond, a specific situation, or strength where weak 

expectations are easily extinguishable, and strong expectations may cause 

perseverance in coping efforts despite disconfirming experiences. "Given 

appropriate skills and adequate incentives, however, efficacy expectations are a 

major determinant of people's choice of activities, how much effort they will 
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expend, and of how long they will sustain effort in dealing with stressful 

situations" (Bandura, 1977, p, 194). 

In a study entitled "Multifaceted Impact of Self-Efficacy Beliefs on 

Academic Functioning," Bandura, Barbaranelli, Caprara, and Pastorelli (1996) 

analyzed the psychosocial influences through which efficacy beliefs affect 

children's academic achievement. Two hundred seventy-nine children, ranging 

in age from 11 to 14 years of age, had their efficacy beliefs measured by 37 items 

representing seven domains of functioning that formed the three basic efficacy 

factors of: perceived academic self-efficacy, perceived social self-efficacy, and 

perceived self-regulatory efficacy. These three factors constituted 15.7 percent, 

8.3 percent, and 7.1 percent of the variance, respectively. 

Betz and Hackett (1983) devised an instrument called the Mathematics 

Self-Efficacy Scale (MSES). "Self-efficacy expectations with regard to 

mathematics were operationally defined to include perceptions of performance 

capability in relationship to math problems, everyday math tasks, and 

mathematics related college coursework" (p. 332). Subjects were asked to rate 

their confidence in their ability to successfully perform a task, solve a problem, or 

complete a college course with the grade of "B" or better. Confidence ratings 

used a ten-point scale ranging from "No confidence at all" (0) to "Complete 

confidence" (9) for a total of 52 items. To examine the relationships of 

mathematics self-efficacy expectations to the related construct of math anxiety 
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and other attitudes toward mathematics, a 50-item Mathematics Attitudes 

instrument with a five-point Likert scale was used. To examine the relationship 

of sex role variables, the Bem Sex Role Inventory (BSRI) was utilized. The BSRI 

contains a Masculinity scale and a Femininity scale, each containing 20 

personality characteristics rated on a seven-point scale. Findings included: "that 

students reporting stronger mathematics self-efficacy expectations were more 

likely to select science based college majors than were students reporting weaker 

expectations of efficacy with regard to mathematics." "the mathematics self-

efficacy expectations of college females are consistently and significantly weaker 

that are those of college males." and "math self-efficacy is moderately and 

positively correlated with a global measure of math confidence and is 

moderately and negatively related to math anxiety" (p. 342). 

Hackett and Betz (1989) used the Goldman and Hewitt (1976) science-

mathematics code of declared college major as the dependent variable. Using 

mathematics problems performance, achievement, MSES score, sex, BSRI 

Masculinity score, years of high school mathematics, and Mathematics Anxiety 

score as independent variables, they found "that male students who reported 

higher mathematics related self-efficacy expectations and more years of high 

school mathematics preparation were more likely to have declared a science-

related college major" (p. 270). 
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An interesting finding of the study "An Exploration of the Mathematics 

Self-Efficacy/Mathematics Performance Correspondence" (Hackett & Betz, 1989) 

was that the majority of both male and female students inaccurately estimated 

their performance capabilities on a set of mathematics problems. For most 

students, there was a large disparity between self-efficacy estimates and 

performance scores. The majority of men and a large minority of women 

overestimated their performance capabilities. "In fact, cognitions concerning 

competence may be a much more critical factor than measured abilities in both 

educational and career choice processes" (p. 271). 

Summary for Aptitude Subscale 

The Aptitude subscale contains perception statements of interest and/or 

ability in chemistry. This includes statements related to self-efficacy, or perhaps 

for purposes of this study, better referred to as confidence (or efficacy) beliefs. 

Deboer (1987) found that students who believe they have ability in science are 

more likely to continue to take science courses. Carter and Brickhouse (1989) 

observed that chemistry lab student and faculty perceptions differed for 

statements relating to interest and background. As these are items for which 

different groups have demonstrated differing perceptions, it is important that the 

Chemical Perception Questionnaire contain statements relating to interest and 
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background; and that they be reported in a subscale, rather than diffused in an 

overall perception score. 

Chemophobia 

Ronald Breslow (1993) perceived that chemistry suffers from an image 

problem that he credited to chemophobia, induced by some well-publicized 

chemical pollution problems. It was his view that chemophobia must not be 

allowed to overshadow the contributions that chemistry can make to human 

welfare. However, he did not suggest a means to identify chemophobics, nor 

how to remedy the affliction. 

In the unpublished dissertation Chemophobia in the College Classroom: 

Extent, Sources, and Student Characteristics, Roberta Myers Eddy (1996), noted 

that chemophobia is neither well defined nor understood. She equated 

chemophobia to "feelings of anxiety and fear of chemistry" (p. 24). 

Eddy (1996) developed a three-factor, 36-item, instrument called the 

Derived Chemistry Anxiety Scale (DCARS) adapted from the Revised Math 

Anxiety Scale (RMARS). She determined that the average level of chemistry 

anxiety, measured by the DCARS, associated with learning and evaluation was 

statistically the same as the average level of math anxiety as measured by the 

RMARS. She divided the DCARS items into the following three factors: (1) 

Factors that contribute to Learning-Chemistry Anxiety. (2) Factors that 
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contribute to Chemistry-Evaluation Anxiety. And (3) factors that contribute to 

Handling-Chemicals Anxiety. She found the highest level of anxiety associated 

with Chemistry-Evaluation, the lowest associated with the Learning-Chemistry 

factor. The Handling-Chemicals factor was associated with an intermediate level 

of anxiety. 

She concluded that chemophobia was a real phenomenon that existed in 

college classrooms and laboratories. She found a significant (p < .016) correlation 

of .46 "between college students' anxieties about chemicals in the classroom or 

laboratory and college students' anxieties about chemistry as a subject" (p. 148). 

She also found anxiety associated with chemistry evaluation (quizzes and exams) 

and with the math necessary to succeed in a chemistry class. However, the 

anxieties associated with chemistry evaluation and the necessary math might be 

better termed "test anxiety" and "math anxiety", rather than factors of 

chemophobia. 

Abendroth and Friedman (1983) developed a twelve-item Chemistry 

Anxiety Scale, and found that: 

The chemistry anxiety level of community college students enrolled in a 
pre-college chemistry course appears to be quite high. The students are 
especially worried about their course grade, solving mathematical 
problems, coping with a teacher who might not be understanding, 
working in a chemistry laboratory, and just hearing the word "chemistry" 
These fears might be based on prior experience or merely on the 
stereotype students have concerning chemistry. In either case, these fears 
can be debilitating, (p. 26) 
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Again, anxiety concerning students' course grades overlaps the construct of "test 

anxiety." And, anxiety about solving mathematical problems overlaps "math 

arixiety." 

Craig Bowen (1999) developed and validated a Chemistry Laboratory 

Anxiety Instrument (CLAI). He wrote five items for each of six dimensions. 

Those six dimensions were: (1) working with chemicals, (2) using equipment, (3) 

carrying out procedures, (4) collecting data, (5) working with other students, and 

(6) having adequate time. Only his Working With Chemicals dimension 

contained statements similar to those in the Chemophobia subscale. And, even 

those were very specific to chemistry laboratory classes. 

The Chemophobia subscale of the CPQ contains some perception 

statements that are related to the Danger Arvxiety category of Wynstra and 

Cummings' (1993) study of high school science amciety. They identified Danger 

Anxiety as one of six major categories of items that made students feel anxious. 

Those survey items "referred to using poisonous or flammable chemicals, 

lighting a Bunsen burner, or watching a demonstration that explodes and makes 

a loud noise" (p. 19). Their other five categories were: Test Anxiety, Math and 

Problem-solving Anxiety, Squeamish Anxiety (such as dissecting a frog). 

Performance Anxiety, and Classroom Anxiety. 
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Anxiety 

The construct of anxiety has a definite connection to the Chemophobia 

subscale. In fact, chemophobia could be considered equivalent to chemistry 

anxiety. With the exception of Eddy (1996), there has been very little research 

specifically directed to chemistry anxiety. Actually, only her Handling-

Chemicals Anxiety factor could be said to be strictly chemistry anxiety. Her 

other two factors contain overlaps with test anxiety and math anxiety. 

Anxiety may be considered to have two major aspects. State anxiety is a 

transitory emotional state; whereas trait anxiety is a chronic anxiety proneness 

(as cited in Hembree, 1988). A second view divides anxiety into the two major 

components of worry and emotionality. 

Briefly stated, worry refers to the cognitive elements of the anxiety 
experience, such as negative expectations and cognitive concerns about 
oneself, the situation at hand, and potential consequences. Emotionality 
refers to one's perception of the physiological-affective elements of the 
anxiety experience, that is, indications of autonomic arousal and 
unpleasant feeling states such as nervousness and tension. (Morris, Davis, 
& Hutchings, 1981, p. 541) 

A third view proposed labeling "the drives that lead to task-directed and 

task-irrelevant behaviors as facilitating and debilitating anxieties, respectively" (as 

cited in Hembree, 1988, p. 48, italics in the original). These various views led 

Hembree to suggest that test anxiety, "despite its age, is a construct in search of 

identity. Is it a cognitive construct, or is it behavioral" (p. 48)? After a meta-
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analysis of 562 studies, he determined that test anxiety "seems to be a behavioral 

construct" (p. 74). Other findings from that study were: 

Test anxiety (TA) causes poor performance. It relates inversely to 
students' self-esteem and directly to their fears of negative evaluation, 
defensiveness, and other forms of anxiety. Conditions (causes) giving rise 
to differential TA levels include ability, gender, and school grade level. A 
variety of treatments are effective in reducing test anxiety. Contrary to 
prior perceptions, improved test performance and grade point average 
(GPA) consistently accompany TA reduction, (p. 47) 

Interestingly, he also suggested that, "TA is a learned condition, small to 

nonexistent in the very early grades but firmly in place by grade 5" (p. 75). 

Math anxiety has been defined as "feelings of tension and anxiety that 

interfere with the manipulation of numbers and the solving of mathematical 

problems in a wide variety of ordinary life and academic situations" (as cited in 

Coleman, 1991, p. 20). A commonly used instrument in studies of math arixiety 

is the twenty-four item Revised Mathematics Anxiety Rating Scale (RMARS). It 

includes two factors of math anxiety: (1) Learning Mathematics Anxiety, and (2) 

Mathematics Evaluation Anxiety. However, there seems to have been no 

attempts to distinguish Mathematics Evaluation Anxiety from test anxiety. The 

predecessor of the RMARS was the Math Anxiety Rating Scale (MARS), which 

initially, had been considered unidimensional. Rounds and Hendel (1980) 

determined that "the domain of mathematics anxiety as measured by the MARS 

is best described not as anxiety about everyday numerical manipulation, but 
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primarily as test anxiety and secondarily as anxiety associated with mathematics 

courses" (p. 145, italics in the original). The concept of math anxiety may have a 

great deal of overlap with test anxiety, which the RMARS attempted to address 

by division into two factors of math anxiety. 

Test anxiety and math anxiety are peripherally related to chemistry 

anxiety, as chemistry instructors do evaluate students; and the solving of 

chemistry problems frequently involves the use of mathematics. However, it 

could be expected that chemistry anxiety possesses a somewhat stronger 

relationship with the much more general construct of science anxiety. Mallow 

(1981), in "Science Anxiety: Fear of Science and How to Overcome It," identified 

science anxiety as a fear or aversion toward science concepts, scientists, and 

science-related activities. He also observed that although math anxiety and 

science artxiety have some similarities, they are not the same thing. Wynstra and 

Cummings (1990) found that "while test anxiety, especially the construct of 

emotionality may overlap with the construct of science anxiety, they are not the 

same construct" (p. 3). They also determined that "Girls in chemistry classes are 

more science anxious than boys. However, there was no gender difference in test 

anxiety" (p. 3). Mallow and Greenburg (1982) noted that, "general test anxiety 

differs from science anxiety. The importance of this difference is that since 

educators usually evaluate students on tests, they may misinterpret science 

anxiety as generalized test anxiety" (p. 358). They mention further: 
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Science anxiety is a phenomenon of national scope that is well known but 
little understood and rarely dealt with. Like its relative, math anxiety, it 
paralyzes students (especially women and disadvantaged minorities) 
who, by any measure of intelligence and industriousness, should do well. 
It acts as a career filter, preventing students from entering many fields 
because they fear enrolling in the science courses that are the 
prerequisites, (p. 358) 

Chiarelott and Czerniak (1987) determined that, "In general, studies in science 

anxiety, achievement, and attitudes toward science indicate that science anxiety 

exists and is especially prevalent among older, female students and that it 

increases by grade level" (p. 203). 

Summary for Chemophobia Subscale 

Chemophobia appears to be a real phenomenon, as well as a 

psychological construct. Because all of the chemistry anxiety instruments found 

for this literature review included statements that would better fit the constructs 

of test anxiety or math anxiety, it was important that the Chemophobia subscale 

not include items that could be considered test anxiety or math anxiety. 

Therefore, the Chemophobia subscale contains only perception statements of 

anxiety or fear concerning chemicals and chemistry. 

Discipline 

Seymour and Hewitt (1997), "Talking About Leaving: Why 

Undergraduates Leave the Sciences," proposed that the culture of the discipline 
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was one of the greatest contributors to Science, Math, and Engineering (SME) 

student attrition. In their study, 31 percent of the students thought that the work 

in the sciences was too difficult, and is given as one of the two major reasons for 

switching out of a SME major. The primary reason for switching, given by 43 

percent of the students, was that they found non-SME majors more attractive. 

There seems to be a common perception that chemistry, by its nature, is a 

difficult science. Boisset, MacKenzie, and Sidorenko (1989) surveyed students 

who changed out of the science program at their college; and found that: "Both 

males and females ranked chemistry to be the most difficult subject" (p. 34). 

Frances Lawrenz, in a study involving secondary students from twelve states, 

found that: "Chemistry classes, followed by physics and then biology classes, 

were rated as highest on the Difficulty scale" (Minnesota Research & Evaluation 

Project, 1975, p. 6). 

Carter and Brickhouse (1989) compared chemistry student and chemistry 

faculty perceptions of "What makes chemistry difficult?" in a free-response 

survey. They then classified the replies into three categories using the ten most 

popular items in each category from the free-response surveys to produce a 

second survey. Those three categories were: (1) factors that students could 

control; (2) factors that were course related; and (3) factors inherent to the nature 

of chemistry. They found that faculty and students tended to agree on categories 

1 and 2. However, concerning category 3: "Faculty tended to see student 
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difficulties arising, because chemistry is difficult, abstract, and requires a special 

way of thinking. Students disagreed that these points are important to their 

success" (p. 225). Carter and Brickhouse's third category is similar to the 

Discipline subscale of the Chemical Perception Questionnaire. They had arrived 

at the ten statements in their second survey from statements made by 

respondents to their previous free-response survey. It was interesting to note 

that it was this third category that registered the greatest discrepancies between 

student and faculty perceptions of what makes chemistry difficult. 

Halloun and Hestenes (1996) also found that the views of students and 

professors frequently contrast. The Views About Sciences Survey (VASS), a 

survey of student views about science to assess the influence of these views on 

learning, was administered in 23 states to about 8000 high school and college 

students. Noting that, "Virtually all traditional instruments that have been 

developed so far to assess student views about science do not discriminate 

between various scientific disciplines. .. .VASS results show that this is not a 

warranted practice" (p. 21). Therefore, three separate forms of the VASS, with 

parallel items, were developed for biology, chemistry, and physics. They found 

that, "Students enrolled in biology, chemistry and physics courses do not share 

exactly the same views about their respective disciplines, and the degree of 

consistency in expressing a given type of views varies from one discipline to 
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another" (p. 25). It appears to be very important that instruments assessing 

participants' views of a discipline, be very specific to that discipline. 

Summary for Discipline Subscale 

A high variance in participants' responses is desired in an instrument to 

assess perceptions. In other words, it is not informative if everyone agrees in 

their perceptions. It has been observed that instructors and students frequently 

disagree about the nature of the discipline of chemistry. Other groups, or 

subgroups an\ong instructors and students, might also have a high variance. The 

Discipline subscale is therefore, concerned with the perception of inherent 

qualities or characteristics of the discipline of chemistry. 

Ethnicity 

Jeffry Mallow (1981) in noting that research indicates no difference in 

levels of Piaget reasoning between white and minority students and that science 

anxiety and avoidance transcends racial and class barriers, concluded that "in the 

final analysis, there are far fewer minority scientists than their proportion in the 

population. Something else must be operating, since black and Hispanic 

students get a clear message that science is not for them" (p. 56). 

In 1986, Blacks and Hispanics each made up about two percent of the 

scientific workforce (Raizen, 1991). "Among bachelor's degree seekers, whites 
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and Asian/Pacific Islanders are more likely to persist toward a bachelor's degree 

than are their black and Hispanic counterparts" (Smith, 1997, p. 16). Melvin 

Johnson (1991) observed that, with the exception of Asian-Americans, the rates of 

production of minority baccalaureate and doctoral graduates are low. He also 

stated, concerning the reporting of Scholastic Aptitude Test (SAT) scores: 

Reporting of minority students' achievements have been segmented in a 
way that allows the media to create a perception of success and failure 
based on selected categories of minorities. There seems to be a 
perception that Asian-Americans have special abilities and thus excel in 
the sciences and mathematics. Asian-Americans are categorized in this 
country as minorities, however, when scores on standardized tests are 
reported they are grouped with white students, (p. 518, bold added) 

There seems to be a common perception that Whites and Asians have some kind 

of ability advantage over Blacks and Hispanics in the sciences. 

Summary for Ethnicity Subscale 

It is widely accepted that Blacks and Hispanics are underrepresented in 

the physical sciences. There appears to be a perception among some, that Whites 

and Asians possess an ability advantage over Blacks and Hispanics in the 

sciences. Therefore, the Ethnicity subscale contains perception statements that 

one's ethnicity influences one's ability to learn chemistry or be successful in a 

chemical career. 
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Gender 

Gender should be a major consideration. Schibeci (1984), in a review of 

over 200 studies, determined that: "Sex appears to be an important variable, 

both alone and in interaction with other variables" (p. 46). 

Sheila Tobias (1990) observed that: "Women make up 50 percent of the 

general population and 44 percent of the U.S. work force, but comprise only 13 

percent of working scientists and engineers" (p. 69). Kermeth Green (1989) noted 

that among college freshmen, between 1966 and 1988, "women's interest in the 

sciences actually declined by more than two-fifths during this period (from 8.8 to 

5.1%)" (p. 475). Boli, Allen, and Payne (1985) observed that men were four times 

as likely to major in chemistry and physics than were women. It is very apparent 

that women enter the field of chemistry in disproportionately low numbers. 

The cover story of the February 10, 2003 issue of "Chemical and 

Engineering News" (Heylin, 2003) included the following statistics, detailed in 

Table 2.1, for the percentages of females graduating with degrees in the physical 

sciences, year 2000 compared to year 1991: 
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Table 2.1: Percentages of Female Physical Science Graduates. 

Degree 1991 2000 1991-2000 Change 

Bachelor's 31.7% 40.8% +46.1% 

Master's 27.6% 35.6% +18.6% 

Ph.D. 19.4% 25.6% +24.2% 

Although increased numbers of females earned degrees in the physical 

sciences for the 1991-2000 period, the percentages were still below 50 percent, 

and much lower than for other disciplines. It is unknown how much of the 

physical sciences increases were simply due to overall increased numbers of 

women graduates. For 1999-2000 bachelor's degrees in all disciplines, there were 

708,000 women graduates compared to 530,000 men. This showed an increase 

from 480,000 women and 473,000 men in 1981-82, the first year that women 

earned more bachelor's degrees than did men. Interestingly, the numbers of 

males who earned physical science degrees actually declined during the same 

period. 

"There is evidence that high school students believe that physical science 

is more masculine than biological science" (Burkam, Lee, & Smerdon, 1997, p. 

299). It seems that a gender disparity in science achievement also occurs in high 

school. 
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Gender differences in 10*-grade science achievement are dependent on 
subject matter. There was a moderate male advantage in physical science 
achievement (Effect Size = -.35-magnified since 8̂ ^ grade) but no 
discernible differences in life science. This gender-based achievement 
disparity was more than twice the magnitude of any other gender 
differences considered in this study. (Burkam et al, 1997, p. 311) 

Boli et al. (1985) found that women who disagreed with the assertion that 

men do better at math and science, were much more likely to complete their 

college chemistry course than those saying they agreed or were neutral. 

However, those women who disagreed with the statement did not differ 

significantly from the other women in other performance measures. 

Summary for Gender Subscale 

It is well accepted that women are underrepresented in chemistry. A 

disparity in physical sciences achievement, compared to males, becomes 

significant by the 10* grade (Burkam, Lee, & Smerdon, 1997). Women who 

disagreed with the assertion that men do better at math and science, were much 

more likely to complete their college chemistry course than those saying they 

agreed or were neutral (Boli, Allen, & Payne, 1985). There are people who 

consider chemistry to be a "masculine" science. Therefore, the Gender subscale 

contains perception statements that one's gender influences one's ability to learn 

chemistry or be successful in a chemical career. 
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Instruction 

Poor teaching and the unapproachability of SME (Science, Math, and 

Engineering) faculty was mentioned as a concern by 88.5 percent of students 

who switched out of SME majors, as presented in Seymour's (1992) article. 

Overload/pace too fast/overwhelmed by curriculum demands, was mentioned 

by 49.2 percent of the same group. A preference for the teaching approach in 

non-SME courses was mentioned by 54.1 percent. 

The Instruction subscale is an area where one must be particularly wary of 

attempting to apply those findings to the specific science of chemistry. "Because 

of the large differences in student perceptions of their science courses, 

researchers in science education must be extremely careful about considering 

physics, chemistry, and biology together in the same ways as science" (Lawrenz, 

1976, p. 320). 

In "They're Not Dumb, They're Different: Stalking The Second Tier," 

Tobias (1990) noted that "introductory college courses remain unapologetically 

competitive, selective and intimidating, designed to winnow out all but the 'top 

tier' and.. .there is little attempt to create a sense of 'community' among average 

students of science" (p. 9). Her "second tier" (high achievers in fields other than 

science) students also mentioned an absence of history and context as well as an 

emphasis on working problems instead of understanding concepts to be aspects 

of college chemistry courses that cause many able students to pursue majors in 
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non-science fields. She also found that most women perceived the college 

science classroom as an "unfriendly" place to be; and, that women were 

uncomfortable with the "intensely competitive environment" of most 

introductory science classes. 

In the doctoral dissertation. Student Experiences in College General 

Chemistry: Affective Influences on Intention to Major in Science, Meadows 

(1993) related some student comments about the instruction they received in 

chemistry classes. Some of the student observations follow: 

• The teachers were unable to explain the material. 

• There were too many problems to work, without an explanation of the 

concepts. 

• The instructor was very intimidating. 

• The students were afraid to ask questions. 

• There was a stress on chemistry trivia. 

• There was a lack of integration between lab and lecture. 

• Chemistry is a "weed-out" course. 

• The pace of the class was too fast. 

• The teacher was too impersonal. 

Although most of the comments were negative, there were a few positive 

comments contradictory to those above. 
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Attitudes 

"In the decades immediately following the publication of attitude-scaling 

methodologies by Thurstone, and shortly thereafter by Likert, attitude grew to be 

the single most important construct in social-psychological research and theory" 

(Mueller, 1986, p. 34, italics in the original). Koballa (1988) considered "the most 

important quality of the attitude concept is our favorable or unfavorable feelings 

toward objects, persons, groups, or any other identifiable aspects of our 

environment" (p. 117, italics in the original). He further noted that attitudes 

must have a referent; that attitudes always refer to feelings about some attitude 

object. 

In the context of this discussion it is also important to mention that one 
common view of attitude in the past was that it had three components: a 
cognitive component, consisting of the person's beliefs about the object; an 
affective component, consisting of a person's feelings about the object; and 
a conative component, consisting of a person's intentions to act in a 
particular way toward the object. This view is now less widely accepted 
by attitude theorists, at least in part because it clouds some important 
distinctions between the concepts. As currently conceived and 
operationalized, the affective component of the trilogy is the sole attribute 
of the attitude concept, (p. 121) 

Koballa (1988) offered three reasons for studying attitudes: (1) They are 

relatively enduring. Although attitudes can change, something must happen to 

cause that change. (2) Attitudes are learned. "Most people would agree that 

babies are not born with attitudes toward snakes, taking physical science in high 
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school, or a nuclear navy; these attitudes and all others are learned from 

experience" (p. 116, italics in the original). And (3) Attitudes are related to 

behavior. People's actions reflect their feelings toward attitude objects. 

Attitudes and beliefs should not be considered the same construct. "The 

one prominent attribute that distinguishes attitudes from beliefs is that attitudes 

engender a predisposition to respond emotionally; beliefs do not" (Koballa & 

Crawley, 1985, p. 225). They further explained the distinction by stating that: 

There is now widespread consensus that the term attitude toward science 
should be used to refer to a general and enduring positive or negative 
feeling about science. It should not be confused with scientific attitude, 
which may be aptly labeled scientific attributes (e.g., suspended judgment 
and critical thinking). "I like science," "I hate science," and "Science is 
horrible!" are considered to be expressions of attitudes toward science 
because they denote a general positive or negative feeling toward the 
formal study of science or science as an area of research. "Science is 
messy," and "Science is too mathematical," (what a person considers to be 
fact) are examples of beliefs that might lead a person to conclude that 
science should not be taught in elementary schools (an acquired negative 
attitude). The term belief is reserved for the information that a person 
accepts to be true, in these examples about science as a school subject, (p. 
223) 

"Our attitudes are organized around beliefs; beliefs are their cognitive 

backdrop. On a cognition-affection continuum, beliefs can be placed along the 

entire continuum with descriptive beliefs more cognitive than evaluative beliefs" 

(Shrigley, Koballa, & Simpson, 1988, p. 669). The same article argued that beliefs 

are probably more enduring than attitudes; and that both are learned. Koballa 

and Crawley (1985) stated that, "the term belief is reserved for the information 
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that a person accepts to be true... and may have positive, negative, or no 

evaluative implications (emotional attachment)" (p. 223). Berkowitz (1986) said 

that; "A belief or an opinion refers to a cognition-what we know or assume to 

be true - whereas an attitude has more to do with feelings. Of course, this 

difference is a matter of degree since beliefs sometimes arouse emotions" (p. 

168). Although attitude and belief are defined in the literature, Shrigley et al. 

observed that: "Statements on attitude scales are often evaluative behefs" (p. 

676). 

This distinction between attitudes and beliefs constituted the primary 

rationale for designing the instrument to assess chemistry perceptions, instead of 

chemistry attitudes. Several of the perception statements in the development of 

this instrument could definitely be classified as beliefs, such as: "Chemistry has 

too much math." or "Chemistry is easier for Whites/Anglos." Yet, it seemed that 

the respondents' beliefs might be at least as informative as their attitudes. 

Summary for Instruction Subscale 

There seems to be a perception of science, and particularly chemistry 

instruction, that its quality is different from and inferior to the instruction 

provided in other disciplines. It is important that the perception statements in 

the Instruction subscale be specific to chemistry. Therefore, the instruction 
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subscale contains perception statements of chemistry courses and how they are 

taught. 

A discussion of attitudes was included in this section. Attihides refer to a 

general and enduring positive or negative feeling about an attitude object. A 

belief is information that a person accepts to be true. This distinction between 

attitudes and beliefs provides the rational for designing the scale as an 

instrument to assess chemistry perceptions, rather than chemistry attitudes. 

Value 

Gogolin and Swartz (1992) used an instrument called the Attitudes 

Toward Science Inventory (ATSI). One of the six subscales in the ATSI is titled 

"Value of Science in Society" condensed to simply the title of "Value." The alpha 

reliability coefficients for that subscale were 0.76 on the pretest, and 0.77 on the 

posttest. This subscale also showed a mean improvement of +0.79 (probability = 

0.010) from the pretest (before taking a science course) to posttest (after taking a 

science course) for nonscience students. 

Menis (1989) included a subscale titled "The Importance of Science" in an 

attitude instrument given to 3460 high school chemistry students. He found that 

89% responded that scientific inventions improve the standard of living. 

However, only 58% of the 11* graders and 73% of the 12* graders agreed that 

money spent on scientific research is well spent. Menis expressed concern that 
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the less positive attitude for spending money on scientific research may impact 

the political environment for such expenditures when those potential taxpayers 

are old enough to vote. 

The perception of value or importance of science was examined by the 

studies mentioned above, as well as others. However, the studies found 

specifically concerned with chemistry, tended to be unidimensional for attitude 

or anxiety. In other words, the responses to statements of value for chemistry 

were not reported as separate scores, but were included in the overall scores for 

attitude or anxiety. No studies were found that reported subscale scores for the 

value or importance of chemistry alone. Seemingly, an understanding of 

perceptions of the value of chemistry could provide important information. 

This subscale title's relationship with the psychological construct of the 

same name could be considered one of degree. Milton Rokeach stated that value 

is an "enduring belief that a specific mode of conduct or end state of existence is 

personally or socially preferable to an opposite or converse mode of conduct or 

end state of existence" (as cited in Mueller, 1986, p. 5). It is possible that a person 

could hold such an enduring belief about chemistry to the point that it is a value 

of that person. However, the Value subscale is intended only to determine a 

participant's perception of the importance of chemistry to them personally or to 

society. 
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Concerning the construct of value, Mueller (1986) stated: 

Like attitudes, values involve evaluating. But it is generally agreed 
among social theorists that values are more abstract, higher-order 
constructs than are attitudes. They are thus more permanent and resistant 
to change, and they have a direct or indirect causal influence on both 
attitudes and behaviors. Both Klukhohn and Rokeach have indicated that 
values may express either personal or social preferences and that values 
may serve either as ends (goals) or as means to ends-both common 
distinctions among value theorists, (p. 5) 

"Thus values are determinants of attitudes" (p. 5). For example, a person's value 

system may place greater value on the lives of individual frogs and lab rats than 

it places on the value of scientific knowledge. Such a person would likely have a 

more negative attitude towards the biological sciences than the physical sciences. 

Summary for Value Subscale 

Some researchers of attitudes toward science have recognized the 

desirability of acquiring data on the value or importance of science to the 

respondents. It seems that similar data, specifically for chemistry, is not widely 

available. Therefore, the instrument to assess chemistry perceptions provides 

scores for a Value subscale containing perception statements regarding the value 

that chemistry has for individuals or society. 
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Summary of Chapter II 

The few existing instruments that might have been considered related to 

chemistry perceptions, attempted to assess chemistry attitudes or anxiety. These 

instruments relied primarily on a single, overall score which did not provide the 

more detailed information necessary to understand important aspects of those 

constructs. The scores provided by those instruments also have some construct 

validity problems. Chemistry attitude instruments frequently contained 

statements that might be better characterized as science attitudes, math attitudes, 

or attitudes toward a specific course or program. Instruments that attempted to 

assess chemistry attitudes also included statements of belief and opinion. 

Instruments that attempted to measure chemistry anxiety included statements 

that would be better classified within the constructs of math anxiety or test 

anxiety. 
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CHAPTER III 

METHODOLOGY 

Introduction 

This chapter focuses on the development of a questionnaire type 

instrument to assess chemistry perceptions. Although questionnaires lack the 

flexibility of interviews, they have the following advantages noted by Henerson, 

Morris, and Fitz-Gibbon (1987): (1) They permit anonymity. (2) They permit 

respondents time to think about their answers. (3) They can be given to many 

people simultaneously. (4) Because each person responds to the same 

statements, they provide uniformity across measurement situations. (5) The data 

provided are more easily analyzed and interpreted. (6) They can be 

administered by mail. 

Possible perception statements were reviewed for construct and content 

validity by a set of knowledgeable reviewers (see Appendix A). A preliminary 

Chemistry Perception Questionnaire was pilot-tested, and an item analysis 

performed. If necessary, changes based on the item analysis were made, and a 

final Chemistry Perception Questionnaire (CPQ) developed. The final CPQ was 

tested for reliability by test-retest and calculation of Cronbach's Coefficient 

Alpha for each of the seven subscales 
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Scale Selection 

The measurement techniques of Osgood, Thurstone, and Likert, 

representing, respectively, the three major types of attitude rating scales 1) the 

semantic differential, 2) the ordered scale, and 3) the agreement scale, were 

examined to determine the one most appropriate for this study. All three 

techniques use self-report procedures. "Self-report procedures represent the 

most direct type of attitude assessment and should probably be employed unless 

you have reason to believe that the people whose attitudes you are investigating 

are unable or unwilling to provide the necessary iriformation" (Henerson et al., 

1987, p. 20). A concern with self-reporting is the question of respondent honesty. 

Because the instrument was administered with a promise of anonymity and 

requested very low-risk information, it was assumed that the respondents were 

reasonably honest in their reporting. 

Osgood Scale 

Osgood's semantic differential scale names the attitude object as a 

heading, then lists a series of adjectives and their antonyms. This format is 

sometimes referred to as bipolar adjective pairs (Crocker & Algina, 1986). The 

respondent is asked to place an X on one of the seven lines, between each pair of 

adjectives, that best represents how they feel about the subject. For example: 
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bad 

worthless 

confusing 

happy 

chemicals 

good 

valuable 

clear 

unhappy 

If several attitude objects are presented, the same adjectives should be used in 

the same order for each one. However, the adjective pairs should be listed so 

that not all positive or negative responses would fall on the same side. 

The semantic differential is generally regarded as a good tool for 
measuring affect—people's positive and negative/ee/zn^s toward an 
attitude object. Its score represents the respondent's general impression 
about the attitude object. Because of this, it is useful in situations where 
people are likely to have strong emotional reactions to a topic but not well 
thought out opinions. .. .and since the semantic differential yields only 
general impressions without information about their source, it is not often 
worth the effort expended. (Henerson et al., 1987, p. 89, italics in the 
original) 

Since the same adjective pairs are used for each object, they are not always 

the most appropriate ones available. For example, some people might not wish 

to apply the adjectives "happy" and "unhappy" to the perception object 

"chemicals." The biggest problem with this type of scale though, is that it is the 

most "transparent" of the techniques. Since the respondent can easily identify 

the object being evaluated, they might slant their responses in the direction that 

they think might be expected or to please the researcher. 
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Thurstone Scale 

The Thurstone scale is an ordered scale type of rating scale. Thurstone 

actually developed three related scaling techniques: (1) paired comparisons, (2) 

successive intervals (or graded dichotomies), and (3) equal-appearing intervals 

(Mueller, 1986). This study considered the method of equal-appearing intervals; 

whereby judges conceptualized the categories as equidistant. The resulting scale 

values have been found to be very highly correlated with those obtained by the 

method of successive intervals, but do not require calculating the width of each 

successive interval along the psychological continuum (Mueller, 1986). 

The first step in constructing a Thurstone scale, requires the careful 

delimitation of the attitudinal or perception object. "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" 

(Mueller, 1986, p. 8). In step two, a pool of opinion statements is gathered. 

Different from Likert scales, some neutral items are required. Mueller (1986) 

recommended starting with a pool of 40 or 50 opinion statements. The third step 

involves having a group of judges sort the statements into categories ranging 

from "extremely unfavorable" to "extremely favorable". The median 

categorization of each item, by the judges, becomes the scale value for that item. 

Although Thurstone used 300 judges, Mueller (1986) found that "scales have 
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been successfully constructed with as few as 10 or 15 judges" (p. 36). The fourth 

step requires the elimination of items with a large response variability, indicating 

a poor consensus among the judges. Constructing the final scale is the last step. 

Twenty to 25 statements of approximately equidistant values are selected. 

Respondents are asked to check the statements with which they agree. The 

values for those statements are averaged to obtain their scale score. 

The main advantage of a Thurstone scale is that the existence of a neutral 

value allows for an "absolute," as opposed to a "relative" interpretation of scale 

scores. The main disadvantage is the complicated and time consuming 

determination of "favorableness" values using a number of qualified judges. "In 

overall comparison with Likert scaling the Thurstone procedure comes off 

second best, though" (Mueller, 1986, p. 46). 

Likert Scale 

The most conrtmonly used type of scale is the agreement scale, such as the 

familiar Likert scale. This scale asks respondents to report the intensity with 

which they agree or disagree with a statement. Although Likert scale scores are 

relative, rather than absolute, "there appears to be no essential difference in the 

results obtained from Thurstone and Likert scales" (Novodvorsky, 1993, p. 41). 

In agreement, Mueller (1986) determined that "Likert scales can often match the 

reliability of Thurstone scales with slightly fewer items" (p. 46). Likert scales 
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"are relatively easy to construct, can be highly reliable, and have been 

successfully adapted to measure many types of affective characteristics" (Gable 

& Wolf, 1993, p. 50). 

The number of steps in the response format may vary from a simple, two-

point. Agree/Disagree, to as many as nineteen steps. "Using too few steps will 

result in failing to elicit the fine discriminations of which the respondent is 

capable, while using too many steps could create confusion and frustration" 

(Gable & Wolf, 1993, p. 52). Gable and Wolf (1993) examined the research 

concerning step numbers, and determined that "the reliability and validity issues 

seem to be best served through the use of from five to seven response categories" 

(p. 56). Considering the context of the items, and the respondents to whom it 

would likely be administered, this instrument used a five-point scale, from 

Strongly Agree to Strongly Disagree. 

Another issue to consider is whether to use an even or odd number of 

steps. An odd number allows the respondent an option to reply to a center 

point. That provides an acceptable response whether the respondent is truly 

neutral concerning the statement, does not understand the statement, or feels 

that it does not apply to them. Gable and Wolf (1993) determined that "there is 

simply no definitive answer to the question of using a neutral point in response 

format" (p. 56). As a matter of preference, this instrument used a five-point scale 

with a "Neither Agree or Disagree" center point. 
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Because of its familiarity to possible respondents, ease of construction, 

suitability to measure affective characteristics, and high reliability, it was decided 

that a Likert scale would be most appropriate for this study. Henerson, Morris, 

and Fitz-Gibbon (1987) suggested the following steps for constructing and using 

an agreement scale: 

1) Accumulate a large number of clearly favorable or clearly unfavorable 
statements about the attitude you wish to measure (approximately 60). As 
with the statements for the ordered scale, a good source might be 
prospective respondents. 

2) Ask a pilot group (50 or more) to respond to these statements. The pilot 
group should consist of people who are (a) similar to the people whose 
attitudes you wish to measure, and (b) likely to express the whole range of 
attitudes you wish the instrument to detect. 

3) Score responses by assigning them from one to five points —five for 
most favorable, one for least favorable. This, of course, means responses 
will be scored differently depending on whether the statement reflects a 
negative or positive attitude. 

4) Compute a score for each respondent by totaling the points 
corresponding to his or her responses. 

5) Identify high scorers (top 25%) and low scorers (lowest 25%). 

6) Analyze each statement according to how high and low scorers 
responded to it...(item analysis). 

7) Retain those items (approximately 20) which provided good 
discrimination between the high and low scorers. 

8) Construct the questionnaire by listing the retained statements in 
random order. 

9) Administer the instrument. 
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10) Compute a score for each respondent by totaling the scores 
corresponding to his or her responses, (pp. 86-87) 

The Chemistry Perception Questionnaire varied somewhat from the 

aforementioned steps in the following ways: (1) Most of the perception 

statements have been suggested by the review of relevant literature instead of by 

asking prospective respondents. (2) The suggestions of the validity reviewers 

strongly influenced which statements were included in the pilot questionnaire. 

(3) An item analysis was computed for each subscale instead of just the overall 

score. (4) There are thirty-five, instead of the recommended twenty, statements 

in the final questionnaire, so that there were five items for each of the seven 

subscales. (5) In addition to a total score, scores were computed for each of seven 

subscales. 

Summary of Scale Selection 

An examination of the three major types of rating scales (1) the semantic 

differential scale, (2) the ordered scale, and (3) the agreement scale, led to the 

selection of the agreement (Likert) scale as the most appropriate for the 

Chemistry Perception Questionnaire instrument. The Likert scale was 

determined to offer reliabilities at least equivalent to those of the other types. 

Yet, the major disadvantage of the Likert scale, the fact that the scores are relative 

rather than absolute, was not considered to be deleterious to this instrument. 
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Because the Likert format is more familiar to most people, easier to construct, 

suitable for measuring affective characteristics, and highly reliable, it was 

selected as the most appropriate for this study. 

Validity Determination 

Validity can be considered the answer to the question: Is the instrument 

an appropriate one to measure what you want to know? Another way to think of 

it, is as "the extent to which you can rule out interpretations of the instrument's 

results other than the one you wish to make" (Henerson, Morris, & Fitz-Gibbon, 

1987, pp. 134-135). 

Mueller (1986) identified "three major validity models that may be 

applied to attitude scales and other psychological measures: content validity, 

predictive validity, and construct validity" (p. 62). Each of these validity models 

was addressed, with respect to the development of the Chemistry Perception 

Questionnaire (CPQ) instrument, as follows. 

Content Validity 

Litwin (1995) stated that content validity "is a subjective measure of how 

appropriate the items seem to a set of reviewers who have some knowledge of 

the subject matter" (p. 35). Gable and Wolf (1993) recommended the 

establishment of a panel of about five content experts. Therefore, a set of 
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possible perception statements was submitted to five judges who provided input 

on their appropriateness (see Appendix A). 

Predictive Validity 

"Predictive validity is the extent to which a test accurately predicts a 

criterion-for example, the extent to which a scholastic achievement test predicts 

subsequent school performance" (Mueller, 1986, p. 63). Mueller noted that in 

studies in which an attitude measure was used to predict a particular behavior, 

the predictabilities varied from zero to moderately good. As a result, he 

"concluded that attitude measures are not always good predictors of behavior. 

Conversely, it must be concluded that behaviors are not always good indicators 

of attitude" (p. 69). Further complicating the association between attitude and 

behavior, is the possibility of competing attitudes. For example, a positive 

attitude toward chemistry might be in competition with a positive attitude to 

partying, with respect to the behavior of studying for chemistry class. Koballa 

and Crawley (1985) stated, "Where attitudes overlap, the object that generates 

the greatest emotional intensity exerts the greatest control over subsequent 

behavior" (p. 224). 

Predictive validity is not considered to be relevant to the development of 

the CPQ instrument because it is totally dependent on which behavior, if any, 

might be predicted. Any estimate of predictive validity should be addressed in 
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each specific study attempting to use the CPQ in a predictive manner. Because 

this study was concerned with the development of an instrument, and was not 

attempting to predict a behavior, predictive validity was not considered a 

concern. 

Construct Validity 

Borg and Gall (1989) defined construct validity as "the extent to which a 

particular test can be shown to measure a hypothetical construct" (p. 255). The 

hypothetical construct under consideration with the CPQ was chemistry 

perceptions, which is inclusive of attitudes to chemistry. Mueller (1986) stated 

that: 

Unlike the predictive-validity model, construct validity considers attitude 
to be a legitimate and important entity in its own right, regardless of 
correlations with overt behavior. Attitude, like all other psychological 
constructs (such as values, personality traits, and intelligence) is an 
idealized abstraction that is subject to scientific study and can be 
measured through inferences about people's beliefs and behaviors (often 
behaviors are responses to test items), (pp. 69-70) 

Henerson, Morris, and Fitz-Gibbon (1987) noted that construct validity 

can be supported by: (1) opinions of judges, (2) correlations, (3) criterion-group 

studies, or (4) appeal to logic. The first of these, opinions of judges, was one of 

the methods used to support the construct validity of this instrument. Professors 

and graduate students of education and chemistry were asked to identify the 
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appropriate subscale, and importance of inclusion in the instrument, for each of 

the perception statements (see Appendix A). 

The opinions of judges method of establishing validity is actually less 

efficient and less objective than through an item analysis (Mueller, 1986). 

Mueller noted that a statistical item analysis would not be subject to the concerns 

of objectivity possible with judges. He continued, stating that: 

In Likert scale construction, each item must be keyed by the scale 
constructor as positive or negative toward the attitudinal object. Items 
that do not fall in the domain of the construct will be impossible to key. 
Furthermore, in both the Likert scale and the semantic differential, item 
analysis identifies items that fail to correlate with the total scale score. 
Essentially, these items are judged not to be in the construct domain, (p. 
72) 

These statements provide additional support for the selection of a Likert scale as 

the most appropriate design, and the desirability of performing an item analysis 

in the development of the CPQ instrument. 

The correlations method involves the calculation of correlates to another 

instrument that purports to measure the same, or similar, construct. The other 

instruments examined, in the review of relevant literature, generally reported a 

single attitude score. Novodvorsky (1993) did report separate scores for three 

factors of students' attitudes toward science as a subject in school: (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. Hassan 
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and Shrigley (1984) authored an article titled "Designing a Likert Scale to 

Measure Chemistry Attitudes." However, it was designed to be administered to 

preservice elementary teachers concerning the teaching of chemistry in 

elementary schools. No other instrument was located that was sufficiently 

similar to the Chemistry Perception Questionnaire. As a result, correlations that 

would sufficiently enhance the establishment of validity beyond the methods 

used could not be completed. 

In order to conduct criterion-group studies, it is necessary to "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" (Henerson et al, 

1987, p. 138). Because the construct in question is chemistry perceptions, divided 

into seven subscales, the opinions of judges, the nature of Likert scale 

construction, and item analysis were considered to provide more meaningful 

support for the construct validity of this instrument than an attempted criterion-

group study. 

Concerning an appeal to logic, Henerson et al. stated that, "audiences will 

accept the instrument as logically related to the construct as long as they know 

that it has been administered fairly" (p. 138). In essence, the audience is asked to 

accept the instrument's representation of the construct, and to agree that the 

circumstances of its administration have not invalidated your results (Henerson 
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et al, 1987). Finally, as long as sufficient time for administration is provided, and 

there is no pressure to respond in a particular way, the appeal to logic is met. 

Henerson et al. noted that, "any combination of the types of evidence... 

can be used as support for construct validity" (p. 139). Considering the 

instrument being developed, it was concluded that the opinions of judges 

method combined with the nature of Likert scale construction and item analysis 

would provide the best evidence for construct validity. Also, proper 

administration of the instrument would fulfill the need for a positive appeal to 

logic. 

Mueller (1986) noted that measures of internal consistency, such as 

Cronbach's Coefficient Alpha, can also supply evidence of construct validity. "If 

a scale has a high index of internal consistency, we know that the items are 

substantially intercorrelated. They are working together to measure the same 

underlying variable. This constitutes evidence that a construct is being 

measured" (p. 71). However, other evidence is needed to show that the 

measured construct is the intended construct. 

Remember, though, that by the very nature of the attitude-scale 
construction process (Likert and Thurstone, at least) some amount of 
content validity is assured. Content validity and internal consistency are 
often used in combination in attitude-scale validation. This combination 
of content validity plus internal consistency supplies at least minimally 
acceptable evidence of construct validity for attitude scales. (Mueller, 
1986, pp. 71-2, italics in the original) 
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In order to provide additional evidence for the construct validity of the 

instrument, a factor analysis was performed. Using the subject responses to the 

pilot test, principal components analysis with Promax rotation was utilized to 

verify multiple factors, calculate the total variance explained by those factors, 

and attempt to establish that items loaded to the intended subscales. 

Thompson and Daniel (1996) noted that analysts differ over the utility of 

principal components versus common or principal factor analysis; but that with 

30 or more variables, the solution and interpretation differences are likely to be 

small. 

Principal components is a reasonable alternative in some cases, especially 
because the method yields component scores that have the same 
correlation coefficients as the rotated factors and because component 
analysis does not unduly capitalize on sampling error as the price for 
estimating measurement error. (Thompson & Daniel, 1996, p. 202) 

The two main approaches to rotation are orthogonal (uncorrelated) or 

oblique (correlated) factor solutions (Pallant, 2001). The most commonly used 

rotation method is the orthogonal Varimax rotation "called an orthogonal 

rotation because the axes that are rotated remain at right angles to each other." 

Oblique solutions like those used in "Oblimin and Promax procedures allow the 

researcher to deviate from orthogonal to achieve a better simple structure" 

(George & Mallery, 2001, p. 235). Simple structure is achieved when there are 
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high factor loadings on one factor and low loadings on all others. The Promax 

procedure was selected for this study, as opposed to Oblimin, because it has the 

advantage that it can be computed more quickly for large data files (SPSS Base 

10.0 Applications Guide, 1999). 

Summary of Validity Determination 

Content and construct validity for the Chemistry Perception 

Questionnaire instrument was addressed through the completion of a Validation 

of Proposed Perception Statements instrument by qualified judges (see Appendix 

A) and item analysis. The content validity assured by the nature of Likert scale 

construction, combined with a measure of internal consistency providing 

evidence of construct validity, lent additional support for the validity of the 

instrument. Further evidence of construct validity was provided by a factor 

analysis of the pilot test results. 

Reliability Estimation 

It is important that any instrument have a reliability estimation to answer 

the question: Does the instrument yield consistent results? Mueller (1986) 

identified four procedures for calculating reliability: test-retest, alternate forms, 

split-half, and internal consistency. Unlike validity, rehability is usually 

expressed as a number. 
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Test-retest reliability involves the readministration of the same test, to the 

same participants, after an elapsed period of time. Too short of a period of time 

between administrations may lead to participants remembering the questions, 

and their responses, from the first administration. Waiting too long, runs the risk 

that the perceptions of the participants may have changed between 

administrations. Henerson, Morris, and Fitz-Gibbon (1987) recommended 

approximately a month between administrations. Correlating the scores of the 

first test with the second results in a numerical coefficient of stability. A value of 

1.00 indicates perfect reliability, which Borg and Gall (1989) pointed out, "is 

never attained in practice" (p. 259), while a value of .00 would indicate no 

reliability. Concerning test-retest reliability, Litwin (1995) noted that "correlation 

coefficients, or r values, are considered good if they equal or exceed 0.70" (p. 8). 

The test-retest method was used as part of the reliability estimation for the 

Chemistry Perception Questionnaire instrument. Groups of respondents 

completed the questionnaire, and entered an identification code that would not 

identify them, but would allow the second administration forms to be matched 

with the first. Borg and Gall (1989) pointed out that the reliabilities of 

instruments with subscores are often reported for only the total scores. They 

stated: "You may be sure that all or most of these subscores will have lower 

reliabilities than the total test reliability" (p. 259). Therefore, in addition to the 

total score, coefficients of stability will be calculated and reported for all seven 

subscales of the CPQ. 
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The alternate forms method requires administering an equivalent scale, 

measuring the same content with different items, to the same group of people. 

Sometimes referred to as the coefficient of equivalence, this method is the most 

conunonly used estimate of reliability for standardized achievement and 

intelligence tests (Borg & Gall, 1989). The major difficulty with the equivalent 

forms method is that it requires the production of two, separate, yet equivalent 

forms. Each participant who receives form A will later receive form B and vice 

versa. Both administrations may be given at the same sitting, or to reduce 

practice effects, after some interval. Henerson et al. (1987) mentioned that, "the 

method does not completely eliminate the effects of memory" (p. 148). 

The split-half method has the advantage of requiring only a single 

administration. Each respondent receives two scores, one for each half. The 

major problem is assuring that both halves of the test are matched for content, 

item type, item difficulty, and any other item characteristic (Mueller, 1986). Since 

variance is directly associated with test length, a half-length test would be 

expected to have a lower reliability. A "Spearman-Brown formula for doubled 

length" is often used to estimate the reliability of a full-length test based on the 

reliability of the half-test (Mueller, 1986). 

"Internal-consistency reliability-estimation procedures are particularly 

relevant for tests measuring psychological constructs" (Mueller, 1986, p. 62). 

Items not scored dichotomously, such as Likert scales, require the use of 

Cronbach's Coefficient Alpha instead of the related Kuder-Richardson formula 
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20. "In effect, alpha treats each item as an alternate test form and establishes the 

consistency of measurement across forms" (Mueller, 1986, p. 62). Although the 

actual calculations were performed by computer, using SPSS, Version 10 

software, Mueller (1986) provided the following formula for calculating alpha: 

f k ^ 
alpha = 

^ U-1 
where: k = number of test items. 

2 
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sr = variance of total test scores, 

Y = sum (for all test items), 

Sî  = variance of responses to a test item. 

Variance = ŝ  = 

where: X = raw score, 

Xbar = mean (of all the raw scores), 

Y = sum (of all squared raw score deviations from the mean), 

N = number of raw scores. 

It was concluded that Cronbach's Coefficient Alpha was an appropriate 

and recommended calculation for the total score and all seven subscales of the 

Chemistry Perception Questionnaire instrument. In considering what constihites 

"high" or "low" reliability, Henerson et al. (1987) observed that "reliability 

coefficients of .70 or above are usually considered respectable, regardless of the 

type of reliability calculated or the method of calculation used" (p. 154). 
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Summary of Reliability Estimation 

The test-retest method was used as part of the reliability estimation for the 

Chemistry Perception Questiormaire instrument. The questionnaire was 

administered twice, about a month apart. To maintain anonymity, participants 

were asked to enter an identification code that would not identify them, but 

would allow the second administration forms to be matched with the first. In 

addition to the total score, coefficients of stability were calculated and reported 

for all seven subscales of the CPQ. A test of internal consistency, specifically 

Cronbach's Coefficient Alpha, was also calculated for each subscale and the 

entire instrument. 

Scoring 

The total instrument score consists of the summation of all, one through 

five, Likert scale values possible for each of the individual items. The highest 

possible, overall score (5 x 35 items = 175) would indicate strongly positive 

perceptions of chemistry, including the perceptions that gender and ethnicity do 

not influence one's ability to learn chemistry or be successful in a chemical 

career. The lowest possible, overall score (1 x 35 items = 35) would indicate 

strongly negative perceptions of chemistry, including perceptions that gender 

and ethnicity do influence one's ability to learn chemistry or be successful in a 

chemical career. 
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The subscales are groups of related perception statements that were titled 

for convenience, not necessarily with the name of a construct. To facilitate 

scoring, data input, and presentation, subscale names were selected that did not 

share a first letter. The construct of chemistry attitudes was considered to be 

involved with all of the subscales, and chemophobia was considered to be 

equivalent to the construct of chemistry anxiety. This was done so that the 

participant responses could be grouped into subscales that provide meaningful 

information about the perceptions of the participants. For example, ethnicity and 

gender were not considered constructs. However, it would be useful to know 

how strongly a participant, or group, believed that one's ethnicity and/or gender 

influence one's ability in chemistry. 

Each subscale was also scored as a summation of all item scores pertaining 

to that subscale. In order that no subscale was weighted more or less than 

another, each subscale included five statements. The following subsections 

describe the method of scoring for each subscale. 

Aptitude 

Each response, which strongly agreed with a positively worded statement 

of interest or ability in chemistry, was scored as a five. A high score in this 

subscale indicated that the respondent had a high interest in chemistry and high 

confidence in their ability to learn chemistry or be successful in a chemistry 
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related career. A low score indicated that the respondent had a low interest in 

chemistry and lacked confidence in their ability to learn chemistry or be 

successful in a chemical career. 

The Aptitude subscale contains perception statements of interest and/or 

ability in chemistry. Examples of statements found in this subscale are: 

1. Chemistry is interesting to me. 

For this positively worded statement, a response of strongly disagree (indicating 

a lack of interest in chemistry) received a score of one. A response of strongly 

agree (indicating an interest in chemistry) received a score of five. 

2. I don't have enough science background to do well in chemistry. 

For this negatively worded statement, a response of strongly disagree (indicating 

a perception of ability in chemistry) received a score of five. A response of 

strongly agree (indicating a lack of ability in chemistry) received a score of one. 

Chemophobia 

Each response, which strongly agrees with a statement of anxiety or fear 

concerning chemicals and chemistry, was scored as a one. A high score in this 

subscale indicated that the respondent had little or no fear or anxiety concerning 

chemicals and chemistry. Conversely, a low score indicated a high level of 

anxiety or fear concerning chemicals and chemistry. 
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Examples of statements that might be found in this subscale are: 

1. Just hearing the word "chemistry" scares me. 

For this statement, a response of strongly disagree (indicating an absence of fear 

or anxiety) received a score of five, and a response of strongly agree (indicating a 

perception of fear or anxiety) received a score of one. 

2. I feel comfortable around chemicals. 

For a statement similar to this, a response of strongly disagree (indicating a 

perception of fear or anxiety) received a score of one, and a response of strongly 

agree (indicating an absence of fear or anxiety) received a score of five. 

Discipline 

This subscale pertains to the perception of qualities or characteristics 

inherent to the discipline of chemistry, such as being too difficult, a "lonely" 

field, or requiring a "scientific mind". Strong agreement with such statements 

was assigned a score of one. A high score indicated that the respondent 

disagreed with perceptions that chemistry, by its nature, is inaccessible or 

requires special abilities. A low score indicated the opposite. 

The Discipline subscale contains perception statements of inherent 

qualities or characteristics of the discipline of chemistry. Examples of statements 

found in this subscale are: 

63 



1. Chemistry has too much math. 

For this statement, a response of strongly disagree (indicating a perception that 

the discipline of chemistry is inaccessible because of the quality or characteristic 

of too much math) received a score of five, and a response of strongly agree 

(indicating a perception that the discipline of chemistry does have the quality or 

characteristic of too much math, and is therefore inaccessible) received a score of 

one. 

2. You have to have a "scientific mind" to do well in chemistry. 

For this statement, a response of strongly disagree (indicating a perception that 

the nature of the discipline of chemistry requires special abilities) received a 

score of one, and a response of strongly agree (indicating a perception that the 

nature of the discipline of chemistry does not require special abilities) received a 

score of five. 

Ethnicity 

The literature review found that there appears to be a perception among 

some, that Whites and Asians possess an ability advantage over Blacks and 

Hispanics in the sciences (Johnson, 1991). Strong agreement with such 

statements indicated the perception that one's ethnicity does influence ability in 

chemistry, whether positively or negatively, and should be scored with a one. A 

response of strongly disagree indicated the perception that one's ethnicity does 
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not influence ability in chemistry, whether positively or negatively, and should 

be scored with a five. Examples of statements found in this subscale are: 

1. Chemistry is more difficult for Blacks/African Americans. 

For this statement, a response of strongly disagree (indicating a perception that, 

for that group, ethnicity does not negatively influence ability in chemistry) 

received a score of five. A response of strongly agree (indicating a perception 

that, for that group, ethnicity does negatively influence ability in chemistry) 

received a score of one. 

2. Chemistry is easier for Whites/Anglos. 

For this statement, a response of strongly disagree (indicating a perception that, 

for that group, ethnicity does not positively influence ability in chemistry) 

received a score of five. A response of strongly agree (indicating a perception 

that, for that group, ethnicity does positively influence ability in chemistry) 

received a score of one. 

Gender 

The literature review found that some people consider chemistry to be a 

masculine science, and therefore better suited to males (Boli, Allen, & Payne, 

1985; Tobias, 1990; Burkam, Lee, & Smerdon, 1997). This subscale concerned 

perceptions that gender influences, whether positively or negatively, one's ability 

to learn chemistry or be successful in a chemical career. Strong agreement with 
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such statements was assigned a score of one. A high score indicated that the 

respondent disagreed with perceptions that gender has such an influence. A low 

score indicated agreement that gender does influence one's ability to learn or be 

successful in chemistry. 

Examples of statements that might be found in this subscale are: 

1. Males are better at chemistry than females are. 

For this statement, a response of strongly disagree (indicating a perception that, 

for males, gender does not positively influence ability in chemistry) received a 

score of five. A response of strongly agree (indicating a perception that, for 

males, gender positively influences ability in chemistry) received a score of one. 

2. Females are not expected to do well at chemistry. 

For this statement, a response of strongly disagree (indicating a perception that, 

for females, gender does not negatively influence ability in chemistry) received a 

score of five. A response of strongly agree (indicating a perception that, for 

females, gender negatively influences ability in chemistry) received a score of 

one. 

Instruction 

Each response, which strongly agrees with a positively worded statement 

of positive perceptions of chemistry courses and how they are taught, was scored 

as a five. A high score in this subscale indicated that the respondent has high 
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regard for chemistry courses and those who teach them. A low score indicated 

the opposite. 

The instruction subscale contains perception statements of chemistry 

courses and how they are taught. Examples of statements found in this subscale 

are: 

1. Chemistry courses are too time-consuming. 

For this statement, a response of strongly disagree (indicating a perception that 

chemistry courses do not have this undesirable attribute) received a score of five. 

A response of strongly agree (indicating a perception that chemistry courses do 

have this undesirable attribute) received a score of one. 

2. Chemistry instructors are good teachers. 

For this statement, a response of strongly disagree (indicating a perception that 

chemistry instruction does not have this desirable attribute) received a score of 

one. A response of strongly agree (indicating a perception that chemistry 

instruction does have this desirable attribute) received a score of five. 

Value 

Each response, which strongly agrees with a positively worded statement 

of perception that chemistry has value for individuals or society, was scored as a 

five. A high score in this subscale indicated that the respondent perceives that 

chemistry has had a positive impact on themselves, their family, or society. A 
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low score indicated perceptions that chemistry has no value, or has done more 

harm than good. 

The Value subscale contains perception statements that the science of 

chemistry or knowledge of chemistry does, or does not, have value for 

individuals or society. Examples of statements found in this subscale are: 

1. Chemistry has done more harm than good. 

For this statement, a response of strongly disagree (indicating the perception that 

chemistry has value) received a score of five. A response of strongly agree 

(indicating the perception that chemistry has little or no value) received a score 

of one. 

2. Chemistry positively impacts society. 

For this statement, a response of strongly disagree (indicating a perception that 

chemistry does not have value to society) received a score of one. A response of 

strongly agree (indicating a perception that chemistry does have value to society) 

received a score of five. 

Item Analysis 

The instrument was pilot tested and an item analysis conducted. As 

recommended by Mueller (1986), the following 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. The 
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first two sets of statistics "tell about item response distribution, spread, and 

skew. 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 third set of statistics, the item discrimination index, correlates item 

scores with subscale scores. If the high scorers on an item also have high 

subscale scores, and vice versa, the item is discriminating among respondents 

and will have a high discrimination index (Mueller, 1986). Any item that might 

have received a negative correlation with its subscale scores would have been 

replaced with the next higher scoring item from the "Validation of Proposed 

Perception Statements" results. Also included, were the 2-tailed significance 

numbers for the correlations. Any item that might have received a significance 

number higher than 0.05 would have been eliminated and replaced with a 

different item. 

Sample 

The instrument, developed in this study, was pilot-tested on students at a 

small community college located in the central part of the United States. As of 

the twentieth day of enrollment for the Fall 2002 semester, there were headcounts 

of 631 full-time and 1,181 part-time students, for a Full Time Equivalent figure of 
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941.6. Using a combined full and part-time student total of 1812, males 

constituted 45.2 percent and females 54.8 percent of the total. Ethnicity 

percentages are presented in table 3.1. 

Table 3.1: Student Ethnicity Percentages. 

Race/Ethnicity Number Percentage of Total 

Nonresident alien 

Black, non-Hispanic 

American Indian/Alaska Native 

Asian/Pacific Islander 

Hispanic 

White, non-Hispanic 

Totals 

17 

169 

37 

7 

33 

1549 

1812 

0.9 

9.3 

2.0 

0.4 

1.8 

85.5 

99.9 

In order to reach a representative cross-section of the student population 

and to avoid possible perception changes associated with enrollment in a 

chemistry course, the administration of the instrument was conducted in classes 

other than chemistry classes. However, it is possible that there were some 

students in some of those classes who were also enrolled in chemistry. Selection 

of the respondent groups involved convenience samples of classes that had an 

instructor who was willing to participate. The majority of the participating 
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classes were in required courses such as math or English, though one small 

agriculture class and a computer class was included. The author of the 

instrument was identified only as the principal investigator, and student 

anonymity was assured (see Appendix C: Questionnaire Instructions). In order 

to perform test-retest reliability calculations, it was necessary for the students to 

enter the same ID code at both administrations. The second administration 

occurred approximately one month after the first. 

Summary of Chapter III 

This chapter detailed the methodology for the development of an 

instrument to assess chemistry perceptions. The scale selected was the self-

report, agreement scale known as a Likert scale. Construct and content validity 

were determined by the completion of a Validation of Proposed Perception 

Statements instrument by qualified judges (see Appendix A) and item analysis. 

The nature of Likert scale construction and calculation of internal consistency 

also support the validity of the instrument. Further support of construct validity 

was provided through factor analysis. 

Reliability estimates were calculated through the test-retest method and 

Cronbach's Coefficient Alpha. The scoring and implications for each subscale 

was discussed. Item analysis involved the calculation of three sets of statistics 

for each item, including an item discrimination index. And finally, the 

participating school, student demographics were described. 

71 



CHAPTER IV 

RESULTS 

Introduction 

Possible perception statements were reviewed for construct and content 

validity by five judges knowledgeable in education or chemistry. Five items in 

each of seven subscales, with the highest agreement and importance scores, were 

used to construct a preliminary Chemistry Perception Questionnaire. This was 

pilot-tested and an item analysis and a factor analysis were performed. If 

necessary, changes based on the item analysis were made, and a final Chemistry 

Perception Questionnaire (CPQ) produced. The final CPQ was tested for 

reliability by test-retest and calculation of Cronbach's Coefficient Alpha for each 

of the seven subscales. 

Construction of the Pilot Instrument 

Five expert judges in the areas of education or chemistry completed 

"Validation of Proposed Perception Statements" forms (see Appendix A). The 

results of the judges' responses were detailed in Table 4.1. At the left of each 

proposed statement, the number of judges that classified that statement as 

belonging to which subscale is shown with the first letter of the subscale they 

thought most appropriate for that statement. Aptitude: the perception of interest 
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and/or ability in chemistry. Chemophobia: the perception of anxiety or fear 

concerning chemicals and chemistry. Discipline: the perception of inherent 

qualities or characteristics of the discipline of chemistry. Ethnicity: the 

perception that one's ethnicity influences one's ability to learn chemistry or be 

successful in a chemical career. Gender: the perception that one's gender 

influences one's ability to learn chemistry or be successful in a chemical career. 

Instruction: the perception of chemistry courses and how they are taught. Or, 

Value: the perception that chemistry has value for individuals or society. There 

was a difference of opinion in only two of the statements. Judge #1 thought that 

statement numbers 22 and 26 belonged in the Aptitude subscale rather than the 

Discipline subscale. There was 100 percent agreement, among the judges, on the 

most appropriate subscale for all other statements. 

The judges also rated each statement as to the importance of inclusion in 

the final questionnaire. Their responses were assigned values of 

5 = DI - Definitely Important; include in the finished questionnaire. 

4 = 1- Important; include if there is room in the finished questionnaire. 

3 = N Neutral; include only if a subscale needs more statements. 

2 = U - Unimportant; best left out of the finished questionnaire. 

1 = DU - Definitely Unimportant; should not even be considered. 

The mean importance score was calculated and listed to the right of each 

statement. The highest possible mean of 5.00 occurred when all five judges 
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agreed that it was definitely important to include that statement in the final 

instrument. Four of the possible perception statements achieved mean 

importance scores of 5.00. The lowest mean importance score of 3.20 was 

achieved by only one of the possible perception statements. That distinction fell 

to the statement "Chemistry is too often taught by foreigners who are too 

difficult to understand." Four of the proposed statements received the next 

lowest mean importance scores of 3.40. None of the lowest rated possible 

perception statements were included in the pilot Chemistry Perception 

Questionnaire (CPQ). 

For each of the seven subscales, the five statements with the highest 

means were selected for inclusion in the pilot Chemistry Perception 

Questionnaire. Thus, 35 of the 58 statements were used. The statements were 

arranged such that every seventh statement belonged to the same subscale, each 

subscale first introduced in alphabetical order by subscale title (see Appendix B). 
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Table 4.1: Judges' Validation and Importance of Statements. 

Subscale Possible Perception Statements Mean Importance 

5G 1. Chemistry is mainly for males. 3.40 

5G 2. Females have an ability disadvantage in chemistry. 3.60 

5G 3. Males are better at chemistry than females are. 4.20 

5G 4. Females aren't expected to do well at chemistry. 5.00 

5G 5. Chemistry is a masculine science. 4.00 

5G 6. Chemistry is easier for males. 

5E 12. In chemistry, Asians 
have an ability advantage. 

5E 13. Chemistry is easier for some ethnic groups 

5E 14. Chemistry is more difficult for 
Blacks/African Americans. 

4.80 

5G 7. Chemistry is more difficult for females. 4.60 

5E 8. In chemistry, some ethnic groups 
have an ability advantage over others. 4.40 

5E 9. In chemistry. Blacks/ African Americans 
have an ability disadvantage. 3.40 

5E 10. In chemistry. Whites/ Anglos 
have an ability advantage. 3-̂ 0 

5E 11. In chemistry, Hispanics 
have an ability disadvantage. 3.40 

4.20 

4.20 

4.20 
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Table 4.1: Continued 

Subscale Possible Perception Statements Mean Importance 

5E 15. Chemistry is more difficult for Hispanics. 4.20 

5E 16. Chemistry is easier for Asians. 4.20 

5E 17. Chemistry is easier for Whites/Anglos. 4.20 

5D 18. Chemistry has too much math. 4.80 

5D 19. Chemistry is too difficult. 4.60 

5D 20. Chemistry has too many concepts or ideas. 

51 30. Chemistry courses are designed to "weed out" 
non-scientists. 
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4.80 

5D 21. Chemistry requires the learning of too many 
unrelated facts. 4.60 

4D,1 A 22. A person of average intelligence can be 
successful in chemistry. 4.40 

5D 23. Chemistry requires too much memorization. 4.40 

5D 24. You have to have a "scientific mind" to do well 

in chemistry. 4-60 

5D 25. Chemistry is a "lonely" field. 3-60 

4D,1 A 26. Chemists are born, not made. 3-40 

5D 27. Chemistry is too abstract. 
51 28. Chemistry instructors are good teachers. 

51 29. Chemistry courses are too time-consuming. 

4.60 

4.00 

4.60 

4.60 



Table 4.1: Continued 

Subscale Possible Perception Statements Mean Importance 

51 31. Chemistry instructors are too unapproachable. 4.00 

51 32. Other science courses I've had, "turned me off" 

to Chemistry. 4.20 

51 33. Chemistry courses move too fast. 4.80 

51 34. Chemistry classes are too large. 3.80 

51 35. Chemistry is too often taught by foreigners who 

are too difficult to understand. 3.20 

5V 36. Chemistry positively impacts society. 4.80 

5V 37. Only chemists need to know chemistry. 4.20 

5V 38. Everyone should know some chemistry. 

5V 39. Chemistry has improved my life. 

5V 42. Chemistry has done more harm than good. 

5V 43. Money spent on chemistry research is well 
worth spending. 

5A 44. Chemistry is interesting to me. 

5A 45. Chemistry is boring to me. 

5A 46.1 don't like chemistry. 
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5.00 

4.80 

5V 40. Chemistry is useful for solving the problems 
of everyday life. 4.80 

5V 41. Chemistry has made the world a better place. 4.60 

4.80 

4.20 

5.00 

4.60 

4.20 



Table 4.1: Continued 

Subscale Possible Perception Statements Mean Importance 

5A 47.1 could not do chemistry. 4.20 

5A 48.1 don't have enough science background to 
do well in chemistry. 4.60 

5A 49.1 don't have enough math background to 

do well in chemistry. 4.80 

5A 50.1 would like to know more chemistry. 4.80 

5A 51.1 would make a good chemist. 4.80 

5C 52.1 get anxiety just thinking about chemistry. 4.20 

5C 53.1 am afraid that chemistry might expose me to 
dangerous chemicals. 4.80 

5C 54. I'm afraid that I could get injured in chemistry lab. 4.60 

5C 55. Working in a chemistry lab would make me 
nervous. 

5C 56.1 feel comfortable around chemicals. 

5C T. Just hearing the word "chemistry" scares me. 

5C 58. Chemistry makes me nervous. 

4.60 

4.00 

4.60 

5.00 
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Results of Item Analysis 

The pilot Chemistry Perception Questionnaire (CPQ) was analyzed with 

an N = 282, using Statistical Package for the Social Sciences (SPSS), Version 10 for 

Windows. Data were entered with a score of one for a response of "Strongly 

Agree" through a score of five for a "Strongly Disagree" response. After the item 

scores were recorded, the scores were reversed for the following item numbers: 

1, 7,14,15, 20, 28, 29, and 35. 

The first set of statistics included the frequency of each response and the 

percentage of respondents making each response for each perception statement. 

Those results are detailed in the Pilot CPQ Frequency Report (see Appendix D). 

The second set of statistics included the mean and standard deviations for each 

item. Grouped by subscale, those results are reported below, in conjunction with 

the third set of statistics - the item discrimination index —which correlated the 

item scores with the subscale scores. Also included, are the Pearson correlations 

with the total, as well as the 2-tailed significance numbers for the correlations. 

Those statistics are presented in Tables 4.2 through 4.8. 
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Table 4.2: Summary of Aptitude Subscale Item Analysis 

Item 1 8 15 22 29 ASUB TOTAL 

33886 Sum 873 865 728 867 887 4220 

Mean 3.10 3.07 2.58 3.07 3.15 14.96 120.16 

Std. Dev 1.23 1.22 1.15 1.20 1.07 4.79 21.44 

Corr./asub .837 .819 .856 .785 .794 
Sig (2-tailed) .000 .000 .000 .000 .000 

Corr./tot .688 .721 .621 .705 .654 .829 
Sig (2-tailed) .000 .000 .000 .000 .000 .000 

The five items in the aptitude subscale (asub) showed correlations to the 

subscale greater than 0.700, and 0.621 to 0.825 for the total instrument. 

Table 4.3: Summary of Chemophobia Subscale Item Analysis 

Item 2 9 16 23 30 CSUB TOTAL 

Sum 1059 935 1022 903 995 4914 33886 

Mean 3.76 3.32 3.62 3.20 3.53 17.43 120.16 

Std. Dev .95 1.19 .89 1.10 .99 4.07 21.44 

Corr./csub .724 .815 .718 .841 .854 
Sig (2-tailed) .000 .000 .000 .000 .000 

Corr./tot .505 .723 .478 .783 .717 .820 
Sig (2-tailed) .000 .000 .000 .000 .000 .000 
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The five items in the chemophobia subscale (csub) had correlations greater 

than 0.700 to the subscale. To the total, item 16 - "I am afraid that chemistry 

might expose me to dangerous chemicals" - came in at 0.478, and item two-

"I'm afraid that I could get injured in chemistry labs" - a t 0.505. 

Table 4.4: Summary of Discipline Subscale Item Analysis 

Item 3 10 17 24 31 DSUB TOTAL 

Sum 780 859 852 899 863 4253 33886 

Mean 2.77 3.05 3.02 3.19 3.06 15.08 120.16 

Std. Dev 1.21 1.24 1.07 1.04 1.03 4.49 21.44 

Corr./dsub .799 .895 .839 .840 .620 
Sig (2-tailed) .000 .000 .000 .000 .000 

Corr./tot .633 .816 .717 .794 .541 .875 
Sig (2-tailed) .000 .000 .000 .000 .000 .000 

Item 31 - "You have to have a 'scientific mind' to do well in chemistry" -

had a correlation of 0.620 to the discipline (dsub) subscale, and 0.541 to the total. 

The other four dsub items showed subscale correlations above 0.700. 

81 



Table 4.5: Sunmiary of Ethnicity Subscale Item Analysis 

Item 11 18 25 32 ESUB TOTAL 

Sum 

Mean 

Std. Dev 

1093 1130 1113 1123 1119 5578 

1.01 .92 .87 .91 .91 4.09 

Corr./esub .786 
Sig (2-tailed) .000 

Corr./tot .550 
Sig (2-tailed) .000 

924 
000 

.628 

.000 

.892 

.000 

.559 

.000 

.913 

.000 

.572 

.000 

.910 

.000 

.577 

.000 
.653 
.000 

33886 

3.88 4.01 3.95 3.98 3.97 19.78 120.16 

21.44 

Table 4.6: Summary of Gender Subscale Item Analysis 

Item 

Sum 

Mean 

Std. Dev 

Corr./gsub 
Sig (2-tailed) 

Corr./tot 
Sig (2-tailed) 

5 

1070 

3.79 

.99 

.881 

.000 

.467 

.000 

12 

1130 

4.01 

.87 

.846 

.000 

.431 

.000 

19 

1048 

3.72 

.97 

.785 

.000 

.524 

.000 

26 

1115 

3.95 

.93 

.935 

.000 

.496 

.000 

33 

1107 

3.93 

.95 

.914 

.000 

.561 

.000 

GSUB 

5470 

19.40 

4.11 

.570 

.000 

TOTAL 

33886 

120.16 

21.44 
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The ethnicity (esub) and gender (gsub) items had very good correlations 

of 0.786 to 0.924 and 0.785 to 0.935 to their respective subscales, but generally 

moderate correlations to the total. 

Table 4.7: Summary of Instruction Subscale Item Analysis 

Item 6 13 20 27 34 ISUB TOTAL 

Sum 810 978 939 935 831 4493 33886 

Mean 2.87 3.47 3.33 3.32 2.95 15.93 120.16 

Std. Dev 1.01 .91 .79 1.07 1,03 3.35 21.44 

Corr./isub .772 .632 .456 .764 .800 
Sig (2-tailed) .000 .000 .000 .000 .000 

Corr./tot .670 .495 .217 .696 .710 .827 
Sig (2-tailed) .000 .000 .000 .000 .000 .000 

Item 20 —"Chemistry instructors are good teachers" —had a correlation of 

0.456 to the instruction (isub) subscale, and 0.217 to the total. The other four 

dsub items showed subscale correlations from 0.632 to 0.800, and correlations to 

the total from 0.495 to 0.827. 
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Table 4.8: Summary of Value Subscale Item Analysis 

Item 7 14 21 28 35 VSUB TOTAL 

Sum 1061 1022 1047 878 950 4958 33886 

Mean 3.76 3.62 3.71 3.11 3.37 17.58 120.16 

Std. Dev .83 .89 .84 .89 .93 3.20 21.44 

Corr./vsub .731 .771 .648 .769 .726 
Sig (2-tailed) .000 .000 .000 .000 .000 

Corr./tot .508 .562 .603 .596 .487 .754 
Sig (2-tailed) .000 .000 .000 .000 .000 .000 

All five, value subscale (vsub) items had good correlations of 0.648 to 

0.771 to the subscale, and moderate to good correlations to the total. 

No piloted items were replaced due to zero or negative item correlations 

to their subscales. Also, since all relevant correlations had significance numbers 

far less than 0.05, it was not necessary to replace any items due to low 

correlations. Therefore, the pilot instrument became the final instrument. 

Results of Factor Analysis 

The Statistical Package for the Social Sciences (SPSS), Version 10 for 

Windows, was used to perform a principal component analysis utilizing the 

Promax rotation method. To determine whether the distribution of values was 

adequate for conducting factor analysis, a Kaiser-Meyer-Olkin measure of 
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sampling adequacy (KMO) was calculated. George and Mallery (2001) stated 

that: "Kaiser himself (enjoying the letter m) designates levels as follows: >.9 is 

marvelous, >.8 is meritorious, >.7 is middling, >.6 is mediocre, >.5 is miserable, 

and <.5 is unacceptable" (p. 242). With an N = 282, the KMO measure for the 

pilot test returned a figure of 0.921, falling into the marvelous range of sampling 

adequacy. 

The following Table 4.9 details the initial eigenvalues and percent of 

variance for each of 35 components (factors). 
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Table 4,9: Total Variance Explained 

Component 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Eigenvalues 
13.128 
5.859 
1.613 
1.499 
1.218 
1.046 

.936 

.815 

.719 

.689 

.652 

.581 

.517 

.494 

.444 

.436 

.390 

.374 

.356 

.331 

.319 

.297 

.288 

.271 

.243 

.223 

.206 

.181 

.168 

.149 

.138 

.129 

.112 

.097 

.082 

% of Variance 
37.509 
16.741 
4.609 
4.284 
3.481 
2.987 
2.674 
2.329 
2.053 
1.967 
1.863 
1.659 
1.476 
1.412 
1.270 
1.245 
1.114 
1.070 
1.016 

.946 

.911 

.849 

.823 

.773 

.695 

.638 

.590 

.517 

.479 

.426 

.393 

.369 

.321 

.278 

.233 

Cumulative % 
37.509 
54.250 
58.859 
63.142 
66.624 
69.611 
72.285 
74.614 
76.667 
78.635 
80.498 
82.157 
83.633 
85.045 
86.315 
87.560 
88.674 
89.743 
90.760 
91.706 
92.617 
93.465 
94.288 
95.062 
95.756 
96.394 
96.984 
97.501 
97.980 
98.406 
98.799 
99.168 
99.489 
99.767 

100.000 

86 



Note that only six of the components had eigenvalues greater than one. It 

might also be noted that 54.250 percent of the variance could be explained with 

only the first two components. 

A literature-based approach had been used to develop the items for the 

Validation of Proposed Perception Statements form submitted to expert judges. 

The review of the literature suggested that the construct of chemistry perceptions 

was multidimensional and that the use of subscales was appropriate. Indications 

were that seven subscales would provide sufficient detail concerning different 

aspects of the construct of chemistry perceptions. In order to avoid weighting 

one subscale more than another, equal numbers of items were placed in each 

subscale. Therefore, seven factors were extracted using the method of principal 

components, which explained 72.3 percent of the total variance. 

Instead of designating the number of factors to be extracted, it is 

frequently left up to the software to extract only those factors for which the 

eigenvalues exceed 1.0. Eigenvalues are the variances of the components. "The 

sizes of the eigenvalues describe the dispersion or shape of the cloud of data 

points in a multivariate space that has one axis for each variable" (SPSS Base 10 

Applications Guide, 1999). Using the technique of extracting only those factors 

for which the eigenvalues exceed 1.0, six factors would have been extracted, 

explaining 69.6 percent of the total variance. 
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Nasser, Benson, and Wisenbaker (2002) examined the number of factors 

problem and stated: 

Numerous procedures based on different theoretical rationales (algebraic, 
statistical, psychometric, substantive importance, and interpretability) 
have been proposed to determine the number of factors/components to 
retain... It is important to indicate that the "correct number of factors" is 
a concept usually somewhat unknown with real data; nonetheless, with 
real data the theory behind the construct should be a major guiding force 
to assist the researcher in coming close to the optimal number of factors 
needed to explain the covariation among the observed variables, (pp. 398-
399) 

Table 4.10 details the factor loadings (coefficients), for seven components, 

after having applied the Promax rotation method. The far left colunm lists the 

perception statement item number preceded by the first letter of the subscale 

designated for it. The components are represented by Roman numerals. 
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Table 4.10: Pattern Matrix 

d3 
a22 
dlO 
dl7 
a8 
16 
c9 
134 
al5 
c23 
d24 
g26 

S5 
g33 
e32 
Sl2 
el8 
e25 
e l l 
e4 
gl9 
vl4 
a29 
v28 
al 
cl6 
c2 
c30 
v21 
127 
120 
v35 
113 
d31 
v7 

I 
1.021 

.974 

.800 

.798 

.742 

.723 

.718 

.675 

.652 

.614 

.587 

.011 

.127 
-.106 
-.039 
.088 

-.129 
-.137 
-.031 
.132 
.094 

-.049 
.141 
.176 
.365 
.002 
.208 
.261 

-.131 
.208 

-.303 
.077 
.061 
.252 
.141 

II 
-.134 
-.036 
-.034 
-.034 
.124 

-.051 
-.031 
.051 

-.030 
.035 
.111 
.997 
.940 
.928 
.901 
.870 
.853 
.852 
.849 
.616 
.614 

-.051 
-.035 
-.069 
.036 

-.098 
.007 
.028 
.114 
.074 

-.017 
-.047 
-.077 
.146 
.094 

III 
.241 

-.128 
.154 
.166 
.085 

-.097 
.194 

-.139 
.343 
.079 
.192 

-.157 
-.254 
.039 
.092 

-.294 
.102 
.171 
.154 

-.050 
.024 
.892 
.789 
.646 
.584 

-.111 
-.203 
-.001 
.263 
.152 
.135 
.227 

-.105 
.201 
.296 

IV 
.028 

-.022 
.020 
.125 
.027 
.035 
.122 
.023 

-.088 
.160 
.098 

-.058 
-.080 
.012 
.009 

-.093 
.020 
.046 
.054 
.068 

-.040 
-.145 
.002 

-.057 
.011 
.926 
.782 
.543 
.523 
.420 
.172 

-.174 
.120 

-.301 
.074 

V 
.231 

-.180 
-.083 
-.176 
-.013 
.110 

-.148 
.242 
.104 
.035 
.100 
.065 
.128 
.028 

-.079 
.180 

-.014 
-.119 
-.094 
-.008 
.̂250 
.001 
.143 
.140 
.072 

-.021 
.175 
.214 

-.110 
.110 
.823 
.573 
.103 
.110 
.055 

VI 
.083 
.045 
.049 
.138 
.191 
.135 
.114 
.180 

-.339 
.106 
.047 

-.083 
-.134 

.18 
-.051 
-.017 
.061 
.038 

-.029 
.082 
.190 
.113 

-.144 
-.012 
-.244 
.078 

-.166 
.134 
.258 
.098 
.045 
.363 
.853 
.472 

-.010 

VII 
.017 
.026 
.018 
.113 
.025 
.078 

-.130 
-.031 
.130 

-.139 
.067 
.092 
.027 
.129 

-.031 
.123 

-.078 
-.078 
-.066 
-.323 
.293 
.149 
.000 
.103 
.092 
.035 
.092 

-.170 
.293 
.032 

-.027 
.270 
.027 

-.401 
.702 
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Referring to the interpretation of factor loadings, George and Mallery 

(2001) stated: 

In an ideal world, each of the original variables will load highly (e.g., > .5) 
on one of the factors and low (e.g., < .2) on all others. Furthermore, the 
factors that have the high loadings will have excellent face validity and 
appear to be measuring some underlying construct. In the real world, this 
rarely happens. There will often be two or three irritating variables that 
end up loading on the "wrong" factor, and often a variable will load onto 
two or three different factors, (p. 235) 

With the prior paragraph in mind, the factor loadings were interpreted as 

follows. Component I had generally high loadings for the items from two 

subscales-discipline: the perception of inherent qualities or characteristics of the 

discipline of chemistry; and aptitude: the perception of interest and/or ability in 

chemistry. It was not surprising that those two subscales would have loaded 

onto the same factor, as they could be considered to be aspects of the construct of 

"chemistry attitude." 

It was also no surprise that Component II had generally high loadings for 

the items from two subscales-gender: the perception that one's gender 

influences one's ability to learn chemistry or be successful in a chemical career; 

and ethnicity: the perception that one's ethnicity influences one's ability to learn 

chemistry or be successful in a chemical career. Those are two aspects of what 

might be termed a "political correctness" factor. An alternative explanation 
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might be that those two subscales contained no attitude statements, only belief 

statements. 

The factor loadings, on Component III, ranged from a high of .892 to a low 

of .227 for the subscale value: the perception that chemistry has value for 

individuals or society. Therefore, the value subscale was considered to be a good 

"fit" on Component III. 

Items representing the subscale chemophobia: the perception of anxiety or 

fear concerning chemicals and chemistry had factor loadings of .122 to .926 onto 

Component IV. Although two of the coefficients were below .200, the other three 

were above .500-their highest values, and all five were positive. 

Though not as clearly interpreted as the other subscales, instruction: the 

perception of chemistry courses and how they are taught, best fit onto 

Component V. The coefficients ranged from a high of .823 to a low of .103. 

Again, all five were positive. 

Components VI and VII did not appear to have good interpretations. 

Based on interpretability alone, the items loaded onto five factors, explaining 66.6 

percent of the total variance. With the understanding that the major purpose of 

factor analysis is to "reduce" a large number of variables to a smaller set of 

components or factors, it was not surprising that the items loaded onto only five 

interpretable factors. 
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Although the proper number of components might remain in question, 

the factor analysis definitely confirmed the multidimensionality of the chemistry 

perceptions construct. Also, it did appear that items loaded to the intended 

subscales. The analysis loaded items from the subscales of discipline and 

aptitude onto Component I, and gender and ethnicity items onto Component II. 

Recognizing that the subscales are not constructs, but related items, the literature 

and the validity determination indicated that it would be reasonable to "expand" 

those two components into four subscales, providing a total of seven subscales. 

Results of Reliability Analysis 

The instrument was administered twice, to the same participants, at an 

interval of approximately one month. Incomplete or patterned response forms, 

as well as those that could not be matched due to differing ID codes or absences 

at one of the administrations, were eliminated. One hundred forty-one fully 

completed pairs of questionnaires were used for the reliability analyses. 

Data were entered by the item number preceded by the letter "A" for the 

first administration, and by the letter "B" for the second administration. This 

allowed test-retest statistics to be computed. Reliability estimates were done for 

each of the seven subscales, and the total instrument. The correlation between 

forms and Alphas for both forms, are presented. The results are detailed in the 
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tables numbered 4.11 through 4.17 for the individual subscales and Table 4.18 for 

the total instrument. 

Table 4.11: Reliability Analysis, Aptitude Subscale 

N of Cases =141.0 

Item Mean Std Dev 
Al 
A8 
A15 
A22 
A29 
Bl 
B8 
B15 
B22 
B29 

Statistics for 
Time 1 
Time 2 

Item Means 
Time 1 
Time 2 

3.1135 
3.0496 
2.5461 
3.0567 
3.1702 
3.0780 
3.0851 
2.6170 
3.0922 
3.1206 

M̂  
14 

1.2194 
1.2266 
1.1494 
1.2292 
1.0688 
1.2368 
1.2100 
1.1567 
1.1644 
1.0655 

ean Variance Std Dev 
.9362 23.4602 

14.9929 22.6357 

Mean 
2.9872 
2.9986 

Item Variances Mean 
Time 1 1.3932 
Time 2 1.3646 

Min. Max. 
2.5461 3.1702 
2.6170 3.1206 

Min. Max. 
1.1422 1.5110 
1.1354 1.5296 

4.8436 
4.7577 

Range Max/Min 
.6241 1.2451 
.5035 1.1924 

Variables 
5 
5 

Variance 
.0632 
.0458 

Range Max/Min Variance 
.3688 1.3229 .0258 
.3942 1.3472 .0226 

Correlation between times = .8855 

Alpha for time 1 = .8788 

Alpha for time 2 = .8732 
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Table 4.12: Reliability Analysis, Chemophobia Subscale 

N of Cases = 

Item 
A2 
A9 
A16 
A23 
A30 
B2 
B9 
B16 
B23 
B30 

Statistics for 
Time 1 
Time 2 

Item Means 
Timel 
Time 2 

Item Varianc 
Timel 
Time 2 

141.0 

Mean 
3.7518 
3.2837 
3.6383 
3.1986 
3.4823 
3.7589 
3.3475 
3.6099 
3.2057 
3.5745 

Std Dev 
.9573 

1.2440 
.8724 

1.1162 
1.0114 
.9554 

1.1401 
.9163 

1.0857 
.9654 

Mean Variance Std Dev 
17.3546 17.0734 4.1320 
17.4965 16.1946 4.0243 

Mean 
3.4709 
3.4993 

:es Mean 
1.0988 
1.0326 

Min. Max. Range Max/Min 
3.1986 3.7518 .5532 1.1729 
3.2057 3.7589 .5532 1.1726 

Min. Max. Range Max/Min 
.7611 1.5475 .7864 2.0333 
.8396 1.2998 .4602 1.5481 

Variables 
5 
5 

Variance 
.0541 
.0486 

. Variance 
.0940 
.0386 

Correlation between times = .8760 

Alpha for time 1 = .8478 

Alpha for time 2 = .8515 
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Table 4.13: Reliability Analysis, Discipline Subscale 

N of Cases = 

Item 
A3 
AlO 
A17 
A24 
A31 
B3 
BIO 
B17 
B24 
B31 

Statistics for 
Time 1 
Time 2 

Item Means 
Timel 
Time 2 

141.0 

Mean 
2.7447 
3,0213 
2.9433 
3.2057 
3.0142 
2.7872 
3.0709 
3.0993 
3.1702 
3.1064 

Std Dev 
1.2444 
1.2843 
1.0608 
1.0523 
1.0419 
1.1821 
1.2050 
1.0777 
1.0209 
1.0191 

Mean Variance Std Dev 
14.9291 20.7521 
15.2340 19.6234 

Mean 
2.9858 
3.0468 

Item Variances Mean 
Timel 
Time 2 

1.3033 
1.2183 

Min. Max. 1 
2.7447 3.2057 
2.7872 3.1702 

Min. Max. 
1.0855 1.6495 
1.0386 1.4521 

4.5554 
4.4298 

?iange Max/Min 
.4610 1.1680 
.3830 1.1374 

Range Max/Mir 
.5640 1.5196 
.4135 1.3981 

Variables 
5 
5 

Variance 
.0276 
.0224 

L Variance 
.0744 
.0383 

Correlation between times =.8917 

Alpha for time 1 = .8575 

Alpha for time 2 = .8620 

95 



Table 4.14: Reliability Analysis, Ethnicity Subscale 

N of Cases = 

Item 
A4 
All 
A18 
A25 
A32 
B4 
Bll 
B18 
B25 
B32 

Statistics for 
Time 1 
Time 2 

Item Means 
Timel 
Time 2 

= 141.0 

Mean 
3.8156 
4.0213 
3.9433 
3.9645 
3.9787 
3.9362 
3.9929 
3.9504 
4.0000 
3.9574 

Std Dev 
1.0114 
.9139 
.8261 
.9213 
.8982 

1.0157 
.9296 
.9206 
.9103 
.9248 

Mean 
19.7234 
19.8369 

Mean 
3.9447 
3.9674 

Item Variances Mean 
Timel 
Time 2 

.8392 

.8855 

Min. 
3.8156 ^ 
3.9362 ^ 

Min. 

Variance Std Dev 
15.6158 3.9517 
17.9375 4.2353 

Max. Range 
1.0213 .2057 
1.0000 .0638 

Max. Range 
.6825 1.0229 .3404 
.8286 1.0316 .2030 

Max/Min 
1.0539 
1.0162 

Max/Min 
1.4988 
1.2450 

Variables 
5 
5 

Variance 
.0060 
.0008 

Variance 
.0149 
.0068 

Correlation between times = .7501 

Alpha for time 1 = .9141 

Alpha for time 2 = .9415 
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Table 4.15: Reliability Analysis, Gender Subscale 

N of Cases = 

Item 
A5 
A12 
A19 
A26 
A33 
B5 
B12 
B19 
B26 
B33 

Statistics for 
Timel 
Time 2 

Item Means 
Timel 
Time 2 

•• 141.0 

Mean 

3.7660 
4.0071 

3.7021 

3.9220 

3.9645 

3.8227 

4.0071 

3.7305 
3.9858 

3.8865 

Std Dev 
1.0257 
.8984 
.9315 
.9417 
.9056 
.9583 
.8493 

1.0133 
.9180 
.9935 

Mean 
19.3617 

19.4326 

Mean 
3.8723 
3.8865 

Item Variances Mean 
Timel 
Time 2 

.8867 

.8993 

Min. 
3.7021 -
3.7305 -

Variance Std Dev 
16.6468 4.0801 
17.2615 4.1547 

Max. Range Max/Min 
4.0071 .3050 1.0824 
4.0071 .2766 1.0741 

Min. Max. Range Max/Min 
.8071 1.0520 .2449 1.3034 
.7214 1.0268 .3055 1.4235 

Variables 
5 
5 

Variance 
.0174 
.0132 

Variance 
.0096 
.0148 

Correlation between times = .8427 

Alpha for time 1 = .9171 

Alpha for time 2 = .9244 
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Table 4.16: Reliability Analysis, Instruction Subscale 

N of Cases = 

Item 
A6 
A13 
A20 
A27 
A34 
B6 
B13 
B20 
B27 
B34 

Statistics for 
Timel 
Time 2 

Item Means 
Timel 
Time 2 

141.0 

Mean 
2.8865 
3.5035 
3.3333 
3.3262 
2.9504 
2.8582 
3.4326 
3.3262 
3.3050 
2.9433 

Std Dev 
1.0148 

.8914 

.7807 
1.0590 
1.0442 
1.0041 
.9204 
.8062 

1.0753 
1.0266 

Mean 
16.0000 
15.8652 

Mean 
3.2000 
3.1730 

Item Variances Mean 
Timel 
Time 2 

.9292 

.9431 

Min. 
2.8865 ; 
2.8582 ; 

Variance Std Dev 
11.0714 3.3274 
11.4746 3.3874 

Max. Range Max/Min 
3.5035 .6170 1.2138 
3.4326 .5745 1.2010 

Min. Max. Range Max/Min 
.6095 1.1214 .5119 1.8398 
.6499 1.1563 .5064 1.7791 

Variables 
5 
5 

L Variance 
.0716 
.0651 

Variance 
.0483 
.0393 

Correlation between times = .8194 

Alpha for time 1 = .7255 

Alpha for time 2 = .7363 
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Table 4.17: Reliability Analysis, Value Subscale 

N of Cases = 

Item 
A7 
A14 
A21 
A28 
A35 
B7 
B14 
B21 
B28 
B35 

Statistics for 
Time 1 
Time 2 

Item Means 
Time 1 
Time 2 

141.0 

Mean 
3.7518 
3.6667 
3.7660 
3.0567 
3.3262 
3.7730 
3.5816 
3.6596 
3.1702 
3.4113 

Std Dev 
.8632 
.8756 
.7896 
.8846 
.9524 
.8051 
.9036 
.8931 
.8941 
.9029 

Mean 
17.5674 
17.5957 

Mean 
3.5135 
3.5191 

Item Variances Mean 
Time 1 
Time 2 

.7649 

.7754 

Min. 
3.0567 
3.1702 

Variance Std Dev 
10.0901 3.1765 
10.4568 3.2337 

Max. Range Max/Min 
3.7660 .7092 1.2320 
3.7730 .6028 1.1902 

Min. Max. Range Max/Min 
.6234 .9071 .2837 1.4551 
.6481 .8165 .1684 1.2598 

Variables 
5 
5 

L Variance 
.0969 
.0554 

Variance 
.0102 
.0051 

Correlation between times = .8528 

Alpha for time 1 = .7762 

Alpha for time 2 = .7866 
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Table 4.18: Reliability Analysis, Total Instrument 

N of Cases = 141.0 

Statistics for Mean Variance Std Dev Variables 
Timel 119.8723 461.6693 21.4865 35 
Time 2 120.4539 460.9496 21.4697 35 

Item Means Mean Min. Max. Range Max/Min Variance 
Timel 3.4249 2.5461 4.0213 1.4752 1.5794 .1742 
Time 2 3.4415 2.6170 4.0071 1.3901 1.5312 .1631 

Item Variances Mean Min. Max. Range Max/Min Variance 
Timel 1.0308 .6095 1.6495 1.0400 2.7063 .0839 
Time 2 1.0170 .6481 1.5296 .8815 2.3600 .0572 

Correlation between times = .9342 

Alpha for time 1 = .9490 

Alpha for time 2 = .9499 

The correlations between times, for all seven subscales and the total 

instrument, exceeded 0.70. The reliability coefficients also exceeded 0.70, 

demonstrating respectable instrument reliability. 

Summary of Chapter IV 

This chapter presented the results of the validity determination, item 

analysis, and reliability analysis. The results of the expert judges' responses to 

the "Validation of Proposed Perception Statements" forms were detailed to 
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establish instrument validity. A pilot Chemistry Perception Questionnaire (CPQ) 

was then constructed based on agreement of the appropriate subscale and mean 

importance of the perception statements. 

The pilot CPQ results were subjected to an item analysis based on three 

sets of statistics: the frequency of each response and the percentage of 

respondents making each response for each perception statement, the mean and 

standard deviations for each item, and the item discrimination index which 

correlated the item scores with the subscale scores. With no zero or negative 

correlations to the subscale scores, it was not necessary to replace any of the 

perception statements contained in the pilot instrument. Therefore, the piloted 

Chemistry Perception Questionnaire became the final instrument. The 

multidimensionality of the chemistry perceptions construct was confirmed 

through factor analysis. 

The instrument was administered twice with a separation interval of 

approximately one month in order to perform a test-retest reliability analysis. 

One hundred forty-one pairs were matched and results detailed. The correlation 

between times, for the total instrument, was 0.9342. The mean coefficient alpha, 

for the total instrument, was 0.9495. With test-retest correlations and alphas 

exceeding 0.70 for all seven subscales and the total instrument, it was determined 

that the Chemistry Perception Questionnaire instrument achieved reasonably 

high reliability estimations. 
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CHAPTER V 

CONCLUSIONS 

Introduction 

In addition to the introduction, this chapter was organized into five main 

sections. The Sunmiary of the Study outlined the objectives of the study and 

how those objectives were achieved. The Conclusions section explained the need 

for the Chemistry Perception Questionnaire (CPQ) instrument and how the 

instrument met that need. The Limitations section explained the limitations of 

the study. The Discussion section suggested possible modifications. Finally, the 

Recommendations for Future Research addressed the need for additional 

research and offered possible uses for the instrument. 

Summary of the Study 

The following objectives provided direction for this study: 

1. Evaluate the validity of proposed perception statements through the 

completion of a Validation of Proposed Perception Statements instrument by 

qualified judges (see Appendix A). 

2. Develop an instrument to assess chemistry perceptions 

(see Appendix B). 
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3. Use factor analysis to confirm the multidimensionality of the chemistry 

perceptions construct. 

4. Use test-retest and Cronbach's Coefficient Alpha to estimate the 

reliability of the instrument. 

Five expert judges, in the fields of education and/or chemistry, completed 

Validation of Proposed Perception Statements forms. They evaluated fifty-eight 

perception statements related to chemistry — those perception statements having 

been derived from a search of relevant literature. The judges determined the 

most appropriate of seven subscales for each statement, as well as rating each 

statement as to its importance for inclusion in the final questionnaire. To 

establish construct and content validity, the judges' responses were evaluated for 

subscale agreement and mean importance scores. The five highest ranked 

statements, for each subscale, were used to construct a pilot Chemistry 

Perception Questionnaire. A five-point Likert scale, from strongly agree to 

strongly disagree, was utilized. 

The pilot CPQ was administered to a convenience sample of conomunity 

college students. With an N = 282 for each perception statement, three sets of 

statistics were compiled from their responses: 

1. The frequency of each response and the percentage of respondents 

making each response for each perception statement (see Appendix D). 

2. The mean and standard deviations for each item (see Tables 4.2 - 4.8). 
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3. The item discrimination index, which correlated the item scores with 

the subscale scores (see Tables 4.2 - 4.8). 

None of the statements were found to require replacement with the next 

higher ranked statement from the Validation of Proposed Perception Statements. 

Therefore, the piloted Chemistry Perception Questionnaire became the final 

instrument. 

A factor analysis was performed with principal component analysis 

utilizing the Promax rotation method. Table 4.9 listed the eigenvalues and 

percent of variance explained. Seven factors explained 72.3 percent of the total 

variance. Using the technique of extracting only those factors for which the 

eigenvalues exceed 1.0, six factors would have been extracted, explaining 69.6 

percent of the total variance. Based on interpretability alone, the items loaded 

onto five factors (see Table 4.10), explaining 66.6 percent of the total variance. It 

might also be noted that 54.3 percent of the variance could be explained with 

only the first two components. Despite some low coefficients, the items 

appeared to have generally loaded to the intended subscales. Although the 

proper number of components might remain in question, the factor analysis 

confirmed the multidimensionality of the chemistry perceptions construct. 

Administered approximately one month apart, a test-retest reliability 

analysis was performed on one hundred and forty-one matched pairs of 

questionnaires (see Tables 4.11 - 4.18). The correlation between times, for the 
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individual subscales, ranged from a low of 0.7501 for the Ethnicity Subscale to a 

high of 0.8917 for the Discipline Subscale. For the total instrument, the 

correlation between forms was 0.9342. Cronbach's Coefficient Alpha was 

calculated for each of the two administrations. For each subscale, the alphas 

ranged from a low of 0.7255 for the first administration of the Instruction 

Subscale to a high of 0.9415 for the second administration of the Ethnicity 

Subscale. The mean coefficient alpha, for the total instrument, was 0.9495. As 

the correlations and reliability estimates exceeded 0.70 for all seven subscales 

and the total instrument, it was determined that the Chemistry Perception 

Questionnaire instrument was reliable. 

Conclusions 

Previously developed instruments often addressed science attitudes rather 

than attitudes regarding a specific subject, such as biology or chemistry. A few 

studies have attempted to assess chemistry attitudes or chemistry anxiety, often 

reducing those constructs to a single numeric score of dubious value 

(Novodvorsky, 1993). Rarely were validity and reliability information available 

for those instruments. Chemistry attitude instruments frequently contained 

statements that might be better characterized as science attitudes, math attitudes, 

or attitudes toward a specific course or program. In addition, beliefs and 

opinions are also relevant constructs to consider. A valid and reliable 
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instrument, specific to chemistry, based on the broader construct of perceptions, 

and providing detailed information through subscale scores was needed. 

Halloun and Hestenes (1996) found that, "Students enrolled in biology, 

chemistry and physics courses do not share exactly the same views about their 

respective disciplines, and the degree of consistency in expressing a given type of 

views varies from one discipline to another" (p. 25). It is important that 

instruments assessing participants' views of a discipline, be very specific to that 

discipline. Therefore, the Chemistry Perception Questionnaire was designed to 

be specific to chemistry. 

"There is now widespread consensus that the term attitude toward science 

should be used to refer to a general and enduring positive or negative feeling 

about science. The term belief is reserved for the information that a person 

accepts to be true" (Koballa & Crawley, 1985, p. 223). While the statement 

"Chemistry is interesting to me." is an attitude statement; "Chemistry has too 

much math." is a statement of belief. Similarly, statements concerning the 

abilities of different ethnic groups or genders should be considered beliefs rather 

than attitudes. Instruments that purport to measure the construct of attitude 

should not contain belief statements. In order to validly include potentially 

informative belief statements along with attitude statements, the CPQ measures 

subscales of chemistry perceptions. 

106 



Instruments that produce only a single overall score for a construct may 

mask important aspects or dimensions of those constructs. A person who scores 

relatively high overall, could have one or two subscales in which they scored 

very low. Conversely, a relatively low overall score would provide insufficiently 

detailed information as to which aspects of a construct contributed most heavily. 

In order to offer necessarily detailed information, the CPQ provides individual 

scores for seven subscales. 

A researcher can have little confidence in their results if using an 

instrument of unknown validity and/or reliability. Therefore, the development 

of the CPQ instrument involved expert judges to establish both content and 

construct validity. Reliability estimation figures were also provided. There is 

adequate information available to claim that the Chemistry Perception 

Questiormaire instrument appears reasonably valid and reliable for seven 

subscales of chemistry perceptions, as well as the total instrument. 

Limitations 

Though relatively minor, and typical for this type of shidy, the following 

were considered limitations of the study: 

1. The reliability estimates of the instrument were limited to groups 

similar to those utilized in its development, and may not generaUze well to other 

populations. However, the community college population to whom the CPQ 
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was administered should be fairiy representative of populations most likely to be 

used in further research with this instrument. 

2. Participants tested for the purposes of item analysis, and the 

calculations of internal consistency came from convenience samples instead of 

random samples. Typically for studies of this type, it was not practical to 

attempt to obtain a true random sample. 

3. Self-report instruments cannot guarantee the absence of response bias. 

The possibility of acquiescence response sets (a tendency to agree with 

statements) is reduced by the inclusion of negatively worded and reverse scored 

items. 

4. The number of participants was, by necessity, limited. However, the 

sample size of 141 matched pairs of questionnaires, from two time-separated 

administrations, reduced sampling errors to an acceptable level. 

Discussion 

Concerning the validity determination, it would have been helpful to have 

not established the Validation of Proposed Perception Statements as an 

anonymous form, and therefore been able to discuss the expert judges' opinions 

with them. For example, based on the literature, there were some perception 

statements that the principal researcher believed should have perhaps received 

higher importance scores than was assigned by the judges. By discussing the 
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literature with the judges, there might have been a different selection of items for 

the CPQ instrument. Additionally, the judges might have suggested items that 

were not on the form or a rewording of some of the existing items. 

If a test-retest is going to be performed, a modification to the 

Questionnaire Instructions is recommended. Because several participants in the 

second administration of the test-retest did not remember their ID code from the 

first administration, the Questiormaire Instructions should have specified a 

particular format instead of suggesting that they choose a code that they could 

remember. 

Administering the instrument by computer might reduce possible errors 

in scoring the questionnaires or in entering the data into statistical packages. 

This could facilitate the matching of forms or comparing pre and post 

administrations to determine treatment impact on chemistry perceptions. 

Participants might also feel a greater sense of anonymity, increasing honesty and 

reducing possible response sets. 

Recommendations for Future Research 

Additional research is needed to further evaluate the Chemistry 

Perception Questionnaire instrument. Q-sort sessions could indicate proper item 

assignments and provide additional evidence of content validity. A five-

component, exploratory factor analysis might provide additional insight into the 
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factor structure and item loadings. Confirmatory factor analysis could be used to 

further evaluate construct validity and the structure of the subscales. Further 

studies are needed to firmly establish the validity and utility of the instrument. 

As the results showed encouraging evidence of reliability and validity, the 

CPQ should prove useful for future research. Some possible research questions 

follow: 

1. Is there a significant difference in a pre and post comparison of the 

chemistry perceptions of students after having experienced a chemistry course? 

Are there similar differences between groups that experience a conceptual versus 

traditional chemistry curriculum? 

2. Do some groups have chemistry perceptions that differ from other 

groups? For example, do perceptions differ between different ethnic groups, 

different genders, or different levels of socio-economic status? 

3. Do successful chemistry students have different perceptions from those 

who are not successful? How do the perceptions of chemistry students differ 

from those of their instructors? How closely do the perceptions of successful 

chemistry students correlate to the perceptions of their instructors? 

4. Should chemistry departments use different recruiting and/or 

instructional techniques depending on a student's chemistry perceptions? 

It is hoped that the Chemistry Perception Questionnaire will prove to be a 

useful tool for the exploration of these and other questions. 
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VALIDATION OF PROPOSED PERCEPTION STATEMENTS 

The following questions are proposed statements for each of seven 
subscales in a questionnaire to determine a subject's perceptions of chemistry. 
The instrument will use a Likert scale from strongly disagree to strongly agree. 
The questionnaire may use either, or both, positively and negatively worded 
forms of the same statement. However, this list will generally include only one 
of the forms for each statement. Please examine each item for the following: 

1. In the space in front of the perception statement, put the flrst letter of 
the subscale most appropriate for that statement. 

2. In the categories after the statement, circle how important you believe it 
is to include that statement in the finished questionnaire. Each subscale will 
have 5 statements in the final instrument. 

3. If the statement could be better worded, please add suggestions. 
4. Add statements that you think should be included; and in which 

subscale they belong. 

The subscale titles were selected so that they do not share a first letter—in 
order to allow single letter designations when coding or scoring. They are 
intended to only label the subscales, not identify constructs. A subscale may 
include a construct such as anxiety. Or, a construct such as attitude may be a 
factor in more than one subscale. The subscale titles are identified below: 

Aptitude: the perception of interest and/or ability in chemistry. 
Chemophobia: the perception of anxiety or fear concerning chemicals and 

chemistry. 
Discipline: the perception of inherent qualities or characteristics of the 

discipline of chemistry. 
Ethnicity: the perception that one's ethnicity influences one's ability to 

learn chemistry or be successful in a chemical career. 
Gender: the perception that one's gender influences one's ability to learn 

chemistry or be successful in a chemical career. 
Instruction: the perception of chemistry courses and how they are taught. 
Value: the perception that chemistry has value for individuals or society. 
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Importance ratings: 
DI = Definitely Important; include in the finished questionnaire. 
I = Innportant; include if there is room in the finished questionnaire. 
N = Neutral; include only if a subscale needs more statements. 
U = Unimportant; best left out of the finished questionnaire. 
DU = Definitely Unimportant; should not even be considered. 

Possible perception statements: 

Chemistry is mainly for males. DI 1 N U DU 

Females have an ability disadvantage in chemistry. DI I N U DU 

Males are better at chemistry than females are. DI I N U DU 

. Females aren't expected to do well at chemistry. DI I N U DU 

Chemistry is a masculine science. DI I N U DU 

_ Chemistry is easier for males. DI I N U DU 

_ Chemistry is more difficult for females. DI 1 N U DU 

In chemistry, some ethnic groups 
have an ability advantage over others. DI I N U DU 

In chemistry. Blacks/African Americans 
have an ability disadvantage. DI I N U DU 

In chemistry. Whites/Anglos 
have an ability advantage. 

In chemistry, Hispanics 
have an ability disadvantage. 

DI I N U DU 

DI I N U DU 

_ In chemistry, Asians DI I N U DU 
have an ability advantage. 

Chemistry is easier for some ethnic groups DI I N U DU 
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Chemistry is more difflcult for 
Blacks/African Americans. DI I N U DU 

Chemistry is more difficult for Hispanics. DI I N U DU 

Chemistry is easier for Asians. DI I N U DU 

__Chemistry is easier for Whites/Anglos. DI 1 N U DU 

Chemistry has too much math. DI I N U DU 

Chemistry is too difficult. DI I N U DU 

Chemistry has too many concepts or ideas. DI I N U DU 

Chemistry requires the learning of too many 
unrelated facts. DI 1 N U DU 

A person of average intelligence can be 
successful in chemistry. DI I N U DU 

Chemistry requires too much memorization. DI I N U DU 

You have to have a "scientific mind" to do well 
in chemistry. DI I N U DU 

Chemistry is a "lonely" field. DI I N U DU 

Chemists are born, not made. DI I N U DU 

Chemistry is too abstract. DI I N U DU 

Chemistry instructors are good teachers. DI I N U DU 

Chemistry courses are too time-consuming. DI I N U DU 

Chemistry courses are designed to "weed out" 
non-scientists. DI I N U DU 

Chemistry instructors are too unapproachable. DI I N U DU 
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Other science courses I've had, "turned me off" 
to Chemistry. DI 1 N U DU 

Chemistry courses move too fast DI I N U DU 

Chemistry classes are too large. DI I N U DU 

Chemistry is too often taught by foreigners who 

are too difficult to understand. DI I N U DU 

Chemistry positively impacts society. DI I N U DU 

Only chemists need to know chemistry. DI I N U DU 

Everyone should know some chemistry. DI I N U DU 

Chemistry has improved my life. DI I N U DU 

Chemistry is useful for solving the problems 

of everyday life. DI I N U DU 

Chemistry has made the world a better place. DI I N U DU 

Chemistry has done more harm than good. DI I N U DU 

Money spent on chemistry research is well 
worth spending. DI I N U DU 

Chemistry is interesting to me. DI I N U DU 

Chemistry is boring to me. DI I N U DU 

I don't like chemistry. DI I N U DU 

I could not do chemistry. DI I N U DU 

I don't have enough science background to 
do well in chemistry. DI I N U DU 

I don't have enough math background to 
do well in chemistry. DI I N U DU 
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1 would like to know more chemistry. DI I N U DU 

1 would make a good chemist. DI I N U DU 

1 get anxiety just thinking about chemistry. DI I N U DU 

I am afraid that chemistry might expose me to 
dangerous chemicals. DI 1 N U DU 

I'm afraid that 1 could get injured in chemistry lab. DI I N U DU 

Working in a chemistry lab would make me 
nervous. DI I N U DU 

I feel comfortable around chemicals. DI 1 N U DU 

Just hearing the word "chemistry" scares me. DI I N U DU 

Chemistry makes me nervous. DI I N U DU 
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ID. Code 

CHEMISTRY PERCEPTION QUESTIONNAIRE (CPQ): 

statem^f ' p , t ° ' * ' ' ' T Z T Tu^' "^^ "^P°"^^ *^* '^-^ f̂^ y ° - belief about that statement. Please answer truthfully. The results will be kept confidential. 

SA A N D SD 
strongly agree neither agree disagree strongly 
^g''ee or disagree disagree 

1. Chemistry is interesting to me. SA A N D SD 

2. I'm afraid that I could get injured in chemistry labs. SA A N D SD 

3. Chemistry has too much math. SA A N D SD 

4. In chemistry, some ethnic groups 
have an abiUty advantage over others. SA A N D SD 

5. Males are better at chemistry than females are. SA A N D SD 

6. Chemistry courses are too time-consuming. SA A N D SD 

7. Chemistry positively impacts society. SA A N D SD 

8. I don't have enough science background to 

do well in chemistry. SA A N D SD 

9. Just hearing the word "chemistry" scares me. SA A N D SD 

10. Chemistry is too difficult. SA A N D SD 

11. Chemistry is more difficult for 

Blacks/African Americans. SA A N D SD 

12. Females are not expected to do well at chemistry. SA A N D SD 

13. Chemistry courses are designed to "weed out" 

non-scientists. SA A N D SD 

14. Everyone should know some chemistry. SA A N D SD 

15. I would make a good chemist. SA A N D SD 

16. I am afraid that chemistry might expose me 
to dangerous chemicals. SA A N D SD 
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SA A N D SD 

SA A N D SD 

SA A N D SD 

SA A N D SD 

SA A N D SD 

SA A N D SD 

SA A N D SD 

17. Chemistry has too many concepts or ideas. 

18. Chemistry is easier for Asians. 

19. Chemistry is a masculine science. 

20. Chemistry instructors are good teachers. 

21. Chemistry has done more harm than good. 

22. I don't have enough math background to 
do well in chemistry. 

23. Chemistry makes me nervous. 

24. Chemistry requires the learning of too many 

unrelated facts. SA A N D SD 

25. Chemistry is more difficult for Hispanics. SA A N D SD 

26. Chemistry is easier for males. SA A N D SD 

27. Other science courses I've had, have "turned 

me off" to chemistry. SA A N D SD 

28. Chemistry has improved my life. SA A N D SD 

29. I would Uke to know more chemistry. SA A N D SD 

30. Working in a chemistry lab would make me nervous. SA A N D SD 

31. You have to have a "scientific mind" to do 

well in chemistry. SA A N D SD 

32. Chemistry is easier for Whites/Anglos. SA A N D SD 

33. Chemistry is more difficult for females. SA A N D SD 

34. Chemistry courses move too fast. SA A N D SD 

35. Chemistry is useful for solving the problems 

of everyday life. SA A N D SD 
End of questionnaire. Thank you! 
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QUESTIONNAIRE INSTRUCTIONS 

Thank you for taking the time to participate in research about chemistry 

perceptions. Understand that your participation is completely voluntary and 

without compensation. Although your honest and complete input is greatiy 

appreciated, you may elect to not participate, or cease participation, at any time. 

The survey is anonymous and will be seen only by the principal investigator. 

Please do NOT put your name on the survey. However, since you might be part 

of a group who will answer a similar questionnaire at a later date, to establish 

statistical data for reliability estimations, you will need to enter an ID code that is 

the same ID code on both administiations. Therefore, it will have to be 

something that you can remember. For example: the last 4 numbers of your 

Social Security Number, a nickname, or Mother's maiden name. 

The questionnaire asks you to agree, or disagree, with statements of 

perception concerning chemistry. Since no one will know who you are, you can 

be completely honest with your answers. It is estimated that completion time 

will be less than ten minutes. 

Questions and/or requests for additional information may be directed to: 

Principal Investigator, PO Box 1474, CoffeyviUe, KS 67337, phone (620) 331-1761. 

Or, Faculty Sponsor, Dr. Gerald Skoog, Texas Tech University, Lubbock, TX 

79409, phone (806) 742-1997, extension 289. 
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Table D.l: Pilot CPQ Frequency Report 

N of Cases = 282 for each perception statement (item). 

Item # Score Frequency Percent 
1. 

2. 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

40 
52 
58 
105 
27 

1 
32 
69 
113 
67 

46 
88 
55 
72 
21 

3 
25 
71 
88 
95 

2 
20 
101 
70 
89 

14.2 
18.4 
20.6 
37.2 
9.6 

0.4 
11.3 
24.5 
40,1 
23.8 

16.3 
31.2 
19.5 
25.5 
7.4 

1.1 
8.9 
25.2 
31.2 
33.7 

0.7 
7.1 
35.8 
24.8 
31.6 
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Table D.l: Continued 

Item # Score Frequency Percent 
6. 

7. 

8. 

9. 

10. 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

21 
85 
100 
61 
15 

2 
17 
76 
138 
49 

34 
66 
60 
91 
31 

18 
66 
56 
93 
49 

33 
75 
57 
80 
37 

7.4 
30.1 
35.5 
21.6 
5.3 

0.7 
6.0 
27.0 
48.9 
17.4 

12.1 
23.4 
21.3 
32.3 
11.0 

6.4 
23.4 
19.9 
33.0 
17.4 

11.7 
26.6 
20.2 
28.4 

13.1 
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Table D.l: Continued 

Item # Score Freauenrv Percent 
11. 

12. 

13. 

14. 

15. 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

0 
12 
82 
80 
108 

2 
8 
70 
108 
94 

7 
29 
101 
115 
30 

11 
18 
64 
162 
27 

64 
62 
100 
40 
16 

0.0 
4.3 
29.1 
28.4 
38.3 

0.7 
2.8 
24.8 
38.3 
33.3 

2.5 
10.3 
35.8 
40.8 
10.6 

3.9 
6.4 
22.7 
57.4 

9.6 

22.7 

22.0 
35.5 
14.2 

5.7 
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Table D.l: Continued 

i^^2lJ Score Frequencv PerrPnt 
16. 1 4 14 

2 27 9.6 
3 80 28.4 
4 131 46.5 
5 40 14.2 

17. 1 18 6.4 
2 85 30.1 
3 71 25.2 
4 89 31.6 
5 19 6.7 

18. 1 2 0.7 
2 5 1.8 
3 88 31.2 
4 98 34.8 
5 89 31.6 

19. 1 1 0.4 
2 32 11.3 
3 82 29.1 
4 98 34.8 
5 69 24.5 

20. 1 5 1.8 
2 21 7.4 
3 153 54.3 
4 82 29.1 
5 21 7.4 
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Table D.l: Continued 

Item # Score Frequency Percent 
21. 1 2 0.7 

2 14 5.0 
3 98 34.8 
4 117 41.5 
5 51 18.1 

22. 1 28 9.9 
2 76 27.0 
3 56 19.9 
4 91 32.3 
5 31 11.0 

23 1 15 5.3 
2 70 24.8 
3 72 25.5 
4 93 33.0 
5 32 11.3 

24. 1 15 5.3 
2 57 20.2 
3 97 34.4 
4 86 30.5 
s 27 9.6 

25. 1 
2 
3 
4 
5 

4 1.4 
6 2.1 
78 27.7 
97 34.4 
97 34.4 
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Table D.l: Continued 

Item # Score Frequency Percent 
26. 1 0 0.0 

2 17 6.0 
3 77 27.3 
4 90 31.9 
5 98 34.8 

27. 1 16 5.7 
2 49 17.4 
3 79 28.0 
4 106 37.6 
5 32 11.3 

28. 1 14 5.0 
2 38 13.5 
3 149 52.8 
4 64 22.7 
5 17 6.0 

29 1 24 8.5 
2 49 17.4 

92 32.6 
96 34.0 
21 7.4 

30. 1 
2 
3 
4 
5 

6 2.1 
43 15.2 
70 24.8 
122 43.3 
41 14.5 
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Table D.l: Continued 

Item # Score Frequency Percent 
31. 1 

2 
3 
4 
5 

32. 1 
2 
3 
4 
5 

33. 1 
2 
3 
4 
5 

34. 1 
2 
3 
4 
5 

35. 1 
2 
3 
4 
5 

20 
66 
88 
93 
15 

0 
13 
82 
88 
99 

1 
18 
78 
89 
96 

26 
63 
110 
66 
17 

17 
17 
113 
115 
20 

7.1 
23.4 
31.2 
33.0 
5.3 

0.0 
4.6 
29.1 
31.2 
35.1 

0.4 
6.4 
27.7 
31.6 
34.0 

9.2 
22.3 
39.0 
23.4 

6.0 

6.0 
6.0 
40.1 
40.8 

7.1 
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