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Mathematical/Statistical Models

Mathematical/statistical models purport to represent
the behavioral processes that are being modeled

Models have exactly two features
e They match reality (fit)
e They are simpler than that reality (parsimony)

Some modelsare designed as broad representations,
portable models - e.g., regression, SEM, MLM

Some models are built to match a particularversion of
reality

EMOSA modelsare an example of the latter



~—Introduction ’
, , These models have been
Epldemlc borrowed from the field of
Epidemiology
Models
They originated from May-
O Anderson models, which
nset describe the spread bacteria,
viruses, etc. through
Social biological contagion
Activity But our application involves

social contagion



* Pastapplications,

starting in 1989

* Smoking
* Drinking

* Sexual Activity

An “Epidemic” Model
of Sexual Intercourse Prevalences
for Black and White Adolescents

“David C. Rowe, 2Joseph Lee Rodgers, and ®Sylvia Meseck-Bushey

#School of Family and Consumer Resources, University of Arizona, Tucson, Arizona;
tDepartment of Psychology, University of Oklahoma, Norman, Oklahoma

ABSTRACT: In adolescence (1216 years), the prevalence of sexual intercourse increases each
year. To explain the increasing yearly prevalences, we propose a recursive equation model of
onset of adolescent sexual intercourse. The model allows for an “epidemic” process (the
transmission of sexuality from a nonvirgin to a virgin) and a nonepidemic process (two virgins
progressing to sexual intercourse). The model also requires that virgin females be pubertally
mature before they will progress to sexual intercourse. Adequate fits were obtained to the
intercourse prevalences for both black and white respondents. Comparisons of alternative
models established that the full model was superior to models that omitted either the
nonepidemic process or the requirement of females’ pubertal maturation. The model was able
to fit both white and blacks simultaneously, assuming equal transition probabilities in both
races. Hence, we propose the hypothesis that race differences in sexual intercourse prevalences
may be strongly influenced by the age of initiation of the “epidemic™ process and by race
difference in females’ rates of pubertal maturation. The results suggested that most new cases of
suualh:tamummﬁomtheepidemicpmmdthﬂmiummpmmpmgrm
to intercourse, given an opportunity.
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EMOSA Sexuality Models
e Simple two-sex EMOSA sexuality model

e Inter-cohort contagion model
e Developmental EMOSA sexual development model
e EMOSA sexuality/pregnancy/STD model

EMOSA Smoking and Drinking Models

e Simple one-sex EMOSA smoking/drinking model

e Stagewise EMOSA smoking/drinking model

e The mathematics of social contagion

e New data - the Oklahoma Smoking/Drinking Survey

e New empirical results



~ A Simple EMOSA Sexuality Model

Rowe, Rodgers, & Meseck-Bushey, 1989, Social Biology:

P

t+1

= E + RGPt k (- P) (-P)

Carry-Over Epidemic  Non-epidemic

P.is prevalence at time t
T is the epidemic transmission parameter
k is the non-epidemic transmission parameter
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Presentation Notes
Only two categories. If there are three categories – number of transmission parameters will increase to accommodate the structure


Figure 1, Rodgers, Rowe, & Buster, 1998, Developmental Psychology

Males ; Females
Virgins Nonvirgins Nonvirgins Virgins

Age 12

Age 13

Age 18

Figure 1. A schematic of the EMOSA sexuality model, with shaded
regionsindicaﬁngthepredictedproporﬁonofnonvirginmalesinme
left circles and the predicted proportion of nonvirgin females in the right
circles. EMOSA = epidemic models of the onset of social activities; k
= nonepidemic sexuality transition rate; T = epidemic sexuality transi-
tion rate; f = female; m = male.



EMOSA Smoking and Drinking Models

These work the same basic way that the sexuality
models work, except that they're single-sex models

Same types of filters, mixing adjustments, etc.
More focus on developmental stage models

Social congation versus General diffusion becomes
important in the smoking/drinking models

Immune ﬁ ﬂ H

Nonsmokers Triers Smokers Recovered




/ Contagion vs. Diffusion

Smooth
characfter. >

11| fXoXe]

Trier
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General diffusion – social influence is exerted through broader communication channels, like media, advertizing, literature, etc.



Smooth
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Smoker

Contagion vs. Diffusion
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Social contagion – social influence is passed from person to person
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Work by David Rowe (Rowe et al, 1994) showed that
onset of smoking is all about social contagion

But transition to regular smoking is all about general
diffusion

In otherwords, kids start smoking because their
friends encourage them to; theycontinue smoking
because of the presence of a “smoking culture” in their
families, on tv, in magazines, etc.

diffusion

Immune

Nonsmokers Triers Smokers Recovered



These two processes are similar, but have
tremendouslydifferent policy implications

E.g., consider the delivery of a pregnancy reduction
campaign to inner-city adolescent girls

Social contagion implies interveneat the
friendship/dyad level

General diffusion implies use an ad campaign
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From Rodgers, Rowe, & Buster (1998)

1980 U.S. Male Sexuality Prevalences
Blacks (Top), Hispanics (Middle), Whites (Bottom)
Source: Rodgers, Rowe, & Buster (1998), p. 1103
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From Rodgers & Johnson (2007)

Smoking and Drinking Prevalence Curves, 2003 OU Survey,
Proportion Ever Drunk Alcohol (top) & Smoked a Cigarette (bottom)
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EMOSA Religious Involvement Model

In this new application, we posit the same type of
social contagion - i.e., a social influence process that
passes from person to person — as a potential for
influencing religious behavior upon entry into college

We have longitudinal data, from the NLSYg7, that
reflects ongoing religious involvement behavior

Looking forward: Is there a visual tell-talesign for free
transitions?



Religious Involvement Data

National Longitudinal Survey of Youth (NLSY97)

Over 9,000 respondents
5,214 Included ( No missing data)

Age at 2000 : 16-20
Cohorts:
1980 — 1981 — 1982 — 1983 — 1984
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Five-year slice of population

So, first let’s talk about the structure of our new data, and later we will see how they relate to our EMOSA context


Religious Involvement Data

Q: “In the past year, how frequently did you
attend a place of worship?”

'Everyday'

GOERS

'Several times a week'

'About once a week'

'About twice a month'
IRREGULARS

'About once a month'

'Less than once a month'

'Once or twice'

ABSENTEES

R N W B~ OO NN

'Never'
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Goers – church at least every Sunday, perhaps involved in choir or some other church activity, not necessarily zealously religious, socially oriented towards church

Irregulars – church every other Sunday ( struggling Christian), or maintaining nominal involvement with the church. Spectrum: from regularly skipping church to occasionally going to church

Non-goers – atheists, cultural Christians ( Easter, Christmas). 
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So now we know 
What categories of religious involvement are
What makes you a member of a category
We see that Nongoers become more prevalent with age
We se that Goers drop rapidly in numbers  from year 2000 to 2003
Year effect?
Age\Lifecycle effect?

Let’s take that fact about cohorts out from the back of our heads
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Age influences Goers only until 20

After you turn 20, your age does not influence your religious participation.

What does this mean? It means that if I were to pick up at random a person from this population, the younger he is, the more religiously active I expect him to be. But only below 20. After 20 years, AGE is a ineffective predictor or religious involvement. 

As the age difference shifts along the continuum, it becomes less meaningful for religious involvement.
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1.0

IRREGULARS

0.8 5 'About twice a month'
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IRREGULARS, unlike  GOERS are not sensitive to AGE 


Within the five-year slice of the population, the prevalence of IRREGULARS does not vary much with AGE.

MEANING:  If we choose a member of population, the chances that he is a IRREGUAR stay the same regardless of subject’s age. 

But you can see a “bump” at 
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IRREGULARS, unlike  GOERS are not sensitive to AGE 


Within the five-year slice of the population, the prevalence of IRREGULARS does not vary much with AGE.

MEANING:  If we choose a member of population, the chances that he is a IRREGUAR stay the same regardless of subject’s age. 

But you can see a “bump” at  19 – LEAVING PARENT, COLLEDGE
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Now, let’s begin our return to the EMOSA


'Everyday’

'Several times a week'

'About once a week'

'About twice a month'

'About once a month'

‘LT once a month'

'Once or twice'
'Never'




8 'Everyday’

7 'Several times a week'

6 'About once a week'

Goers

5 'About twice a month'

4 'About once a month'

3 ‘LT once a month'
2 'Once or twice'
1. 'Never'

Irregulars
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Starts as

Goer

Irregular

Absentee

P,

Specification : Diffusion

meels

becomes

kgi* P (G)

ga

'Pt(G)

kig ) Pt(l)

kia ) Pt(l)

kaa ) Pt(A)

kai ’ Pt(A)

Fi 41

<

~ N
Pr41(G) = P(G) + kig Pe() + kag' P:(A)
- kgi P (G) — kga P (G)

Pt+1([) — PIU) + kgi ' Pt(G) + kg Pt(A)
- kig'Pt([) - kia'Pt(I)

\_Pt-l-l(A): 1—Pr41(G) = Peys (D) )



Specification : Contagion

Starts as meels becomes

Goer
Tgi Pe(G) - Pe(I)

Tga ) Pt(G) ’ Pt(A):

Tig - Pe(D) - P(G)

Irregular

Tia - Pe(D) - Pe(A)

Tag - Pe(A) - P(G)

Gjt—l—l(G) = P(G) + Tig - Pe(I) - Pe(G)  + Tog Pr(4) Pt(G)\
- Tgi'Pt(G)'PtU) _Tga'Pt(G)'Pt(A)
Tqi * Pe(A) - Pe(I)

>

'< P (D) =P(I) + Tgi P (G) - P(I) + To Pe(A)-P(I) >
—Tig - Pi(I)- P(G) — Tig - Pe(I) - Pe(4) Absentee

Py (4) = 1- Pz+1(G) - Py (D)
~ 7 P, P, P i1



Contagion

Bayesian MCMC
Chains : 5

Min Burn-In: 5,000
Min Retained: 15,000

Cohort PSRF maxR
1980  1.00 1.00
1981  1.00 1.00
1982  1.00 1.00
1983  1.00 1.00

1984

Prevalence

Bornin 1984

.........
......................
4 PP

2001

2003

2005

2007

2003 2005 2007

2001 2003 2005 2007



Contagion Born in 1984

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



D |ffu S | on Born in 1984 1983

Bayesian MCMC
Chains : 5

. Q
Min Burn-In: 5,000 Q
Min Retained: 15,000 %

>
Q
| -
~ (o
Cohort  PSRF maxR

1980 1.01 1.03

1981 1.01 1.03

1982 1.01 1.02

1983 1.00 1.00

1984 1.00 1.00

...............

.....

-----
..........................................................................

1982 1981 1980

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



D Iffu S | on Born in 1984 1983

1982 1981 1980

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



Do we have a winner?

Diffusion model works, but...
Simply better than Contagion

Treats all transitions as having the same
nature

Flashback to smoking model: some processes
might have different mode of spreading

Closer look at Diffusion vs. Contagion



Diffusion VS. Contagion

Starits as meels becomes Starts as meels becomes
Goer Goer
kgi- P (G) Tyi* P.(G) Po(I)
kga Tya - P.(G) - Py(A)
- P.(G) .
Irregular Irregular
Kig * B (D) | Tia - Po(I) - P,(A)
kag - P (A4) Tag - Pt(A) - P:(G)
kqi* P:(A) Tai+ Pe(A) - P(I)
Absentee Absentee

Pt Pt Pt+1 Pt Pt Pt+1
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Closer look:

Diffusion VS.

g Pt11(G) = Pe(G) + kig - PtU)W
- kgi'Pt(G) _kga 'Pt(

Peir () =P(I) + kgi- Pr(G) + koi» P(A) />
- kig' Pt(‘r) — kig - Pt(l)
\._Ptﬂ(ﬂ): 1—-Pr41(G) — Peys (D) )
N
(Pes1(6) = P(6) + Tig Po(1) €Pu(6) + Tag Pe(A) - P (6)
— Tgi'Pt(G)' e ( _Tga'Pt(G)'Pt(A)

<Py (D) =P(D)+ Tgi

—Tig - P(I) - P(G) — Tiq - Pe(I) - Pe(A)

\f’t+1(‘q) = 1—-Pr41(G) — Prys ()

Contagion

The difference
between the models

Pe(G)-Pe(I) + Tor P(A)-Pe(l) -




Hybrid Model

(Peia(6) = P(G) + Tig - Pu(l) - Pe(G) * + Ty Pe(A) - PG

— Tyi* Pe(G) - Po(D) 8= Tyq - P(G) - Pe(A)'w

Pep () = P (1) + Tgi P (G) Pt(f)cgur Tqai" Pe(A) - Pt(fgcai >
— Tig ' Pt(f) ' Pt(G)cig' Tiq Pt(f) ' Pt(A) 2

KFIH(A) = 1= Pt41(G) = Peya() J



Contagion Born in 1984

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



D Iffu S | on Born in 1984 1983

1982 1981 1980

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



Hybnd Bornin 1984 1983

Bayesian MCMC
Chains : 5

. Q
Min Burn-In: 5,000 Q
Min Retained: 15,000 %

>
Q
| -
~ (o
Cohort  PSRF maxR

1980 1.03 1.03

1981 1.02 1.03

1982 1.01 1.01

1983 1.09 1.14

1984 1.09 1.08

...............
.....................................
...................................................
)

1982 1981 1980

2001 2003 2005 2007 2001 2003 2005 2007 2001 2003 2005 2007



Hybrid
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Substantive Conclusions

* Abrupt changes in religiosity are getting less
contagious with age

* Moderate increase in religiosity has an
noticeable contagious component

* Overall: Change in religious behavior tends to
become less contagious with age



Methodological Conclusions

 EMOSA works for 3-categories
— Free transitions among categories
— Mixed model = most illuminating
— Good convergences, stability
— Verified by simulation studies
— Reproduces data wel
— C-parameters can tell the nature of the transition

e Successful novel application
— Can plug in other behaviors
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