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Students Today: Sounds 
Familiar?

• ____ first-year students often struggle, even 
though they are academically strong

• Professors lament students’ ineffective study 
behaviors and poor performance

• Students’ history of success may be creating 
obstacles

• Not used to having to work hard to learn
• Resistant to adapting because high school 

strategies were so successful (though no longer)



Goals

• To argue that the implementation of best 
practices in teaching aids the success of  
students in college. 

• To familiarize attendees with the concept 
of Scientific Teaching.



Learning Outcomes

• The Participants will be able to:
– Define Scientific Teaching
– Name at least two active learning techniques 
– Explain Bloom’s Taxonomy of Learning 
– Implement backward design in courses.
– Name two forms of assessments
– Begin assembling an action plan that leads to 

departmental and institutional  transformation in 
pedagogy by using Scientific Teaching





The Skills Gap and the Seven Skill Sets that Employers 
Want: Building the Ideal New Hire

1. Teamwork

2. Communication, communication, communication

3. Quantitative and analytical skills/critical thinking

4. Creativity and problem solving in the real world

5. The ability to keep up in a rapidly changing world…

6. Time management

7. Diversity and cultural awareness



Think-Pair-Share
and 

Student Response Systems



What is Think-Pair-Share?

Teacher poses a



Student Response Systems

https://www.polleverywhere.com/ https://tophat.com/



Evidence-Based Practices 
in Instruction



“Active Learning Should be the Central Dogma of 
Science Education”

The effect sizes indicate that on average, student performance on examinations 
and concept inventories increased by 0.47 SDs under active learning (n = 158 
studies), and that the odds ratio for failing was 1.95 under traditional lecturing (n = 
67 studies). These results indicate that average examination scores improved by 
about 6% in active learning sections, and that students in classes with traditional 
lecturing were 1.5 times more likely to fail than were students in classes with active 
learning. 



Highly structured course designs benefit
all students, but especially disadvantaged students.



On average, how learner-centered is your 
classroom? Learner

Centered
Instructor
Centered

Each person should place a line on the spot that 
represents where you feel you would fall on this 
continuum from learner to instructor centered.



Think-Pair-Share

What is student-centered 
teaching?



What is student-centered teaching?

Student-centered teaching methods shift the 
focus of activity from the teacher to the 
learners. An emphasis is placed on student 
engagement



Think-Pair-Share

What is student engagement?



Student Engagement
• Degree Attention, curiosity, interest, optimism, and passion 

that students show when they are learning or being taught.

• Affects level of motivation they have to learn and progress in 
their education.

• Learning improves when students are inquisitive, interested, 
or inspired

• Learning tends to suffer when students are bored,
dispassionate, disaffected, or otherwise “disengaged.”

http://edglossary.org/student-engagement/

http://edglossary.org/student-engagement/


What does this figure communicate to 
you?



National Research Council 1999

1. Learning builds on prior knowledge (must address 
students’ misconceptions)

Findings Include:

2.  Making sense of factual knowledge requires a strong 
conceptual framework.

3.  Learning is enhanced by the practice ofmonitoring 
it (metacognition)



Metacognition
The ability to:
• think about thinking
• be consciously aware of 

oneself as a problem 
solver

• to monitor and control 
one’s mental processing

• to be aware of the type 
of learning that you are 
doing



Scientific Teaching
A student-centered approach



• the classroom should reflect the process of science – evidence based
• the classroom should capture the rigor, iterative nature, and spirit of 

discovery of science at its best
• the content should be scientific
• the classroom should include all students

What is Scientific Teaching?

Handelsman et al., 2004 Science 304:521-522. 

Approach teaching as a scientist: 
• read the literature
• set specific learning objectives
• measure the results
• improve course design based on outcomes results 



Collecting Classroom Evidence

Active
Learning

Assessment

Equity
and

Diversity

Scientific Teaching Framework



Active Learning

How can we get our students actively engaged 
with the content and process of science?



Assessment

How can we measure how well our teaching is 
working?



How can we make our classroom activities inclusive of all
students, regardless of backgrounds, to benefit 
maximally from the richness of student diversity?

Diversity



What is the point of class?



What do you want them to get out of class?



Major Elements of Scientific Teaching

• Active learning

• Assessment

• Diversity



Active Learning



What is Active Learning?

• The process of having students:
– Engage
– Reflect
– Think
– Problem solving



Where does Active Learning 
fit in?

Learning
Goals and 
Objectives

Students 
Demonstrate 

Mastery

Active Learning



Critical Thinking skills (higher 
level)

Science content knowledge 
(lower level)

Think like a scientist

Expertise

New connections

Participation

Engagement

Attention

The Roles of Active Learning



When and how do we start 
designing a course containing the 
elements of scientific teaching?



Communicating to students

At the beginning of a course, how do we 
(traditionally) communicate with students 
about the content of the course?



How have you typically prepared for teaching a 
class  or how do you think faculty typically 

prepare for a class?

• Shout it out!



Annual Reviews

Traditional and Backward Design  



Backward Design – The Scientific Teaching Approach

Adapted from Wiggins and McTighe (1998)

Goals Assessment Instruction

What should 
students know, 
be able to do?

Identify desired 
results & Determine 
acceptable evidence

What evidence will 
we accept?

Data on learning & 
Feedback given

How can we  
best prepare 
students?

Planned learning 
experiences and 
instruction

Communication Data Experiment



Backward Design: Planning

Backwards Design: Implementation

Goals Assessment Instruction

Goals Instruction Assessment

Assessments communicate to 
students priorities for their learning.





Learning Goal: Broad description of what students will 
understand and learn: not necessarily assessable with single 
question.

Example: Understand how chromosomes align and 
separate during the process of meiosis (the production of 
sperm/egg cells) 

Learning Objective: specific, action-oriented description of what  
students will be able to do: assessable.

Example: Predict the probability of a certain phenotype 
among children of two individuals, one with a sex chromosomal 
abnormality

Terminology review



What is your level of experience with learning 
objectives?

A. I didn’t know what they were until today
B. I am familiar with them but have not used them in my 

courses.
C. I write learning objectives for my courses and use 

them only for myself.
D. I write learning objectives for my courses and share 

them with my students.



How do we communicate our intent meaningfully?

A tool for classification: 
Bloom’s taxonomy

What is it?



Bloom's Six Levels of Understanding 



1. Remember: arrange, define, duplicate, label, list, memorize, name, order, 
recognize, relate, recall, repeat, reproduce state. 

2. Comprehend: classify, describe, discuss, explain, express, identify, indicate, 
locate, recognize, report, restate, review, select, translate, 

3. Apply :   apply, choose, demonstrate, dramatize, employ, illustrate, interpret, 
operate, practice, schedule, sketch, solve, use, write. 

4. Analyze: analyze, appraise, calculate, categorize, compare, contrast, criticize, 
differentiate, discriminate, distinguish, examine, experiment, question, test. 

5 and 6: 
Evaluate: appraise, argue, assess, defend, estimate, judge, predict, rate, select, 

support, value, evaluate. 
Create: compose, construct, create, design, develop, formulate, manage, 

organize, plan, prepare, propose, set up, write. 

Higher
Order

Verbs that don’t communicate well
“Understand”
“Realize”
“Be aware of”





Genetics Syllabus

-DNA replication and the Central Dogma (Review)
DNA replication
Transcription
Translation

-Principles of heredity: how traits are transmitted
Alleles
Dominant and recessive traits

-The chromosome theory of inheritance
Meiosis

-Linkage and recombination

Etc.

What is wrong with 
this mode of 
communication?



Syllabus

Transcription

Learning Objectives - be able to:

•Define transcription.
•Name the enzyme that catalyzes it.
•Distinguish between transcription and translation.
•Compare transcription in bacteria and eukaryotes.
•Diagram a DNA duplex in the process of transcription 
showing base-pairing and strand polarity for all 
polynucleotides.  



One Method for Thoughtfully Integrating 
Active Learning Into a Class:

The 5E Model
Engage
Explore
Explain

Elaborate
Evaluate





Strategies for Using the 5E Model 
in Your Teaching

• Start your class/lesson with something that Engages 
students and Elicits their prior knowledge.

– Questions are your friend! What do you already know about (today’s topic)? How is 
(today’s topic) relevant to your everyday life? A challenge statement based on a 
common misconception about the topic…

– Demonstrations, personal stories, a current events…

• Allow for Exploration before you Explain or give mini-
lectures.

– consider placing mini-lectures in the middle or at the end of a lesson
– recognize post-activity discussions as a time to explain information, when students are 

most interested and the information is most relevant
– be selective in what questions you answer during the exploration phase of a lesson

• Collect some form of assessment/ Evaluation from 
your students every class.

– minute paper or drawing at beginning and/or end of class that pertains to the lesson 
and aligns with your goals for that lesson

– personal reflection on what they learned (What did you learn today?)



Examples of Active Learning Methods
• Two Minute Paper
• Student-generated test questions 
• Problem-Based Learning (PBL)
• Think-Pair-Share
• Flipped Classroom

Angelo, T.A. & Cross, K.P.  (1993). Classroom Assessments Techniques: A Handbook for
College Teachers.



Major Elements of Scientific Teaching

• Active learning

• Assessment

• Diversity



Assessment



Assessments communicate your intent



THE MONTILLATION OF TRAXOLINE
It is very important to learn 
about traxoline. Traxoline is a 
new form of zionter. It is 
montilled in Ceristanna. The 
Ceristannians found that they 
could gristerlate large amounts 
of fervon and then bracter it to 
quasel traxoline. This new, more 
efficient bracterillation process 
has the potential to make 
traxoline one of the most useful 
products within the molecular 
family of lukizes snezlaus.

QUIZ:
1. What is traxoline?
2. Where is it montilled?
3. How is traxoline

quaseled?
4. Why is traxoline

important?

• An exam communicates what the instructor cares about
• If you test them on fact-based knowledge, then that is what they will study! 



THE MONTILLATION OF TRAXOLINE
It is very important to learn about 
traxoline. (1)Traxoline is a new form 
of zionter. (2) It is montilled in 
Ceristanna.  (3)The Ceristannians
found that they could gristerlate
large amounts of fervon and then 
bracter it to quasel traxoline.  
(4)This new, more efficient 
bracterillation process has the 
potential to make traxoline one of 
the most useful products within the 
molecular family of lukizes snezlaus.

QUIZ:
1. What is traxoline?

a. Traxoline is a new form of zionter
2. Where is it montilled?

a. It is montilled in Ceristanna
3. How is traxoline quaseled?

a. The Ceristannians found that 
they could gristerlate large amounts 
of fervon and then bracter it to 
quasel traxoline

4. Why is traxoline important?
a. It is a new  and more efficient 

bracterillation process

• An exam communicates what the instructor cares about
• If you test them on fact-based knowledge, then that is what they will study! 



Different kinds of Assessments

• Summative assessments: Measures the level of success or proficiency 
that has been obtained at the end of an instructional unit, by comparing it 
against some standard or benchmark.
• Exams, papers, presentations
• Typically occur at the end of teaching
• Usually part of grade for the class

• Formative assessments: Gathers feedback that can be used by the 
instructor and the students to guide improvements in the ongoing teaching 
and learning context.
• In-class work, homework, pre-class online assignments
• Can be for a grade or for participation



Learning Goal Learning Objective
(content + behavior)

Summative Assessment
(exam question)

What will students 
learn?

If they have learned it, 
what will students 
know and be able to 
do?

How will students demonstrate they 
know it or are able to do it?

Students will 
understand the 
transfer of 
information from 
DNA to proteins

Deva has cystic fibrosis. By looking at 
this section of her DNA sequence and 
comparing it to her mother’s DNA 
sequence, find her mutation, and predict 
the amino acid sequence that will result. 
Suggest a different DNA mutation in the 
same codon that would NOT have 
resulted in cystic fibrosis

Predict changes in 
amino acid sequences 
caused by mutations

Alignment: example



Learning Outcomes Review



Learning Outcomes

• The Participants will be able to:
– Define Scientific Teaching
– Name at least two active learning techniques 
– Explain Bloom’s Taxonomy of Learning 
– Implement backward design in courses.
– Name two forms of assessments
– Begin assembling an action plan that leads to 

departmental and institutional  transformation in 
pedagogy by using Scientific Teaching



Design a Course: In Practice

What is environmental science? Environmental science is the science of the 
interactions between the physical, chemical, and biological  components of the 
environment, including their effects on all types of organisms but more often refers to 
human impact on the environment.

Introduction to Environmental Studies:

"Environmental Studies" requires insights from many disciplines, including the social 
as well as biophysical science and the humanities. This introduction offers an overview 
of the field, examining both our planet and the ways in which we humans depend on 
it.



Designing a course
Using the Framework for a Teachable Unit

Title of Course:

Learning Goals:  Broad description of what students will understand and learn: not 
necessarily assessable with single question.

Learning Outcomes: What will the students know, understand, and be able to do?
What performances or behaviors will indicate achievement of the goals?
Use measurable verbs to address Bloom’s Taxonomy low and high cognitive skills

Assessment: How will students and instructors gauge learning throughout the unit?
Use formative and summative assessments

Activities: What will students and instructors do to engage a diversity of students in 
achieving the goals?

Scientific Teaching: How does the teachable unit address?
Diversity
Active Learning
Assessment



Recommendations
• PULSE web site-

http://www.pulsecommunity.org/

http://www.pulsecommunity.org/
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