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This study is an exploratory com-
parison of 69 Hispanic students
enrolled in first-semester general
chemistry (Chem I) who attended
either a Hispanic-Serving or emerg-
ing Hispanic-Serving Institution and
were not successful in Chem I. Stu-
dents’ automaticity skills (what can
be done without the aid of a calcu-
lator) in arithmetic and quantitative
reasoning were analyzed based on
students’ personal characteristics
such as gender, prior knowledge in
chemistry and mathematics, entry
college (i.e., STEM or not), and
parents’ academic background.
Findings indicate that without basic
automaticity skills, students enter
Chem 1 at a deficit, but these at-risk
students can be identified early in
the semester to help them succeed.
Results also indicate that arithmetic
automaticity is more influential than
quantitative reasoning in predict-
ing academic success. A suggested
high-impact practice is presented
as a possible correction for these
deficits.

ducation researchers usually

publish about “what works.”

However, there is another

side to education that is more
difficult to understand. Students have
numerous causes, reasons, and ex-
cuses for withdrawing from school
or dropping a class, yet there are a
certain number of students who do
the assigned classwork and are still
unsuccessful.

This study evaluates students from
seven institutions as part of a continu-
ing 4-year study. Specifically, the
focus is on unsuccessful Hispanic stu-
dents who attended Hispanic-Serving
(HSI) or emerging Hispanic-Serving
(eHSI) Institutions. By “unsuccess-
ful,” we mean that the students did
not succeed at a level necessary to
advance to the next general chemis-
try course. Results provide support
for identifying students during the
first week of class who may possi-
bly complete first-semester general
chemistry (Chem 1) with a grade of
D or F. Two diagnostics were selected
to assess students’ automaticity skills
(what they can do without the use of a
calculating device) in two areas: basic
arithmetic and quantitative reasoning
(QR). By identifying these students
early in the semester, there is time to
help the students succeed before it is
too late.

The purpose of this study is to
explore the personal characteristics
of Hispanic students who consistently
attended class and did required as-
signments but finished the course with
agrade of D or F (n= 69 or the 13% of
the population who were unsuccess-
ful completers). Even though this is a
small sample of the total population,
further study provides insights into
important mental-math skills that may
have gone dormant due to lack of use
from as early as seventh grade.

Hispanic students compose the
largest percentage of ethnic minori-
ties in most of the study team’s uni-
versities (Texas Higher Education
Coordinating Board, 2019). Hispanic
students who were omitted from this
study include those who were suc-
cessful (the majority of the classes
evaluated), post-baccalaureates, those
who did not sign the Institutional Re-
view Board (IRB) release form, those
who failed to be present at one or both
diagnostic test days, and those who
failed to complete the demographic
survey about their ethnicity and
gender. This brings the percentage of
omitted Hispanic students at emerging
HSIs (eHSIs) to 63% of the overall
Hispanic participants and the overall
percentage at HSIs to 73%. Our focus
is on the 37% and 27%, respectively,
or the unsuccessful completers.
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Purpose of study

There is only a small number of
published research articles that ad-
dress students’ abilities in lower-
level chemistry courses and how
they may relate to students’ His-
panic ethnicity (Baez-Galib et al.,
2005; Fernandez & Middlecamp,
1999; Garcia et al., 1993; Mason
& Mittag, 2001). There is ongoing
interest in retaining female students
and students from racial and ethnic
minority backgrounds in STEM
fields, so more studies are needed
regarding these populations (Zeldin
et al., 2008). This study aims to rec-
ognize why some Hispanic students,
whether they attend an HSI or eHSI,
are unsuccessful even when they
completed the Chem I course. To
be classified as an HSI, at least 25%
of the undergraduate population of
a university must be students from
Hispanic backgrounds. Four univer-
sities that participated in this inves-
tigation are considered to be eHSIs
(those with a minimum of 16% His-
panic enrollment), with the other

three institutions recognized as
HSIs (Table 1). One of the HSIs has
an enrollment of more than 34,000
students, and the other two HSIs are
schools with smaller enrollments
(around 5,000) that are considered
medium-sized schools (Tai et al.,
2005). Schools with a population
of fewer than 5,000 undergradu-
ates are considered small. Given
the wide variety of participating in-
stitutions, this research population
provides a representative view of a
large, majority-minority state, lend-
ing credibility to this study.

One reason given by the state com-
missioner of education for the signifi-
cant decline in SAT scores over the
past few decades (1987-2016), to a
30-year low 0f 944/1600 (Petros et al.,
2017), is that many more students are
being encouraged to take the SAT who
have previously never considered go-
ing to college; as this “college-going
culture” increases, the number of
minority students is having an overall
impact on the state’s performance, as
minorities typically score lower on the

SAT than their nonminority contem-
poraries (Stutz, 2012). There is little
evidence to suggest that remediation
has an impact or adequately prepares
students to complete a degree (Cohen
& Kelly, 2020; Habley et al., 2012).

Even though there are no reported
differences between White non-His-
panic and Hispanic students being
engaged and persistent until Year 2,
historically underserved students in
postsecondary institutions benefit the
most in terms of grades and persis-
tence (Kuh et al., 2007) when targeted
programs are implemented. Tai et al.
(2005) reported data gathered from
12 institutions, with 1,500 students
included in the data. Findings included
that gender did not make a differ-
ence, nor did race, except for Latino
students, in which case the last high
school mathematics course completed
and parental education were prime
factors among the variables assessed
that did affect outcomes. Academic
discipline (i.e., doing homework,
attending class, class participation,
taking responsibility for course perfor-

TABLE 1

Description of participating institutions.

6-year Percentage of degrees

Enrolled Hispanic graduation | awarded to Hispanic Accountability
Institution undergraduates | Population (%) | rate (%) students group
Medium, public HSI 5,417 70.8 n/a 66.3 Master’s
Medium, public HSI 5,798 39.1 81.6 24.7 Master’s
Large, public HSI 34,180 373 62.8 30.6 Emerging R2
Small, private eHSI 3,666 17.8 61.0 13.4 Doctoral
Medium, public eHSI | 8,031 20.8 49.9 14.4 Doctoral PU
Large, public eHSI 31,347 21.8 59.3 20.5 Emerging R1
Comparison-control, | 51,425 24.1 50.7 23.0 R1
public eHSI

Source. Modification of Table 1 in Mamiya et al. (2022, p. 48). Reprinted with permission of authors and publishers.
Notes. HSI = Hispanic-Serving Institution, eHSI = emerging Hispanic-Serving Institution. Carnegie classifications: R1, R2 = Research
university and level, PU = professional university, n/a = not available due to its relatively new standing.
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mance, and working with others) and
commitment to college (i.e., college is
important and completion is essential)
are the strongest predictors of retention
outcomes, even when compared to
students’ ability levels when they enter
college (Habley et al., 2012).

Methods

The universities chosen to par-
ticipate in this study are part of
a larger group of institutions that
form the Networking for Science
Advancement (NSA) collaborative,
whose team is composed of chemi-
cal education researchers who have
teaching experience ranging from 4
to 45 years. Data in this study are
from the NSA team’s institutions. In

the current study, Chem I students
completed two calculator-free as-
sessments used as diagnostics to
determine their automaticity ability:
the Math-Up Skills Test (MUST; 20
items in 15 minutes) and quantita-
tive reasoning (QR; 20 items in 30
minutes). (The MUST assessment is
available in Williamson et al., 2020;
the questions selected for the QR
quiz were obtained from the NSF
DUE 1140562 project maintained by
Eric Gaze.) Demographic indicators
collected included gender, ethnicity,
precollege academic preparation
(i.e., participation in one or more
high school chemistry courses),
mathematics course(s) concurrent-
ly enrolled or degree requirements

completed, parents’ education, and
where the students lived during
high school based on the first two
digits of their reported ZIP code.
More than 94% of the unsuccessful
students in this IRB-approved study
(n = 554) who agreed to partici-
pate attended public schools prior
to admittance into one of the seven
universities. Having experienced an
isomorphic high school curriculum,
as mandated by the state’s educa-
tion agency, the students are mostly
assumed to have completed equiva-
lent secondary school experiences
when enrolled in similar classes. As
seen in Figure 1, the two diagnos-
tic assessments used in this study
give a strong indication that the

Average diagnostic test scores for each university, by question.

A

i Arithmetic

INALIST Chae | [Fall 20085

Note. Image A shows average MUST scores; image B shows average QR scores. A and B diagnostic quizzes show a similar pattern of

highs and lows for the same questions.
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unsuccessful students entered uni-
versity life with similar MUST and
QR abilities regardless of whether
they attend an HSI or eHSI. Note
the similar up and down flow of
the lines on these diagrams. Differ-
ent students at different universities
struggle with the same problems on
the MUST and the QR quizzes, in-
dicating that students bring similar
understandings and misconceptions
reflective of their precollege back-
grounds to Chem I. (The last section
of Figure 1b, Images, appears to be
students’ most difficult section and
is being investigated further.)

IRB guidelines prohibit instructors
from requiring that students com-
plete the diagnostic quizzes, so some
instructors elect to have an activity
grade stated on their syllabi, which
means students are encouraged to
complete a particular number of the
total activities available but may de-
cline to participate if they choose. At
the end of the semester, final course
grades were collected for students
from each class as an output measure
of course completion. Students in
this study have at least one thing in
common: They failed to qualify for
continuance from Chem I to Chem II
because they had not met the required
expectation of an average of 69.5%
or better.

Research question

Existing knowledge provides the
framework for new learning and is
a known predictor of learning suc-
cess in most disciplines (Shell et al.,
2010). In prior publications, the au-
thors of this study have reported that
the automaticity skills students bring
to Chem I and II may be more im-
portant than was once thought (Al-
baladejo et al., 2018; Mamiya et al.,
2022; Powell et al., 2020; William-
son et al., 2020). Broad demographic
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categories (e.g., personal charac-
teristics and environmental factors)
were analyzed. The primary contrib-
utors to attrition are students’ per-
sonal characteristics, whereas insti-
tutional factors (i.e., environmental)
make only a minimal contribution to
attrition and retention (Habley et al.,
2012; Wilkerson, 2008).

Based on prior research published
by the NSA team (Williamson et al.,
2020), MUST scores appear predic-
tive of Chem I success about 80% of
the time and thus will be presented as
supportive of students’ prior mathe-
matics knowledge when accompanied
by the mathematics courses in which
students are currently enrolled. Prior
knowledge in chemistry is identi-
fied as the last course completed in
high school (regular, pre-Advanced
Placement [AP], or AP/International
Baccalaureate [IB]/dual enrollment).
Parental education background deter-
mines which students are considered
first-generation (i.e., no parent has

completed a degree). Students choose
which degree in a STEM discipline to
pursue, known as their entry college,
but the choice of major is limited by
which degrees are available. Chem I
courses in this study are for science
majors, yet about one quarter of these
students do not consider themselves
STEM majors.

The following research question
was addressed: How do automaticity
abilities—as assessed by the MUST
and QR diagnostic instruments—of
unsuccessful (grade of D/F) Hispanic
students who attend eHSIs (n = 39)
or HSIs (rn = 30) affect students’ lack
of course success when specific per-
sonal characteristics are taken into
consideration?

Instruments

In the current study, we are inter-
ested in the influence of automatic-
ity in two areas: basic arithmetic (as
assessed by the MUST) and QR,
which has a strong quantitative lit-

TABLE 2

Comparisons of scores on diagnostic instruments.

Students by ethnic background and | n MUST QR
institution M sD | m sD
Hispanic students at HSIs 106 40 |36 |10.0 |3.1
Non-Hispanic students at HSIs 100 62 |41 [11.1 |31
Hispanic students at eHSls 106 73 |46 123 |32
Non-Hispanic students at eHSls 252 82 |49 (129 |34
Hispanic students (comparison 70 10.2 | 4.0 [ 134 |26
control)

Non-Hispanic students (comparison 58 109 |39 |134 |27
control)

Total Hispanic students 282 (40.8%) 6.8 |4.8 | 11.7 |3.3
Total non-Hispanic students 410(59.2%) (8.1 | 4.8 |12.6 | 3.3

Source. Modification of Table 2 in Mamiya et al. (2022, p. 49). Reprinted with

permission of authors and publishers.

Notes. HSI = Hispanic-Serving Institution; eHSI = emerging Hispanic-Serving
Institution; MUST = Math-Up Skills Test; QR = quantitative reasoning. n = 564; MUST

max points = 20; QR max points = 20.



eracy (QL) component. The MUST
is a 15-minute, hand-graded assess-
ment that includes 20 open-ended
questions. Its practical use for Chem
I has been well established (Petros
et al., 2017; Albaladejo et al., 2018;
Williamson et al., 2020; Mamiya et
al., 2022), and it shows that students’
automaticity skills when they enter
the course are a valid predictor of
how successful they will be in Chem
I, a gateway course for pursuing sev-
eral specific STEM degrees. The QR
instrument requires 30 minutes and
uses a multiple-choice format with
three distinct parts: arithmetic prob-
lems, typical algebra-based word
problems, and problems focused on
the use of images (e.g., diagrams,
graphs, and charts). There are two
versions of each quiz; no statistically
significant difference (p < 0.05) be-
tween versions was found on either
assessment. Table 2 presents the di-
agnostic scores for all students (n
= 692) by institution type and self-
reported ethnicity (Hispanic or non-
Hispanic).

The initial version of the automatic-
ity quiz that became the MUST was
published by Hartman and Nelson
(2016). The open-ended MUST has
a good internal consistency with a
Cronbach’s alpha and KR-20 of 0.856

(n = 1,073; Williamson et al., 2020).
In the present study, the KR-20 was
calculated for MUST (n = 554), 7, ,, =
0.870 (good internal consistency, very
high reliability). Selection of the QR
questions was based on a project that
contributes to the National Numeracy
Network database (Gaze & Misener,
2012). For the QR quiz, the 7, =
0.730 (acceptable internal consistency,
high reliability) The Cohen’s d for the
MUST is 1.40 (large), and the Co-
hen’s d for the QR is 0.784 (medium).
The QR scores had varied impact,
from very large for Hispanic and
non-Hispanic students who attended
HSIs to a medium effect for Hispanic
students attending eHSIs. Overall, the
Cohen’s d results support that the QR
has a large effect on Hispanic students’
averages (1.03) and a medium effect
for non-Hispanic students (r=0.690).
Hispanic students’ MUST and QR
scores showed a strong correlation (=
0.665); the assessments did not include
repeated questions.

Research setting

The fall-semester Chem 1 courses
are considered to be “on sequence.”
The instructors involved in this study
conducted their classes as they would
under nonexperimental conditions.
Some professors teach large-group

lectures (n > 200) and some teach
small groups (n < 35), some give
online homework and others do not,
and some only lecture while others
conduct a more active classroom.
No restrictions were placed on how
the classes were taught, making this
study more realistic than some con-
trolled studies.

Findings

In Table 2, note that both the MUST
and QR quizzes are scored out of a
maximum of 20 points and the scores
from each diagnostic aligned from
low to high. Non-Hispanic students
tend to enter Chem I with higher
MUST and QR scores, indicating
greater automaticity skills.

The studied population (Table 3)
consists of only 69 Hispanic students
because they are the only “unsuc-
cessful” students who completed the
course. In this study, about half of the
first-generation students at eHSIs are
female; at the HSIs, a much larger
percentage of unsuccessful female
students were considered first genera-
tion (i.e., 52.4% at eHSIs vs. 92.9% at
HSIs). At the HSIs, many more female
students than male students were
unsuccessful, and all but one of the
first-generation students were female.
At the eHSIs, the distributions were

TABLE 3

Enroliment by gender and first-generation status.

Institution type n Number of female Number of first-generation Number of first-generation
students in “unsuccessful” | students in “unsuccessful” students who are female
population population

eHslI 39 | 22(56.4%) 21 (53.8%) 11 (52.4%)

HSI 30 | 21(70.0%) 14 (46.7%) 13 (92.9%)

Total 69 | 43(62.3%) 35 (50.7%) 24 (68.6%)

Note. HSI = Hispanic-Serving Institution; eHSI = emerging Hispanic-Serving Institution.
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more evenly split between genders.
In Table 3, a high percentage of first-
generation female students at HSIs
(13/14; approximately 93%) were not
successful in Chem I.

Table 4 displays no statistically
significant difference between the
groups’ averages on items evaluated.
However, at eHSIs, students showed
more prior knowledge as measured by
the MUST and QR, but their overall
course average was slightly lower
than the HSI students’ average. For
comparison purposes, Table 2 reports
the overall MUST and QR scores for
the combined group of successful and
unsuccessful Hispanic students as 6.8
and 11.7, respectively. As shown in

Table 4, MUST scores of 5.3 and QR
scores of 11.2 for unsuccessful His-
panic students provide evidence that
these unsuccessful students on aver-
age entered with lower automaticity
knowledge (MUST and QR scores)
than their classmates who were suc-
cessful, supporting that both of these
instruments can be used to identify
at-risk students. For comparison, suc-
cessful Hispanic students (r = 399)
entered the course with MUST aver-
age of 5.9 (SD =4.9) and a QR aver-
age of 11.6 (SD = 3.5) and finished
the class with a course average of
84.1 (SD = 8.8). Successful Hispanic
students’ scores on diagnostic tests
were significantly lower (p < 0.05)

TABLE 4

Diagnostic assessment scores and class averages by institution type.

Institution n | MUST QR Class average
type m |sb m [so |m [sp
eHSlI 39 |57 3.7 11.7 29 58.2 12.3
HSI 30 | 4.7 3.0 10.4 3.2 60.5 7.3
Totals 69 | 5.3 34 11.2 3.1 59.2 104

Note. Maximum score on both the MUST and QR instruments is 20 points. HSI =
Hispanic-Serving Institution; eHSI = emerging Hispanic-Serving Institution; MUST =
Math-Up Skills Test; QR = quantitative reasoning.

than their non-Hispanic classmates’
scores (MUST = 8.3 [SD = 5.0] and
QR =132 [SD=34)).

Personal characteristics
Gender

Male Hispanic students entered Chem
I with statistically higher MUST and
QR scores than female Hispanic stu-
dents but finished the course with a
lower class average, though it was not
significantly different (Table 5). The
greatest effect of prior knowledge on
both the MUST and QR appears to
come from male Hispanic students
enrolled at eHSIs, and yet this group,
which would be predicted to finish
with the highest course average, fin-
ished instead with the lowest. The
highest course average was earned
by male Hispanic students enrolled
at HSIs. At eHSIs, male Hispanic stu-
dents’ diagnostic test scores are sig-
nificantly higher than those of their
female counterparts, but the female
Hispanic students completed the class
with a higher overall average.

Prior knowledge (chemistry and
mathematics)

Prior chemistry courses from stu-
dents’ high school experiences were

TABLE 5

Comparison of MUST and QR scores and class averages by gender and institution type.

Gender Institution | n MUST QR Class average
type M |sD |mM* |sD |Mm sD |(M* |SD | M sD | M SD
Female eHSsI 32 |46 |33 10.1 23 59.7 11.5
4.4 3.1 10.2 2.7 59.7 9.4
HSI 21 4.1 3.0 10.3 3.2 59.8 6.8
Male eHSsI 7.2 3.7 13.8 2.3 56.4 134
6.7 34 12.8 3.1 584 121
HSI 9 5.9 25 10.8 3.5 62.2 8.5
Average | Overall 69 53 (34 11.2 |31 59.2 | 104

Note. HSI = Hispanic-Serving Institution; eHSI = emerging Hispanic-Serving Institution; MUST = Math-Up Skills Test; QR =
quantitative reasoning. *p < 0.05. Male Hispanic students entered with higher MUST and QR scores than female Hispanic students.
There was no statistical difference between female and male Hispanic students attending the different institution types.
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evaluated. The two most populated
groups are students who took either
regular chemistry (n = 31) or pre-
AP chemistry (n = 31). No statisti-
cal difference was found between
any of the class averages or diag-
nostic quiz scores. Two students
reported not having had any prior
course experience in chemistry,
and both were from a state where
3 years of science are required for
college-bound students, so it is
possible that these students took
physics instead of chemistry to
satisfy the mandate. Four students
(5.8%) reported having had AP
or IB chemistry courses, yet their
course averages were lower than
the two students who had not taken
chemistry in high school.

At most universities, comple-
tion of college algebra, chosen as
the cutoff mark for this study, is
considered a necessary prerequisite
for entering Chem 1. Students who
responded that they were not enrolled
in a mathematics course or were
in elementary statistics or college
algebra were placed into one group
(n = 36), and those who were ready

to enroll in precalculus or higher
(n = 33) were placed into the com-
parison group. Table 6 shows that the
MUST and QR scores and the class
averages align, with the lower scores
going to the students who have not
completed college algebra and the
higher scores earned by those who
are ready for precalculus or a higher
level of mathematics. The only sta-
tistical difference (p < 0.05) seen was
between the MUST means identified.
On average, students enrolled in pre-
calculus or higher outperformed the
less-prepared group, with the greater
contribution coming from students at
eHSIs, based on their MUST scores.
What is interesting is that 52% of
these students (n = 36) had enrolled
in Chem I without having met nec-
essary prerequisites. Poor advising
may also be a reason behind poor
performance. Sometimes students
have technically met the prerequi-
site for enrollment, but they may
have taken the class many months
(or even years) prior to enrollment,
and proven knowledge decay over
time was possibly not taken into
consideration.

Students’ entry college

Sixteen students enrolled in the Chem
I classes had no intent to complete
a STEM degree, as indicated by the
college within the university in which
they enrolled. It is possible that these
students are premedical and are ma-
joring in a subject such as psychology
or another social science. STEM ma-
jors presented with higher MUST and
QR scores but finished with lower av-
erages, without statistical difference.
There was no statistically significant
difference in mean scores for students
when they entered Chem 1. The sub-
group that entered the class with high-
er MUST and QR scores (STEM ma-
jors at eHSIs) finished with the lowest
class average of 57%. These students’
QR score compares well to the aver-
age Hispanic student (Table 2), who
had an average score of 11.7, but the
MUST score mean was lower than
that of the average successful student.

Parents’ education

Students were asked to respond to
the questions “Have any of your par-
ents/guardians obtained a 4-year de-
gree?” and “Have any of your grand-

TABLE 6

Comparison of MUST and QR scores and class averages by prior mathematics knowledge and institution type.

Mathematics | Institution | n MUST score QR score Class average

background | type M |SD (M* (SD |M sD |M sD |M sD M |sD

Hlas Eke” only | es 15 |41 |32 1.1 |24 579 | 13.1

algepbraora

lower-level ” I YR 43 31 [, 1106 |30 [T T 585 [ 103

course ! :

Has taken eHsl 24 |68 |36 121 |32 585 | 120

ﬁir eﬁae'rc_:‘;\‘jélm 64 |34 1.8 |32 60.0 | 10.6
g HsI 9 |53 |28 1.0 | 3.1 641 |37

course

Average 69 53 |34 11.2 | 3.1 59.2 | 104

Note. HSI = Hispanic-Serving Institution; eHSI = emerging Hispanic-Serving Institution; MUST = Math-Up Skills Test; QR =
quantitative reasoning. *p < 0.05. Students who met known mathematics prerequisites entered with higher MUST scores but not

QR scores.
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parents obtained a 4-year degree?”
Both of these questions were asked
because we observed that some stu-
dents lived with their grandparents.
If the answer to the question about
their parents’ education was “no” but
the response to the question about
the grandparents’ education was
“yes,” students were not counted as
first-generation students. To be con-
sidered part of the first-generation
category, the answers to both ques-
tions had to be “no.” (However, none
of the unsuccessful students in this
study reported that their grandpar-
ents held a degree when their parents
did not.) There was almost an even
split between students with no one in
their family holding a 4-year degree
and those who had at least one parent
with a degree. The first-generation
students came to class less prepared
than their classmates who had higher
MUST and QR scores (without sta-
tistical difference), but it is important
to remember that all of the students
in this study were not successful.
The final class average of the first-
generation students was slightly
higher than those not considered
to be first-generation, even though
the average MUST and QR scores
were lower than those for the groups
whose parents held a 4-year degree.
In all cases, the students at the eHSIs
entered with higher MUST and QR
scores, but the stronger class average
(62%) was earned by students who
were not first-generation students
and attended HSIs. The MUST and
QR scores were in perfect alignment:
First-generation students who at-
tended HSIs entered with the lowest
MUST and QR scores.

Significance of findings

The research question concerned the
automaticity abilities of unsuccessful
Hispanic students who attended HSIs
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(n=30) and those who were enrolled
at eHSIs (n = 39) as assessed by the
MUST and QR diagnostics. Of the
factors investigated (gender, prior
knowledge in chemistry and mathe-
matics, intended major, and first-gen-
eration status), there were 10 groups
(ignoring single-member groups),
which were split into groups of stu-
dents who attended either an HSI or
an eHSI. Six groups were the same
with regard to which diagnostic was
higher. Of the remaining four groups,
two had higher MUST scores and two
had higher QR scores. The groups
that did not match included female
Hispanic students (those at eHSIs had
higher MUST scores but those at HSIs
had higher QR scores); students who
had taken regular high school chemis-
try (students at eHSIs had higher QR
scores and those at HSIs had higher
MUST scores); students who co-
enrolled in college algebra or lower
(eHSI students had higher QR scores
but HSI students had higher MUST
scores); and students who were not
pursuing a STEM major (eHSI stu-
dents had higher MUST scores and
those at HSIs had higher QR scores).
Our investigation of the remaining
factors found that unsuccessful His-
panic students at eHSIs entered Chem
I with higher MUST and QR scores
than those enrolled at HSIs. Over-
all, unsuccessful Hispanic students
at HSIs completed the course with a
higher average (61%) than their coun-
terparts at eHSIs (58%), though the
difference was not statistically sig-
nificant. With regard to the personal
demographics addressed, we found
that students at eHSIs entered Chem
I with better arithmetic automaticity
than QR ability (greater literacy em-
phasis) about 70% of the time. The
characteristics of the weakest unsuc-
cessful student are as follows: male,
completed pre-AP high school chem-

istry, yet to complete college algebra,
pursuing a STEM major, and has at
least one parent who holds a degree.
A simple correction that can be made
is for advisors to prevent students
from enrolling in Chem I if they have
not completed college algebra and to
not accept an equivalent course.

Discussion: Successful high-
impact practices (HIPs)

The NSA partner identified as the
comparison-control class teaches at
one of the largest Tier One (Carn-
egie Classification) research uni-
versities in the United States. This
eHSI hosts a special program that
offers accepted students with high
financial need and below-average
SAT scores (this university typi-
cally admits students with a score
of at least 1200) to participate in
the Texas Interdisciplinary Plan
(TIP; Tough, 2014). Entrance into
this program is based on 14 vari-
ables, such as unmet financial need
(family income less than $28,000),
SAT score, class rank, and parents’
background (first-generation sta-
tus). This program offers smaller
class sizes (approximately 150 stu-
dents) for general chemistry sec-
tions (the norm for this university
is more than 400 students per class)
and an additional 1 to 2 hours of
structured time for extra help (i.e.,
these students meet for 4 to 5 hours
per week instead of the 3 hours
per week that are more common at
other institutions; for instance, if a
chemistry course offers a recitation
hour, the total time per week might
be 4 hours per week). This program
also provides students with advisors
and community-building exercises,
along with a $5,000 scholarship per
year, paid in monthly installments.
Of'those attending the comparison-
control university (Table 7), about



TABLE 7

Comparison-control class (n = 128) descriptors.

a.

Ethnicity (n = 128) 58 (45.3%)

Non-Hispanic students:

Hispanic students: 70
(54.7%)

First-generation students

Total (n): 63 (49.2%)

Hispanic first-
generation students:
40 (57.1%)

b.

Group MUST QR Class average
M sD |M sD M SD

Overall class (n = 128) 10.5 4.0 134 |27 |849 11.9

Successful students (n = 68) 104 3.9 134 |26 |86.5 2.0

All Hispanic students (n = 70) 10.2 4.0 134 |27 | 848 10.7

Unsuccessful Hispanic students | 4.0 14 |65 |49 |535 2.7

(n =2, both female)

Note. Table 7a shows ethnicity and first-generation status and Table 7b shows
diagnostic test scores and class averages by student group.

55% are of Hispanic ethnicity and
49% reported having first-generation
status, with 57.1% of the first-gener-
ation students being Hispanic. These
percentages are higher than those for
the other eHSIs and are in line with
the Hispanic population at the HSIs.
These indicators prompted the selec-
tion of this class from an eHSI for our
comparison section because it, like
the other HSI partners, has a large
Hispanic enrollment. As shown in
Table 7, there were only two students
(both female) out of 128 who did not
succeed; both entered with MUST
and QR scores one standard deviation
below the respective means.

The intervention implemented
by the instructors allows them to
help develop students’ automaticity
skills by requiring that some activi-
ties and exams must be completed
without a calculator. The “carrot” to
get them to agree to this intervention
is that the MCAT is a calculator-free
assessment and a majority of these

students seek a career in the health
professions (Powell & Mason, 2021).
It is also evident that students might
benefit from more QR preparation
because more of our daily lives
make use of quantitative reasoning,
including the grocery store, the gas
station, banking, and sports news, to
name a few.

Conclusion

Completion rate is a main measure
of student success in college (Lipka,
2019). In the context of this study, it
is also important to remember that
education is valued by many Mexican
American families, which is known
to have an effect on achievement
(Duran & Weffer, 1992). In this study,
we evaluated the success of a sizable
number of students from seven uni-
versities in a large majority-minority
state, with a large percentage of the
population being of Hispanic descent.
Demographics aside, the primary
point is that with brief and straightfor-

ward assessments administered at the
beginning of the semester, instructors
can identify students who may benefit
from targeted additional help, as was
made available at the comparison-
control university. The MUST has a
greater effect size than the QR assess-
ment, indicating that basic arithmetic
skills, when committed to memory,
may be one of the most important
skills all students bring with them to
Chem I, a gateway class to STEM
majors. The data collected for this
study contribute to the knowledge
that at-risk students can be identified
early in the semester, giving educa-
tors a pathway to improve students’
engagement and set them up for fu-
ture success.
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