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Overview

* Enhancing K-12 STEM Readiness
* Enhancing STEM Major Retention in College
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STEM Talent Pipeline

* 16% of K-12 graduates are STEM ready

* 50% drop out of STEM majors in college

* 60% of STEM college graduates pursue non-STEM careers
* 3.2% of K-12 graduates pursue STEM careers
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Enhancing STEM Readiness

* Immersive STEM Experiences

* Interventions, Attitudes & Abillities

* Games That Enhance K-12 Outcomes
* Nature of Games

* Observations on Games
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Immersive STEM Experiences

Enablers
= Al

* AR/VR
* Data

* Scenarios
* Simulation

* |se Cases
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Outcomes

* Appreciation
* Knowledge

» Skills

* Peers
* (Connections

* Aspirations
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Interventions, Attitudes & Abilities

Interventions
« Camps
* Games
* Projects

=)
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Attitude

= Motivation

* Engagement

» Self Perceptions

Abilities

= Cognition

* Creative Thinking

* Concept Acquisition

Knowledge & Skills
* Learning Attitude
* Curiosity

* Achievement
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Games That Enhance K-12 Outcomes

Game-Based K-12 Education

5 |
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Design Environments Board Games Interactive Games Immersive Games Video Games Models & Simulations
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Nature of Games

* Board games and video games tend to be targeted at younger children, often
iInvolving familiar games and video games that conclude with an online quiz.

* A few games involve interactive models and simulations, for example, science
concept acquisition.

* For many games, the models and simulations are embedded in the game and
are used to project future games states, but students do not interact directly with
these models and simulations.
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Observations on Games

* These observations are based on several hundred studies of the efficacy of
games for K-12 education, including several meta-analyses

* Games are more likely to contribute to achieving educational objectives if they
are specifically designed to meet these objectives — we return to this need
later.

* For older students, games often involve interactive, and possibly immersive,
environments to support problem understanding and solution design

* For younger students, games are usually board games, often computer-

generated, or videos that involves quizzes to prompt student understanding of
content
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THE POWER OF GAMES

Business Impacts & Opportunities for Innovation
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STEM pipeline in college

 STEM students support many engineering jobs that are critical to national priorities (e.g., defense)
* Only half enrolling in a STEM degree eventually graduate with one after 4-6 years

* A wide range of literature on factors affecting retention, but limited avenues to test interventions

* Impetus for a modeling tool to calibrate policy interventions to raise STEM retention

STEM, total 48 . Left institution without degree
Mathematics 38 Switched to non-STEM degree
Physical sciences 46
. ) . . Total
Biological/life sciences 46
Engineering/technologies 41
Computer/information sciences 28 59

Percentage of bachelor’s degree students who left STEM, by major fields entered (2003-2009)
Source: Chen, X., and Soldner, M., “STEM Attrition: College Students’ Paths Into and Out of STEM Fields Statistical Analysis Report,” 2013.
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Why system dynamics?

* Modeling approach that enables analysis
of cause-and-effect relationships within
complex systems o

Domestie skilked bbor

Fraction of U.S

. . . . . . l'l i 'I.'ruu o ch |- ‘"":I‘-km'g K”“ “L%
* Useful in many domains, including in supply and demand matching problems “STEM careers £r T Brobyerswpled
; 4 mployer-supplie
* Also successfully applied to other parts of the STEM pipeline (e.g., STEM major \ﬁ ) o
1 1 AMTECINVENESs O F)
declaration, STEM career attractiveness) STEM caroes Offs haring

* Less focus on modeling factors within the college education segment : “x\ S/

* Our research aims to fill this gap, given high STEM attrition rates at college level ““l;l- o r [+ STEM job temure
o

—_

The rate of technological change
makes expenence and knowledge
obhsokte

Students + Interested -—x—.— Consider W'—E—H Succeed

Capture Rate Consider Rate Selection Rate Success Rate SD mOde”lng of STEM career attractiveness

Source: Kelic, A., and Zagonel, A. A., “Science Technology
Engineering and Mathematics (STEM) Career Aftractiveness.”
20009.

SD modelling of STEM major declaration

Source: Appel, D. C., and Mansouri, M., “System Dynamics
Modeling of the STEM Education and Outreach Career Pipeline,”
IEEE Transactions on Technology and Society, 2022.
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Conceptual model of STEM pipeline (high school to workforce)

Pre-college segment College segment Workforce segment
________________________________________________________________________ — STEM MAJORS
l. Factors A
affecting major
declaration Il. Factors affecting (a) ENGINEERING
HIGH SCHOOL STEM and non-STEM WORKFORCE
GRADUATES major conversiops, """"""""""""""

and (b) STEM majors NON-ENGINEERING

leaving college WORKFORCE

\

. —_— NON-STEM MAJORS
' | lll. Factors affecting entry into
No college i engineering workforce

completion (not a focus of this model)
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System dynamics model of STEM pipeline

Pre-college segment I 1

College segment

1 1 <Y1 <Y2 - <Y3 <Y4
I Policy-Adjusted Policy-Adjusted Policy-Adjusted Policy-Adjusted
STEM Retention ., o STEM Retention STEM Retention M ——
| <¥1 STEM Rate> i <¥2 STEM T Rates <Y3 STEM Rate> <v4STEM S E Retention
I College o College Dropout » < College @ College
<Demographic-Adjited IDJ'opout Rate> \ Rate> opout Rate> l Dropout Rate>
I I‘:’;ﬂirigfﬂl\g[ir Y1 STEM Y2 STEM Y3 STEM Y4 STEM
I I College Dropouts h College Dropouts ollege Dropouts College Dropouts
| \ , Y1toY2 , Y2t0¥3 Y3to Y4 "\ Y4 STEM ,
| Y1STEM STEM Y2 STEM STEM ¥3 STEM STEM y4 sTEM | Oraduation ey sTEM
I Majors o | Majors Majors = " Majors Graduates
<Y1 Non-STEM g <Y2Non-STEM T ' <Y3 Non-STEM \ <Y4 Non-STEM i :
I Y1 STEM Conversion Conversion Conversion Conversion
Ms}!r Rate> Rate> Rate> Rate>
I Declardtions
lncum g |
Hieh School / Y1 Y1 Y2 Y2 Y3 Y3 Y4 Y4
L - Coaduatos : E‘fﬁ: A Non-STEM ' ' STEM Non-STEM T T STEM Non-STEM ' ' STEM Non-STEM T T STEM
Incoming High Annual High Converts Conve Converts Convrts Converts Conyerts Converts Congert
I School “~a School Graduates
Students Entering College V1 I
I Non-STEM 3
Annual High Major Lyl Avers <Y?2 Average <Y4 Average
i School Graduates Declaratiols S to ; ;];g; NS to 8 Rate> <Y3 Average NS to S Rate>
I Not Attending i - NS to S Rate> Y |
Collgge - 1 1 % Y2 Y3 Y4 Total
| <Policy-Adjusted # Non-STEM Non-STEM | = Non-STEM | % Non-STEM Non-STEM
College I I Majors YlteY2 Majors Y2t0Y3 Majors Yito Y4 Majors | Y4 Graduates
I (' En;g}(l:jcnt Non-STEM Non-STEM Non-STEM w&STEM
ate= uation
J
I I Y1 Non-STEM Y2 Non-STEM Y3 Non-STEM Y4 Non-STEM
I I I College Dropouts College Dropouts College Dropouts College Dropouts
| L )
I I <Y1 Average NS <Y1 Non-STEM <Y2 Average NS <Y2 Non-STEM <Y 3 Average NS <Y3 Non-STEM <Y4 Average NS <Y4 Non-STEM
I Dropout Rate> Retention Rate> Dropout Rate> Retention Rate> Dropout Rate> Retention Rate> Dropout Rate> Retention Rate>
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Data sources

A variety of data sources was used to design, calibrate, and test model

|. Demographic factors affecting STEM major

declaration rates

Regression analysis of High School University-specific student transcript data
Longitudinal Study of 2009 (HSLS:09)

lI(b). Policy impact on STEM retention

*reference baseline rates to evaluate policy impact

Literature review / meta-analysis
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Demographic impact module

e Calibrated with HSLS:09 data, with adjustable population proportions to match different scenarios/contexts

Ethnici b Gender sub- Parents’ education
nICIty sub- Proportion: Asian Impact: AA/A mOdUIe SUb'mOdUIe
module American/Asian declaration
(AAMA)
/ Proportion: African \ /::u‘:_-.r: AA/B
Pmpu::mtn: ‘]l.-‘lr'hilc a— American/Black (AAB) —__ impact: ethmicity a— ‘declaration
(Control) ‘_\\—‘ adjusted —
R S -
Proportion: _/ impact .:I L,
Hispanic/Latine declaration
(H/L)
Proportion: || { |.| rs
Others Lollel
v v
Legend >
Adjustable population
proportions
Impact factor data from
HSLS:09 Raceline STEM Demographic-Adjusted Y1 . .
declarat S s STEM Major Declaration— , STEM pipeline
LS Gl GRIVE] Latk Rale model
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Year-to-year college retention and flow modules

* Initialized with university-specific data for test scenarios; can be recalibrated with national,
statewide, or other college-specific data

Policy impact
modules l l l

~

Y1 Policy-Adjusted » Y1 Non-STEM . Y1 Average §

Year 1 sub-
module

© STEM Retention Rate Conversion Rate M5/ 3 t x\ Ra ‘
\ l o \
¥1 STEM College : \verage
Dropout Rate :
Legend
University-specific
impact factor data YI o e NS
Non-STEM =+—0U
Retention Rate Te—
_h_'__"—h—-—__.____‘_

STEM pipeline
model
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Four policy impact modules

* Customizable parameters: target group(s), year and duration of implementation, capacity, cost,
and policy-specific variables (e.g., scholarship amount)

Ipact ) ) Impact: mternships L T3 internship Y3 intermship
rorkshons Y1 Y1 workshop Y1 workshop Y3 STEM retentior Maiors SLAR Year participants
STEM relention start year participanis || | \
| \ \ \
‘|| \ 1 |
\ I .-'I
Queality factor Pr Y1 \"\‘ a'( Quality t:sr.:mr'. R /
workshops, Y1 poT: ¥l workshop internships, ¥'3 STEM Proportion: Y3 STEM Y3 internship
STEM retention STE:';::;':;;:‘ o implementation retention students in internships implementation
\ Increase in Y1 / "
" g STEM retention Increase in Y3 STEM
due 1o W k h retention duc to I h.
workshops OrKs OpS intermships ntel'l"ls IpS
Y| mentorship Y1 mentorship V1 mentees ¥1 scholarship ¥1 scholarship Y1 scholars
duration start year —— art year /
s
4
{ V1 scholarship ™
¥ 1 mentorship lr,( . |r:1p]unwnfal|.un

LTl [ |
implementation f ; '\ Y
- Propartion: ¥ / I'..
—r STEM snxlents X

|| o scholars hlp il :
B Proportion: Y1 STEM I |
il - AL 1 students on mentorship \ /
¥ ELRCHIL 1) I
Increase m Y1 ’:
STEM retention dus Cost af ¥l
to scholarships scholarships

Increase in Y1 STEM
retcatian due to Mentorships - Scholarships

mentorships I
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Functionality — mean and variance analysis (no policy intervention)

Baseline STEM retention numbers, no variance Baseline STEM retention numbers, uniform
distribution, Monte Carlo analysis

Mo. of STEM majors by classification

Y1 STEM Majors
£ 2000 |—
2000 p—— =
z
E Y2 STEM Majors
% F/—\/\_N\.-“—-—— 2000
1000 :—‘_h
1000
a
o Y3 STEM Majors
0 10 20 30 40 50 60 70 80 90 100 5000
0 e ——
— Y1 (freshmen) Y4 (senior) I — .
— Y2 (sophomore) — Graduates Conf5|((j)§ /”Ce
Y3 (junior 0 )
(J ) ¥4 STEM Majors 750/0
= 95%
: o " 100%
 Mean no. of STEM majors decreases from 9
Y1 to graduation due to attrition 1000
» Variance propagates through STEM pipeline 0
. . a 10 20 a0 40 50 [E]v] TO BO a0 100
and increases uncertainty from Y1 to Y4 "
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Functionality — policy impact analysis (workshops)

Scenario: 500 workshop places for
STEM-oriented freshmen (from t=20)

Workshops - support for college
transition / STEM coursework - sustained
STEM interest

Y1 overall retention rate increases att = 20

Equilibrium no. of STEM majors increase
proportionately at every level, starting from t
= 20

Similar analyses can be applied to other
policy interventions

— Y1 (freshmen) Y4 (senior)
— Y2 (sophomore) — Graduates
Y3 (junior)
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STEM retention rates by classification

o 5 10 1% 20 25 30 ¥ 40 45 S0 55 60 B85 o s 80 85 a0 95 100
Time (Year)
— Y1 (freshmen) Y3 (junior)
— Y2 (sophomore) Y4 (senior)
MNo. of STEM majors by classification
0 1 T o
8 L ) T iy -_ = - = : . - - - - -
; J/’"M"W/\/V.\/f\f e et — — .
g
- 1000
o
L] L 0 15 0 25 30 35 40 45 50 55 2] 55 T TS B0 BS W B 10

Y1 (freshmen)
Y2 (sophomore)
Y3 (junior)

Time (Year)

Y4 (senior)
Graduates
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Functionality — variable policy parameter impact analysis (mentorships)

STEM retention rates by classification

e Scenario: no. of STEM-oriented freshmen 1
mentees changes from 1000 to 500 to 1500 | —
at t=20, 30, 50 . f

0.8

* Mentorship > academic support +

personalized QUidance+StUdent o 5 W 15 2 25 30 35 40 45 SO 55 60 65 70 75 B0 B85 90 85 100
engagement - strengthened STEM Time (Vo)
perSiStence — Y1 (freshmen) Y3 (junior)

— Y2 (sophomore) Y4 (senior)

* Y1 overall retention rate changes
accordingly att= 20, 30, 50 Mo. of STEM majors by classification

* No. of STEM majors at every level also

changes accordingly 2000 [ e e e e e
« Similar analyses can be applied to other g e U—J‘h‘ ﬁu /’“\/ \f N
policy interventions " 1000

] 5 10 15 20 25 30 £ 40 45 50 55 ] &5 o 75 a0 a5 40 95 100

Tima {Yoar

— Y1 (freshmen) Y4 (senior)
—— Y2 (sophomore) —— Graduates
Y3 (junior)
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Functionality — policy impact analysis with cost (scholarships)

* Scenario: 1000 freshmen & sophomore scholarships for first-generation students (from t=40)

STEM graduates as ratio of high school students

« Scholarships = boost sense of achievement + (by parents’ education levels)

alleviate financial burden - higher motivation and s
focus

» Cost assumptions

« 50% of $2,000/person scholarship born by tuition o

. I -.. f 1\_’/--\ o e B
Increase

« Higher tuition = lower college enroliment

012

* Y1 and Y2 STEM retention rates increase, but effects
across demographic groups differ

« Eligible groups: slight increase in retention o
] 5 10 15 20 25 3 35 40 45 S 55 &0 €5 T0O TS B @5 90 85 100
« Non-eligible groups: no positive policy impact but
higher tuition costs = slight decrease in — Below high school Associate/bachelor degree
T High school —— Master and above

Can be applied to other policies

Note: policy parameters exaggerated to show model
functionality
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Comments on model limitations

Model focuses on analyzing changes in equilibrium levels
Tool to investigate relative changes (e.g., % change in STEM retention due to policy intervention)
Not to predict absolute numbers of STEM graduates at a given point in time

* Users should track uncertainty propagation
With more variables (e.g., in multi-policy scenarios), data uncertainties add up and propagate over time
Users should monitor uncertainty bands (e.g., using Monte Carlo) to ensure reasonableness of output

STEM pipeline also affected by market dynamics of workforce component

E.g., students with STEM major parents more likely to pursue STEM major

Future work will consider closing the feedback loop from workforce factors to capture longer term trends
(e.g., 20+ years)

Model validation against historical trend data will immprove model confidence
Currently limited by data availability
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Conclusions

 STEM retention is a complex problem. Data is often qualitative, and in general a large amount
of data is necessary to properly understand the dynamics

* High school and universities have slightly different factors and incentives that impact the STEM
pipeline (flow of students from K-12 to college to workforce)

* For high schooal, intensive literature review and data collection showed the importance of
interactivity and games. A large database of relevant studies has been collected

* For college, we built a System Dynamics model to aid decision-makers to design and prioritize
effective interventions to raise college STEM retention and bolster the U.S. STEM pipeline
> Model can be calibrated with multiple data sources and is reconfigurable to suit different test scenarios
> Test scenarios demonstrated the model’s multiple functionalities to simulate various aspects of policy
impact and identify optimal policy designs
= Mean and variance analysis
= Policy impact analysis
= Variable policy parameters
= Cost and benefit analysis

* Future work: expand the databases, and improve and validate the model to further enhance its
modeling and simulation capabilities
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Thank you

Stay connected with SERC Online: Email the presenter: Cesare Guariniello

=Y oin B R cguarini@purdue.edu

Email the research team:
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https://www.linkedin.com/company/systemsengineeringresearchcenter/
https://twitter.com/SERC_UARC
https://www.youtube.com/channel/UCj4FvYXhmNOtjin_ToD3NWw
https://sercuarc.org/
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