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Learning meets Assessment

I Models for learning and models for assessment were
developed and grew to utilize the salient features of their
respective data sets.

I On the surface two popular and ubiquitous models in these
fields, Bayesian Knowledge Tracing and Item Response
Theory, appear quite different but we show there is an
intimate relation between the two (Deonovic et al. 2018).

I Specifically we show that the equilibrium distribution of the
response variable in the BKT model (under a particular
reparameterization) follows a (4-1)PL IRT model.
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Bayesian Knowledge Tracing
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As a Network Model

Interacting Particle System Ising Network
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Criticism

I No placeholder for education; learning as a ballistic rather
than holistic model.

I Fundamental and well replicated psychological
phenomenon not accounted for

I positive manifold
I Matthew effect
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Help from Epidemiology: Model for Contagion

I In the early twentieth century, a very small number of
discrete probability distributions were used in modeling (i.e.
Poisson, Binomial) (Feller 1943).

I Studies carried out by various Biologists during this time
period showed that these commonly used distributions did
not adapt to all situations(Gurland 1958).

I Consequently, starting in 1920s, many biologists came up
with novel probability distributions that were inspired by their
specific fields of study. Some of these distributions were
referred to as "contagious" distributions.
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True Contagion

I Eggenberger-Pólya urn model
(Eggenberger and Pólya 1923).

I The urn begins with a blue balls and
b yellow balls. At time t = 1, . . . ,n a
ball is drawn at random from the urn
and two balls of the same color are
put back in.

I Let Xt be

Xt =

{
1 if drawn ball is blue
0 otherwise
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True Contagion – Distribution

I Let X =
∑n

t=1 Xt then Eggenberger and Pólya (1923)
showed that in the limit

lim
n→∞

P(X = x) =
Γ(a + x)

x!Γ(a)

(
b

1 + b

)a( 1
1 + b

)x

which corresponds to a Negative Binomial Distribution.
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Apparent Contagion

I Greenwood and Yule (1920) showed they could also fit data
from biological phenomena better than the simple Poisson
or Binomial by incorporating population features as a way to
explain the clustering of events and the increase in variance.

I They introduce The Poisson-Gamma mixture distribution, i.e.
a Poisson distribution where the intensity parameter is
treated as a latent random variable from a Gamma
distribution.

I This type of model was referred to as a "false" contagion or
"apparent" contagion.
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Poisson–Gamma Mixture

I Let X |λ ∼ Poisson(λ) and λ ∼ Gamma(r , (1− p)/p)
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pk (1− p)r .

I This is the Negative Binomial distribution.
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False Dichotomy

I However, the dichotomy between "true" contagion and
"false" contagion is actually a false one.

I Coming from two opposing philosophical standpoints, both
from an applied and a modeling perspective, Greenwood
and Yule (1920) ("falsely contagious") and Eggenberger and
Pólya (1923) ("truly contagious") ultimately arrived at the
same distribution
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Transitioning to Assessment

I The false dichotomy between these two perspectives also
inspires another latent variable representation of the
Eggenberger-Pólya urn model

P(X = x) =

∫ 1

0

(
n
x

)
πx (1− π)n−x π

a−1(1− π)b−1

B(a,b)
dπ

=

(
n
x

)
1

B(a,b)

∫ 1

0
πx+a−1(1− π)n−x+b−1dπ

=

(
n
x

)
B(x + a,n − x + b)

B(a,b)

Deonovic (ACTNext) MARC 2018 Nov 2018 12 / 21



BKT-IRT Epidemiology Networks References

Network Pscyhometrics

I Past psychometric models for intelligence have focused on
a factor analytic approach in which latent factors explain the
variance in observed scores

I Spearman (1904) applied this methodology when
developing his g-theory of intelligence and to explain the
positive correlations between cognitive tasks.

I Recently, van der Maas et al. (2006) proposed an alternative
view in which positive manifold is explained by the causal
relationships between observed variables in a network.
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Contagion as (not) learning

I Extending the network psychometric approach for
decomposing ability as a network rather than a latent model
two recent works construct a model for learning.

I Savi et al. (2018), in a model called wired cognition, utilizes
the Ising model from statistical physics to describe a
mechanism for how networks of skills and abilities for
individual persons can grow

I Plak et al. (2018) extends the concepts of the Pólya urn to
networks to describe a different mechanisms for the growth
of abilities, one which is more tractable than the Ising model,
yet retains many of the same desireable properties.
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Pólya Networks
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Joint Distribution
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Desirable Properties

I Describes the growth of ability and the acquisition of skills
I Has the positive manifold phenomenon built in
I Closed under marginalization
I Tractable
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Future Directions

I What are testable hypothesis we can come up with from this
model?
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