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Implementation of BioInquiry: A leader course producing perceived learning gains. 
 
Subject/Problem: Lack of student success and retention in STEM fields   
 
Persistence in and success matriculating through science, technology, engineering and 
mathematics (STEM) curricula is a major challenge for many of today’s students (e.g., NRC 
1996, 2009) especially those traditionally underrepresented in these fields (AAAS 2011). There 
is overwhelming evidence that low-income students, women and minorities successfully 
complete STEM programs based on traditional science curricula at much lower rates than 
wealthier classmates and white males (e.g.,  American Council on Education 2006; onal Science 
Foundation 2007).    
 
The Department of Biological Sciences at Loyola University New Orleans conducted a 
comprehensive departmental program review in 2013.   This study revealed that retention and 
graduation rates of Biology majors had declined over the prior two decades (Figure 1). In line 
with Loyola’s mission of promoting social 
justice, the demographics of the student body 
have become more diverse in recent years to 
include more first generation students (generally 
lower income), women and minorities. This 
time frame also corresponds to reported changes 
in how Millennial and GenZ students are 
reported to learn and interact with information. 
In order to better meet the needs of Loyola’s 
changing student population we: (1) reviewed 
the science education best practices literature 
and met with STEM education and pedagogy 
experts, (2) conducted a critical review of the 
Biology major curriculum, and (3) revised and 
implemented a new first course utilizing high-
impact teaching practices, training in 
fundamental skills and competencies needed by 
all life scientists, and explicit discussion of the 
relevancy of the science to students’ daily lives.   
 
Our two-year study of best practices (2013-
2015) started with the highly influential AAAS 
document Vision and Change in Undergraduate 
Biology Education: A Call to Action (2011). 
This important document and further readings of 
the pedagogical literature by the Biology faculty 
led to more than a dozen lively meetings during 
the academic year to discuss the issues raised  

F
Figure 1. 2013 comprehensive program review data  
of Loyola Biology majors. 
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and two full-day campus workshops facilitated by national STEM education experts. The 
overarching goal of these meetings, discussions, and workshops was to identify cost-effective 
and high-impact teaching practices to improve recruitment, retention, and student success.  As a 
department, we recognized the need to restructure the curriculum in order to place a greater 
emphasis on the development of fundamental scientific skills and competencies at the earliest 
possible opportunity.  These skills and competencies should be reinforced regularly throughout 
the curriculum and used to explore “real world” problems in biology without sacrificing 
academic rigor.  As noted in Vision and Change, “in addition to understanding concepts, 
undergraduates must have opportunities to develop core competencies to better prepare them to 
practice biology, as well as to address the complex biology-related issues that our society faces.”  

Since the challenge to educators outlined in Vision and Change in Undergraduate Biology 
Education: A Call to Action (2011), and previously with NRC’s BIO2010: Transforming 
Undergraduate Education for Future Research Biologists (2003) (among other influential 
publications), many institutions have published success stories of transformation of courses and 
curricula that have improved their students’ attitudes (e.g., Kowalski et al. 2016; Olimpo et al. 
2016) content knowledge and motivation (e.g., Olimpo et al. 2016),  students’ perceived 
understanding of the scientific process (e.g., Kowalski et al. 2016), and graduation rates and 
degree completion (e.g., Rodenbusch et al. 2016).  These transformations, in particular, have 
included the implementation of classroom/course-based undergraduate research experiences 
(CUREs) into the curriculum.  This form of active learning affords benefits to the students by 
providing them hands-on, novel research experiences and to the faculty by allowing oversight of 
multiple research projects during a given class time.   
 
Relatively small, first-semester leader courses, engaging students in the process of scientific 
inquiry have proven to be one of the most effective and high-impact educational practices 
available. An emerging trend in STEM education is to implement discipline-specific leader 
courses that introduce first-semester college students to the skills and competencies needed to 
promote long-term academic success within the major (e.g., Goldeye et al. 2012). These leader 
courses focus on one or a few exciting topics or themes rather than superficially covering a large 
number of topics. We adopted this model and have implemented a semester-long first course, 
BioInquiry, which emphasizes development of the skills and competencies important for student 
learning outcomes associated with success in biology (Table 1).  BioInquiry engages students in 
the process of scientific inquiry while providing a framework for academic success. Students 
collaborate to design experiments, apply quantitative reasoning to their results, and learn 
scientific communication while exploring a theme that instills awareness of the interdisciplinary 
nature of biology and its relationship to society.  BioInquiry reinforces major biological concepts 
while actively engaging students in the process of scientific discovery during their very first 
semester.   This course also intentionally builds a sense of community among incoming Biology 
majors and seeks to support the diverse backgrounds and educational needs of each student.  
 
Table 1. BioInquiry student learning outcomes (skills and competencies) 
Students will apply critical thinking skills to the experimental design process. 
Students will demonstrate introductory level scientific communication skills. 
Students will demonstrate basic level information literacy. 
Students will demonstrate a working knowledge of selected core concepts in biology. 
Students will learn to compassionately engage with the world. 
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Students will demonstrate knowledge of resources and practices that will support 
academic success in biology. 

 
Since the implementation of BioInquiry in 2015, four different course themes have been 
developed.  All course sections share a common framework of assignments, scientific skills, and 
student learning outcomes, while the theme of each section is determined by the research 
expertise and interests of the instructor.  For example, one section examines arthritis as a major 
cause of disability and as an emerging target for personalized medicine.  Scientific concepts are 
introduced by investigating the structure and function of joints as well as the tissues and cell 
types involved in arthritis.  Discussions and collaborative experiments highlight environmental, 
genetic, and molecular factors that contribute to disease.  In each of the developed courses, 
students gain hands-on experience with research methods and engage in the process of discovery 
through group investigations.   BioInquiry culminates with a collaborative research project and 
student poster session (Figures 2,3).  
 

	 	
Figure 2. BioInquiry students proudly display their research.   Figure 3. BioInquiry poster session. 
 
Importantly, these skills and competencies are being reinforced throughout the curriculum so that 
all students taking Biology courses will benefit. For example, our Cells and Heredity lab now 
includes iterative writing assignments, peer review, and statistical analyses. New and enhanced 
electives utilize active learning strategies and reinforce scientific skills. For example, in 
Parasitology, students work with original research data “discovering” the blood sources of the 
kissing bugs in New Orleans in a simple bioinformatics exercise and comparing the genetic 
diversity and structure of kissing bug populations from Bolivia and New Orleans, and mapping 
the diversity onto topographical maps to understand drivers of population subdivision. And in 
our Animal Behavior course, students conduct novel research on spider communities in a local 
national park.  They then use statistical software to analyze the data and write a scientific paper 
about the experiential learning lab. In these courses data analysis, interpretation, collaborative 
and scientific communication skills are practiced and reinforced. Thankfully textbook publishers 
have integrated active learning, scientific skills and relevant content into Biology textbooks. In 
our second core course, Cells and Heredity, we make extensive use of these resources and 
require chapter study and online homework (such as Mastering Biology) that includes scientific 
skills and current news examples before the content is covered in class.    
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Design or Procedure: 
 
This study analyzing the impact of our new BioInquiry leader course was conducted over three 
years (Fall 2015-Fall 2017) and included 154 declared biology majors enrolled in this course.  
Three biology faculty taught a total of 11 sections during the study period.  The average class 
size was (20, min 8, max 24).  The class was scheduled as two 75 minute meetings per week.   
The majority of the course content was consistent from section to section other than the biology 
content used to teach the scientific process skills. We used in-class assignments to assess student 
learning in experimental design, quantitative reasoning, data analysis and visualization, scientific 
communication, information literacy and collaboration. In addition, we developed and 
implemented a Student Assessment of Their Learning Gains (SALG) survey to provide a pre and 
post student-centered assessment. The SALG is a free evaluation tool that allows faculty to 
gather “learning-focused feedback from students” (https://salgsite.net). Finally, we evaluated 
temporal changes in grades, retention, and graduation in BioInquiry and other core and elective 
Biology courses as part of overall assessment of the Biology curriculum. This paper will focus 
on the results of the SALG data. 
 
During the first and final weeks of the fall semester, students enrolled in this experimental class 
responded to the SALG survey consisting of questions ranging from basic biology content to 
process of science skills, attitudes, and integration of science into learning (Figure 4). Credit was 
given to encourage participation. Analyses of variance (ANOVA) were used to determine if there 
were significant differences in responses to each question pre and post course and among years. 

 
Figure 4. Sample of SALG questions students completed at beginning and end of course. 
 
Analyses and Conclusions: 
Students significantly increased their perceived understanding of all 15 content questions and all 
9 process skills questions (Table 2).  
 
 
 
 
 
 
 
 
 
 

Scale: 1 - NA    2 – not at all    3 – just a little    4 – somewhat    5 – a lot    6 – a great deal 
 

1. Presently, I understand how scientific research is carried out. 
2. Presently, I can make an argument using scientific evidence. 
3. Presently, I am interested in taking additional biology courses after this one. 
4. Presently, I am in the habit of discussing science-related civic or political issues 

informally. 
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Table 2. Subset of questions used on SALG surveys given at beginning and end of semester. Most student responses 
using a six -point scale ranging from 1 (do not agree) to 6 (agree a lot) increased significantly (ANOVA, P<0.05) in 
the second survey. Ns indicates not significant. 
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Persistence (retention) data after one-year following completion of Bioinquiry indicate an 
upward trend in the major and overall at Loyola (Figure 5).  Furthermore, fewer students are not 
only leaving the University, but fewer are leaving the major as well (Figure 6). Anecdotally, 
many have reported in faculty meetings that lab reports, including statistics and overall 
understanding of experimental design, has improved dramatically since the implementation of 
BioInquiry.   
 

	
Figure 5. Percent retention data after one-year following completion of Bioinquiry. 
	

 
Figure 6. Percent student retention data after one-year following completion of Bioinquiry. 
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Contribution:   
 
Student success and matriculation in STEM fields, particularly Biology, is important for many 
reasons, namely to produce health care professionals, research scientists, industry, and 
educational professionals in the discipline.   In addition, to remain competitive internationally in 
STEM fields, we must prepare our graduates with skills necessary for success.  Leader courses 
focusing on the process of science rather than detailed content have been successful at other 
institutions and so far, our results support this as well. 
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