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In an effort to orient more students towards a STEM career, the Texas public school
system has developed a series of graduation programs starting as early as ninth grade
based on labor-market criteria that are intended to improve the number of graduates
seeking STEM careers. This evaluation discovered that first- and second-semester
general chemistry (Chem I and II, respectively) students in the study (n = 4113) were
confident in their career choices but the indicators of success evaluated did not support
students’ confidence. A small positive correlation of how prepared students feel about
their confidence in their career choice was produced. Chem I and II on-sequence students
statistically outperformed the corresponding off-sequence students, but also concluded
was that as confidence in career choice rose, entering automaticity skills (what students
can do without a calculator as measured by the Math-Up Skills Test (MUST)) and course
averages decreased. The majority of the unsuccessful students scored below average
on the MUST but were confident in their future careers. The majority of the non-STEM
majors had low MUST scores and struggled with successful completion of the courses. The
majority of the STEM majors sought degrees in healthcare professions and completed the
course with averages higher than the other subgroups except the small group of students
seeking a dual career in healthcare and engineering, which entered with the highest
MUST score average and completed the courses with the highest overall average.

Introduction

Retention and degree completion rates for the last four decades
have remained stagnant [1]. Efforts are currently being made to
increase retention rates at many universities because graduation
rates are expected to improve when there is an increased retention
of students from first-to-second year [1]. Congruence of career

interest to a major is one of the essential components that mustbe in
place for a productive first-year academic performance. This study
seeks to understand students’ incoming background characteristics
and how precollege preparation impacts preparedness and career
choice leading to success in first- and second-semester general
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chemistry (Chem I and II, respectively), both considered gateway
courses for many future STEM majors.

Literature Review

Career-development endeavors without foundational skills
combined with appropriate psychosocial integration delays
students’ ability to enter the workforce even when an undergraduate
degree is attained. The essential components of first-year academic
performance are “academic preparation, motivation, and career
interest-major congruence” [1, p. 187]. When gaps exist in this
triad, then delays to entering the workforce exist. For institutions
that have introduced first-year seminars, career-planning activities
are usually included. A student at UT Austin “tweeted” (March
2020) about why are students immediately sandwiched into a
specific degree plan, supposedly supporting a career path, and
not being given more opportunities to explore alternatives that
might prove to be more in sync with their future career choice, just
to meet the “mandate” of completing a 4-year degree within the
allotted timeframe. The official answer centers on cost to students,
who when they take more than four years to complete required
courses, they pay more tuition but it also may reflect on the quality
of the university. The University of Texas at Austin reported (2013)
that students who graduate on time spend 40% less than those who
require six years. USA Today [2] published, most college students
at public universities complete their bachelor’s degree in six years,
according to a study by the non-profit organization, Complete
College America.

Another reason given for students not finishing their degrees
within the appropriate timeframe is that entering freshmen do not
envision on how college connects them with a career when their
degree is completed. According to the National Center for Education
Statistics about 80% change their majors at least once before they
graduate, which in turn may require students to obtain additional
loans. Texas pre-college students are being encouraged to identify
a career path by the ninth grade-well before substantive “cognitive
development and acquisition of foundational skills” are laid [1,
p. 182]. The broad scope of the Texas Education Agency (TEA)
graduation programs is to include occupations that meet labor-
market criteria in order for students to have more opportunities
to engage in STEM-related occupations, which align within various
endor Sements. Career and technical education (CTE) is the practice
of teaching specific career skills to students starting in middle
school and continuing to post-secondary education. Currently, CTE
is split into 14 career clusters that apply to different high-demand

careers:
a.  Agriculture, Food, & Natural Resource,
b.  Architecture & Construction,
c.  Arts, Audio/Visual Technology, & Communications,

d. Business Management & Administration now combined
with Marketing & Finance,

e. Government & Public Administration now combined with
Law, Public Safety, Corrections, & Security,

f. Education & Training,

g.  Health Science,

h.  Hospitality & Tourism,

i Human Services,

j- Information Technology,

k. Manufacturing,

1. Science, Technology, Engineering, & Math (STEM),

m. Transportation, Distribution, & Logistics and

n.  Energy.

The current Texas program allows the state “to meet the federal
program approval requirements within the ‘Strengthening CTE
for the 21st Century Act’ (Perkins V)” [3]. These career clusters
are specialized areas in occupations with high demand, which
are supported by students being able to complete various
certifications prior to high school graduation, which are also
recognized as postsecondary credentials.

Texas has four graduation plans currently in use where
students are to complete 22 credits or 26 credits to graduate
(typically it takes one year of schooling to complete one credit). The
two plans with 26 credits are those recommended for the college-
bound student and include four credits in each of the following:
English, mathematics, science and social studies with the remaining
credits needed devoted to languages other than English, speech,
physical education, and electives. Students who select the STEM
endorSement complete the CTE courses with a final course from the
STEM-career cluster (computer science, mathematics, science or
any combination of two). The remaining endorSements (business &
industry, public services, arts & humanities, and multidisciplinary
studies) for all college-bound students must also include the above
mentioned four years of mathematics and science. It is possible
to earn more than one endorSement as long as the foundational
requirements are met.

Methods

Institutions

The Networking for Science Advancement (NSA) team is
certain that over 90% of the students who agreed to participate
in this evaluation entered the nine participating Texas institutions
with exposure to the same state-mandated, isomorphic curriculum.
Three of the schools are Hispanic Serving Institutions (HSIs) and
the other six are Hispanic-emerging institutions, which we will
refer to as e-HSI. Of the 36 public universities in Texas only one is
not a Historically Black Colleges and Universities (HBCU), HSI or
e-HSI institution. See Table 1 for a brief profile of the participating
universities. The variations in sizes of these participating 4-year
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universities with both public and private orientations, and the
data on full-time student status, mix of graduation rates and grant
availability give a representative view of this large, majority-
minority state (one of only five in the USA) and serve to provide a
substantive level of confidence in the impacts of prior knowledge
and experiences on students’ success levels in general chemistry.
All the courses at the nine participating universities are offered as

sections appropriate for science majors.

The professors who contributed student data have varied
academic backgrounds. Three have specialties in chemical
education research (CER), one holds an MS in chemistry, and five
hold terminal degrees in bench research but have post-doctoral
experience in CER. Years of classroom experience varies from 5 to
around 40 years. The last author is the NSA team leader and holds
a doctorate in CER. Professors were under no restrictions as to

how their classes were conducted making this study as realistic as

possible.
Table 1: Selected descriptors of participating institutions [4].
Institution Undergrad Full-time Pell Grants 6-yfear Graduates employed TH(E;:SS“?)CCCZI:.::?;E“Y
Enrollment | Students (%) (%) Graduz(lg/lo(;n Rate &/or enrolled (%) Class’ification
Medium, public HSI 6,616 54.7 53.1 n/a 85.0 Master’s
Medium, public HSI 8,961 499 42.3 n/a 62.8 Master’s, Large
Large, public, HSI 38,644 82.0 36.8 64.2 79.8 Emerging Research, R2
Medium, private, e-HSI 3,496 71.7 n/a 68.6 96.0 Master’s, Large
Large, public, e-HSI 12,072 69.3 49,1 80.8 18.9 Doctoral, Research
Large, public, e-HSI 21,025 81.5 41.1 59.2 79.7 Doctoral, Research
*Large, public, e-HSI 38,087 80.6 37.2 59.5 74.9 Emerging Research, R1
Large, public, e-HSI 51,684 93.4 23.0 85.8 63.7 Research, R1
Large, public, e-HSI 63,694 88.1 21.7 86.3 69.0 Research, R1

Abbreviations: HSI = Hispanic Serving Institution, Carnegie classifications: R1, R2 = Research university and level. n/a = not

available. *Since these data were collected, this e-HSI has become an HSI, September 2020.

Population

Almost 93% of the population studied (n = 4113) graduated
from a Texas high school. TEA is the governing body that regulates
what is taught (i.e., Texas Essential Knowledge and Skills = TEKS)
and how the isomorphic curriculum is assessed (i.e., State of Texas
Assessment of Academic Readiness = STAAR with five end-of-course
assessments in Algebra I, English I and I, U.S. History and Biology
required for graduation and to be eligible for automatic college
admission students must also complete an Algebra II course). TEA
also places a great deal of emphases on the career-orientation of

Table 2: Student demographics.

students starting in middle school (see above). Students in this
study are enrolled in Chem I or Chem Il either in on- or off-sequence
classes; on-sequence students enroll in Chem I in the fall Semester
and Chem II in the spring with off-sequence students enrolling in
reverse Semesters. In Table 2 find the population demographics as
to the breakdown of gender, classification and intended major. In
Chem I on, Chem II on and Chem II off, female enrollment exceeds
that of males. In Chem I off-sequence, the gender distribution is
about equal with males slightly edging out females. Overall, female
enrollment is close to two-thirds as compared to male enrollment.

Groups n Gender n (%) Classification n (%) STEM Major
Male Female FR SO JR SR n (%) Yes

Chemlon | 2520 915 (36.3) 1590 (63.1) | 1796 (71.3) | 438 (17.4) 225 (8.9) 61 (2.4) 2130 (84.5)
Chem I off 538 274 (50.9) 263 (48.9) 274 (50.9) 149 (27.7) 96 (17.8) 19 (3.5) 451 (83.8)
Chem Il on 708 234 (33.1) 473 (66.8) 452 (63.8) 134 (18.9) 79 (11.2) 43 (6.1) 640 (90.4)
ChemIloff | 347 116 (33.4) 228 (65.7) 10 (2.9) 197 (56.8) 104 (30.0) 36 (10.4) 244 (70.3)
ChemI (all) | 3058 1189 (38.9) 1853 (60.6) | 2070(67.7) | 587 (19.2) 321 (10.5) 80 (2.6) 581 (84.4)
ChemII (all) | 1055 350 (33.2) 701 (66.4) 462(43.8) 331 (31.4) 183 (17.3) 79 (7.5) 884 (83.8)
Overall 4113 1539 (37.4) 2554 (62.1) | 2532(61.6) | 918(22.3) 504 (12.3) 159 (3.9) 3461 (84.1)

Note: Sums of columns do not equal 100% because some students chose not to report their classification, gender or reported being

non-binary and were subsequently omitted due to small numbers.
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The largest percentage (61.3%) of students are enrolled in
Chem I in the fall (n = 2520). Only about one-third of the Chem I
population (n = 3058) continued to Chem II (n = 1055). Most of the
enrollees in Chem I and II on-sequence and Chem I off-sequence
are freshmen with the greatest percentage of Chem II off-sequence
students being classified as sophomores. The population reporting
to be STEM-oriented ranged from a low of 70.3% in Chem II off-
sequence to 90.4% in Chem II on-sequence with an overall average
of 84.1% or n = 3461 students who are seeking STEM degrees.
Students who completed the courses with less than 10% overall
average were not included in the various analyses nor were the
small number of students classified as post-baccalaureates.

Diagnostic Instrument

The original quiz that became what the NSA team named
the MUST (Math-Up Skills Test) was generated by Hartman and
Nelson [5]. The MUST is a hand-graded, 15-minute assessment
with 20 open-ended questions given to the students during the
first week or two of classes. There are five types of arithmetic
exercises: multiplication (questions 1, 2, and 3), division (questions
4, 6,7, 8, and 16), fraction simplification (questions 9, 10, 17 and
18), logarithms and exponents (questions 5, 12, 13, 14, 15), and
symbolic algebraic-counting manipulation (questions 11, 19, and
20).

A copy of the MUST and answers are available from a previous
publication [6]. The MUST has a very large Cohen'’s d effect size of
1.43 and 1.20 for Chem I and II, respectively. Since each response
on the MUST has only one correct answer (the assessment is not
multiple choice), the Kuder-Richardson formula 20, rKR20 (similar
to Cronbach’s alpha) is appropriate to determine the reliability of
the MUST. The MUST has consistently reported good reliability as
it does in this study of 0.874 (the less stringent Cronbach’s alpha
= 0.875). The practical use of the MUST is well-established by the
NSA Team [6-9], and its use documents that students’ entering-
automaticity skills (what they can do mathematically without a
calculating device) is a valid predictor of how successful they will
be in Chem I and Chem II.

Research Question

At the end of the Semester, final course grades (determined

Table 3: Diagnostic assessment means and course averages.

as a percentage of points earned out of total points possible)
were collected for students from each class as an output measure
(dependent variable) indicative of course completion. The major
inputs of concern are students’ MUST scores used to determine
incoming preparation needed for successfully completing Chem [
and Chem II, split by the students who are either enrolled in on- or
off-sequence courses. Other self-reported inputs include students’
self-reported preparedness and career expectation(s) as measured
by their confidence level (Likert scale) for their chosen career with
specific attention paid to health professions (seeking a medical

doctor or other) and/or engineering (any and all).

What indicators determine if students who enter general
chemistry with above average confidence in their career choice are
appropriately matched with their career goals?

Results
Indicators of Successful Performance

In this study students’ final course averages (Table 3) were
statistically different (p < 0.05) between the on- and off-Semesters
for both Chem I (n = 3058) and Chem II (n = 1055). For Chem I, the
class average (SD) (SEM) was 76.6 (15.9) (0.316) for on-sequence
students (n = 2520) and 68.6 (18.1) (0.782) for off-sequence
students (n = 538). For Chem II, the class average (SD) (SEM) was
81.4 (12.0) (0.452) for on-sequence students (n = 708) and 64.4
(18.7) (1.00) for off-sequence students (n = 347). Since there is a
statistical difference between these groups, we will consider them
separately for some of this evaluation and then consider them
togetheras ChemIand Il and finally split the population into various
STEM and non-STEM course-major groups. Likewise, in Table 3,
view the entering MUST scores where statistical differences at the
p < 0.05 level also existed. Chem I on-sequence outperformed off-
sequence; Chem II on-sequence outperformed off-sequence. The
percentage of Chem I-off unsuccessful students is about 1.5 times
that of Chem I-on; percentage of unsuccessful Chem Il-off is about
3.5 times that of Chem II-on. (The NSA team has another paper
specifically on unsuccessful Hispanic general chemistry students
[11].) Aligning the MUST averages from low to high (Chem II off,
Chem I off, Chem I on and Chem II on), these means perfectly align

with the course averages and percentage of successful students.

Groups n MUST (SD) (SEM)* Feel Prepared** Course (SD) (SEM)* Unsuccessful n (%)
Chem I on 2520 9.2 (5.1) (0.10) 3.0 76.6 (15.9) (0.32) 709 (28.1)
Chem I off 538 6.7 (4.3) (0.19) 3.1 68.6 (18.1) (0.78) 225 (41.8)
Chem Il on 708 11.9 (4.9) (0.19) 35 81.4 (12.0) (0.45) 123 (17.4)
Chem II off 347 6.1 (3.9) (0.21) 3.2 64.4 (18.7) (1.00) 206 (59.4)
Chem I (all) 3058 8.7 (5.1) (0.09) 3.0 75.2 (16.6) (0.30) 934 (30.5)

Chem II (all) 1055 10.1 (5.4) (0.17) 3.4 75.8 (16.6) (0.51) 329 (31.2)

Overall 4113 9.0 (5.19) (0.081) 31 75.4 (16.6) (0.26) 1263 (30.7)

*p < 0.05 **Likert scale (1-5): 1 = not prepared, 5 = very prepared.
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The demographic indicators explored are gender, Hispanic
ethnicity, pre-college academic preparation (i.e., participation in
one or more high school chemistry courses), highest mathematics
course concurrently enrolled or degree-requirement completed,
parents’ education, students’ residence during high school based
on the first two digits of their reported zip code and their current
employment status. Of the population who agreed to participate
in this IRB-approved student (n = 4113), 92.8% of the students
attended Texas secondary schools prior to admittance into one
of the nine universities (three HSIs and six e-HSIs). The greatest
number of unsuccessful students were enrolled in Chem II off-
sequence (59.4%) followed by the off-sequence Chem I students
(41.8%). The most successful students were members of the
Chem II on-sequence class who felt the most prepared (3.5 out of
a 5-point Likert scale). Students’ feelings of preparedness for their
respective course even though positive proved poorly correlated
to their confidence in their career choice, r = 0.163 (more on this
observation to come).

Reported in Table 4 are the demographics on the background
of students as to their preparation in chemistry, mathematics, and
their first-generation status along with percentage of the students

of Hispanic/Latinx ethnicity. Most students (98.7%) report to have
completed one or more high school chemistry course(s). This is
especially true for the on-sequence students where less than 1%
have not completed at least one precollege course. The Chem II off-
sequence students who completed the course with the lowest overall
average of 64.4% (Table 3) also reported the highest percentage
of students who have never taken a prior chemistry course. Many
(but not all) universities report completion of college algebra as a
prerequisite for enrollment in Chem I. Using college algebra as the
appropriate course needed to meet the mathematics level needed
to enroll in Chem I and completion of pre-calculus an appropriate
level needed to enroll in Chem II, less than half of the students
have completed the appropriate level of mathematics necessary
to succeed. Between 30-40% of the students consider themselves
to be members of a family where no parent holds a 4-year degree
or a member of a family where they are in the first-generation to
go to college. The percentage of this population that is of Hispanic
ethnicity is 36.7%. All participating institutions were either HSIs or
e-HSIs where the overall undergraduate student body needs to be
over 25% Hispanic or between 16-25% Hispanic, respectively. The
Chem I- and II-off classes had more first-generation and Hispanic
students than the Chem [ and Chem II on-sequence classes.

Table 4: Selected demographics: chemistry and mathematics background, first generation, and Hispanic ethnicity.

Groups n n (%) No Prior Chemistry | n (%) Math Requirement Met n (%) First Generation n (%) Latinx
Chem I on 2520 23(0.9) 1243 (49.3) 877 (34.8) 896 (35.6)
Chem I off 538 13 (2.4) 281 (52.2) 207 (38.5) 205 (38.1)
Chem Il on 708 6 (0.8) 304 (42.9) 225 (31.8) 261 (36.9)
Chem I off 347 12 (3.5) 141 (40.6) 141 (40.6) 148 (42.7)
Chem I (all) 3058 36 (1.2) 1524 (49.8) 1084 (35.4) 1101 (36.0)

Chem II (all) 1055 18 (1.7) 445 (42.2) 366 (34.7) 409 (38.8)

Overall 4113 54 (1.3) 1969 (47.9) 1450 (35.3) 1510 (36.7)

In Table 5, note that about half as many Chem II-off students
live in university-supported housing as compared to the other
groups. Over a fourth of the students are employed with the Chem
II-off group having the greatest percentage (50%) working and
most of these students (85%) work off campus or both on and off.
Only about 25% of the students work on campus. The impact of
employment on students’ course averages becomes very apparent
in Table 6. Overall students who do not work have a higher course
average than those who do, and there is a general linear decline
of each group of students as number of hours employed increases.
Except for Chem I-on students (Figure 1), there is a slight bump

Table 5: Work history of students.

in course average for the students who work 1-10 h/week. There
was a similar improvement seen in the recently accepted paper by
the NSA team on Chem II students [9]. The most obvious divide is
the downfall of Chem II students when on/off semesters are com-
bined; with a successful class average being over 69.5%, note that
only those who do not work or only work 1-10 h/week successfully
complete the courses. Almost the same trend is true for Chem I stu-
dents, but here the divide does not appear until the students work
21 or more hours per week. For Chem II-off students unsuccessful
averages predominate (i.e., the only student group with a successful
average were the Chem II males who worked 1-10 h/week).

Groups n n (%) Live in Dorms n (%) n (%) Work On Campus | n (%) Work Off Campus | n (%) Work Both Places
Chemlon | 2520 1492 (59.2) 627 (24.9) 157 (25.0) 434 (69.2) 6 (1.0)
ChemIoff | 538 282 (52.4) 205 (38.1) 37 (18.0) 167 (81.5) 1(0.5)
Chemllon | 708 406 (57.3) 172 (24.3) 56 (32.6) 142 (66.9) 1 (0.6)
ChemIloff | 347 90 (25.9) 172 (50.0) 26 (15.1) 142 (82.6) 4(23)
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ChemI(all) | 3058 1774 (58.0) 832 (27.2) 194 (23.3) 601 (72.2) 7(0.8)
Chem I (all) | 1055 496 (47.0) 344 (32.6) 82 (23.8) 284 (82.6) 5 (1.5)
Overall 4113 2270 (55.2) 1177 (28.6) 276 (23.5) 885 (75.3) 12 (1.0)
Course Averages by Enrollment Group

S0.0

B0.0

70.0

600

50.0

40.0

300

200

10.0

0.0

Chem | [on) Chem | {off)

ENoWork ®m1-10h m11-20h

Chem Il (on) Chem |l [off)

21-30h m31-40+h

Figure 1: Course averages by enrollment group indicative of number of hours employed. Note the general decline in course

averages in each course as employment hours increase.

When male averages are compared to females’ in 13 of the
possible 20 comparisons, males outperformed females and this
trend is present in all Chem II-on entries. Figure 2 is a comparison
by gender of each work category of males and females. First note
the general downward slope of the bars across the board. However,
the most interesting part of this chart is the blue and grey bars
denoting in each case (except for Chem I males who work full time)
how regardless of gender, the students in the on-sequence classes

Table 6: Hours worked by gender.

are much stronger than those in the off-sequence classes. Table 7 is
a companion to Table 6. Table 7 documents the number of students
employed. The total population considered is n = 4060 of the 4113
since some students did not report their gender or considered
themselves to be nonbinary (n = 53 or 1.3%). A greater percentage
of the Chem II students work as compared to the Chem I students,
but most of this difference is due to the Chem II off-sequence
students.

Course Average by Work Hours/Week
Groups 0 1-10 11-20 21-30 31-40+
M F M F M F M F M F
Chem I on 78.6 77.8 72.0 77.0 73.2 73.8 69.0 68.9 60.5 68.2
Chem I off 70.1 69.4 71.9 67.9 68.8 65.8 59.5 63.6 71.4 66.5
Chem Il on 84.3 81.5 88.6 81.1 81.0 74.0 80.8 76.4 65.2 73.2
Chem II (off) 66.0 67.8 70.3 67.1 63.4 62.3 57.8 61.3 65.8 59.4
Chem I (on) 78.1 75.4 73.6 69.0 65.1
Chem I (off) 69.7 69.6 67.4 62.1 68.7
Chem II (on) 82.5 83.5 76.1 77.6 71.9
Chem II (off) 67.1 68.2 62.6 60.5 61.9
76.8 ‘ 76.8 72.0 ‘ 75.6 72.0 ‘ 72.5 66.1 ‘ 67.1 64.3 ‘ 67.7
Chem I (both)
76.8 74.4 74.4 74.4 66.3
80.1 ‘ 78.5 83.0 ‘ 77.1 71.8 ‘ 67.3 63.3 ‘ 66.8 65.6 ‘ 66.9
Chem II (both)
79.1 79.1 68.6 65.5 66.5
77.5 ‘ 77.2 75.1 ‘ 76.0 72.1 ‘ 70.8 65.3 ‘ 67.0 64.8 ‘ 67.4
Overall
77.4 75.7 71.2 66.4 66.4
Copyright@ Diana Mason | Biomed ] Sci & Tech Res | BJSTR. MS.ID.005312. 25316
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Table 7: Hours worked by number of students per gender.

Population by Work Hours/Week
Groups 0 1-10 11-20 21-30 31-40+ Total
M F M F M F M F M F M F
Chem [ on 671 1182 50 112 105 165 52 74 28 41 906 1574
Chem I off 149 180 15 20 40 33 23 39 15 18 242 290
Chem II on 185 346 18 38 19 43 7 24 4 20 233 471
Chem II (off) 54 97 8 15 21 57 22 42 11 17 116 228
Chem I (on) 1853 162 270 126 69 2480
Chem I (off) 329 35 73 62 33 532
Chem II (on) 531 56 62 31 24 704
Chem II (off) 151 23 78 64 28 344
851 ‘ 1331 65 ‘ 132 145 ‘ 198 75 ‘ 113 43 ‘ 59 1179 ‘ 1833
Chem I (both)
2182 (72.4%) 197 (6.5%) 343 (11.4%) 188 (6.2%) 102 (3.4%) 3012
Chem 11 (both) 239 ‘ 443 26 ‘ 53 40 ‘ 100 29 ‘ 66 15 ‘ 37 349 ‘ 699
682 (65.1%) 79 (7.5%) 140 (13.4%) 95 (9.1%) 52 (5.0%) 1048
overall 1090 ‘ 1774 91 ‘ 185 185 ‘ 298 104 ‘ 179 58 ‘ 96 1528 ‘ 2532
2864 (70.5%) 276 (6.8%) 483 (11.9%) 283 (7.0%) 154 (3.8%) 4060

Course Average by Gender and Hours Employed
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Figure 2: Bar graph denoting course averages of each work category by gender. In almost all cases except for males who work
full time, those enrolled in Chem II on-sequence course held the highest course grade. With the same exception, the lowest
performing group were students enrolled in the Chem II off-sequence course. In general males and females who do not work
or work for 1-10 hours, complete their courses with the highest average.

Confidence in Career Choices

For this part of the analysis of the results, the on- and off-
sequences of Chem I and II are combined. All general chemistry
courses participating in this study are considered to be for science
majors with 84.3% of the 4113 students claiming to be STEM
majors. Of the total population surveyed, two career questions
asked for specific responses: (1) Are you planning a career a
healthcare profession, Yes or No? and (2) Are you planning a career
in engineering, Yes or No? Also, all students were asked about their
confidence in their career choice and to rank it on a Likert scale (1-
5): not confident at all to very confident. An unexpected result was

identified (Table 8). The MUST and course averages are in perfect
alignment (no surprise here!). However, consistently across the
table, the more confident the students are in their career choice,
the weaker their incoming automaticity skills and the lower their
course averages adding support for the views presented in the
USA Today [2]. This article mentions that entering freshmen do not
see how college connects them with a career. Given that over 90%
of these students’ pre-college experiences were very focused on
getting a career and less focused on their mathematics preparation.
The MUST average of 11.5 under Confidence level 1 as well as the
course average of 78.5 are significantly higher than the MUST and
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course averages for all the other confidence levels; there are no

statistically differences between the other averages. Mathematically

speaking, since the Confidence level 4 reflects the views over 40%

of the population (n = 1723), obtaining a MUST average of 9.0 (close
to the 9.1 in career choice 4) is expected.

Table 8: Confidence level (Likert scale) and automaticity preparation for general chemistry.

Confidence 1 2 3 4 5 Total
n (%) 70 (1.7) 195 (4.6) 834 (20.3) 1723 (41.9) 1291 (31.4) 4113

*MUST Avg. 11.5 9.5 9.3 9.1 8.6 9.0

*Course Avg. 78.5 76.3 75.9 75.8 74.1 75.4

*p < 0.05 MUST score and course average for students least confident in career choice are significantly higher than the MUST score
and course average for those most confident in their career choice.

About 75% of the students responded that they intended to
seek a career path towards either the healthcare profession and/or
engineering and the other 25% were seeking some other career not
given special attention; a few did not report their confidence level
so the sample explored is n = 4088. The confidence average of each
group (i.e., those planning to become a healthcare professional,
engineer, both or neither) is above 3.5 (range = 3.76 to 4.04) (Table
9). When class averages of these groups are arranged, the highest
course average did not agree with the students who had identified

healthcare as their chosen profession; students seeking healthcare-
profession degrees had the second highest course average with
it being statistically different from that of the students who were
seeking dual majors in engineering and healthcare professions.
Even though their averages were statistically different at p <
0.05, the Likert scale averages (3.80 to 4.04) were not different.
Statistical differences in students’ confidence levels existed
between Healthcare and Health & Engineering and Healthcare and

Other.

Table 9: Chem I and II students” confidence in personal career choice (1 = 4088).

Confidence in Career Choice (n)
Likert scale: 1 2 3 4 5 n Avg
Groups M F M F M F M F M F M F M F
11 19 24 88 142 306 336 775 278 588 791 1776 4.1 4.0
Healthcare
30 112 448 1111 866 2567 4.0
1 ‘ 3 11 ‘ 4 87 ‘ 39 166 ‘ 51 122 ‘ 39 387 ‘ 136 4.0 ‘ 3.9
Engineering
4 15 126 217 161 523 4.0
1 ‘ 0 3 ‘ 2 5 ‘ 5 10 ‘ 6 11 ‘ 3 30 ‘ 16 39 ‘ 3.6
Health & Eng.
1 5 10 16 14 46 3.8
oth 9 ‘ 24 17 ‘ 46 99 ‘ 146 117 ‘ 254 84 ‘ 156 326 ‘ 626 3.8 ‘ 3.8
ther
33 63 245 371 240 952 3.8
22 ‘ 44 55 ‘ 140 333 ‘ 486 629 ‘ 1071 495 ‘ 773 1534 ‘ 2514 4.0 ‘ 4.0
Total (%)
68 (1.7) 195 (4.8) 829 (20.3) 1715 (42.0) 1281 (31.3) 4088 4.0

Table 10: Confidence level, MUST scores, and course average (n = 4057: students who reported both binary gender and intended

STEM vs. non-STEM major).

Major STEM Non-STEM Overall
n 3442 (84.8%) 615 (15.2%) 4057
Gender M F M F M F
n 1344 2098 176 439 1520 2537
Confidence 3.97 3.94 4.15 4.00 3.99 3.95
Confidence 3.95 3.99 3.97
MUST 10.0 ‘ 8.9 7.7 ‘ 6.9 9.8 ‘ 8.6
MUST* 9.4 6.9 9.0
Course Avg 76.2 ‘ 76.0 70.6 ‘ 72.3 75.5 ‘ 75.3
Course Avg* 76.0 72.3 75.4
*p < 0.05: STEM majors outperformed non-STEM majors.
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Breaking down the intended major groups to highlight the broader
categories of STEM vs. non-STEM majors (Table 10), statistical
differences are as follow: no difference between non-STEM males
and females, but STEM males are more confident than females and
non-STEM majors are more confident than STEM majors, which
typically have greater difficulty in retention [10]. Overall males in
each group have significantly higher MUST scores than females.
However, non-STEM females outperformed non-STEM males and
STEM-males outperformed STEM females. Even though STEM
majors held slightly less confidence in their career choice than non-
STEM majors, they significantly outperformed non-STEM majors
with 76.0 to 72.3 course averages, respectively, as predicted by
their entering MUST scores of 9.4 to 6.9.

Preparedness and congruence of career interest to
major
The final analysis (Table 11) involves associating how prepared

Table 11: Self-reported student preparedness by intended career.

for the various courses students feel they are to how confident
they are in their career choice and how these relate to their
respective letter-grade outcome based on a standard scale: < 69.5
(unsuccessful), 69.5-79.4 (C), 79.5-89.4 (B), and 89.5+ (A). The
total population studied in this evaluation totaled n = 3997 because
all students without binary gender, MUST scores, and preparedness
self-assessments were deleted. MUST ranges for above, middle and
under average are determined by defining a middle range as one
standard deviation around the mean. The overall MUST mean (SD)
is 9.0 (5.2) so the average/middle range is 9+2.6 or 6-12 points out
of 20 points max. Under average score range is 0-5; above average
score range is 13-20. Confidence was divided into two groups based
on combining Likert ranks of 4 and 5 to be in the Confident group
and the ‘Less Than confident’ group combined 1-3. See Figures 3-9
for depictions of how students’ confidence in their careers, entry
MUST scores and final averages compare according to their gender.

Non-STEM Non-STEM . . Engineering &
Not Health/Eng Health/Eng Other STEM Healthcare STEM | Engineering STEM Health STEM
n =3997 (%) 130 (3.3) 475 (11.9) 798 (20.0) 2038 (51.0) 510 (12.8) 46 (1.2)
Gender, Male : 44 86 130 345 276 522 644 1394 375 135 30 16
Female
Preparedness 2.74 2.89 3.11 3.11 3.32 3.65
MUST average (SD) 7.1 (4.5) 7.2 (4.9) 9.2 (5.2) 9.3(5.2) 9.6 (4.8) 12.2 (5.1)
CO“rS(‘;g‘;erage 66.4 (18.9) 73.3 (17.2) 73.9 (16.8) 77.6 (15.0) 73.5 (18.5) 83.9 (12.5)

Note: Average preparedness is 3.11 from a Likert scale with a maximum of 5, MUST average is 9.0 out of 20 questions, and the overall

course average is 75.6. [Eng = engineer]
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Figure 3: Collective alluvial diagram for all students (n = 3997). The far left vertical bar identifies the gender that flows into
these students” confidence level. The middle right bar groups the MUST scores into three groups (Above, Middle, and Under)
and the far right bar identifies the final letter grade for these students. (See text for further description.).
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Figure 4: Alluvial diagram for non-STEM (not healthcare or engineering). The students in this group (the true non-science
majors) entered with the lowest MUST average, finished the course with the lowest average of a D letter grade, and were
less than confident in their career choice, which is not to be health or engineering. Few students fell into the above average
MUST group but almost all who did were successful (grades of A, B or C). Those under average on the MUST were mostly
unsuccessful. About one-third of the career-confident students scored under average on the MUST.
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Figure 5: Alluvial diagram for non-STEM with expected careers in health and/or engineering. This group is dominated by
females and the majority of males and females are confident in their career choice most of whom plan to enter the healthcare
professions even though they do not consider themselves to be STEM majors yet are enrolled in a class for science majors.
Almost half of this group scored under average on the MUST even though most were confident in their career choice. The
majority of the unsuccessful students come from the group who scored under average on the MUST; very few who were above
average on the MUST were unsuccessful in the class.
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Figure 6: Alluvial diagram for other STEM majors seeking a career not in healthcare or engineering. Students in this group
(about 20% of the total population) seek STEM degrees, just not careers in the healthcare professions or engineering. This
group is average (i.e., overall average is also 3.11) on their self-reported preparedness for the course and about two-thirds are
confident in their career choice. More students who are confident in their career choice scored under average on the MUST than
those who were less than confident. The majority of the A students from this group scored above average on the MUST and just
over half of these students were confident in their career choice even though about half proved to be unsuccessful in the course.
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Figure 7: Alluvial diagram for STEM majors seeking a healthcare professional career. This group represents over half of the
population evaluated and is similar to the STEM majors without an expected career in healthcare and/or engineering as to
their preparedness and MUST entry scores but they did complete the course with a higher class average than the other STEM
majors (except those seeking dual careers). About four-fifths of this group is confident in their career expectations leading
to the healthcare professions. There were more successful than unsuccessful students and most of the unsuccessful students
entered with low automaticity skills as identified by their MUST scores; very few students with above average MUST scores
were unsuccessful.
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Figure 8: Alluvial diagram for STEM majors seeking an engineering career. This group is predominantly male and most
males and females are confident in the career choice. They entered classes with above average MUST scores and preparedness
expectations but finished with a lower course average than expected. Over two-thirds are confident in their career choice and
most of these entered with middle to above average MUST scores. However, about one-third were unsuccessful and the reason
why more are not successful is not evident from the alluvial diagram.
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Figure 9: Alluvial diagram for STEM majors seeking an engineering and healthcare professional career. This group is by far
the strongest prepared group. They entered with highest self-reported preparedness scores, the highest automaticity ability
as reflected in the highest MUST scores and finished the courses with the highest overall average with many receiving a letter
grade of A. The group is small (1 = 46) and mostly male with probably a third questioning their seeking a dual career in health
and engineering, even those almost all the less-than-confident students entered with middle and above MUST averages. No
unsuccessful students scored above average on the MUST and no under average MUST scorer made an A letter grade. The
majority of the students in this group were confident, made above average on the MUST and were successful in the courses.
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Only in the engineering and engineering & health groups did
the number of males exceed the number of females (Table 11). The
group that felt the most prepared is the engineers & health-career
seekers who entered with the highest MUST average and finished
with the highest course average. The two groups of students who
considered themselves non-STEM majors felt the least prepared,
entered with the lowest MUST scores and finished with the lowest
course averages. Preparedness, MUST scores, and course averages
areinalignment from low to high except for the course average of the
future engineers who are expected to complete their courses with
a higher average than 73.5. It is reasonable to consider that since
many of the participating institutions also offer first-year chemistry
courses specifically designed for engineers, which are usually more
challenging than regular general chemistry courses, that these pre-
engineering students are self-identifying as weaker students who
think that by trying to avoid the engineering chemistry courses
(even though they have the ability to do well as indicated by their

MUST scores) gravitate to the regular general chemistry courses.

The alluvial diagrams (Figures 3-9) based on students’
preparedness present some interesting observations. The best
way to understand these images is to read the captions to each
figure. The vertical lines represent left to right: gender, the level
of students’ self-reported confidence, MUST range as being above,
average (middle) or under average and final course grade. Figure 3
is an overall representation of the population (n = 3997). Figures
4-9 follow the order of the groups in Table 11. For Figure 3, flowing
from left to right, it is obvious that there is a larger percentage of
women enrolled, both males and females are confident in their
course preparation than are less than confident, and the MUST
ranges are about equally split. Looking at the far-right bar (course
letter grade), the greatest number of unsuccessful (U) students
comes from those who scored under (i.e., below average) on the
MUST and very few who scored above average. Most of the students
(male and female) who were confident in their respective careers
scored average (middle range) or above average on the MUST. Only
a few students who were less than confident scored above average
on the MUST. A majority of the unsuccessful students who scored
under average on the MUST appear to be confident in their career
choice.

Discussion

The lesson learned from this evaluation is that non-STEM major
students who enroll in general chemistry classes for science majors
are at a disadvantage. Regardless of how confident in career choice
they report, their preparation for their courses (i.e., their prior
knowledge) is of upmost importance to having a more successful
outcome. When they enter with low automaticity ability (what they
can do without a calculator), they lack the mental-math skills that
provide them with the ability to answer and complete problems
they are likely to encounter in their general chemistry studies
without struggling with the basic arithmetic skills as identified by

the MUST, an excellent known predictor of course outcomes [6,9].
The state of Texas is instilling confidence in students that STEM
degrees are important but entering mathematics (especially what
they can do without a calculator) needs to be improved. Some
institutions have general chemistry courses for non-STEM majors,
some use to but have phased them out, and some only offer general
chemistry for science majors. If we want all students to succeed, we
need to provide a platform that breeds success and offer courses
that do not practically predetermine that one or more groups of

students are setup for failure.

The Texas Education Agency has done a very good job at
stressing the importance of a career but these students appear
to be more confident in their careers than is supported by being
successful in general chemistry. What is taught and/or experienced
in the pre-college days is very important but more emphasis needs
to be placed on removing calculators from the classroom and
making students improve their number-sense problem-solving
ability without the use of a calculator. The MUST has proven over
and over again to be predictive of final course averages in Chem I
and II.

Are students’ confidence levels matched to their career goals?
The answer to the main question is mixed. The students who are
the classic STEM majors and seek careers in healthcare and/or
engineering entered the courses with on the average the highest
MUST means and finished the courses with the highest course
averages but were the least confident in their choice of career.
Maybe the lower confidence level stems from knowing that they
have choices and it is early in their academic path but then the
question arises is why are the weaker students’ (STEM and non-
STEM) more confident in their career choice? It is a puzzling
phenomenon.

Conclusion

This study provided no surprises as to who in general succeeds
and who does not: males for the most part have better automaticity
than females and are typically more successful, students who
enroll in on-sequence Chem II classes are some of our best
students, students who work more than 10 h put themselves at
risk compared to those who do not work or work only 1-10 h,
and STEM majors outperform non-STEM majors in these gateway
courses. Students pursuing STEM degrees have higher difficulty in
retention, and Hispanics are more likely to attend college part-time
and therefore have a greater attrition rate [10]. Prior knowledge
remains the mainstay of how anyone does in any academic course.
The greater students’ automaticity as measured by the MUST the
less they struggle with being successful in general chemistry I and
II. Adding more calculator-free instruction for all STEM and non-
STEM majors in general chemistry is advisable and will improve
students’ mental-math capability. Summer bridge programs and the

like should emphasize students’ automaticity skills to help prepare
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incoming students for success. Shelton et al. [2,12] study shows that
MUST skills and quantitative-reasoning (QR) abilities are closely
linked. QR skills (like those needed to understand how scientific
data graphs and charts are read) are required to understand much
of our current data-driven world needed to prepare global citizens.
Improving our students QR calculator-free skills is a place to start
to attempt to improve retention and graduation rates. You never
know when your Apollo 13 moment is going to happen, and paper
and pencil are all you have!
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