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The first college chemistry course plays an important role
in the academic trajectory of college students, with many
counseled to enroll in fulfillment of general science require-
ments. What chemistry content should incoming students
know best before taking their first course? How high school
chemistry teachers respond to this question will directly af-
fect their teaching. Choosing which topics deserve the most
time and which require less is an important decision. In this
study, we will explore the connection between success in in-
troductory college chemistry and high school chemistry con-
tent coverage.

Many researchers have studied connections between col-
lege chemistry success and student background experiences
such as SAT–Math scores (1–3), mathematical ability (2–4),
mathematics coursework (3), chemistry background (5–7),
and placement tests (7–9). Educational research on chemis-
try has long held an interest in finding best practice in high
school chemistry for college chemistry preparation (10).
Though helpful for student placement in college chemistry,
these findings provided limited guidance for high school cur-
riculum decisions on course content. To provide insight into
the connection between high school content and college per-
formance, we address the following research questions:

What content do introductory college chemistry students
report emphasizing in their high school courses? How do
regular, honors, and Advanced Placement (AP) HS chem-
istry courses compare in terms of content emphasis?

What high school chemistry content is significantly as-
sociated with success in introductory college chemistry
controlling for students’ demographic and general edu-
cational backgrounds?

Methodology

The data used in this manuscript come from a study
started in 2002. Factors Influencing College Science Success
(Project FICSS, NSF-REC 0115649) is a four-year nation-
ally representative study funded through the Interagency Edu-
cational Research Initiative and administered by the National
Science Foundation (NSF). Project FICSS surveyed college
students engaged in introductory science coursework across
three disciplines: biology, chemistry, and physics. The stu-
dents completing the surveys came from more than 100 in-

troductory college science courses at four-year colleges and
universities across the United States.

This study analyzed the chemistry subsample collected
from 38 first-semester introductory college chemistry courses
taught at 31 four-year colleges and universities in fall 2002
and fall 2003.1 We compared participating and nonpartici-
pating schools across measures such as school size, admissions
selectivity, or geographic location and found no results indi-
cating bias based on self-selection. The 20 public schools and
11 private schools are located in 22 states. The sampled
schools covered the entire range of four-year institutions and
ranged from small liberal arts colleges with less than 2500
undergraduates to large state universities with more than
10,000 undergraduates. For the purpose of continuity, we
chose to include only courses with large lecture-based classes,
smaller recitation sections, and laboratory sessions.2 Surveys
were administered during class sessions, (i.e., lectures, reci-
tation meetings, or lab sessions). The college professors later
entered the students’ final course grades on the surveys be-
fore returning them to the researchers. Though designed to
be individually unidentifiable, a survey question asked
whether the responding student would agree to be contacted
through email, approximately 25% of the students volun-
teered email addresses. The responses from the emails were
used as a means of providing limited corroboration of our
findings. The final chemistry subsample contained 3521 stu-
dent surveys.

Given the size and scope of the study, the survey instru-
ment covered a large number of curricular issues in high
school chemistry. Included in the surveys were questions
about the quantity of time students recalled spending on par-
ticular content topics.3 Questionnaire development included
feedback from college professors and high school teachers,
field testing with introductory college chemistry students, and
interviews with student focus groups. Background informa-
tion explaining the purpose and eventual use of the results
was also included on the survey. To gauge the reliability of
this questionnaire, we carried out a test–retest study in which
113 introductory college chemistry students completed the
survey on two separate occasions, two weeks apart. The re-
sults showed student responses to be exact in 60% of the cases
and within one choice in 90%, producing reliability coeffi-
cients ranging from 0.46 to 0.69. The likelihood of a rever-
sal in the direction of difference for an instrument with a
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The topics were chosen to span the range from “fundamen-
tal” to “rarely included” in high school chemistry courses.
Figure 1 shows an example of the actual survey questions.
The analysis used multiple linear regression to produce an
inferential statistical model assessing the significance of rela-
tionships between the Time on Topic predictors and the out-
come, ICCGRADE, while controlling for background
predictors.

Since the survey spanned different courses in different
schools, differences in grading practices would be expected.
Including only lecture–recitation–laboratory formatted
courses limited some differences. However, other institutional
and course-based differences need to be accounted for, as well.
To address this issue, a set of “dummy” variables was included
in the model to account for college effects. The statistical
power of this analytical method offered a 90% chance of de-
tecting a small effect (14).

Incomplete questionnaires are not uncommon in large-
scale surveys. Typically, a questionnaire is excluded from the
analysis, a tactic that introduces problems of data loss and
biasing (15). In this study, missing data for the control pre-
dictors were imputed (16–18) to mitigate the problems im-
posed by systematic exclusion of incomplete surveys. Details
on this approach are discussed in the Supplemental Material.W

Results and Discussion

Table 1 contains background data on the participating
colleges and universities. Figures 2–4 show the distributions
for the eight Time on Topic predictors. Figure 2 displays the
graphs of the four high-occurrence predictors. A closer analy-
sis of the graphs shows Atoms and Reactions have higher re-
currence than Solutions and Gas Laws. This finding suggests
that Solutions and Gases are typically included, but are fairly
isolated within the curriculums, while Atoms and Reactions
appear to be strong themes throughout high school chemis-
try. Figure 3 displays the distribution of the two moderate
occurrence topics, Stoichiometry and History. The lower level
of occurrence for Stoichiometry compared to Atoms and Re-
actions is somewhat surprising since the principles of stoichi-
ometry are so closely associated with these two topics. A
comparison of recurrence shows Stoichiometry and History
have lower percentages than Atoms and Reactions, but higher
percentages than Solutions and Gas Laws. Figure 4 displays
the distributions for the low occurrence topics, Nuclear Re-
actions and Biochemistry.

The findings suggest four classifications: (i) high occur-
rence–high recurrence for Atoms and Reactions, (ii) high oc-
currence–low recurrence for Solutions and Gas Laws, (iii)
moderate occurrence–moderate recurrence for Stoichiometry
and History, and (iv) low occurrence–low recurrence for
Nuclear Reactions and Biochemistry. The classifications sug-
gest that the content topics included in this analysis do span
the range from fundamental (Atoms and Reactions) to fairly
rare (Nuclear Reactions and Biochemistry).

Table 2 shows the correlations among the eight content
topics contained in the survey.1 The highest correlation was
found to be between Gas Laws and Solutions at r  0.610,
considered a moderate correlation in social science research.
These results suggest that many students who reported cov-
ering Gas Laws also reported covering Solutions. The next

Figure 1. An example of the actual survey questions.

reliability coefficient of 0.40 in a group of 100 individuals is
0.7% (11). This result indicates that survey reliability was
acceptable.

Students’ final introductory college chemistry grade
(ICCGRADE) was used as the outcome measure. College
course grades carry with them the weight of a permanent
record that may have a bearing on students’ future career
prospects; something clearly understood by students.
ICCGRADE represents a summative assessment of perfor-
mance over an entire semester and is a common measure in
previous studies (1, 3–5, 10).

The control predictors used in this analysis fall into two
groups: demographic identifiers and general educational back-
ground measures. The demographic identifiers include the
following: gender, racial or ethnic background, parental edu-
cation levels, average county household income, and high
school type (i.e., public, private, magnet, charter, or paro-
chial). Past studies have shown the importance of these pre-
dictors (12, 13). General educational background measures
account for differences in academic achievement and relevant
coursework. These variables included (i) SAT–Math scores,
(ii) last high school (HS) mathematics grade, (iii) last HS
science grade, (iv) last HS English grade, (v) type of HS cal-
culus course taken (if any), and (vi) AP chemistry enrollment
(if any).

In choosing question predictors, the researchers con-
sulted various sources including textbooks, high school teach-
ers, and college professors. The eight Time on Topic predictors
were selected as representative of varying degrees of content
emphasis:

1. Atoms and the Periodic Table (Atoms)
2. Chemical Reactions and Equations (Reactions)
3. Solutions
4. Gases and Gas Laws (Gas Laws)
5. Stoichiometry
6. Nuclear Reactions
7. Biochemistry
8. History and People of Chemistry (History).
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highest correlation was found to be between Nuclear Reac-
tions and Biochemistry at 0.597. The moderate correlation
between Nuclear Reactions and Biochemistry is consistent
with a common struggle between breadth and depth. The third
highest correlation occurs between Atoms and Reactions.

Next we consider differences across common levels of
high school chemistry: regular, honors, and Advanced Place-
ment. The average Time on Topic across each of the eight
content areas was calculated for these three levels of high
school chemistry. In order to make this calculation, the fol-
lowing numerical values representing the number of estimated
instructional days were assigned to each of the five catego-
ries: Not at All  0; A Few Weeks  15 days; A Month  20
days; A Semester  40 days; Recurring Topic  40 days.5 The
results are shown in Figure 5. This format allows for fairly
straightforward comparisons. However, these percentages do

not represent absolute percentages, since all possible chemis-
try topics were not included. A comparison of the relative
percentages for regular and honors chemistry reveals them
to be very similar. Small differences did appear for Atoms
and Stoichiometry, where students in regular-level courses re-
ported a greater focus on Atoms, while students in honors-
level courses reported a greater emphasis on Stoichiometry.
A stronger quantitative focus in honors is not surprising; how-
ever, the small difference is surprising. Regular- and honors-
level chemistry appear to have very few differences in
content-coverage patterns. When considering AP chemistry,

Figure 4. Percentage of students in low occurrence topics.

Figure 3. Percentage of students in moderate occurrence topics.

Figure 2. Percentage of students in high occurrence topics.
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the emphasis appears to be lower for Atoms compared to both
regular and honors chemistry. Not surprising given that all
the students who reported taking AP chemistry also reported
taking a regular or honors chemistry course. AP chemistry
also tended to have a weaker emphasis on History, but a stron-
ger emphasis appeared for Stoichiometry, a quantitative topic,
and Nuclear Reactions, an advanced topic. These results are
consistent with common expectations that AP chemistry is
more quantitative and advanced than the other levels.

Before continuing on to discuss the regression model, it
is important to consider a methodological strategy used here
when predictors did not have a normal distribution, as is the
case with all eight Time on Topic predictors. These predic-
tors cannot simply be entered in an analysis, since their dis-
tributions are non-normal and violate an initial condition for
regression. A common tactic to overcome this problem is to
convert these predictors into sets of binary variables. This
approach is used for categorical predictors such as race or eth-

nicity and gender. Each response is used as a one compo-
nent of a set of predictors, so for example None at All be-
comes a variable with two values, 0 or 1. Applying this
approach produced eight sets of binary predictors or a
“dummy variable” set. Each component of a dummy vari-
able set may be compared with the other components, with
one component held out of the model as the basis of com-
parison or a baseline. We chose the response, A Few Weeks,
as the baseline for these eight sets (see the Supplemental
MaterialW for a more detailed discussion).

Multiple linear regression has the capacity to simulta-
neously analyze the connections among many variables and
compare the explanatory power of the predictors, allowing
for a variety of alternative hypotheses to be compared and
background differences to be controlled for. Demographic
differences are important to control for. Certainly, students’
personal resources, such as parents with college backgrounds
would be expected to have an impact on their performance
in college. Students’ past academic records are important as
well.

Table 3 shows the regression model for the outcome
ICCGRADE. Significant background predictors included
students’ racial or ethnic background and parents’ highest
educational level. Students’ year of college enrollment was
only marginally significant when freshmen performance was
compared to sophomores and not significant when compared
to juniors and seniors. The significance of the racial and eth-
nic predictors reveals underachievement in minority groups
traditionally underrepresented in chemistry, Hispanics and
African Americans. Underachievement of African Americans
is only marginally significant with underachievement of His-
panics showing stronger significance. Some studies have in-
dicated complex social mechanisms that play important roles
in student performance and persistence among students of
color (19). The outcome for Native Americans is significant;
however, the sample only included 32 students. Further in-
vestigation of underrepresented minority groups is important
though beyond the scope of this current manuscript.
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ics across HS chemistry course levels.



Research: Science and Education

www.JCE.DivCHED.org • Vol. 83 No. 11 November 2006 • Journal of Chemical Education 1707

The regression model also found the following general
educational background predictors to be significant: high
school calculus enrollment, AP chemistry enrollment, quan-
titative (Math) and verbal SAT scores, and high school grades
in science, English, and mathematics. All of these predictors
appear as highly significant predictors of ICCGRADE ex-
cept for SAT–Verbal. The analysis showed that Last HS En-
glish Grade appeared to subsume some of the variance in
ICCGRADE accounted for by SAT–Verbal scores. Though
not surprising, these results do form the backbone of many
traditional hypotheses accounting for college chemistry per-
formance.

High school calculus enrollment, SAT–Math score, and
Last HS Mathematics grade were all found to be highly sig-
nificant in the same model indicating that each contributes
independent predictive power for college chemistry success.
The high -values of these three variables surpass those of

AP Chemistry and Time on Topic predictors and suggest that
mathematics background is the most powerful predictor of
student performance found in this analysis.

Turning our attention to the Time on Topic predictors,
Table 3 shows that three of the eight content areas are sig-
nificant predictors of ICCGRADE at the   0.05 level.
The connection between these predictors and ICCGRADE
is fairly complex. In the case of Gas Laws, the parameter
estimates show no significant difference between students
who reported having content related to this topic for the
duration of A Few Weeks, A Month, or Not at All experi-
ence in high school chemistry. In contrast, the model pre-
dicts that students who report having a strong emphasis on
Gas Laws have predicted college grades that are 1.5 points
lower on the average. On the scale used for this analysis,
1.5 points translates into about one sixth of a letter grade,
a small effect.
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Stoichiometry background was found to be a much
stronger predictor. Students reporting None at All were pre-
dicted to have a grade 2.5 points lower than the baseline of
A Few Weeks, which translates to one quarter of a letter grade.
Students who reported a heavy emphasis (i.e., recurring topic)
were predicted to earn grades 2.6 points higher than the base-
line, about one-quarter of a letter grade. Comparing heavy
emphasis students to students reporting no Stoichiometry,
heavy emphasis students were predicted to outperform their
peers by half of a letter grade, on the average. No significant
difference appeared between students reporting A Few Weeks
versus A Month.

For the topic of Nuclear Reactions, the regression analysis
shows that students reporting less emphasis on this topic typi-
cally have higher levels of performance. In fact, the regres-
sion results suggest that students reporting no Nuclear
Reactions backgrounds in high school more typically earned
higher college chemistry grades, while those reporting a heavy
emphasis have college grades on the average, nearly half of a
letter grade below their peers. Rather than finding the study
of advanced topics is associated with later success, we find
no particular benefit to making it through to the final chap-
ters of the textbook. The number of heavy emphasis students
totaled 132 (4% of the sample); though small, this total does
provide enough representation to reveal significance.

The other five chemistry content topics were not found
to be associated with introductory college chemistry grades.
These topics were: Atoms, Reactions, Solutions, History, and
Biochemistry. For Atoms and Reactions, only a few students
selected the None at All response category. Here the com-
parison among the categorical predictors amounted to a com-
parison among students reporting A Few Weeks, A Month,
and Recurring Topic. Atoms and Reactions are fundamental
to chemistry understanding, and this result might be indica-
tive of the pervasiveness of these topics. No difference is found
between students who reported explicitly returning to these
topics through out the semester versus others who reported
A Few Weeks or A Month of coverage.

For Solutions and History, each reported substantial
numbers of responses in all four categories, allowing each cat-
egory to be strongly represented in the analysis. Particularly
surprising is the absence of History as a significant predic-
tor. It is to note that college chemistry grades may not be
sensitive to the influence of history, often cited as a topic pro-
viding context, perspective, and generating student interest.
Studies on student continuation in chemistry coursework
might be more revealing. Finally, for Biochemistry, 109 in-
dividuals selected the heavy emphasis choices (3.5% of the
sample); enough for the analysis, but unlike Nuclear Reac-
tions, no significant results were found.
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A regression model is actually a multidimensional lin-
ear equation where the parameter estimates (shown in Table
3) are the coefficients of the variables shown in Table 4. Writ-
ten out, the linear equation is fairly extensive.

ICCGRADE  40.57  0.05(Race Not Reported) 
4.18(Race Native American)  0.07(Race Asian)  ... 
0.47(Highest Parent Education Level)  0.82(Year in
College: Sophomore)  ...  1.73(HS Calculus Enroll-
ment Regular)  3.00(HS Calculus Enrollment AP A/B)
 ...  2.90(AP Chemistry Enrollment)  0.02(SAT–
Math Score)  1.68(Last HS Science Grade)  ... 
0.74(Gas Laws: None)  0.16(Gas Laws: A Month) 
1.53(Gas Laws: Recurring Topic)  ....

However, calculations are fairly straightforward. For example,
suppose we wish to compare two prototypical students: Stu-
dent A who had stoichiometry as a recurring topic in high
school and Student B who had no stoichiometry. Suppose
these students have the same background characteristics in
every other way. Table 5 displays a comparison of the two
linear equations used to produce the predicted ICCGRADE.
The results predict a final grade of 84.26 for Student A and

79.16 for Student B: B, and C, respectively. Other predic-
tions may be made by using the regression model in a simi-
lar fashion.

Conclusions

Based on this analysis, we found Stoichiometry to be the
one chemistry topic among a group of eight to be an impor-
tant predictor of college chemistry performance.6 The pre-
dicted grade of students who reported a heavy emphasis on
stoichiometry was 2.6 points higher than their peers who re-
ported studying stoichiometry for A Few Weeks or A Month.
However, compared to students who reported no stoichiom-
etry, the heavy emphasis students were predicted to earn
grades 5.1 points higher. Class time and emphasis commit-
ted to stoichiometry varies widely in high school. Both the
textbooks and classroom practice reflect this variation. We
found evidence of a continuum in the survey responses with
students reporting stoichiometry content experiences that
ranged from Not at All to a Recurring theme throughout their
high school chemistry course. Comparing high school to col-
lege chemistry content emphases, stoichiometry is seldom
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swaLsaG llAtatoN 47.0 0 0

htnoMA 61.0 1 1
cipoTgnirruceR ! 35.1 0 0

yrtemoihciotS llAtatoN ! 94.2 0 1
htnoMA 90.0 0 0

cipoTgnirruceR 36.2 1 0
snoitcaeRraelcuN llAtatoN 26.0 1 1

htnoMA ! 86.0 0 0
cipoTgnirruceR ! 89.3 0 0

EDARGCCIdetciderP b 62.48 41.97
a htoB.yrtemoihciotsonhtiwBtnedutSdnayrtsimehcSHnicipotgnirrucerasayrtemoihciotshtiwAtnedutS

.nemhserferadnaegellocmorfdetaudargtahttnerapaevah,etihwerastnedutslacipytotorp b detciderP
.cte,17=-C,57=C,87=+C,18=-B,58=B,88=+B,19=-A,59=A,89=+A:EDARGCCI
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studied before the second quarter of the academic year. How-
ever, in college chemistry, students need to master stoichio-
metric calculations very early, often by the first or second week
of the first course. In college chemistry textbooks, the topic
is generally introduced by the third chapter. Some high school
chemistry curricula and textbooks have chosen to take a quali-
tative or conceptually-based approach, de-emphasizing sto-
ichiometry. The study of stoichiometry necessarily includes
the application of mathematics, which also appears as a highly
significant predictor of college performance.

The influence of mathematics is evident in light of the
significance of three predictors: HS Calculus Enrollment
(regular, Advanced Placement A/B, or B/C), SAT–Math
score, and Last HS Mathematics Grade as predictors. A sur-
prising finding is the importance of calculus enrollment. Why
does calculus appear to be so valuable in introductory col-
lege chemistry, especially since courses typically require few,
if any, calculus applications? Our view is that facility with
solving simple equations and comprehending graphs, an es-
sential skill in college chemistry, over time and with prac-
tice. While advanced mathematics is not used in introductory
chemistry, studying topics such as calculus in high school
raises the likelihood that students show fluency in algebra
with no scaffolding or teacher-support. In college, students
who have not acquired these skills with full mastery are at a
substantial disadvantage, since chemistry professors do not
“hand-hold” students with weak mathematical skills. Instead,
professors assume that students enrolled in their classes pos-
sess the proficiency to follow lectures and comprehend text
passages without assistance regarding mathematical symbols
and equations. Lack of fluency in mathematics, the “language
of science”, handicaps introductory chemistry students, just
as being a tourist in a foreign land limits one’s experience if
you do not know the local language.

Taking this discussion a step further, we wondered
whether college chemistry students would specifically men-
tion the term “stoichiometry” on their own if asked about
their chemistry learning experiences. Therefore, to provide
some limited qualitative corroboration of our statistical find-
ings, we searched supplementary post-survey emails from re-
spondents who completed our original survey and granted
us permission to contact them with follow up questions.
Among others, students were asked the following question:
What aspects of your high school chemistry course helped
you most in college? The following are excerpts from the re-
sponses of six students that specifically used the term sto-
ichiometry:

I think stoichiometry gave a lot of kids trouble so I think
my fairly strong background with that gave me a heads up.
...stoichiometry—I learned that really well in high school
and I remembered it all throughout chemistry.
...knowledge about stoichiometry from high school chemistry
helped me most.
I’d have to say stoichiometry because quite a few people
had problems with that.”
...stoichiometry and the ability to apply conversions helped
the most.
...most helpful was the depth [with which] we covered
stoichiometry....

These responses summarize the impact of stoichiometry in
college chemistry. For the high school chemistry teachers who
choose to spend more time on stoichiometry and less time
on other more advanced topics, the results support their de-
cision and suggest that this practice gives their students a sig-
nificant advantage in introductory college chemistry.
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WSupplemental Material

A method to deal with missing data and an analytical
approach for using non-normally distributed variables are dis-
cussed in this issue of JCE Online.

Notes

1. These schools are a subset of 67 selected through stratified
random sampling based on school size from a comprehensive list
of nearly 1700 four-year colleges and universities in the United
States. Since nearly half of all students attending four-year colleges
and universities are enrolled in only 10% of the country’s higher
institutions, stratified random sampling ensured that the sample
would be nationally representative. The chemistry departments of
all selected schools were contacted and asked to participate. Instruc-
tors at 31 schools agreed.

2. This format is by far the most ubiquitous and thus the for-
mat most likely to be experienced by introductory chemistry stu-
dents.

3. Though retrospective self-report surveys are very common
and include the National Assessment of Education Progress and the
National Educational Longitudinal Survey of 1988, limitations are
important to consider and include accuracy and reliability. Conclu-
sions from early research questioning accuracy and reliability (20)
have shifted in light of more recent studies that suggest memory and
recall can be quite reliable even over extended periods of time when
contextual cues are provided (20–22). Other researchers (23–26) have
identified several additional factors to improve recall that include:
proper wording of questions, grouping questions into conceptually
related sequences, providing contextual cues within the questionnaire,
surveying students in situations and surroundings associated with
the topic, and making the survey relevant to the students. The sur-
vey methodology accounted for all of these factors.

4. Apart from revealing associations among the content top-
ics, a correlation analysis provides some details regarding associa-
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tions among the predictors and provides some hints to the prob-
lem of multicollinearity in the regression analyses that may play
havoc with the significance statistics and produce misleading re-
sults. Checking correlations provides one means of detecting this
problem; another means of detection includes a systematic and care-
ful approach to the inclusion of variables in each regression model.

5. The values were chosen as fractions of a 180 day school
year, consisting of 36 weeks or 9 months. Dividing 180 days by 9
months produces a value of 20 days for each month. The category
of A Few Weeks was given the value of 15 days, five school days
shorter than a month. The categories for A Month and Recurring
Topic were chosen to represent two differing approaches to instruc-
tion, highly intensive, long term content focus and repeated expo-
sure to content over an extended period of time. Both of these
categories were intended to represent long time commitments to
particular content areas. Therefore, rather, the distinguishing char-
acteristic between these two categories was not actual time, but the
formatting of the time. Thus for the purposes of this calculation,
the categories, A Month and Recurring Topic, were given a value
twice as large as the value for a month, i.e., 40 days.

6. Some readers might wonder whether the students surveyed
in our study would know the term stoichiometry. The students par-
ticipating in this study were typically surveyed 4–10 weeks into an
introductory college chemistry course at a four-year college or uni-
versity and all students included in this analysis also reported hav-
ing had at least one high school chemistry course. This level of
formal chemistry education suggests that students would be very
likely to be familiar with this term.
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