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A five-year community effort to improve 
geoscience literacy and build a 
workforce prepared to tackle 

environmental and resource issues 

http://serc.carleton.edu/integrate
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Increasing the focus on addressing societal issues in geoscience; increasing geoscience in other areas that address environmental and resource issues
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Courses Using ITG Materials
Includes 438 instructors teaching 718 courses
in 10 department disciplines in 45 states
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InTeGrate Implementation Programs Progress
currently 16 programs in progress or completed

2013 2014 2015 2016 Today

Presenter
Presentation Notes
Each year represents the farthest point reached by each program, based on proposal queue, contracts, data collection, IP program workspaces, and enlivening dates of each site.

Selected – the year in which they submitted proposals but were not under contract
Program Planning – from the beginning of their contract until the first action happened (course implementations or workshops)
Implementation of Materials – from the first date of data collection (or other program activities) to the last 
Program Synthesis – the time in which the team worked on bringing together their data in order to write up the pages
Program Published – when the pages were enlivened 




Building a portfolio of examples
• Demonstrating programmatic changes
• Diverse approaches, grown organically from a 

variety  of institution types
• Multiple solutions that are tailored to 

institutional culture
• There is no one size fits all. There are common 

elements



http://serc.carleton.edu/91212
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Presentation Notes
Interdisciplinary programs, majors or certificate programs with a strong geoscience component designed to prepare students for careers addressing challenges of sustainability;
Programs that engage students with issues of sustainability and their scientific underpinnings and provide a continuous pathway from high school to a STEM degree;
Programs that increase the enrollment and graduation of students from underrepresented  groups to broaden access in the geosciences;
2Programs that broaden access to science by introducing geoscience across the liberal arts curriculum;
7 Inter-institutional programs that bring geoscience into courses at institutions without geoscience faculty including minority-serving institutions and 2YCs;
3 Programs that strengthen the role of geoscience in the preparation and professional development of K-12 teachers, including but not limited to Earth science teachers;
10 Programs that introduce or strengthen the role of geoscience in the preparation of STEM majors outside of the geosciences.
4 Programs that facilitate the transition from college or university to the workforce.




Proportion of course ITG material 

0-10 % 11-20% 21-50 % 51-100%

n =71



Adaptations

• Different format: LMS to online, web to paper
• New examples: local maps or cases
• Custom assessment: developed new rubrics, 

essays or exam questions
• Many examples of using part of a module, or 

combinations of parts from several modules 
to enhance or ‘infuse’ an existing course. 
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Presentation Notes
IP responses: n=50, representing 7 IPs 
MD responses: n=46


It has influenced the. . .
A. manner in which I plan my courses
B. manner in which I design/develop courses
C. ways in which I think about student learning
D. types of pedagogies I use in the classroom
E. strategies I use for working with students from a range of cultural and educational backgrounds
F. ways I assess students' learning
G. content I use in my courses
H. topics I emphasize in my courses
I. the learning goals of my courses





This work is supported by a National Science Foundation (NSF) collaboration between the 
Directorates for Education and Human Resources (EHR) and Geosciences (GEO) under grant DUE - 1125331

Materials 
Development

Implementation 
Programs

Assessment
Program Evaluation

Professional 
Development

Website, Project Office

A Systems Model for Transformation of 
Individuals, Institutions, and the Geoscience 

Community



This work is supported by a National Science Foundation (NSF) collaboration between the 
Directorates for Education and Human Resources (EHR) and Geosciences (GEO) under grant DUE - 1125331

HBCU Geoscience Working Group 

Felicia Davis and Richard Schulterbrandt Gragg
Co-Chairs



HBCU Geoscience Working Group

Vision
Black students are Earth literate systems thinkers, 
advancing environmental justice and climate 
solutions to mitigate societal impacts.

Mission
Promote geoscience literacy, education and 
research among HBCUs and the communities they 
serve. 



InTeGrate HBCU Involvement

2015-16

•EJ Workshop
• Implementation
•Savannah State
•Claflin

•Course/Modules
•Lead
•FEWS

Rendezvous 2016

•HBCUs Meet
•Dialogue
•Consensus
•Goals
•Planning

HBCU Geoscience
Working Group

•NABG Conference
•GeoPaths
•Workshops
•Module Testing
•Rendezvous 2017



HBCU InTeGrate Participants

Central State University
Claflin University

Clark Atlanta University
Hampton University
Howard University

Florida A&M University
Fort Valley University
Morehouse College
North Carolina A&T

Savannah State University
Spelman College

Tennessee State University
Tugaloo University

and more

Presenter
Presentation Notes
Map represents the distribution of HBCUs nationally. List includes the schools working with the InTeGrate working group. 



RESULTS
 HBCUs are now represented and fully engaged in all aspects 

of the InTeGrate program
 Individual Faculty members benefit from workshops and 

collaboration positively impacting curriculum content & 
classroom delivery

 Expanded network of HBCU faculty knowledgeable about 
InTeGrate platform, curriculum materials and training 
opportunities now sharing with colleagues increasing 
participation and leadership (Deans) interest

 Rich collaboration across institutional types and disciplines
 Above all positive outcomes for HBCU students
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Measuring the impact of InTeGrate
on student learning

Geoscience Literacy Exam
Interdisciplinary Problem Solving essays

Systems Thinking essays
InTeGrate Attitudinal Instrument

David Steer, Kim Kastens, Ellen Iverson, Lisa Gilbert



Geoscience Literacy Exam 
Questions

• Developed for two purposes
– Used to compare student populations pre/post
– First order gauge content knowledge gain

• Set of 8 multiple choice questions related to 
major literacy documents (2 from each)

• Questions asked in pre/post mode to all 
InTeGrate student participants (n=2395)

• Two control populations (n=648)
– Initial - University of Akron students in General 

Education Earth Science Courses from 2012-13 and 
Two-year College Students in 2014 (n = 286)

– Recent - Research group in Fall 2015 (n = 362)

Presenter
Presentation Notes
GLE is 8-questions (two related to major concepts in each of four literacy documents: Earth Science, Oceans, Atmosphere, Climate) from a set of 60

Data from materials developers and implementation programs starting in 2013 through 2016.






InTeGrate improves geoscience literacy 
exam knowledge compared to initial 

control
InTeGrate group (n=2,395; p<<0.001)

Yes - Significant gains on these questions 
(+10% normalized gain)

Initial Control group without InTeGrate
instruction (n=286; p=0.1)

No significant gains

Presenter
Presentation Notes
In a sample of 2,395 paired first and last week responses, students exhibit a 10% normalized gain (equivalent to 1 point of a 12 point total) regardless of their initial score. 




Geoscience literacy exam gains, by 
quartile

0-5 6-8 9-12pre-instruction score

Presenter
Presentation Notes
Students in the lowest quartile at the beginning of the course demonstrate the highest gains (4th quartile gain of 1.8) versus the higher quartile where a ceiling effect is present

The overall results can be influenced significantly by the highest and lowest scores.   Therefore, we broke the data set down into quartiles.  The two middle quartiles tended to be consistent so they are grouped together.

Lowest 25%:  pre-instruction score 0 to 5 points out of 12
-InTeGrate gains significantly greater than control

Middle 50%:  pre-instruction score 6 to 8 points out of 12
-InTeGrate significant gains. Control significant losses

Highest 25%: pre-instruction score 9 to 12 points out of 12
-InTeGrate losses* smaller than control
*Ceiling effect limits the gains
Visual results by quartile, comparing to the control group (GLE-testers and Akron = no InTeGrate instruction).  All significant.




Focused Research Study (F’15-F’16) 

Goals to investigate how:
• Student learning is affected by use of InTeGrate materials:
• Faculty who use InTeGrate materials shift their teaching 

practices

Three semester study design:
1. Fall 2015: “Regular teaching” and assessment collection

2. Spring 2016: Pilot redesigned course with ~18 units from six 
InTeGrate modules and assessment collection

3. Fall 2016: Repeat of Semester Two with revisions and 
assessment collection



Modules and Courses



Systems Thinking essay
Question:  A systems thinker can identify a system (a natural system, a 
human system, a linked human/environment system), understand how 
that system can be divided into interacting parts, and recognize that 
changes in one part of the system will affect other parts of the system.

– Give an example of a real-world system and describe its parts.
– Explain how parts of the system interact. Use systems concepts in your 

explanation (e.g., positive and negative feedbacks, equilibrium, rates, etc.).
– Using your example system, discuss how an effect in one part of that system 

can be influenced by multiple causal factors.
Rubric: (1 point each)
• Student correctly identifies and describes a real-world system including its 

parts.
• Student correctly describes how a change in one part of the system, in turn, 

alters other parts of the system.
• Student correctly explains how parts of the system interact using systems 

concepts such as feedbacks, equilibrium, rates, etc.
Student describes how an effect can be influenced by multiple causal 
factors.



Systems Thinking Essay 
(research control)

InTeGrate scores 
are significantly 
higher than control

(p<0.03)

Presenter
Presentation Notes
However, systems thinking essay scores were significantly different.

That is, even when pre-GLE, post-GLE, and Interdisciplinary Essay scores are not significantly different, 
Systems Thinking Essay scores are significantly higher for students in InTeGrate classes.�
(method: Mann-Whitney U test for equal medians, right-tailed, performed at the 0.05 significance level)
(LAG File: studata_011817.mat)



Said another way…

• Even when pre-, post-GLE questions, and 
Interdisciplinary Essay scores are not 
significantly different, Systems Thinking Essay 
scores are significantly higher for students in 
InTeGrate classes compared to the research 
control group.



InTeGrate Attitudinal Instrument (IAI)

• Administered online pre- and post-instruction

• Used in pilot tests of new materials, some Implementation 
Programs, and the Research Team project.

• Probes:
o Career interests and college major selection
o Concern about environmental issues and motivation towards 

sustainability behaviors
o Demographics

• Analysis is based on:
o Pilot tests of 19 new modules and courses 
o 61 instructors
o 1125 students who provided both pre- and post-instruction 

surveys  
o Students are 36% under-represented minorities, 59% female

Presenter
Presentation Notes
The IAI survey was developed by the project and is administered online at the beginning and end of the semester.  It probes career interest and selection of college major,  concern about environmental issues and engagement in sustainability behaviors, and demographics.   Today’s analysis includes data from 61 instructors and 1125 students, of whom 36% are underrepresented minorities. 



Item 3a: As you consider career directions after graduation, how important is it to you to do 
work in which you use your knowledge of the Earth and environment? 
Please select one number:  [Likert scale 1 = not important to 7 = very important]

*

Presenter
Presentation Notes
Here is one of the career questions:  “how important is it to you to do work in which you use your knowledge of the earth and environment?”   Students indicate their answers on a Likert scale from not important to very important.  The upper  graph shows URM’s and the lower graph is non-URM’s.  In each case the red bars are pre-instruction and the blue bars are post-instruction, and the arrows show the means. Even pre-instruction, the notion of using knowledge of the Earth or environment in their careers is quite attractive:  responses are concentrated in the “important” half of the Likert scale.  This is true for both the URM’s and the other groups.  Across instruction (red to blue), the non-minority mean has not budged, but the mean for the under-represented minorities has moved up above 5, and now the URM mean is significantly higher than that of the white/Asian group.  [t-test, p=0.002]




Item 4:  Which of the following graphs most accurately depicts your level of interest in a 
career in Earth or Environmental Sciences before and after taking this course or studying 
this module?  
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Presentation Notes
Here is another way of looking at career interests.  We ask “Which of the following graphs most accurately depicts your level of interest in a career in Earth or Environmental Sciences before and after taking this course….?  Students choose one of the four graphs which you see here.  The first thing to notice is that almost no one selects graph (c), to indicate that their interest has decreased since the beginning of the course.  Graph (d) was chosen by students who considered that their interest in in E/E careers had increased across instruction.  A higher percentage of URM’s in our sample chose this option than did the non-URM’s.  Non-URMs were more likely than URMs to chose (a), indicating that their interest in such careers was already high when they began the class.  This slide and the previous one suggest that InTeGrate instructional materials are sparking interest in Earth related careers among students from minorities currently underrepresented in science. 



Item 6a:  Please indicate which of the following you have done in the last week* 
(mark all that apply):
(   )  turned off the water while brushing teeth 
etc. … total of ten behaviors

* Wording of question differed in 2012-2013 versus 2014-2015. Responses merged.

Sustainability behaviors index:  # of sustainability behaviors in last week
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Presentation Notes
The environmental questions cover both concern about environmental issues and engagement with environment-friendly behaviors.   This is one of the behaviors questions:  We present an array of 10 different personal actions that support environmental sustainability, such as turning off lights to save energy, walking or riding bicycle rather than driving car, and ask how many frequently respondents have engaged in each behavior.  [click]  For these graphs, we constructed a sustainable behaviors index by summing the number of behaviors they engaged in during the previous week.  As before URM’s are on the top and non-URM’s are on the bottom;  red is pre-instruction and blue is post and arrows are the means.  There is a wide range of behaviors in our sample, from almost nothing to extremely active.  URM’s tend to engage in fewer sustainability behaviors than non-URM’s in our sample.  Both URM’s and non-URM’s report significantly more sustainability behaviors after instruction than before.  



Item 6b. When you engage in behaviors such as those listed in the previous 
question, what factors or sources of information influence your decision to do 
so?  (mark all that apply):      

Presenter
Presentation Notes
Next, we ask  “When you engage in behaviors such as those listed in the previous question, what factors or sources of information influence your decision to do so?  (mark all that apply):”   We offer 10 different potential sources of influence or information.   This question is asked only post-instruction, that’s why all the bars are blue.  No matter how we slice this survey data, the most frequently chosen response is always “save money,” and that is the case for both the URM’s (on the left) and non-URM’s (on the right)  in this analysis.   The choice of “this course” falls in the middle of the range of options offered, well above “other courses.”  



Item 8. As you think about your future, can you envision using what you have learned in this 
course to help society overcome problems of environmental degradation, natural resources 
limitations, or other environmental issues?    (    ) yes  (    ) no

If yes, how?  
If no, why not? YES:   URM’s:  88%    non-URM’s:  82%   
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y-6:  other
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Y-2: communicate

Y-1: gained knowledge only
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Y-4: personal action
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Students selecting "Yes, they can envision..."
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Presentation Notes
This graph compares URM’s versus non-URM”s among student who responded that yes to the yes/no question.   A higher percentage of URM’s than non-URM”s wrote a comment that was coded as action in one’s personal life Y4.  URM’s were less likely than non-URM’s to write about using what they learned in the course in their job or career, Y5.   This contrast has emerged as a potential leverage point in our conversations with the HBCU group, strategizing towards broader understanding that the environment isn’t just something you attend to in your spare time, it can also be a career path. 
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Y-4 examples from URM’s:
• “recycle and save water” 
• “…sustain my vegan diet” 
• “start by carpooling…”  
• “recycle more” 

Y-5 examples from URM’s:
• “I can use what I have learned and 

teach it in my future classroom” 
• “Going into business, I can use this 

knowledge to transform the way 
business operates…”

• “I want to be a lawyer and after this 
course I’ve been interested in 
Environmental Law.”

Presenter
Presentation Notes
Here are the voices of some students.   The Y4 personal action responses talk about saving water, carpooling, recycling, and similar individual actions.  
The Y5 career responses cover a wide range of careers, such as teaching, going into business,  environmental law. 



Generalizable Knowledge: About America’s Youth

• Students come to college without the level of Earth knowledge called 
for in the geoscience literacy documents

• Students struggle with systems thinking and interdisciplinary problem 
solving
• ….however, these skills are teachable

• More than half of students have some degree of interest in an Earth-
related career and/or desire to work in an organization with 
sustainable business practices

• The strongest factor nudging students towards environmental 
sustainability is desire to save money

• Overwhelmingly, students can envision themselves helping society 
overcome environmental problems
• …. Most envision personal or professional actions 
• …. Very few cite voting or civic engagement 



Take Home Points
• Materials are valued and rapidly developing a 

following 
• Interactions of materials development, 

implementation programs, dissemination and 
community engagement are working to support 
adoption and spread of effect 

• Targeted partnerships are enhancing our reach into 
HBCU, Teacher Prep and Biology communities –
could be scaled up.

• We have systems in place for large scale student 
learning studies- a work in progress
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