
Appendix
A LSTM Equations

it = σ(Wixxt +Wihht−1 + bi) (5)
gt = σ(Wgxxt +Wghht−1 + bg) (6)
ft = σ(Wfxxt +Wfhht−1 + bf ) (7)
ot = σ(Woxxt +Wohht−1 + bo) (8)
ht = ot �mt (9)
mt = ft �mt−1 + it � gt (10)
zt = Wzmmt + bz (11)
yt = σ(zt) (12)

B Expectimax

Expectimax is a brute force, tree based, MDP search algorithm that calculates the expected utility
of each action under the assumption that the agent will always make a maximizing decision when
given a choice, and that after an action has been taken, the environment will produce a next state
using a stochastic process.

C Concept Clustering

Figure A.1: It is difficult to cluster concepts using model weights. Here is tSNE using the readout and reading
weights of the best RNN model trained on synthetic data with five hidden concepts (labeled).

D Model Insights
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Figure A.2: The Khan Academy exercise labels.
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Figure A.3: Exercise influence graph derived from student transitions between problems. Edges (a, b) represent
the probability of a student solving b after they solve a. Only transitions with probability > 0.1 are displayed.
These have less structure than the relationships derived in Figure. 4.

Figure A.4: Exercise influence graph using Equation 4, but based on the empirical conditional accuracy on
exercise j following correct performance on exercise i. Only edge weights > 0.1 are displayed. These have
less structure than the relationships derived in Figure 4.
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Figure A.5: How do the best students differ from below-average students? There seems to be much less variance
in their knowledge increase. The red curve shows the mean predicted accuracy for students closest to the 40th
percentile of the class after 50 questions, while the blue curve is for students closest to the 100th percentile of
the class after 50 questions.

Figure A.6: The parameter bz is easy to interpret. In general the ith element captures the marginal probability
of getting the ith exercise correct.
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