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ABSTRACT

Xavier University of Louisiana leads the nation in awarding BS degrees in the biological
sciences to African-American students. In this multiyear study with ~5500 participants,
data-driven interventions were adopted to improve student academic performance in a
freshman-level general biology course. The three hour-long exams were common and
administered concurrently to all students. New exam questions were developed using
Bloom’s taxonomy, and exam results were analyzed statistically with validated assessment
tools. All but the comprehensive final exam were returned to students for self-evaluation
and remediation. Among other approaches, course rigor was monitored by using an iden-
tical set of 60 questions on the final exam across 10 semesters. Analysis of the identical
sets of 60 final exam questions revealed that overall averages increased from 72.9% (2010)
to 83.5% (2015). Regression analysis demonstrated a statistically significant correlation
between high-risk students and their averages on the 60 questions. Additional analysis
demonstrated statistically significant improvements for at least one letter grade from mid-
term to final and a 20% increase in the course pass rates over time, also for the high-risk
population. These results support the hypothesis that our data-driven interventions and
assessment techniques are successful in improving student retention, particularly for our
academically at-risk students.

INTRODUCTION

Xavier University of Louisiana (XU) is a small, private, undergraduate-level minori-
ty-serving institution. Its strong liberal arts base is reflected in a 60—credit hour
general education requirement for all students, including science majors. Currently,
it ranks highly in the nation in the 1) awarding of bachelor’s degrees to African-
American students in biological, biomedical, and physical sciences; 2) number of
African-American graduates who complete medical school; and 3) number of grad-
uates who go on to obtain a PhD in the life sciences (National Science Foundation,
2013; www.nsf.gov/statistics/2015/nsf15311/tables/pdf/tab7-10.pdf).

Based on this track record, it is not surprising that the majority of its students (~70%)
enter as science, technology, engineering, and mathematics (STEM) majors, with ~33—
35% in biology alone. However, the university is not immune to the challenges in
higher education faced by the nation. For example, as seen in several reports (Chen and
Carroll, 2005; National Science Board [NSB], 2014; Association of American Colleges
and Universities [AAC&U, 2015a,b) serious inequalities exist in our postsecondary
education system. The deep economic gaps that persist for Latino and African-American
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households restrict their access to earlier educational opportuni-
ties that would prepare them well for a college-level education
(AAC&U, 2015a,b). Degrees of attainment gaps continue to
exist, with only 21% of African Americans completing college
compared with 51% of Asians and 35% of whites (AAC&U,
2015a,b). In addition, too many students choose to leave STEM
fields during their college education. To retain the U.S. historical
ranking in science and technology, the proportion of students
who attain STEM undergraduate degrees would have to be
increased substantially above existing rates (President’s Council
of Advisors on Science and Technology [PCAST], 2012). By
graduating a robust number of students in STEM, particularly
biology, XU is indeed responding positively to these calls. How-
ever, it too faces the challenges of higher than desired student
attrition rates, particularly during the first 2 years of college. For
example, since the average retention of XU first-time freshmen
after 2 years is about 61% (internal data), one of our goals is to
increase retention without compromising academic standards
and expectations from students.

While XU’s distinctions are being recognized (Hannah-Jones,
2015), what is perhaps not known widely is that it was
founded specifically to offer opportunities to young men and
women of color who would not otherwise be able to acquire a
college education. Students considered “high-risk” but who
otherwise exhibit the desire and will to succeed are accepted
routinely. Many approaches have been used previously in sci-
ence education to better understand factors that can predict
student achievement in college. These include the use of
incoming freshman ACT and Scholastic Aptitude Test (SAT)
scores, the GALT (Group Assessment of Logical Thinking) test,
placement tests, student surveys, and/or measuring a stu-
dent’s development of formal thought ability (Carmichael
et al., 1986; Bunce and Hutchinson, 1993; McFate and
Olmsted, 1999; Benford and Newsome, 2006; Lewis and
Lewis, 2007). At XU, an “academic risk model” has been devel-
oped to better elucidate the role of academic risk in freshman
persistence, thereby providing a framework for intervention to
improve retention rates. Based on historic retention rates of
incoming XU freshmen, an internal matrix generates an aca-
demic risk grid for each incoming freshman based on his or
her high school grade point average (GPA) and composite ACT
score. Information specific to each freshman places him or her
in one of the cells, labeled as high, medium, or low academic
risk, as determined by the intersection of the measures of the
matrix. This methodology has proven to be robust over time
and across risk groups in predicting retention and graduation
rates (XU Office of Planning, Institutional Research, & Assess-
ment). Because XU freshmen begin college with a declared
major, unlike at many institutions, the biology department is
faced with the challenge of having a number of students who
are not ready to withstand the rigors of its program. In fact,
even with excellent institution-wide support systems (Xavier
University of Louisiana, 2014) for academic and nonacademic
issues (time and stress management, developing study skills,
etc.), high-risk students tend to have difficulty in their first
introductory biology course. Of course, this does not help their
self-esteem or persistence in our program. To address such sig-
nificant differences in academic preparedness of our freshman
students, introductory science courses at XU are coordinated
with common syllabi and tests (as discussed in Methods).
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The current study focuses on freshman/introductory-level
General Biology (Biol 1230), a gateway course that is a prereg-
uisite for all other biology courses. With the recent start in 2012
of the Howard Hughes Medical Institute (HHMI)-funded Proj-
ect Scicomp, which is centered on competency-based education
as outlined in the Vision and Change report (American Associa-
tion for the Advancement of Science [AAAS; 2009] and the
Scientific Foundations for Future Physicians (SFFP) report
(American Association of Medical Schools and Colleges and
Howard Hughes Medical Institute [AAMC/HHMI], 2009), this
course also serves as a model system for curricular reforms
within our department. The goal of this study was to evaluate
the impact of targeted approaches involving assessment tech-
niques and evidence-based interventions on classroom learning
and academic performance of high-, medium-, and low-risk stu-
dents in Biol 1230 over a 5-year period (Fall 2010-Spring
2015).

METHODS

Curriculum, Course Design, and the Role of the Course
Coordinator

Nearly all of the 750-plus majors in the department of biology
are either on a biology (BS) or a biology-premed track. Func-
tionally identical, they require a total of 38 h in biology, includ-
ing 15 h of biology electives. At the center of XU biology’s suc-
cess is its curriculum, in which all majors take a sequenced series
of required courses (Foundations in Biology I and II, General
Biology 1230 and 1240 Lecture and Lab, Biodiversity Lecture
and Lab, Microbiology Lecture and Lab, and Genetics Lecture
and Lab). Three of these, General Biology 1230 (referred to
from now on as Biol 1230), General Biology 1240 (referred to
from now on as Biol 1240), and Biodiversity (Biol 2000),
address introductory topics typically found in a two-semester
introduction to biology course for science majors. Students
must complete each of the required courses with a grade of “C”
or better to progress to the next course in the curriculum. Fol-
lowing the required biology courses, students take elective
courses that align with their interests.

Beginning in 2012, to introduce and foster scientific compe-
tencies early, two freshman-level courses, Foundations in Biol-
ogy I and II (Biol 1210L and 1220L), were added to the curric-
ulum as part of the HHMI-funded Project Scicomp. These
courses focus on reading primary scientific literature, interpret-
ing data, and developing basic skills in biophysics, biochemistry,
biomathematics, and scientific experimental design. It is import-
ant to note that, as of Fall 2012, all biology majors enroll simul-
taneously in Biol 1230, Biol 1230L, and Biol 1210L. All three
are stand-alone courses and serve as excellent platforms for
active learning, a key component of transforming undergradu-
ate biology education (National Research Council, 2003; AAAS,
2009). Biol 1230, the focus of this study, is a required course for
all life sciences majors and also a prerequisite for all other biol-
ogy courses. This means that, unless students earn at least 70%
(a grade of “C” or better), the computer system prevents them
from enrolling in the next biology class. It is a 3—credit hour
lecture course with an annual enrollment of 550-575 students/
year. A “gateway” course in terms of being a key prerequisite, it
is not a typical “sink or swim” gateway course. The course con-
tent reflects fundamentals of competency E4 (demonstrate
knowledge of basic principles of chemistry and some of their
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FIGURE 1. Curriculum—instruction—assessment model. Faculty and student components were central to this project involving Biol 1230.
In addition, the institution-wide support systems (indicated by asterisks) also played an integral role in the “holistic” learning of our
students. These included the Biology Resource Center, departmental advising, peer tutoring, and the Student Academic Success Office.
Finally, it is important to note that Biol 1230 students were also enrolled concurrently in two other courses of the curriculum, Biol 1230L
(General Biology lab) and Biol 1210L (Foundations |, the newly developed competency course).

applications to the understanding of living systems), as outlined
in the SFFP report (AAMC/HHMI, 2009), and various compo-
nents and recommendations outlined in the Vision and Change
report (AAAS, 2009). Because Biol 1230 is taken in their first
semester by students coming in with widely varying levels of
college preparedness, the course is highly coordinated. This
means that that all instructors share a common syllabus and
agree not only on content (through specified modules and
learning goals) but also on the depth of explanation. This sets
the stage for all students to receive the same essential content,
at similar depth, regardless of instructor. Such teaching
approaches, along with an “in-house” workbook (which lists
learning goals and provides practice areas for each) and various
forms of academic support for all students, helps reduce aca-
demic disparity. It also allows for administration of common 1-h
exams (graded and returned) and a common final exam (not
returned). In addition, the in-class quizzes (eight to 10) are
spread throughout the semester for frequent formative assess-
ment and reinforcement of content topics. Figure 1 offers an
overview of the curriculum, instruction, and assessment model
and portrays the support systems that were in place (free of cost
to students) before 2010. Table 1 portrays the grading structure
and interventions for Biol 1230.
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The course coordinator, who is also a member of the
teaching team, is responsible for ensuring that instructors
have access to common course materials, which are updated
from time to time with input from all instructors. Instructors
meet weekly to discuss relevant issues, concerns, or observa-
tions. They are responsible for preparing all quizzes for their
section(s). All common exams are constructed by the coordi-
nator with feedback from instructors before being adminis-
tered. In addition, the coordinator collects and processes all
exam and final exam Scantrons and returns individual score
reports and exam-item statistics to instructors as PDF files.
Subscores on the “back page” (non-multiple choice ques-
tions) are recorded by each instructor and sent to the course
coordinator for compilation. After all results are discussed by
the instructors, observations and suggestions are incorpo-
rated by the coordinator in subsequent modifications of exam
questions and course content.

Participants

The total student enrollment in Biol 1230 ranged between
550 and 575/year with declared majors mainly in biology,
chemistry, or psychology. Approximately 85% of the students
were African American, ~10% were Asian American, and ~5%
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TABLE 1. Biol 1230 grading, assessments and interventions

Assessment tool Points available

Resources and interventions

1-h exams 1, 2, and 3 300 points
(graded and returned)? (100 points each)
8-10 quizzes (graded and returned) 100 points
Online homework (graded) 50 points
Final exam (graded but not returned)® 100 points
Total 550 points

Advising and individual tutoring/SASO/workshops/review sessions/LXR test
data/class discussions/self-analysis rubric/individual mastery reports

Clicker software generating immediate feedback

Review of homework and earlier quizzes

Note: The midterm grade is based on ~25% of grade (or 140 of 550 points) and comprises one 1-h exam and ~40 points worth of quizzes. This is designed as an early

alert, giving students ample opportunity to improve by the end of the semester.

This table summarizes the Biol 1230 grading structure, assessments, and interventions. For details, please see the Methods section. It may be noted that there is no
opportunity to earn extra points. A minimum final grade average of 70% is needed to pass this course.

2~15% non—multiple choice.
*Contains 60 common questions repeated over 5 years.

identified as “other,” with females making up ~65-70% of
each class. Figure 2 shows student distribution over the 5-year
period based on risk categories.

Strategies and Interventions Introduced to Improve
Student Learning (2007-2015)

Hurricane Katrina (August 2005) nearly destroyed the entire
campus and much of the city, but under the strong leadership of
President Francis, the university reopened within a few months
of the devastation. This study began in Fall of 2007 as part of a
slow and painful recovery process. Understandably, our student
recruitment and retention efforts became even more of a major
focus than usual. Other issues included how well our students

were doing with respect to successfully competing for and
securing admission to graduate programs or professional pro-
grams or participating meaningfully in the workforce. Finally,
we wanted to know what our recent graduates and current stu-
dents had to say about their personal “Xavier experiences.”
Thus, on the basis of the available data on our student place-
ment in graduate or professional programs, graduation trends,
student feedback, and input from faculty, we came to the con-
clusion that our curriculum was in dire need of modernization.
In Biol 1230 specifically, as we assessed our strengths and
weaknesses, we came to the conclusion that there existed very
little (or any) active learning, little systematic formative assess-
ment, and no use of technology in the classroom. We agreed to
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FIGURE 2. Distribution of high-, medium-, and low-risk students. Students were classified as academically high, medium, or low risk based
on the criteria identified in the XU academic risk model. These criteria included high school GPA and ACT/SAT scores (please see the text

for additional details).
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keep what worked but to undertake changes, particularly in the
way we taught, tested, and evaluated student learning. Thus,
beginning in Fall 2007, specific steps were taken to improve the
course and increase student performance. Each implemented
change was based on available evidence. The proposed and
implemented interventions in Biol 1230 over time are summa-
rized in Table 2. As an example, Biol 1230 always contained a
significant amount of chemistry (e.g., atomic and molecular
structures, chemical bonds and properties, thermodynamics,
and metabolic pathways). However, we needed to increase the
emphasis on biological relationships to cross-disciplinary topics
in chemistry and physics. So Biol 1230 became an excellent
model for aligning its content with competency E4 of the SFFP
report: “demonstrate knowledge of basic principles of chemis-
try and some of their applications to the understanding of living
systems” (AAMC/HHMI, 2009). As another example, after
multisemester analysis of data from Biol 1230 lecture and Biol
1230L, student completion of both Developmental Reading and
Developmental Math before enrollment in Biol 1230 became a
requirement in Fall 2010 for those students identified as need-
ing remediation, regardless of their majors. This was because,
on average, more than 50% of students enrolled in Develop-
mental Math and/or Reading were receiving grades of “D” or
“F” at midterm in Biol 1230. Another data-driven intervention
involved the planning of review sessions, which were based on
clicker-derived assessment data that revealed the topics and
types of questions which needed additional reinforcement and
practice. As a final example, for many years, assessment in the
Biol 1230 course consisted mainly of very basic “item analysis”
reports generated by the Scantron reader. These reports offered
some useful, though limited, data on individual section aver-
ages and identified those questions that were particularly chal-
lenging for students, based on the question’s “percent correct”
values. One of our objectives was to explore and adopt more
modern testing tools that would allow more advanced types of
student performance data analysis, in particular, formative
assessments. From published literature, we knew that clicker
usage for immediate feedback was becoming a popular
approach for various reasons. So, in 2007-2009, we researched
newer assessment tools, such as introducing the use of clickers,
in Biol 1230. As reflected in these examples, our guiding princi-
ples for proposing and implementing interventions were based
on identifying and understanding student needs. While quanti-
tative assessment data on student performance was a major fac-
tor, input from student evaluations, advisors’ observations, and
the collective wisdom of the course instructors in the form of
their weekly meeting discussions were equally important in
developing and piloting each intervention and deciding which
to continue going forward.

Grading and Maintenance of Rigor

As shown in Table 1, students took eight to 10 quizzes that
were created and administered by individual instructors. To
maintain adequate difficulty levels, instructors reviewed one
another’s questions and offered input. For the three 1-h exams,
a separate test bank of ~750 original questions was developed
over the 5-year period by the course coordinator. These ques-
tions spanned the entire spectrum of course content and were
categorized using the six cognitive domain levels of Bloom’s
taxonomy (Bloom et al., 1956): knowledge, comprehension,
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application, analysis, synthesis, and evaluation. The LXRTest
software program generated usage statistics on each question
and set of answers, along with point biserial correlation (rpb)
values (see below), for evaluation of question quality. About
15% of the 300 exam points were assigned to non-multiple
choice questions in the form of a back page. This allowed test-
ing and assessment of more advanced analysis through word
problems and/or short-answer types of questions. Finally, since
the comprehensive final exam was not returned to students, 60
out of the 100 questions covering all topics were kept unchanged
on all final exams over the 5 years. It is important to note that
these 60 questions were not brand-new but were selected from
existing final exam test bank questions that had been used on
final exams before Fall 2010. To evaluate individual question
quality, we examined rpb values on these 60 persistent ques-
tions, since they are statistical measures of overall student per-
formance on multiple-choice questions. A student’s score on a
particular question is correlated with his or her overall average
on the exam and reported as a single value between -1.0 and
+1.0 for each answer choice. In general, an rpb value greater
than +0.3 associated with the correct answer indicates that a
particular question is a good discriminator of student mastery
and should be retained. Because all 60 questions had rpb values
greater than +0.3, we used all of the questions in our analysis.

Formative Assessment, Validation, Data Mining,

and Student Participation

Two main technology-based assessment techniques were
adopted as follows: 1) Clickers (Hyper-Interactive Teaching
Technology) and associated software were used to administer
quizzes and generate histograms of student responses, which
were projected in class for immediate feedback. Students were
able to see where they stood compared with their classmates
and participated in discussions that included clearing up mis-
conceptions and analyzing question formats. 2) LXRTest soft-
ware was used (in combination with a Scantron OpScan6 opti-
cal mark reader) to collect and analyze student exam responses
in order to generate detailed statistical reports for instructors
and individual score and mastery reports for students.

Since the Fall of 2010, students in Biology 1230 have
received individual score reports for each of their three hour-
long exams. Each score report is essentially an answer key (with
the student’s incorrect answer listed to the right of the correct
choice) for the multiple-choice questions. Students were
strongly encouraged to use each report in conjunction with an
exam self-evaluation grid (Figure 3) to reveal deficit clusters or
trends in their study habits and test-taking skills. By identifying
the major factor(s) contributing to their exam performances,
students were empowered to develop specific approaches to
enhance their future exam preparations and efforts. Note that
students were not required to construct self-evaluation grids,
because, based on our experience, unless their effort is volun-
tary, there is no way to ensure their results would actually be
used properly. Even with regard to online homework B quizzes,
which are mandatory and contribute to the final course grade,
some students remained noncompliant and lost points. Self-im-
provement is a consequence of self-discipline, responsibility,
and motivation. Therefore, opportunities for self-review and
reflection were offered and extolled as a means to increase
self-awareness, but not mandated.
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TABLE 2. Summary of interventions

Strategies and interventions: timeline in Biol 1230 for | 2006~ | 2007- | 2008- | 2009- ! 2010- ; 2011- | 2012~
improving student learning and retention 2007 | 2008 | 2009 | 2010 @ 2011 : 2012 1 2013

2013- | 2014
2014 | 2015

e Review strengths and weaknesses of the existing

curriculum.
e Identify curricular areas in need of modernization. X X X X X X X X X

e Identify student needs.

e Revise course modules and online homework questions
to reflect emphasis changes. X
e Research new tools for more advanced assessment
studies.

e Pilot newly developed assessment tools and collect data.
e Prepare instructor guides and student summary notes to X
achieve adequate competency levels.

o Refine clicker practice questions and online homework.
e Increase active learning. X
e Analyze pilot-assessment data to validate the use of H-ITT

clickers and LXRTest for large-scale implementation.

e Implement H-ITT clickers in all sections for formative
and summative assessment.

e Provide LXRTest-generated individual score reports to
students and test item analyses to instructors. X X

e Increase class interaction with students.

e Encourage utilization of free resources for both academic
and nonacademic challenges.

e Require completion of Developmental Math and/or
Developmental Reading before enrollment in Biol 1230 X X
(previously, all three of these courses could be taken
concurrently).

e LXRTest question bank implementation for more
advanced 1-h exam assessments.

e Revise Biol 1230 course content to better align with
competency E4 (SFFP report).

e Develop two new “Foundation” courses (Biol 1210L &
Biol 1220L) as primers for scientific competencies and
integrative biology.

e Emphasize the importance of study skills and time
management.

e Provide frequent and timely feedback to students on
class standing and performance.

e Offer remediation opportunities.

e Fine-tune the two Foundation courses, the first of which X
(Biol 1210L) is taken concurrently with Biol 1230.

e Encourage students to “self-review” and prepare written
reports on their missed exam and quiz questions,
including why they missed them, why their answers X X
were incorrect, and why the correct answers were
correct.

e Integrate online homework with the university’s
Blackboard course-management system for interactive
feedback.

e Grade (previously optional) online homework for 50 of
550 total course points. X

e Continue to emphasize study skills, use of resources, and
self-reviews using the assessment rubric and develop
LXRTest-generated individual mastery reports for
student remediation.

This table depicts the progression of various evidence-based interventions adapted over the course of 9 years. The 2010-2011 time period indicated by a dotted-line box
is significant, because this was the first time that students (mostly high-risk) were required to complete Developmental Math and/or Developmental Reading before
registering for Biol 1230. In addition, this was the year when clickers were adapted in all sections for formative assessment and immediate student feedback. A second
time period (2012-2013) is also shown inside a dotted-line box to represent the start of the competency-based Project Scicomp in Fall 2012 and the coalescing of four
crucial interventions as shown by an “X” inside the dotted-line box. Additional details are presented in the Methods section.
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This is a worksheet for your self-evaluation of study habits and exam preparedness.

~The average number of hours I spent per week reading the chapters and/or reviewing/processing class notes was (circle the

appropriate response):

zero to one one to two

two to four greater than four

~I read the assignment before coming to class (circle the appropriate response):

never sometimes regularly
~I asked my instructor questions when I was confused about textbook material and/or lecture material (circle the appropriate
response):

never sometimes regularly
~Overall, I spent hours specifically studying for this exam (Please fill in the blank):

~Prior to taking the exam, I expected to get an approximate grade of (fill in the blank) .

~My actual grade was a(n) (fill in the blank) .

~Check all of the statements that apply to your performance on the exam:

studied the right information
studied the right information but did not

did not study the right information
studied the right information and

understand it thought I understood it
used the class outlines to study thought college would be easier
did not know what to study other

did not think I would need to know the information in such detail

Analysis of Missed Questions

I answered the question incorrectly because I:

Insert question number below in the correct category

did not study the information.

studied the information but forgot it.

did not understand the information in the
summary notes.

confused similar concepts or terms (i.e.,
isotopes and isomers).

misread or misunderstood the question.

did not consider all of the answer choices.

knew the correct answer - but chose an
incorrect answer by mistake.

List other reason(s):

List other reason(s):

Please answer these additional self-evaluation questions on the back of this page 2>

~ What insight has the above analysis given you about your performance on the exam?
~ What changes can you make to improve your score on the next exam?
~ How can your instructor help you?

To raise their awareness of factors impacting their individual exam performance, students conducted a self-evaluation of the
specific reasons for their missed questions. By filling in a grid with missed question numbers listed against various candidate
reasons, students could isolate any frequently associated behavior. By becoming conscious of any error-producing behavior,

students were in a much better position to learn to interrupt and overcome it.

FIGURE 3. Self-evaluation rubric for remediation.

Beginning in Fall 2012, an LXRTest question bank (contain-
ing newly developed, original questions, not from the textbook
or the Internet) was implemented, which permitted labeling of
each question in up to eight categories. Six categories were cho-
sen, as follows: module and learning goal, content topic, ques-
tion format, degree of difficulty, Bloom’s taxonomy, and topic
group. Degree of difficulty and Bloom’s taxonomy levels were

CBE—Life Sciences Education « 15:ar38, Fall 2016

assigned and subsequently validated by overall scores and by
high-, medium-, and low-performing students’ scores on each
question. Individual student mastery reports (Figure 4)
imparted additional information to students, which was helpful
to them in identifying target areas for remediation. This type of
student mastery report allowed students to literally “see” and
prioritize more general topic concepts (e.g., topic group,
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General Biology 1230 Exam ||

INDIVIDUAL MASTERY REPORT
for Student #3 90000xxxx

Multiple Choice Score: 58.00 (of 80) Back Page Score:

(of 20) Total Score:

Objective Mastery Score Yo 0 ] 100
The Chemistry of Life @ 30.00 of 40.00 75.00 |
MODULEIT @ 30.000f40.00 75.00 |
The Cellular Basis of Life @ 28.00 0f 40.00 70.00 |
MODULEIl @ 28.000f40.00 70.00 |
Category 3 (Format) Mastery Score Y% 0 N 100
Format @ 58.00 of 80.00 72.50 |
MC-MA ® 14.000f22.00 63.64 |
MC-SA @ 38.000f50.00 76.00 |
T/F @ 6.000f8.00 75.00 |
Category 4 (Level of Difficulty) Mastery Score % 0 100
Level of Difficulty @ 58.00 of 80.00 72.50 |
EASY @ 28.000f32.00 87.50 |
HARD ®  2.000f8.00 25.00 |
MEDIUM @ 28.000f40.00 70.00 |
Category 5 (Bloom's Taxonomy) Mastery Score % 0 ] 100
Bloom's Taxonomy @ 58.00 of 80.00 72.50 |
ANALYSIS ® 0.000f2.00 0.00
APPLICATION ® 18.000f30.00 60.00 |
COMPREHENSION @ 14.000f16.00 87.50 |
KNOWLEDGE @ 26.000f32.00 81.25 |
Category 7 (Topic Group) ‘Mastery ‘Score % 0 I 100
Topic Group @ 58.00 of 80.00 72.50 |
ATOMS & ELEMENTS @  8.000f10.00 80.00 |
BIOL ORGANIZATION © 6.000f6.00  100.00 I
BIOLOGICAL MEMBRANES @ 8.000f10.00 80.00 |
CELLULARTRANSPORT ® 6.000f12.00 50.00 |
CHEMICAL BONDS ® 6.000f10.00 60.00 |
DIFFUSION & OSMOSIS ® 6.000f10.00 60.00 |
MOLARITY & PH ©@ 6.000f6.00  100.00 I
ORGANIC COMPOUNDS @ 12.000f16.00 75.00 |
key: (CMastered
@ Partially Mastered
® Not Mastered

The individual mastery report shows, in graphical form, whether a student had achieved full (=90%), partial (70% to <90%),
or no (<70%) mastery of a single question or set of questions with regard to one or more of the six assigned categories in the
question bank. Because students could literally see at a glance their areas of strength and weakness, they could better focus

their remediation of missed exam question topics.

FIGURE 4. Individual mastery report.

category 7) that need their attention. The individual score
report, in contrast, identified the specific questions that were
missed on the exam, if any. Both types of reports thus served as
valuable resources for remediation of course content, particu-
larly when used in partnership with their instructors, peer-tu-
tors, or academic advisors.

RESULTS

Rigor Was Maintained through the Years

Given the nature and significance of Biol 1230, it was crucial
to maintain rigor in the course in every area. As outlined in
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the Methods, a variety of approaches helped accomplish this
goal. These included course design (Figure 1 and Table 1),
use of Bloom’s taxonomy and software-generated data
(Figure 4), and examination of the rpb values for the com-
mon 60 final exam questions that were used as an internal
control. The difficulty level of the quizzes (which were not
common to all sections) was maintained by instructors
reviewing one another’s questions. These measures, com-
bined with a strict policy of not curving and not rounding up,
set the stage for comparing averages on these questions over
time.

CBE—Life Sciences Education « 15:ar38, Fall 2016
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Percent Correct Score of the 60 Common Final Exam Questions
by Risk Group
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FIGURE 5. Percent correct score of the 60 common final exam questions by risk group. A set of 60 questions was repeated in every Biol
1230 final exam over the course of 10 semesters starting in Fall 2010. They were not newly constructed questions but were selected from a
separately stored, larger final exam test bank in use before 2010. Spanning all modules, these 60 questions were never used in any of the
1-h semester exams. Combined, these factors allowed us to consider these 60 questions as an internal control to ensure the rigor of the
comprehensive final exams. This graph shows the performance of the high-, medium-, and low-risk students on the same 60 questions
over the academic years 2010—-2015, when a number of assessment-based approaches were introduced to help students learn and

perform better.

Strategic Interventions Merged over Time

A number of strategies, as outlined in Table 2, were introduced
over time, based on 1) observations of teachers, 2) formal and
informal input from students, 3) input from academic advisors
and notifications from institution-wide systems like the “Early
Alert” from the Student Academic Success Office (SASO), 4) data
obtained from quiz and test analyses, and 5) analysis of student
self-evaluation reports. While some steps taken were specific and
“one-time” activities, others were continued once introduced. As
seen in Table 2, they merged at the start of the competency-based
Scicomp project during the academic year 2012-2013.

Formative Assessment, Data Mining, and Student
Participation Allowed “Closing the Loop”

As detailed in the Methods section, significant amounts of time
and effort were invested in researching, piloting, and validating
assessment tools (LXRTest and H-ITT clickers) that would allow
both instructors and students to engage in active teaching/
learning and form a meaningful partnership that would enhance
both the quality of the course and student performance. This
innovative approach and major change was new to the depart-
ment and allowed for more advanced levels of formative assess-
ment and teaching/testing adjustments during the semester,
while the course was in session. Sharing data with students and

CBE—Life Sciences Education « 15:ar38, Fall 2016

encouraging them to self-review using the carefully designed
rubric (Figure 3) made them much more active participants in
the learning process. Furthermore, their input (written and ver-
bal), in conjunction with detailed item statistics reports for
instructors (unpublished data) allowed instructors to conduct
higher-order data mining to pinpoint with high precision areas
of difficulty, misconceptions, and confusion, not only in the
“question-types” but in course content with regard to specific
learning goals. In turn, this permitted students to “close the
loop” through identification of their particular strengths and
weaknesses as early as possible, and at the same time, teachers
were able to implement targeted approaches to address student
needs while the course was still in session (and before it was
too late to really help students).

High-Risk Students Showed Statistically Significant
Academic Gains over Time

A statistically significant correlation was observed between the
interventions introduced over time and improvement in the
academic performance of high-risk students. Not only did this
group show a steady increase on the percent-correct scores on
the 60 common questions (~63% in 2010 to ~71% in 2015,
Figure 5), they also showed a significant 20-point jump in the
percent passing the course (~39% passing in 2007 to ~59% in

15:ar38, 9
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Percent of Students Passing
(Course Average = 70% of

Biol 1230 by Risk Group
550 possible points)

90:0 ‘\(/ /s./’s/ (\WV\V)&,

80.0 A

70.0
tén V // V/ All
£ 60.0 g V -
w .
© r =@=High
& 500
‘q:'; ‘ Y ete=Med
£ 400 L ow
§ v/ /0/0/

30.0 /

\/

10.0

0.0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fall Semester of Academic Year (with Following Spring Semester)

FIGURE 6. Percent of students passing Biol 1230 by risk group. The data represent the percentages of students passing Biol 1230 with a
grade of “C" or better according to their risk group category over the academic years 2007—2015. As stated in the text, there is zero
curving and no rounding up of the points in this course; a student must achieve a minimum grade of 70% by the end of the semester to

receive a passing grade of “C.”

2015, Figure 6). While the 60 questions were associated only
with the final exam, the end of the course final letter grade was
based on all quizzes, the three exams, online homework, and
the comprehensive final. Results shown in Figure 6 showed that
overall performance of high-risk students improved over time.
In addition, a z-test analysis was conducted to compare mid-
term with final grade improvements. The rationale for the z-test
was as follows: as shown in Table 1, by the time students
received their midterm grades, only ~25% of the total possible
points for the course had been allocated. Thus, the midterm
grades served as an early enough alert (point-wise) for students
to avail themselves of the resources and interventions offered.
In other words, students who may not have taken advantage of
the academic support resources, upon seeing their midterm
grades, were motivated to work harder and participate more
fully. We would therefore expect a greater degree of improve-
ment for participating students between the midterm and the
end of the semester grade. The z-test determines whether the
proportion of one letter grade improvement in the “before”
group is statistically significantly different from the proportion
of one letter grade improvement in the “after” group. The
before group was before 2010 and the after group was after
2010, because it was in 2010 that the complete set of 60 com-
mon questions was finalized and adopted for inclusion in all
final exams as an internal control. These results offered addi-
tional strong evidence of the academic gains for the high-risk
groups (Table 3). As an example, in the case of “All semesters,”
there were 750 high-risk students before Fall 2010, 145 of
whom improved by one letter grade from midterm to final, or

15:ar38, 10

19.3% of the students. In the after 2010 group, 190 of 741
high-risk students improved by one letter grade, or 25.6%. The
z values and associated p values showed that the after 2010
group exhibited statistically significant improvement only for a
one letter grade improvement (where z > 1.96 and p < 0.05).
However, when the same type of analysis was done using only
Spring semesters, there was a statistically significant improve-
ment between the before and after groups for both one- and
two-letter grade improvements.

Four Variables Were Statistically Significant in the
Regression Analysis

As shown in Table 4, when regression analysis was performed
on the 60 final exam common question averages (our internal
rigor control), four variables exhibited ¢ stat and p values in the
statistically significant range. These were Spring semester, year,
low risk, and high risk.

DISCUSSION

Even as “calls for action” are being made nationwide (PCAST,
2012), students of color are projected to be the majority col-
lege-going population in the not so distant future (AAC&U,
2015a,b). It is therefore more important than ever for educa-
tors and policy makers alike to address the issues of equity and
diversity in higher education. Because the numbers of students
choosing and remaining in STEM majors are declining, while
overall STEM graduation rates remain steady at ~15% (NSB,
2014), working on improving STEM retention numbers can be
viewed as one approach to alleviate this national challenge.

CBE—Life Sciences Education « 15:ar38, Fall 2016
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TABLE 4. Regression analysis of the common 60 questions

R?=0.250

n=2778 Coefficients SE t Stat p Value
Intercept 57.892 2.267 25.532 0.000
Spring semester -1.310 0.582 —2.252% 0.024*
Year 1.589 0.191 8.334* 0.000*
High-risk -10.334 0.921 —-11.217* 0.000*
Medium-risk —-0.159 0.876 —-0.182 0.856
Low-risk 9.459 0.880 10.753* 0.000*

This table shows the regression analysis of the percent correct on the common 60
questions against the variables Spring, year, and low, medium, and high academic
risk type. This analysis produces t stat and p values. If the t stat value is > 2 or
< -2, the variables were considered to be statistically significant. Based on the
results seen in this table, four variables are statistically significant: 1) the Spring
semester, 2) year, 3) the low-risk category, and 4) the high-risk category. The
negative coefficients for Spring and high risk indicate that scores overall are lower
than average for the Spring semester exams and for the high-risk students. The
positive coefficient for year indicates that the percent correct increased over time
as interventions became effective (details in the Discussion section)

*Statistically significant values at the 5% significance level.

However, recruitment and retention of students in STEM are
complex, interrelated issues. Many factors influence students’
choice of major, why they leave STEM, and/or why they drop
out of college and do not graduate. These include racial, socio-
economic, and cultural influences; weak academic preparation;
feelings of isolation and uncertainty; lack of confidence/moti-
vation; inadequate time management and study skills; family
expectations; having to hold down a job while in school; and
more (Seymour and Hewitt, 1997; Boundaoui, 2011; PCAST,
2012; Gibbs and Griffin, 2013; NSB, 2014; AAC&U, 2015a,b;
Figueroa, 2015; Witham et al., 2015). In response, an impres-
sive body of literature has accumulated on the various
approaches and interventions that have been shown to improve
student learning, confidence, self-esteem, academic perfor-
mance, and persistence through STEM. These include active
teaching and student feedback through focus groups, surveys
and interviews, increased course structure, replacement of tra-
ditional introductory labs with research projects, course-based
research experiences, development and implementation of
effective assessment techniques, student advising/mentoring,
formation of learning communities, increased availability of
financial support, and peer tutoring (Allen and Tanner, 2005;
Jacobs-Sera et al., 2009; Austin, 2011; Goldey et al., 2012;
Singer et al., 2012; Depass and Chubin, 2014; Freeman et al.,
2014; Williams et al., 2011).

So what is unique about our study? To the best of our knowl-
edge, this is the first report of its kind on the impact of data-
driven systematic interventions introduced over a multiyear
period on student learning and academic performance. Based
on a coordinated course with a common syllabus and tests, our
study had several built-in controls and “checks and balances” to
ensure maintenance of rigor. More than 5000 underrepre-
sented minority (URM) students participated, categorized into
three academic groups: high-risk, medium-risk and low-risk.
Having well-established support systems both within and out-
side the department to address academic and nonacademic
needs (various freely accessible resource centers, peer tutoring,
review sessions, career counseling, etc.) helped minimize the
influence of these factors and allowed us to focus specifically on

15:ar38, 11
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academic areas. Our working hypothesis was that evi-
dence-based interventions will increase academic performance
and retention in the course for all students, particularly the
high-risk group. Our results showed a very clear and significant
pattern correlating interventions added over time (Table 2)
with the academic performance of our high-risk students
(Figures 5 and 6, Table 3) but not low- or medium-risk stu-
dents. In fact, the high-risk group showed a 20% increase in
their overall passing rates between 2007 (start of interventions)
and 2015 (Figure 6). Furthermore, these students also demon-
strated a steady 8% increase on the persistent 60 final exam
questions over time (2010-2015, Figure 5). In contrast, the per-
formance of the medium- and low-risk students on the 60 com-
mon final exam questions remained unchanged over the same
time period (Figure 5).

The significance of the year variable obtained by regression
analysis for the high-risk students (Table 4) is manifested in
the increasing effectiveness of the interventions over time
(over years) as measured by this group’s performance, both on
the final exams (the 60 persistent questions) and overall pass-
ing rates for the course, as described earlier. Interestingly, our
results also showed a clear and significant “Spring” effect
(Figure 6 and Table 4), in that every Spring, until recently
(2013 onward), the percentages of students passing Biol 1230
were consistently lower (by an average of 20%) for both the
high-risk and medium-risk populations. We believe that this is
in part because the Spring semesters are considered “off
sequence.” Enrollments are lower in Spring than in Fall and
include students repeating the course along with those who
had completed any developmental requirements and were
only now allowed to enroll in the course. We hypothesize that
this group of students starts on a strong enough footing, but if
they do not do well within the first month or so, they become
discouraged and give up. However, this alone may not explain
the Spring effect, and ongoing studies will focus on this ques-
tion. In any case, plateauing of the Spring effect, starting in
2013, suggests that our interventions were working in both
the high- and medium-risk populations. Finally, but impor-
tantly, the regression analysis in Table 4 revealed that both
high-risk and low-risk student average scores on the 60 com-
mon final exam questions differed significantly from the com-
bined average scores over time. This is essentially an indepen-
dent validation of the XU student risk assessment model, in
which incoming freshmen are classified as high-, medium-, or
low-risk students to predict their chance of success in XU’s
program. On the basis of this model, high-risk students would
be expected to not do as well as medium- or low-risk students.
Our findings thus strongly support XU’s model, in that, when
students in Biol 1230 are sorted (based strictly on their aca-
demic performance), they form patterns that mirror their pre-
assigned risk-category classifications.

Based on the discussion so far, the following two logical
questions can be posed: 1) Which intervention(s) is/are caus-
ing the academic gain effect for the high-risk students? 2) Why
are the adopted interventions showing little/no impact on the
low- and medium-risk groups? Because several of our interven-
tions overlap on our timeline, it is not possible to single out
any particular one. However, we propose that the following
had the greatest influence: 1) adding Developmental Reading
and Developmental Math completion as prerequisites for Biol
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1230; 2) aligning course modules and testing materials with
scientific competencies, in particular E4 of the SFFP report; 3)
conducting advanced-level formative and summative assess-
ments; and 4) making students active stakeholders by articulat-
ing expectations clearly and encouraging self-review and reme-
diation activities.

Since 2012-2013, based on student and advisor input,
another factor that could be having a positive influence on Biol
1230 performance is the Foundations I (Biol 1210L) experience.
Through Biol 1210L, students are exposed to the fundamentals
of the scientific competencies E1 (quantitative reasoning), E2
(scientific inquiry), and E3 (physics in biology) as outlined in
the SFFP report (AAMC/HHMI, 2009). They learn integrative,
interdisciplinary concepts that can be quite challenging for
freshmen through inquiry-based activities, math problem solv-
ing, and open-ended experiments (unpublished data). The goal
is for students to learn how to think, stay focused, pay attention
to detail, and not be passive listeners—skills that can help them
in all the courses in which they are enrolled (not just Biol 1230
and Biol 1230L). As for the medium- and low-risk students not
responding significantly over time to our interventions, a possi-
ble answer lies in the fact that our model requires compliance/
commitment from students. We deliberately have not made any
self-reviews, workbook exercises, tutoring sessions, or other
remedial opportunities mandatory. However, we articulate
clearly and often what our expectations are of them and the
benefits of taking more personal responsibility. Based on our
8-year data analysis, course passing rates for low-risk students
range between 90 and 95%. It is therefore understandable that
they do not feel the need to seek any remediation, as their class
averages tend to already be in the “A” grade range. With regard
to the much more heterogeneous medium-risk category, many
more (unknown to us) factors probably influence their willing-
ness to become “active partners.” Based on limited, anecdotal
information from students, many feel that they are “doing quite
well” or “will do fine,” as they tend to be in the high “C” or
sometimes “B” range and feel no need to strive harder. Others
decide to devote more time to some other course that they per-
ceive to be more difficult. Regardless of the reason for underuti-
lization of the available resources by the medium-risk students,
we will also be focusing on this group as we continue this
project.

Broader Impact of This Study
Several well-respected and successful initiatives like the Mey-
erhoff Scholars Program and the Posse Scholars Program have
been developed specifically to increase diversity and numbers
in science (Maton et al., 2012; Posse Foundation, 2015). In
addition, several recent models, including the persistence
model (Graham et al., 2013) and the whole student model
(Freeman et al., 2011; Eddy and Hogan, 2014; Gross et al.,
2015) offer theoretical frameworks for increasing STEM par-
ticipation and success of URMs. Yet another recent initiative
(AAC&U, 2015a,b) focuses on clear articulation of expecta-
tions by the faculty to students and increasing communication
with them for increased transparency. Based on these and
other reports, it is evident that a holistic approach is helpful in
educating students.

Our results offer clear evidence that data-driven interven-
tions can improve student learning, particularly with a true
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buy-in on the student’s part. Throughout the duration of this
study, a consistent participation (~35%) in the interventions
by the high-risk students was observed. Also, it may be noted
that the rate of withdrawal from Biol 1230 also remained
remarkable constant through the years, at ~10% (1-2% for
low-risk, ~8% for medium-risk, and ~16% for high-risk stu-
dents). Despite their higher withdrawal rates, however, the
high-risk students who chose to remain in the course showed
the highest motivation for self-improvement and, per our
intervention model, benefited the most (Figures 5 and 6 and
Table 3). However, it has not escaped our notice that we still
lose ~40% of our high-risk population (Figure 5). Equally
important, even after silencing (or near-silencing) the influ-
ence of factors such as race, feelings of not belonging, and so
on (our students are URMs at a historically black college), a
clear, multiyear pattern of high-risk students consistently per-
forming at a noticeably lower level than medium- and low-
risk students was seen. Thus, while achievement gaps
between high- and low-risk students certainly decrease over
time, as interventions take effect, the high-risk students still
continue to lag behind. Combined, these observations point
toward the amount, type, and level of academic underpre-
paredness (knowledge gaps) as strong determinants of aca-
demic gains, further demonstrating the importance of high-
er-order assessments and evaluations as integral components
of every course.

Closing Thoughts

Many of the interventions used in our study were not brand-
new, but we did spend a significant amount of time getting to
know our students and understand their needs. Our careful
planning against the backdrop of stringent controls provided
strong evidence for these assessment-driven interventions
becoming more effective over time and resulting in significant
academic gains for our high-risk population. We believe that
these approaches have the potential to be applied to other
STEM courses at XU and beyond, particularly if the course par-
ticipants happen to be at different levels of college prepared-
ness. However, for our model to work, faculty buy-in, beyond
simply agreeing with the plan, will be essential, as instructors
have to retool and grow themselves in order to think, teach,
test, and assess differently. Also, for our model to work, stu-
dents must be willing to take personal responsibility and work
hard throughout the semester. Change is never easy, but with
the right combination, it can work like magic! If students do
better, they are happier. Their self-esteem goes up, starting a
chain of positive feedback that directly impacts their retention
and persistence in science.
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