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ABSTRACT: Though the Chemistry Self-Concept Inventory (CSCI) was developed to
study one aspect of the affective domain in college chemistry students, the instrument on
which it was based, the Self-Description Questionnaire III, was developed for use with late
adolescents. As such, we explored data generated from administering the CSCI to high school
students in seven teachers’ classrooms in four schools. This paper presents findings which
describe the validity and the reliability of the data obtained from the CSCI when used with
high school students. The validity of the data is supported by the results of an exploratory
factor analysis, relationships between subscales and chemistry knowledge, and comparisons
among different groups of students. Evidence supporting the reliability of the data is provided
by internal consistency values for each of the subscales. The results presented in this paper
demonstrate the usefulness of the CSCI with a high school population. This instrument may
be used by teachers to better understand students’ beliefs about themselves with respect to
chemistry learning. Implications for research include the utility of the CSCI with high school
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chemistry students.
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he fields of educational and social psychology outline the

importance of student attitudes and beliefs in learning.' ™
The field of chemistry education research has employed some
of these theories, and the affective domain is considered to be
one of the domains of chemistry learning.” Chemistry-focused
instruments that measure some part of the affective domain
include the Colorado Learning Attitudes about Science Survey
for chemistry (CLASS-Chem),” CHEMX,” the Attitude toward
the Subject of Chemistry Inventory (ASCI),'’ the Chemistry
Attitudes and Experiences Questionnaire (CAEQ),"" the
Chemistry Laboratory Anxiety Instrument (CLAI),'> and the
Chemistry Self-Concept Inventory (CSCI).”” While this
sampling is not intended to be an exhaustive list of
chemistry-specific measures of the affective domain, the
aforementioned instruments have been shown to measure
several important affective constructs, including self-efficacy and
self-concept. The attention to instrument development in the
affective domain underscores the importance of assessing
student beliefs and/or attitudes and understanding the
differences among the various affective constructs.

Three widely studied affective constructs are self-esteem, self-
efficacy, and self-concept. Self-esteem is a global construct that
describes a person’s attitudes toward him/herself."* However,
self-esteem is not often studied in the chemistry context, as it is
considered more overarching than topic-specific. On the other
end of the specificity spectrum is self-efficacy, which is
considered to be task-specific.¥'* Self-efficacy refers to a
person’s belief that s/he can accomplish a specific task, such as
balancing a chemical equation, solving a stoichiometry problem,
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or following a laboratory procedure. It is considered to be
future-oriented and malleable. Somewhere between the task-
specificity of self-eflicacy and the global nature of self-esteem is
self-concept. Self-concept is a person’s domain-specific belief
about his or her abilities.”” Students form their judgments
about their abilities in a subject, such as chemistry, based on
their past performances in that area. The frame of reference of
the student also plays a role in his/her self-concept. Self-
concept is considered to be more resistant to change than self-
efficacy, though some studies have created interventions to
target student self-concept."”

Perhaps one of the most important features of self-concept is
its relation to the cognitive domain. In chemistry it has been
shown that chemistry self-concept is correlated with student
achievement,'>'® and may even help predict chemistry
achievement.'” In the broader field of educational psychology,
the predictive power of self-concept on achievement has also
been illustrated.'®™>° Though self-concept has often been
studied with students of all ages in the educational psychology
literature, it has less often been studied with high school
students in the chemistry education literature. As most students
who take general chemistry at the postsecondary level have
been exposed to chemistry in high school, we considered it to
be important to better understand the chemistry self-concept of
high school students. To that end, we designed a longitudinal
repeated-measures study to examine the relationships among
high school chemistry classroom environment and culture,

DOI: 10.1021/acs jchemed.5b00302
J. Chem. Educ. XXXX, XXX, XXX—XXX


pubs.acs.org/jchemeduc
http://dx.doi.org/10.1021/acs.jchemed.5b00302

J. Chem. Educ.
Downloaded from pubs.acs.org by UNIV OF CAMBRIDGE on 09/02/15. For personal use only.

Journal of Chemical Education

Table 1. Data Collection Timeline

Instrument 0 (Aug—Sep) 1 (Oct—Nov)
CSCI X X
MOSART X

2 (Dec)

Round
3 (Jan—Feb) 4 (Mar—Apr) 5 (May)
X X X
X

student chemistry self-concept and student chemistry achieve-
ment. Presented here is a critical precursor to the larger study
that evaluates how the CSCI is functioning in our sample.
Bauer’s 2005 work'? includes the CSCL. As the predecessor to
the CSCI, the Self-Description Questionnaire III (SDQ IIT)*!
was designed for use with late adolescents including secondary
students, using the CSCI with our sample was appropriate.
However, since the CSCI was developed for use with
postsecondary students, it was necessary to demonstrate the
validity and the reliability of the data produced by the CSCI
with our population of interest.

B RESEARCH QUESTIONS

The research questions guiding this study are

1. What is the internal structure of the CSCI when used
with high school chemistry students?

2. What evidence exists to support the claim that the CSCI
produces reliable data when used with high school
chemistry students?

3. What evidence exists to support the claim that the CSCI
produces valid data when used with high school
chemistry students?

B METHODS

Before the study was conducted, Institutional Review Board
approval was obtained and all of the high school teachers and
principals consented to participate in the study. All of the data
presented are from students who have assented to participate
and whose parents/guardians have also given consent.

The study was designed to have a duration of one academic
year. Two cycles of data collection occurred over two
consecutive academic years at four high schools with seven
full time high school teachers, four student teachers, and 515
high school students. One of the limitations of conducting a
longitudinal study in the high school setting is varying
attendance and participation. As such, some of the statistical
tests performed do not include all 515 students.

An important feature to note in our sample is the presence of
academic tracking. All of the participating high schools had
varied academic tracks for their chemistry classes. Factors that
determined the academic track in which a student was placed
included grades in previous science classes, selection by teacher,
and self-selection by the student. Included in the study are four
different types of chemistry classes: (1) Advanced Placement
Chemistry (AP),”* (2) Honors Chemistry (Hon), (3) College
Prep Chemistry (CP), and (4) Chemistry in the Community
(Com).”* The AP students were taking a full-year chemistry
course for the second time whereas the other three tracks
consisted of students taking a full-year chemistry course for the
first time. The Chemistry in the Community class consisted of
a specialized curriculum designed for students less interested in
a science career. The Honors and the College Prep classes
generally worked from the same, more traditional curriculum,
though the Honors students worked at a faster pace. The data
from all four academic tracks were combined for the factor

analysis to increase the sample size and to better understand
the internal structure of the CSCI with a wide range of high
school chemistry students.

Two of the instruments used in this study are the CSCI and
the Misconceptions-Oriented Standards-Based Assessment
Resources for Teachers (MOSART)”* test. The MOSART
Chemistry test was designed to elicit the chemistry
misconceptions of high school students and was used as a
pre-post measure of chemistry achievement for all of the
students in our sample. Table 1 shows the timeline of data
collection across an academic year. The rounds of data
collection were spaced roughly five to six weeks apart.

The data analyzed in this paper were collected at the end of
the first semester for all of the students. The decision to use this
round of data (herein referred to as Round 2) stemmed from
theoretical and practical considerations. One of the assump-
tions made in earlier self-concept studies was that student self-
concept would not be well developed until partway through the
academic year.'® This suggests that the best time to assess the
internal structure of the instrument would be with data from
late in the academic year. However, as the year progressed, the
number of students dropped considerably, and it has been
suggested that small sample sizes can jeopardize the validity of
factor analysis results.”> One observation regarding sample size
is that larger ratios of s_ub)'ects to variables produce more
accurate factor solutions.”””° A ratio of 10 subjects for every
variable has been suggested. Using Round 2 data allowed us to
preserve a large enough number of students to perform an
exploratory factor analysis while still allowing for time for
student chemistry self-concept to develop. For all of the
analyses conducted, N = 431, which surpasses the 10:1 ratio as
the CSCI contains 40 items. Survey responses were manually
entered, and Microsoft Excel was used to reverse the scores for
the negatively worded items. Statistical tests were performed
with Microsoft Excel, R, and SPSS 19.

Reliability and Validity

When used in the context of measurement, reliability is often
described as a measure of the consistency and stability of
responses.”””" As self-concept has been shown to be a stable
construct in the absence of interventions designed to improve
it,">*” we only expected to see change in students’ self-concept
scores if the environment was aligned with practices shown to
improve self-concept. Though the data are not presented here,
we have evidence that suggests the classroom environments
were not structured in a way that would lead us to believe that
there would be change in students’ self-concept scores. We will
present evidence that demonstrates the internal consistency of
student responses, as well as the stability of student responses
throughout the academic year. The essential idea of validity in
measurement is the extent to which the interpretations and
conclusions are supported by evidence.”””" The ways in which
we have established the validity of our data and interpretations
is through the relationship of internal structure and variable
relations with theory. The internal consistency of the data was
measured by Cronbach’s a, and the stability of scores over time
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Table 2. Chemistry Self-Concept Inventory Factor Loadings

Factor
Item No. Item Statements, by Subscales 1 2 B 4 S 6
Mathematics Self-Concept
1 I find many math problems interesting and challenging. 046  —0.01 037  —0.12 012  —022
S I have hesitated to take courses that involve math. 0.72 0.10 011 —009 -0.14 0.04
9 I have generally done better in math courses than in other courses. 095 —-003 -012 -005 -0.01 —0.17
13 Math makes me feel inadequate. 0.65 0.04 0.00 013  —0.09 0.13
17 I am quite good at math. 0.88 —0.09 —0.14 0.14 015  —0.12
21 I have trouble understanding anything based on math. 0.72 0.0s  —0.02 013 —0.07 0.10
25 I have always done well in math classes. 0.88 —0.12  —0.15 0.17 008 021
29 I never do well on tests that require math reasoning. 0.61 006  —0.04 0.14  —0.04 0.27
33 At school, my friends always come to me for help in math. 068 —0.02  —0.03 0.03 014  —0.14
37 I have never been very excited about math. 0.75 0.00 033 —029  —0.09 0.10
Chemistry Self-Concept

I have never been excited about chemistry. —0.06 0.70 0.16 0.02  —0.07 0.00
8 I participate confidently in discussions with school friends about chemical topics. —0.03 057 =001  —0.05 031  —0.07
12 I find chemistry concepts interesting and challenging. —0.06 0.53 031  —0.02 017  —023
16 When I run into chemical topics in my courses, I always do well on that part. —0.05 079  —0.14 0.09 026  —0.20
20 I would hesitate to enroll in courses that involve chemistry. 0.05 0.77 014 —003 —020 0.00
24 I am quite good at dealing with chemical ideas. —0.02 0.82  —0.06 0.04 018  —0.12
28 Chemistry intimidates me. 0.02 0.72 —0.12 0.13 —0.11 0.16
32 I have always had difficulty understanding arguments that require chemical knowledge. 0.06 0.69 002 —007 -0.15 0.20
36 I have always done better in courses that involve chemistry than in most courses. 0.01 077 —013  —0.17 0.09  —0.17
40 I have trouble understanding anything based on chemistry. —0.05 0.74  —0.05 022  -0.11 0.09

Academic Enjoyment Self-Concept
2 I enjoy doing work for most academic subjects. 0.04 —0.01 072 —0.13 018  —0.11
6 I hate studying most academic subjects. 0.00  —0.03 0.73 0.00 —0.06 0.10
10 I like most academic subjects. -0.06  —0.07 0.76 0.20 010 —0.16
22 I'm not particularly interested in most academic subjects. -001  —-0.01 0.76 0.08  —0.07 0.08
30 I hate most academic subjects. -0.16  —0.01 0.77 027  —0.10 0.10
Academic Capability Self-Concept
14 I have trouble with most academic subjects. 0.17  —0.03 0.05 0.67  —0.06 0.06
18 I'm good at most academic subjects. 0.10  —0.03 0.09 0.71 0.09  —0.11
26 I learn quickly in most academic subjects. 0.25 0.08 0.07 0.35 0.24 0.01
34 I get good marks in most academic subjects. -006  —0.07 0.08 0.79 019  —023
38 I could never achieve academic honors, even if I worked harder. 0.09 0.05 0.06 0.52 0.00 0.11
Positive Problem Solving Self-Concept
7 I am good at combining ideas in ways that others have not tried. 0.14 003 —0.10  —0.08 0.77 0.50
15 I enjoy working out new ways of solving problems. 0.19 0.09 027  —0.11 0.53 0.17
23 I have a lot of intellectual curiosity. —0.09 0.00 0.18 0.23 0.56 0.22
31 I am an imaginative person. —0.21 —0.05 —0.0S 0.10 0.63 0.49
39 I can often see better ways of doing routine tasks. 0.06 002  —0.04 0.11 0.51 0.22
Negative Problem Solving Self-Concept

3 I am never able to think up answers to problems that have not already been figured out. 0.08 0.04 0.01 0.15 0.20 0.55
11 I wish I had more imagination and originality. —-0.10 —0.06 —0.06 —0.16 0.34 0.78
19 I'm not much good at problem solving. 0.33 0.12 0.03 0.07 0.21 0.38
27 I am not very original in my ideas, thoughts, and actions. -0.11  —0.04 0.08  —0.03 0.41 0.84
35 I would have no interest in being an inventor. 0.00 041  —001 -021 0.19 0.30

“Though this item has a higher loading on factor 2 than on factor 6, based on its wording we believe it belongs on factor 6.

was measured by a correlation between scores at several time
points. The internal structure of the instrument was assessed
through factor analysis. We examined variable relations through
correlations among subscales and chemistry achievement, as
well as comparisons among student groups.

Exploratory Factor Analysis

The following sections outline our procedures which were
carried out according to the Costello and Osbourne’s™
guidelines for best practices for factor analysis with

psychological data.

Though an exploratory factor analysis (EFA) had already
been conducted on the CSCL" our sample is younger and
more heterogeneous in ability than the sample used for the
original EFA. Also, the students who participated in the initial
testing of the CSCI were all enrolled in college chemistry
classes. This differs from our study as it is likely that some of
the students in our study will not study chemistry in college.
Kline*® notes that the factors obtained are affected by the
sample used for the analysis. Since the two samples are quite
different, it was likely that the factor structures might also differ.
Furthermore, different exploratory factor analysis techniques
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were used on the CSCI with college students, the CSCI with
our sample, and the SDQ III, which could also affect the factor
structure obtained. A more detailed description of previous
factor analysis decisions can be found in the Supporting
Information. All things considered, there was not a strong
enough theoretical basis to test different models with a
confirmatory factor analysis.

When performing an EFA, it is important to consider the
most appropriate extraction and rotation techniques. Some
commonly used extraction techniques include principal
components, maximum likelihood (ML), and principal axis
factoring (PAF). Principal components analysis is not, strictly
speaking, a factor analysis technique. With factor analysis there
is the assumption that there are underlying latent factors with
which the items are aligned. Principal components analysis has
no such assumption and is a data reduction technique.
Maximum likelihood is often used as an extraction but one of
the key assumptions is that the data meet the requirement of
multivariate normality. We assessed our data for multivariate
normality using an SPSS macro’' and found that the data
violated that assumption. Principal axis factoring is an
extraction method that does not require data to meet the
assumption of multivariate normality. As such, we decided that
PAF was the most appropriate technique for our data. Other
important considerations when performing a factor analysis are
the values for the Kaiser-Meyer-Olkin Measure of Sampling
Adequacy (KMO) and Bartlett’s test of sphericity. Higher
values of KMO are preferred,”” and our value was 0.923.
Bartlett’s test of sphericity tests the hypothesis that our data
resemble an identity matrix. The p-value was less than 0.05,
indicating that we can reject the null hypothesis and the item
data are indeed correlated.

The two main categories of rotation techniques are
orthogonal rotations, which require the factors to be
uncorrelated, and oblique rotations, which allow (but do not
require) the factors to be correlated. When used with college
students, nearly all of the factors on the CSCI were correlated
with one another. This led us to choose an oblique rotation
technique. Two commonly used oblique rotations are direct
oblimin and promax. They are both widely used and both
produce similar results. When exploring different data analysis
decisions we performed separate EFAs with direct oblimin and
promax, and as both analyses suggested the same groupings of
items, we felt that either approach was appropriate. In the end,
we chose to use a promax rotation with the standard « value of
4.

When determining how many factors should be retained,
there are several different techniques that may be used.
Retaining all factors with an eigenvalue greater than 1.0 is the
default method in SPSS, but this is considered to be an
inaccurate method for EFA.”> Scree plots may also be used but
are not considered to be as accurate as parallel analysis. Parallel
analysis is a technique that compares actual data to simulated
data.’® All factors from the actual data that have lower
eigenvalues than those of the factors in the simulated data are
considered noise and are not retained. As such, we conducted a
parallel analysis to determine the number of factors to be
retained. A more thorough description of parallel analysis can
be found in the Supporting Information.

B RESULTS AND DISCUSSION

Exploratory Factor Analysis

The results of the parallel analysis suggested that six factors
were most appropriate for our sample. Therefore, for our
analysis, we fixed the number of factors in SPSS at six. Table 2
shows the six factor solution. The statements are organized by
factor and item number. The commonly accepted value for a
salient factor loading is 0.3.°° As such, the minimum
requirement for an item to be considered as belonging on a
factor was a loading of 0.3 or greater. In some cases, items
showed loadings greater than 0.3 on multiple factors; in those
cases, we generally assigned the item to the factor on which it
had the highest loading. The only anomaly is that Item 35 has a
higher factor loading on the Chemistry factor than on the
Negative Problem Solving factor. On the basis of the wording
of the item alone, it does not fit well with the Chemistry items.
Likewise, when considering that on the SDQIII this item
factored with other problem solving items,”" the history of this
item also suggests that it does not belong on the Chemistry
factor. Furthermore, the factor loadings for Item 35 are similar
in magnitude on both factors. Taking all of this into account,
we placed Item 35 on the Negative Problem Solving factor.

The factor structure of the CSCI when used with our sample
is different from that of the CSCI when used with college
students and of the SDQ III. Comparisons between our factor
structure and those of the CSCI with college students and the
SDQ I can be found in the Supporting Information. While the
split between academic capability and enjoyment was seen with
the CSCI on college students,”” it was not seen with the SDQ
IIL*' The split in our sample is also slightly different from the
one seen with college student data. Also, the items from the
Problem Solving factors in our high school data loaded on
multiple factors, while the CSCI college student data and SDQ
III data were on one factor. Though the way our data factored
is not the same as previous instruments, it does have some
support from the literature. Other studies have found that
students can differentiate between academic capability (or
competency) and enjoyment (or affect)” and that negatively
and positively worded items often factor separately.”*

Though the first four factors have a mixture of positively and
negatively worded items, one likely reason that only the
Problem Solving subscales factored separately is due to the lack
of cohesion of the items on those subscales. For the first four
subscales, all of the items are worded similarly and focus on a
singular, unifying construct. The Problem Solving subscales,
however, are composed of items that are often quite different
from one another, with items ranging from imagination to
problem solving. High school students may not associate these
items with one another as strongly as they do with the items
contained in the Chemistry or Mathematics subscales. This may
affect the reliability of the data produced by these subscales.

Reliability and Validity

The internal consistency, one measure of reliability, was
measured by Cronbach’s @. Table 3 shows the values for
each subscale. Values larger than 0.7 are generally considered
acceptable.”> While developers of content tests, especially
concept inventories, have often found « values below 0.7, the
intent of the instruments is not necessarily to have a test that
shows high internal consistency. In fact, the argument has been
made that for concept inventories, high a values may indicate
redundant questions.”® For instruments measuring affective
constructs, of which the CSCI is one, demonstrating high
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Table 3. Cronbach’s & Values

Subscale Cronbach’s @
Chemistry 0.91
Mathematics 0.93
Academic Capability 0.83
Academic Enjoyment 0.87
Positive Problem Solving 0.72
Negative Problem Solving 0.63

internal consistency within a scale is a commonly accepted
Ppractice.

The values in Table 3 indicate that most of the subscales
produce internally consistent data. As suggested above, the
Problem Solving subscales do not provide as reliable data as the
other subscales. Though the Positive Problem Solving subscale
does meet the 0.7 guideline, the Negative Problem Solving
subscale does not. The number of items on a subscale and the
interrelatedness of the items may affect the Cronbach a value.””
Though the Problem Solving factors each only have five items,
it does not seem that the number of items is limiting the a
value. The Academic Capability and Academic Enjoyment
factors also have five items each. In this case, it seems that the
lack of similarity in item wording is leading to subscales that do
not produce internally consistent data. Since the two Problem
Solving subscales are not as strongly related to school, nor do
they provide as reliable data as the other four subscales, they are
not included in further analyses.

To analyze the stability of the students’ self-concept scores
throughout the academic year, we compared students’ scores
from Round 1 (mid-to-late October) with their scores from
Round 2 (mid-December). These time points were chosen for
several reasons. Consistent with earlier assumptions that
students do not have a reliable self-concept until they have
experience with a class, we chose rounds of data at which it
could reasonably be argued that students have enough
experience to form a reliable self-concept. Another factor in
our decision was the limit of sample size. As previously stated,
the sample size steadily decreased throughout the academic
year. To best demonstrate the stability of scores over time, we
felt a larger sample size would be appropriate. Furthermore,
while there have been studies that assessed stability over time
intervals as long as five months,” we felt that limiting the time
period of the test-retest interval would lessen the effect of
instruction on students’ score stability. This is consistent with
recommendations by Haertel about measuring stability.*®
Figure 1 shows the distribution of chemistry self-concept
scores at Rounds 1 and 2.

Figure 1 shows a fairly strong relationship between Rounds 1
and 2, which demonstrates that the self-concept scores of
students are stable between administrations. We chose to
display the data with a scatterplot as recent work in the
Yezierski group™ has called into question the use of correlation
coeflicients alone to demonstrate test-retest reliability. Our data
show not only a relationship between administrations, but also
low systematic error.

We assessed the variable relations by examining the
correlations among the subscale scores. Table 4 gives the
values for the Spearman’s p correlations. In the paper on the
development of the CSCI, it was shown that CSCI subscale
scores are correlated with one another as well as with chemistry
content measures. To support the claim that the data in our
study are valid, we would expect similar correlation results

Comparison of Round 1 and Round 2 Chemistry Self-
R?=0.6267

Concept Data

o

Round 2
w &
o

o
¢

N
o

4

Round 1

Figure 1. Distribution of chemistry self-concept scores at rounds 1 and
2.

among the subscales and between the subscales and the
MOSART test. The values in Table 4 demonstrate that one
criterion for the claim that the data are valid has been met.

We would expect that students with different levels of
chemistry knowledge and different experiences would have
different subscale scores. The possible range for the Chemistry
and Mathematics subscales is 10—70 and the possible range for
the Academic Capability and Academic Enjoyment subscales is
5—35. The data are presented as a sum of all of the items on the
subscale. Figure 2 shows the distribution of Chemistry self-
concept scores; the distributions for the other subscales can be
found in the Supporting Information. Table 5 shows the
subscale means and standard deviations for each of the
subscales. The numeric labeling system for the different student
groups in Table S is not intended to have an ordinal
connotation. It is merely provided as a simple way to indicate
the groups that are statistically significantly different from one
another. The superscript letters indicate the groups that are
different based on an analysis of variance test (ANOVA).
Assumptions underlying the ANOVA were met (a Levene’s test
with p > 0.05, and adequate sample size for violations of
normality). To control the familywise error rate for multiple
comparisons, a Bonferroni correction was used. Effect sizes for
each statistically significant difference in group mean shown in
Table 5 may be found in the Supporting Information.

When the CSCI was used with postsecondary students, it
was shown that different groups that were expected to have
different chemistry self-concept scores (General Chemistry
students, peer leaders, and Chemistry majors) indeed
differed.” Since the four groups in our study have different
backgrounds and preparation in science, we expected the scores
for the four groups of students in our study to differ. However,
an interesting and unexpected trend emerged from the data.
For the Chemistry and Academic Enjoyment subscales, there
are only two distinct groups, and for the Mathematics and
Academic Capability subscales, there are only three distinct
groups. The scores for all of the subscales indicate that the
students in the Honors classes and the students in the AP
classes are not significantly different from one another. One
possible explanation for this trend is the reflected-glory effect,
which has been demonstrated in secondary settings, including
schools with academic tracking."”*" The reflected-glory effect
posits that students in groups that are perceived highly due to
the accomplishments or qualities of the members of the group
will have higher academic self-concepts than would otherwise
be predicted. This effect may be contributing to the similarity of
the self-concept scores between the AP and Honors students, as
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Table 4. Spearman’s p Correlation Values

Subscales Mathematics  Academic Capability Academic Enjoyment Positive Problem Solving Negative Problem Solving MOSART post-test
Chemistry 0.43° 0.47¢ 0.44“ 0.42 0.38 0.35°
Mathematics 0.63 0.49¢ 0.38“ 0.26“ 0.28“
Academic Capability 0.58“ 0.45° 0.33“ 0.33“
Academic Enjoyment 0.40° 0.22° 0.20°

“p < 0.001.

Distribution of Chemistry Subscale Scores by peers, the proverbial big fish in the little pond. This may lead
Academic Track them to rank themselves higher than outside observers would
100 expect. Students in groups that are perceived to have a higher
38 status may compare themselves with other members of the
42 70 group and consider themselves to be average or lower than the
3 60 mAP other members of the group, the proverbial little fish in a big
5 50 o pond. The BLFPE may be an explanation for the similarity of
g 40 the self-concept scores between the CP and Com groups.
2 28 acp Though the data do not follow the trend exactly as predicted,
10 4 @ Com when taking into account the possible frame of reference

0 - effects, the data may still be considered valid.

15 25 35 45 55 65
Chemistry Subscale Score

Figure 2. Distribution of chemistry self-concept scores for student
groups.

the self-concept scores of the Honors students are enhanced by
the glory of being in an Honors class.

The other unexpected trend, the similarity of the CP and
Com scores on two of the subscales, cannot be explained by the
reflected-glory effect. It may, however, be attributed to the Big-
Fish-Little-Pond effect (BFLPE) as described by Marsh and
Parker.*” The BFLPE demonstrates that students’ frame of
reference and the comparisons they make affect what they
believe about their own abilities. Students in groups perceived
as having lower status have higher self-concept scores than
would otherwise be predicted, whereas students in groups
perceived as having higher status have lower scores than would
otherwise be predicted. Recent work on the BFLPE in math
and science has demonstrated this effect and has underscored
the importance of the social comparisons students make and
their frame of reference.”> Scores on the MOSART pre and
post tests indicate that the students in the Com group have
lower chemistry content knowledge than the students in the CP
group. As such, students in the Com group may perceive their
group to have a lower status than the CP group, leading an
outside observer to predict lower chemistry self-concept scores
for the Com students. The BFLPE attributes the difference
between the predictions and the results to the frame of
reference of the students. The students in the Com group are
likely aware of the perceived status of their group, so when they
compare themselves to the other members of the group, they
may consider themselves to be as good as or better than their

B LIMITATIONS

There are some factors that limit the generalizability of the
results presented here. The complexities of conducting research
in high schools contribute to many of the limitations of this
study. As the majority of student participants are minors, both
student assent and parental consent are required. The
additional step of acquiring parental consent may limit the
number of participating students. Another complication is the
use of class time to administer the surveys. Student absences are
common, and as every minute of instructional time is valuable,
teachers often cannot administer the survey multiple times per
round of data collection. This can lead to reduced sample sizes,
especially as the academic year progresses. The classes with
specialized curricula (AP and Com) often have fewer sections
and, thus, fewer student participants than more general classes
(Hon and CP). Furthermore, the sampling is not completely
randomized, as the study was limited by geography and
voluntary participation of teachers. Student self-selection may
lead to higher (or, less likely, lower) average group self-concept
scores. However, our study captured a variety of school
environments and chemistry classes, which provides some
evidence for the representativeness of our sample.

B IMPLICATIONS

Implications for Research and Future Work

This study shows that students do form a reliable chemistry
self-concept in high school, and it can be measured with the
CSCIL Future studies should investigate the structure and
profile of student chemistry self-concept in settings other than
chemistry classes in public high schools in Southwest Ohio.

Table S. CSCI Subscale Comparisons among Student Groups®

Student Groups (N)

Subscales Level 1, AP (24) Level 2, Hon (135) Level 3, CP (222) Level 4, Com (50)
Chemistry 515 + 12.7%¢ 448 + 122%¢ 388 + 1225¢ 38.0 + 92°¢
Mathematics 57.8 + 8.6%° 53.6 £ 11.6%° 47.0 + 13.67°° 40.5 + 12,974
Academic Capability 315 + 42%° 29.6 + 4.1%° 26.6 + 547 233 + 637
Academic Enjoyment 28.1 + 5.7%¢ 255 + 6.5%° 225 + 6.5° 212 + 54%°

“Superscripts indicate the levels that are statistically significantly different from the mean listed. ®AP. “Hon. “CP. “Com.
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Possible settings may include private high schools, classes other
than those dedicated to chemistry, or students of different age
groups. Another aim of future studies may be to construct
interventions meant to improve high school student chemistry
self-concept. Furthermore, previous work has shown that
subject-specific self-concept has an effect on selection of future
coursework.”* Further research into chemistry self-concept at
both the secondary and postsecondary levels may lead to a
better understanding of student behavior, the influence of the
affective domain on chemistry learning, and ways to predict
student persistence in chemistry coursework.

Implications for Practice

This work demonstrates that the CSCI is an instrument that
can produce valid and reliable data with our sample of high
school students. These findings suggest that the CSCI may be a
valuable tool for high school teachers to use to assess the beliefs
of their students. As the affective domain has been shown to be
related to the cognitive domain,>"*"" it is important for
teachers to have data on students’ affective characteristics as
well as their cognitive performance. College professors may also
wish to use the CSCI as a measure of the beliefs of incoming
students. This may help them better get to know and
understand their students at the beginning of the year. Work
on self-concept interventions in other disciplines'> may be
useful to inform ways that teachers and professors can improve
their students’ chemistry self-concept. Furthermore, self-
concept has been shown to be related to important facets of
mental health such as anxiety, depression, and attention
problems.” As such, low self-concept scores can provide
teachers with information about students who may need
additional support.

Though we collected CSCI scores at 6 time points
throughout the academic year, the teachers never indicated
that the time required to administer the assessment was an
issue. However, if a shorter instrument is desired, it may be
possible to assess chemistry and mathematics self-concepts with
fewer items, or to eliminate the Problem Solving scales from
the instrument. It is advisable to reestablish the reliability and
the validity of the results with a shortened instrument.

Future Work

As this paper has demonstrated that the CSCI can offer reliable
and valid data about high school students’ self-concept, we plan
on examining our data for longitudinal trends, as well as looking
to find methods of grouping the students by their CSCI
profiles. Qualitative analysis on the classroom environment, as
well as student and teacher interviews, will also be undertaken.
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