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Abstract
A growing body of literature supports using evidence-based teaching techniques (EBTs) to address STEM education
failures, and outlines key strategies highlighting active teaching and a research framework. Although relatively lowcost public institutions play increasingly important roles in STEM education, there is insufficient knowledge of how
well these strategies work in such settings. Representing the first steps in a long-term plan, we aim to immerse
College of Staten Island undergraduates enrolled in General Biology, a gatekeeper course, in EBT-based classes
focused on evolutionary and biodiversity research. In this lesson each experimental lab section of the General
Biology sequence is incorporating research framed within a seminal scientific theory illuminating the unity and
diversity of living systems. Students are exploring the Theory of Evolution by Natural Selection through ecological
and genetic research on field-collected aquatic biodiversity samples. Our study is testing the following hypothesis:
In comparison to controls, significantly higher student learning gains and satisfaction will occur in courses taught
using EBTs. Outcomes are being evaluated through surveys and course observations. The data will be used to
develop and widely disseminate a transformative and adaptable model to improve STEM education more broadly.
The proposed study will inform the science learning community regarding active learning and research approaches
in STEM education at an urban public university, with applications for other areas. The project will reach
underrepresented groups, lead to a more effective and diverse workforce, address contemporary environmental
conservation issues, and serve as the basis for grant applications.
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Article Context:
Assessment Type
o Assessment of individual student
performance
o Assessment of student groups/teams
o Assignment
o Exam/quiz, in class
o Exam/quiz, take home
o Homework
o Answer clicker-type question(s)
o Answer essay question(s)
o Answer fill in the blank question(s)
o Answer multiple choice question(s)
o Answer short answer questions(s)
o Answer true/false question(s)
o Create a concept map
o Create a diagram, drawing, figure, etc.
o Create a website
o Create graph, table etc. to present data
o Design an experiment or research study
o Design/present a poster
o Give an oral presentation
o Informal in-class report
o Interpret data
o Order items (e.g. strip sequence)
o Participate in discussion
o Peer evaluation
o Post-test
o Pre-test
o Produce a video or video response
o Respond to metacognition/reflection prompt
o Self evaluation
o Solve problem(s)
o Written assignment: One minute paper
o Written assignment: Brochure
o Written assignment: Essay
o Written assignment: Figure and or figure
legend
o Written assignment: Lab report
o Written assignment: Literature review
o Other

Course
o Biochemistry
o Cell Biology
o Developmental Biology
o Genetics
o Microbiology
o Molecular Biology
o Introductory Biology
o Bioinformatics
o Evolution
o Ecology
o Anatomy-Physiology
o Neurobiology
o Plant Biology
o Science Process Skills
Course Level
o Introductory
o Upper Level
o Graduate
o High School
o Other
Class Type
o Lecture
o Lab
o Seminar
o Discussion Section
o On-line
o Other
Audience
o Life Sciences Major
o Non-Life Science Major
o Non-Traditional Student
o 2-year College
o 4-year College
o University
o Other
Class Size
o 1 – 50
o 51 – 100
o 101+

Lesson Length
o Portion of one class period
o One class period
o Multiple class periods
o One term (semester or quarter)
o One year
o Other
Key Scientific Process Skills
o Reading research papers
o Reviewing prior research
o Asking a question
o Formulating hypotheses
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o
o
o
o
o
o
o

Designing/conducting experiments
Predicting outcomes
Gathering data/making observations
Analyzing data
Interpreting results/data
Displaying/modeling results/data
Communicating results

Vision and Change Core Concepts
o Evolution
o Structure and Function
o Information flow, exchange and storage
o Pathways and transformations of energy and
matter
o Systems
Vision and Change Core Competencies
o Ability to apply the process of science
o Ability to use quantitative reasoning
o Ability to use modeling and simulation
o Ability to tap into the interdisciplinary nature of
science
o Ability to communicate and collaborate with
other disciplines
o Ability to understand the relationship between
science and society

Pedagogical Approaches
o Think-Pair-Share
o Brainstorming
o Case Study
o Clicker Question
o Collaborative Work
o One Minute Paper
o Reflective Writing
o Concept Maps
o Strip Sequence
o Computer Model
o Physical Model
o Interactive Lecture
o Pre/Post Questions
o Other

Key Words: List 3 to 10 key words that are relevant for
the Lesson (e.g. mitosis; meiosis; reproduction; egg; etc.)
1. biodiversity; DNA; morphology

Bloom’s Cognitive Level (based on learning
objectives & assessments)
o Foundational: factual knowledge &
comprehension
o Application & Analysis
o Synthesis/Evaluation/Creation
o Principles of how people learn
o Motivates student to learn material
o Focuses student on the material to be learned
o Develops supportive community of learners
o Leverages differences among learners
o Reveals prior knowledge
o Requires student to do the bulk of the work
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Scientific Teaching Context
Learning Goal(s)
•

Students will be familiar with the scientific process, from making an observation through
communicating their results.

•

Students will appreciate local biodiversity.

Learning Objective(s)
•

Students will be able to collect biodiversity samples in the field.

•

Students will be able to use keys, field guides and microscopy to identify these samples
morphologically.

•

Students will be able to sequence DNA from these samples.

•

Student will be able to analyze and present the data.

1

Introduction

2

The introduction should provide the origin and rationale for the design of the Lesson and provide enough

3

background information to allow the reader to evaluate the Lesson without referring to extensive outside

4

material. For complex topics, a Science Behind the Lesson article may be simultaneously submitted with the

5

Lesson, so that potential instructors will have sufficient information to implement the Lesson. Do not forget to

6

reference all appropriate sources relating to any part of the Lesson.

7
8

The need to improve science, technology, engineering, and mathematics (STEM) education in the United States is

9

widely recognized (1–8). Better programs would engage, retain, and train more students, including from

10

underserved communities, allowing them to meet changing and unfilled market demands and achieve professional

11

aspirations. One area sorely needing improvement is undergraduate biology education, given the rapid changes both

12

in the field and in student body composition. Traditional large lecture classes or outdated laboratory experiences

13

focused on rote memorization of entrenched, disconnected, and outdated concepts fail to adequately prepare many

14

biology students for the complex, multidisciplinary, and technological demands of the competitive and evolving

15

modern world. Many of our increasingly economically and ethnically diverse students are not being updated with

16

respect to novel research and issues, or provided with the cross-disciplinary and critical thinking skills required to

17

handle complex 21st century demands. These range from processing massive amounts of data now available through

18

revolutions in genomics and bioinformatics, to keeping up with breakthroughs in neuroscience, to addressing

19

pressing environmental concerns and developing complex models of climate change (1–3).

20
21

To address the issue, the American Association for the Advancement of Science produced Vision and
Change in Undergraduate Biology Education A Call to Action (2), a unified expert strategy that supports
4

22

undergraduate research and other evidence-based teaching (EBT) techniques. EBT approaches are those shown

23

through research to improve learning gains (2, 9, 10). They include hands-on, inquiry-based, and student-active

24

methods that are grounded in the scientific process and build critical thinking skills, and other strategies outlined in

25

Vision and Change. With current economic trends and skyrocketing private education costs, and despite budget,

26

personnel, facilities, and other limitations, the importance of public institutions offering a low-cost education in this

27

regard is rapidly increasing.

28
29

The City University of New York, College of Staten Island (CUNY, CSI). CSI is the sole public higher

30

education provider in this New York City borough. The College offers associates, baccalaureate and master's

31

degrees, and in 2013 enrolled over 13,000 undergraduates. CSI is composed mostly of ethnically diverse, first-

32

generation college students working and/or receiving financial aid, and not yet acculturated to the demands of higher

33

education or STEM. As revealed by the Office of Institutional Research and Assessment, 52% of undergraduates are

34

in their family’s first generation to attend college. Students’ birth countries include 132 nations. Non-Caucasian

35

ethnicities comprise about 43.5% of the student body, with major ethnic groups of 13.6% African American, 16.4%

36

Hispanic/Latino, and 12.4% Asian/Pacific Islander leading to a US News and World Report ethnic diversity index of

37

0.54. Most (69.2%) of our full time undergraduates work and receive financial aid (~65% in-state; ~56% out-of-

38

state).

39

Undergraduate biology teaching at CSI has many strengths, but there are also definite opportunities for

40

improvement through alignment with Vision and Change. The yearlong introductory General Biology sequence

41

consists of a lecture and paired lab. At CSI all of the ~670 biology undergraduates are required to take General

42

Biology. With this diverse student body, which encompasses highly variable study habits and attitudes, comes the

43

significant instructional challenge of differentiated learning (11). To assess challenges facing students and faculty,

44

we carried out informal student surveys. Issues needing improvement that were commonly cited by students

45

included: that the lecture courses often contain too much information and details requiring memorization with no

46

cohesive organizing framework, that long PowerPoint lectures and outdated labs do not teach them much, and that

47

the lab and lectures seem disconnected.

48

A suite of experiences with EBT techniques have led CSI’s Biology Department to recognize the

49

motivational power of research and active learning for addressing these issues and enhancing experiences of STEM

50

students. Evolution, the unifying idea that makes sense of biology (12), explains how the world’s biota evolved over

51

millions of years and how this shapes today’s ecosystems, creating a space to situate humanity within the natural

52

world. Our planet is facing a major biodiversity extinction crisis that is disrupting ecological and evolutionary

53

processes and significantly harming humans and wildlife alike. Evolution’s deep-time framework provides a

54

context for understanding biodiversity and human impact on the environment. The framework of evolution gives

55

meaning to biodiversity as something beyond an array of disparate creatures by demonstrating that all of the eclectic

56

and varied forms of life share a common history. The power of evolution to position everyday life as part of the rest

57

of the living world brings out the ecological underpinnings of daily activities, which are often missed by students.

58

Like many other people around the world, CUNY students live in highly urbanized settings, where they are largely
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59

disconnected from nature (13). This removal can, in itself, hinder understanding, appreciation, and stewardship of

60

biology and the environment. In this unique lesson we draw on our own expertise with evolution, biodiversity, and

61

conservation to design a program that, complemented by the ethnic and economic diversity of our urban student

62

body, may serve as a case study with applications for other institutions.

63
64

Intended Audience

65

First-year students, biology majors.

66

Required Learning Time

67

Three three hour labs sessions.

68

Pre-requisite student knowledge

69

General Biology prerequisites such as Math and English.

70

Scientific Teaching Themes

71

Active Learning

72

We will use EBT techniques to meet the objectives outlined above and improve STEM learning gains. These

73

include hands-on, real-world, inquiry-based, and student-active learning methods that incorporate cutting-

74

edge technology, are based on the scientific process, and build critical thinking skills (2, 14–19). In order to

75

make the research more meaningful to students and enhance their learning gains, we will place science in the

76

context of everyday concerns and select local research sites that students can visit (2, 13, 20, 21). Learning

77

gains will be assessed using validated surveys and course observations (22). The proposed objectives are

78

being achieved as follows:

79

A.

Immerse General Biology undergraduate students in EBT-based classes with biodiversity and

80

evolution research. Each experimental lecture and lab section of the General Biology sequence

81

will incorporate a research theme framed within a seminal scientific theory illuminating the

82

unity and diversity of living systems. Students will explore the Theory of Evolution by Natural

83

Selection (23, 24) through ecological and genetic characterization of field-collected biodiversity

84

samples. Students will further be exposed to current research pertaining to additional core

85

content topics through CSI faculty presentations, science videos, and/or peer-reviewed

86

publications. Lab and lecture classes will be closely coordinated.

87

General Biology lab students will be introduced to biodiversity identification through short lectures,

88

discussions, and reading 2 peer-reviewed papers. Each lab section will visit a conservation biology field site,

89

participate in a field experience, take probe measurements, and collect environmental or individual samples

90

for DNA analysis. Working in small groups, each class will then carry out DNA extractions, after which

91

products will be sent out for professional sequencing. Students will then analyze the data in the context of
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92

environmental measurements taken in the field (pH, temperature, etc.), and submit a poster for presentation

93

at the CSI Undergraduate Conference. The remaining lab classes, which involve biodiversity surveys, will be

94

grounded in the scientific process. They will also include microscope-based morphological identification of

95

samples collected in the field by the students. In each class, introductory material will be presented and

96

discussed, along with the Methods being used for that survey. Students will formulate and test hypotheses.

97

Results will be obtained, and data discussed.

98
99

Assessment

100

The formal evaluation procedures allow assessment of factors contributing to student success. Student evaluations

101

based on CURE (Classroom Undergraduate Research Experience) (18, 25) surveys will be used. These surveys were

102

designed and validated by Dr. Daniel Lopatto and colleagues to measure learning gains from undergraduate

103

research (18, 25–27). The CURE survey involves pre- and post-tests that evaluate learning gains before and after

104

undergraduate research experiences in the classroom. Sample questions regard plans for graduate education,

105

effects of research experiences on career plans, research experiences, skills gained, and reflections about the

106

scientific process. Additional evaluations will be used to compare experimental and control classes, including

107

course observations (adapted from (22)).

108
109

Inclusive Teaching

110

This project will integrate research and education to address STEM failures in reaching underrepresented groups.

111

Our activities will lead to a more effective and diverse workforce by producing more qualified students. CSI and

112

CUNY have long traditions of engaging students from underrepresented groups, such as women, minorities or

113

persons with disabilities, in education. Many of our students will participate in the research in their classes.

114

Exampls will also be given of diverse scientists. Education, training and dissemination will also be advanced

115

through presentations at professional conferences. The research will be disseminated through websites, research

116

networks, and peer-reviewed publications.

117
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