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The STEM Education Modeling Project

ÂGoal

ïAssist policymakers, educators and researchers in understanding the 

complex nature of the U.S. education system

ïHelp identify potential solutions that could help strengthen U.S. STEM 

capabilities

ÂApproach

ïCreate a dynamic systems engineering-based model of the P-16 STEM 

education system

ïDevelop a community of researchers/model users

ïTransition the model to open-source use

ÂRequirement

ïDouble the number of STEM Bachelors Degree graduates in ten years

Make Faster, Better Decisions



Model Overview
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Comparison of Student Populations

Source Population data: U.S. National Center for Education Statistics, Digest Education Statistics, 2002.

Source Proficiency data: Digest of Education Statistics 2005, Tables 121 and 122 for 4 and 8th grades.

Student

Population

Students

Interested

in STEM

29%
(of 3.6M) 

Math
Proficient

17%
(of 3.6M) 

Math
Proficient

23%
(of enrolled) 

Declare
STEM

6%
(of 3.6M) 

get
Degree

Relatively small numbers of students make it 

through the system and obtain a STEM bachelorôs degree
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Modeling the Behavior

Â Based on System Dynamics methods created by J. Forrester at MIT

Â Positive feedback loops provide the means for dramatic changes

Â Negative feedback loops restrain growth

Behavior of System is Defined by Negative and Positive Feedback 

Loops
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STEM Teacher
College Students

STEM Capable
Teachers
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Teacher Graduates
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Not-STEM-Capable
Teacher Graduates

+

Not-STEM-Capable
Teachers

-

+

+
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Simplified Representation of the 
Student Flow Model

Many factors

affect the flow 

Elementary
STEM

Interested

Secondary
STEM

Interested

College
STEM

Interested

Elementary
STEM

Un-Interested

Secondary
STEM

Un-Interested

College
STEM

Un-Interested

STEM
Teaching
Career

STEM
Industry
Career

non-STEM
Career

Teaching
Retire

Industry
Retire

Retire

Gain or Lose
STEM Interest

Gain or Lose
STEM Interest

Gain or Lose
STEM Interest

Select
Career

Model helps us think about what happens when factors change
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unSTEM conversion>
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STEM conversion
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<7th-8th
resident time> <9th resident time>

math
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for unSTEM conversion>

teacher college
unSTEM death rate
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unSTEM drop-out rate

teacher college
unSTEMdeath rate
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unSTEM drop out rate
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for STEM conversion
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graduation rate1
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teacher salary
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death percent 45-49death percent 40-44

death percent
35-39

STEM industry
professional

retirement rate

<5 year
resident time>

total STEM
industry

adjustment time
STEM teacher

percent of STEM grads
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10th STEM death
rate percent

10th STEM drop-out
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conversion rate
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unproficiency
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conversion rate
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12th eligible for
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12th total
students

12th resident
time
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public 12th
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birth rate>

<constant birth
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<1 years>

<initial 11th
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10th Grade STEM
teachers desired

10th Grade unSTEM
teachers desired

probability 10th Grade
STEM interested student
taught by STEM teacher

10th Grade STEM
teacher actual

inverse teacher impact
10th Grade STEM

teacher impact 9th
Grade STEM

<STEM teacher
variation>

<STEM teacher
effect switch>

<desired student
to teacher ratio>

<10th Grade
STEM Interested>

<10th Grade STEM
Uninterested>

teacher impact
10th Grade STEM

percent 10th Grade STEM
teachers desired

<total STEM teachers
desired>

<total STEM
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desired>

11th Grade STEM
teachers desired

11th Grade unSTEM
teachers desired

probability 11th Grade
STEM interested student
taught by STEM teacher

11th Grade STEM
teacher actual

inverse teacher impact 11th
Grade STEM

teacher impact
11th Grade STEM

percent 11th Grade
STEM teachers

desired

<desired student
to teacher ratio>

<11th Grade
STEM Interested>

<11th Grade STEM
Uninterested>

<STEM teacher effect
switch>

<total STEM teachers
desired>

<STEM
teacher

variation>

12th Grade STEM
teachers desired

12th Grade unSTEM
teachers desired

probability 12th Grade
STEM interested student
taught by STEM teacher

12th Grade STEM
teacher actual

inverse teacher impact
12th Grade STEM

teacher impact
12th Grade STEM

percent 12th Grade
STEM teachers desired

<desired student
to teacher ratio>
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Interested>
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Uninterested>
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teacher

variation>

<total STEM
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desired>
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conversion rate
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<initial 12th
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percent STEM teacher
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lookup table STEM
industry vs STEM
teacher salaires

switch teacher impact
5th-6th Grade STEM

effect teacher impact
5th-6th Grade STEM

<inverse teacher impact
5th-6th Grade STEM>

effect teacher impact
7th-8th Grade STEM

switch teacher impact
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<inverse teacher impact
7th-8th Grade STEM>
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9th Grade STEM

effect teacher impact
10th Grade STEM effect teacher impact

11th Grade STEM
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STEM industry desired
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Industry college STEM Interested

industry college
STEM death rate

industry college
STEM drop out rate

industry college
STEM death percent

industry college eligible
for unSTEM conversion

industry college
STEM drop out

percent

Industry college STEM
Uninterested industry college STEM

uninterested graduation
rate

industry college
unSTEM death rate

percent

industry college
unSTEM drop out rate

percent

industry college eligible
for STEM conversion

industry college STEM
uninterested death rate

industry college STEM
uninterested drop out

rate

<college resident
time>

<college resident
time>

industry college
unSTEM conversion

rate

industry college STEM
interested hiring rate

math proficiency
drop industry college

<industry college
eligible for unSTEM

conversion>

initial industry college
STEM uninterested

initial industry college
STEM interested

12 STEM graduation
rate choosing STEM

industry

<12th resident
time>

<12th Grade STEM
Interested>

12th STEM
graduation total rate

<12th STEM
graduation total rate>

constant STEM
teacher salary

constant STEM
teacher salary switch

<STEM teacher
salary>

<percent going to
industry>

STEM Teachers
Not HiredSTEM teacher

graduates non-hiring
rate

<college resident
time>

STEM industry
graduate non-hiring

rate

STEM Industry Not
Hried

<percent necessary to close
STEM teacher gap in

adjustment time>

percent STEM
teacher graduates

hired

percent STEM
industry graduates

hired

<percent STEM
industry graduates

hired>

<year>

Overview of the Model

Not STEM
Interested

STEM
Interested

STEM
Teachers

STEM
Industry

College

Born

Retire

Time
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Increased STEM-Capable Teacher Population 
Increases STEM Interested Student Population

Â High levels of attrition among the lowest performing teachers are required 

to double the numbers of STEM-interested students
 STEM Interested High School Graduates
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The model allows us to explore outcomes to various ñwhat-ifò 

scenarios
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Modeling Higher Education



Page 1112/8/2008

Research Findings

* Not modeled

ÂSTEM college attrition (current state)

ï62% of STEM interested students leave STEM during college ï

Seymour and Hewitt (1997)

ï38% graduate with a STEM degree

ï55% of students intending to major in STEM graduate with ñanyò degree 
ïNSF (2002) 

Â Identified Attrition Factors

ïPsychological ïPoorly formed social support networks ïDaemphle 

(2002)

ïAcademic

ï*Financial 

Cold teaching style, lack of a social support structure, and 

higher student cost are key factors in college attrition
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Social Support Networks 
and Academic Performance
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Mean GPA = 3.05, Clustering Coeff. = 34.63

Mean GPA = 2.59, Clustering Coeff. = 11.29

*The Social Networks of College Students in Learning Communities

Gale Stuart, Doctoral Candidate, UCLA Graduate School of Education & Information Studies, 2007

Â Background

ïResearch shows that centralized social networks are 

strongly correlated with higher GPAs in learning 

communities*

Â Hypothesis

ïñCentralizedò social networks take longer to form 
naturally in STEM university communities due to the 

new living arrangements, cold teaching style, and lack 

of classroom interaction.

Â Solutions ïBridge programs and cohort programs

ïImprove network centralization and reduce 

development time

ïProvide students the resources required for success

ïHave relatively low cost of implementation (Cohort)

Social support network formation is correlated with higher GPA
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Social Dynamics 

+
+

Social
Network
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GPA
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Rate
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-

+

STEM
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College Bound
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Graduates STEM
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Student
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Quality
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+

Cohort
Program

Universities

Bridge Program
Universities

+

+

+

+

+

+

+

+

Â Cohort Program

ïFacilitates social and academic support 

structure which improves GPA

ïIncludes mentoring, tutoring and 

seminar programs

Â Summer Bridge Program

ïReduces STEM attrition in college bound 

STEM interested high school graduates

ïPrepares students for college

ïBegins building the social and academic 

student support structure earlier and 

faster

Cohort and bridge programs address psychological and 

academic attrition factors
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STEM Graduate Increase Percentage with Bridge and 

Cohort Program Implementation
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Simulation Results

Scenario 2 assumes a multi-

year  ramped  implementation

Scenario 1 assumes 

instantaneous and fully effective 

implementation

Instantaneous implementation increases STEM graduates 72%,

Ramped implementation provides a 40% increase by 2015
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Vision for the Future
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Vision for the Future

ÂA virtual community of experts, researchers, policy makers 

and educators organized using the principles of systems 

engineering around a common model that provides a means 

of comparing and assessing ideas to find the best practices 

and most effective means of improving student competencies 

and national competitiveness. 
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Open Source Process Flow

Model Files

Baseline / History

Documentation

Library

Change Request

Description

Validation

Comments

Bug Report

Description

Comments

GForge

Model User/Developer Community

Administrator Configuration Control Board

Forums

1
2

3

4
5

AB
C

3

1 Community downloads official 

versions of model files from  

web site

2 Developers make improvements

and submit change requests to 

Administrator

3 Community and CCB evaluate and 

comment on change requests

4 Configuration Control Board 

approves or rejects change 

requests

5 Administrator  commits 

approved change to official 

version history

B Community uses Forums for 

interactive discussion

A Model bugs are discovered, 

reported, and commented upon

C Reference material is stored in 

document library


