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Source: Institution for Education Sciences Request for Applications 2017



Logic Model

Inputs Activities Outputs Outcomes
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Models & Theories for ESS Research

OUTPUT:
How has Earth changed?

PROCESS: 
What is happening to Earth?

INPUT: 
What does Earth look like?

PREDICTIVE

OUTPUT: 
What DID Earth look like?

INPUT:
What does Earth look like?

PROCESS: 
What HAPPENED to Earth?

RETRODICTIVE

from Libarkin, 2017



Models & Theories for Education Research

Modified from Astin (1991) I-E-O model , from Libarkin, 2017

INPUT: 
What does 
learner/environ 
contribute?

OUTPUT:
How has learner changed?

PROCESS: 
What is happening to learner?

INPUT: 
What does learner 
contribute?

OUTPUT:
How has learner changed?

ENVIRONMENT: 
What does environment 
contribute? (includes 
process)

STUDENT DEVELOPMENT THEORIES

LEARNING THEORIES



Models & Theories for Education Research

INPUT: 
What does 
learner/environ 
contribute?

OUTPUT:
How has learner changed?

PROCESS: 
What is happening to learner?

INPUT: 
What does learner 
contribute?

OUTPUT:
How has learner changed?

ENVIRONMENT: 
What does environment 
contribute? (includes 
process)

STUDENT DEVELOPMENT THEORIES

LEARNING THEORIES

BEHAVIORISM (Skinner, Bandura, Pavlov)
COGNITIVE CONSTRUCTIVISM (Piaget, Bruner)
SOCIAL CONSTRUCTIVISM (Vygotsky)

INTELLECTUAL AND ETHICAL DEVELOPMENT (Perry)
IDENTITY DEVELOPMENT (Chickering)
STUDENT INVOLVEMENT (Astin)

from Libarkin, 2017



Practical Answer

• What is the problem or question?
• Why is your approach to solving the problem or answering the 

question feasible?

Lederman & Lederman, 2015



STEM Ecology Framework

Traill & Traphagen, 2015

Corin et al., 2017



STEM Identity

Herrera et al., 2012

Model of multiple social 
identities, Jones & 

McEwen, 2000 Model of science 
identity, Carolone & 

Johnson, 2007



http://cires.colorado.edu/outreach/LOCC

Contact:
Anne.U.Gold@Colorado.edu

Lens on Climate Change Project
CIRES - Cooperative Institute for Research in Environmental Sciences 

Award number DLR -1513320

mailto:Anne.U.Gold@Colorado.edu


STEM Evaluation and Research 
Frameworks
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The BIG Goals

1. Capture student interest

2. Build career awareness 

3. Build critical skills and student perceptions 



Your average science classroom...

(iStockphoto)



Your average science classroom...

(iStockphoto)

Data from PISA 2007

66% of students value 
learning about science



How interested are high school 
students in learning about health?



How interested are high school 
students in learning about health?

98% of students value 
learning about health



Scientific and health literacy needs 
are shifting
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Workforce preparation

High Skill Level Jobs

Workforce 
Preparation

9 out of 10 bioscience jobs are in health



Our approach

Integrate STEM literacy 
and career awareness

Do something real and meaningful from the 
perspective of a career role!



Technology built for multi-role  
interrupted case studies 

Context  - Students work 
together to design a new drug 
to combat HIV. 

Roles - Students are each given 
a distinct role as a member of a 
drug discovery team.

Instructional approach -
Interrupted case study  
• Team based problem solving
• Deliberation / collaborations
• Data analysis (skill)
• Communication 



Social Cognitive Career Theory (SCCT): 
a framework for building and measuring 

STEM career selection

Social Cognitive Career Theory (SCCT) as a framework for building and measuring STEM career selection: This model is adapted from Lent et al., 
2013. 



Pros and cons of our model
• Pros:

– Models collaboration as actual scientists practice
– Engages different skillsets and professional training to model product 

development
– Presents multiple decision factors that go into product development -

science is just one of them
– Models the importance of STEM literacy rather than STEM expertise as 

critical to participate in tomorrow’s economy

• Cons:
– Might raise instructor eyebrows with too little hard science content
– Requires a collaborative learning context, not all schools foster this
– Participant populations may/may not relate to disease of study, 

depending on location - issue of relevance



Socio-Environmental Science Investigations:
Pedagogical Frameworks and Design 

Principles

DRL-1614216

Alec Bodzin, Lehigh University

2018 ITEST Principal Investigator and Evaluator Summit 



Socio-Environmental Science 
Investigations (SESI)



Pedagogical Frameworks





Design Principles



Professional Development



Adapting and Implementing a Geospatial 
High School Course in Career and Technical 
Education Clusters in Urban Settings
(SPREAD)

Steven McGee, The Learning Partnership
David Uttal, Northwestern University

Bob Kolvoord, James Madison University
Carolyn Jourdan, Chicago Public Schools





Geospatial 
Semester 
Curriculum











Collaborative Research: Connected STEM 
Promoting STEM Education through 

Connected Devices and Building Automation

Michael D. Johnson 
Emel Cevik

Jenn Whitfield
Jay Porter

Joe Morgan
Mathew Kuttolamadom

Bugrahan Yalvac
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Populations

Teachers

Students

Camp Students

Traditional Class Students

Dual Credit Students
Parents



Method - Teachers
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Data
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Engineer 
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Design, 
Engineering, 

and 
Technology [1]

Teacher 
Efficacy and 
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1
Implementation
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• Perception
• Efficacy



Method – Students (non Dual)
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Intervention 1
Camp/Class

2

Data

Draw an 
Engineer 
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Efficacy and 
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• Efficacy



Method – Dual Students
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1
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Method – Parents

June 1, 2018
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Intervention

Data

1
Camp or Classroom 

Intervention –
Presentation or 

Family STEM Night 
2

Pre/Post 
Student 

Perception

STEM 
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[4]

STEM
• Awareness
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Science Learning Activation: 
Positioning Youth for Success

ITEST PI Summit: May 14-15, 2018



Guiding Question

What positions youth 
for success in science learing?



Scientist/ Engineer

Other STEM Career

Other Career

STEM Literacy
critical thinking, 
evidence based 

decision makers, 
engaged citizens

Success

Science learning activation =
A composition of dispositions, skills, and knowledge that 
enables success in proximal science learning experiences. 

Activation

Theory of Activation



SuccessActivation
Choice

Perceived Success

Values

Fascination

Scientific Sensemaking

Competency Beliefs

Learning

Theory of Activation

Engagement



Science Activation Dimensions
Fascination
A person’s emotional and cognitive attachment with science topics and tasks. 

Values 
The degree to which a person values science, including the knowledge learned 
in science, the ways of reasoning used in science, and the role that science 
plays in families and communities.

Competency Beliefs 
The extent to which a person believes that s/he is good at science.

Scientific Sensemaking
The degree of engagement with science-related content as an activity of 
constructing explanations across representations, using methods generally 
aligned with the practices of science (questions, experiment, evidence, 
explanation, and nature of science).



Success Dimensions
Choice 
Choosing to participate in the next science learning opportunity (e.g. camp, 
museum visit, watching a science program). 

Engagement 
Includes affective, behavioral, and cognitive components (e.g. excited about 
materials, doing the science activities at hand, and thinking about science ideas).

Perceived Success
Feeling successful in completing science learning tasks in absolute and relative 
terms.

Learning
Achieving the learning goals for a particular science experience.



Interactive Cycle

Fascination
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Competency 
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Fascination

Values

Competency 
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Learning



Thanks!

Mac Cannady
mcannady@berkeley.edu
www.activationlab.org/research



Emerging STEM Evaluation and Research Frameworks:

Student Innovation Experiences Related to 
STEM Self-Efficacy and Research Confidence

Melissa K. Demetrikopoulos, Ph.D.
External Evaluator

Chair, Program Development and Evaluation
Institute for Biomedical Philosophy

iSTEM - Innovative Science, Technology, Engineering and Mathematics Strategy Project: 
Encouraging STEM Careers through Innovation
Cynthia E. Trawick, Ed.D. Principal Investigator, 

Willie S. Rockward, Ph.D.  &  Tiffany R. Bussey, D.B.A. Co-Directors
Jamie P. Clayton, M.Ed. Program Manager

Morehouse College
Atlanta GA 

Funded through the National Science Foundation ITEST grant  (DRL-1512957)



Funded through the National Science Foundation ITEST grant  (DRL-1512957)

Innovation 
Experiences

Entrepreneurship
Experiences

Technology 
Experiences

Vocational 
Interests

STEM Self-
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STEM Career 
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Funded through the National Science Foundation ITEST grant  (DRL-1512957)

Innovation 
Experiences

Entrepreneurship
Experiences

Technology 
Experiences

STEM Self-
Efficacy

Research Team 
Confidence

Research Leader 
Confidence

• Overall STEM Self-Efficacy
• Science Self-Efficacy
• Math Self-Efficacy
• Technology Self-Efficacy
• Problem Solving Self-Efficacy
• Innovation Self-Efficacy

• Cooperate as a team member
• Easily take orders and follow instructions
• Ability to function on a team
• Can provide strong support for other members
• Know how to be a good team member

• Know what it takes to be a good leader
• Help team accomplish goals
• Ability to influence a team
• Know how to encourage good team performance
• Allow other team members to contribute



Funded through the National Science Foundation ITEST grant  (DRL-1512957)

Vocational 
Interests

STEM Self-
Efficacy

Research Team 
Confidence

Research Leader 
Confidence

INNOVATION
• Inventing 
• Designing 
• Building or Constructing 
• Problem solving 
• Creating 
• Innovating 
• Change the World 
• Try new things 

ENTREPRENEURSHIP
• Selling or promoting 
• Work as part of a team 
• Leading a team 

TECHNOLOGY
• Programming 
• Using technology:

o as part of a school assignment 
o as part of a job 
o for fun 



Funded through the National Science Foundation ITEST grant  (DRL-1512957)

Vocational 
Interests

STEM Career 
Choices

I Would like to be a scientist
I Could be a scientist
Scientist is a good career choice

I Would like to be a mathematician
I Could be a mathematician 
Mathematician is a good career choice

I Would like to be an engineer
I Could be an engineer
Engineer is a good career choice
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