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Contextual Dropout for Bayesian Neural Networks: Appendix

A  DETAILS OF ARM GRADIENT ESTIMATOR FOR BERNOULLI CONTEXTUAL
DROPOUT

In this section, we will explain the implementation details of ARM for Bernoulli contextual dropout.
To compute the gradients with respect to the parameters of the variational distribution, a commonly
used gradient estimator is the REINFORCE estimator (Williams, |1992)) as

VoL(@. ) = Bangy(|o)[r(@. 2,9) Vi log gp(z | 2)], (2, 2,y) = log PLL220a(2)

This gradient estimator is, however, known to have high variance (Yin & Zhou, [2018)). To mitigate
this issue, we use ARM to compute the gradient with Bernoulli random variable.

ARM gradient estimator: In general, denoting o(a) = 1/(1 + e~®) as the sigmoid function,
ARM expresses the gradient of £(a) = E_ 115 per(z10(a)) [7(2)] @8

Val(a) = ]En-NI‘[kK:l Uniform(ry:;0,1) [9arm ()], garm(70) == [r(Zine) — 1(Zsu00)](1/2 — ), (6)

where Zyue = lir<o(a)] a0d Zsudo = l[x>o(—a)) are referred to as the true and pseudo actions,
respectively, and 11 € {0, 1}% is an indicator function.

Sequential ARM: Note that the above equation is not directly applicable to our model due to the
cross-layer dependence. However, the dropout masks within each layer are independent of each
other conditioned on these of the previous layers, so we can break our expectation into a sequence
and apply ARM sequentially. We rewrite £ = E.q, (.| 2)[7(2, 2, y)]. When computing VL, we
can ignore the ¢ in r as the expectation of V, log g4 (2 | ) is zero. Using the chain rule, we have
Vol =31 VoLV al. With decomposition £ = Eari-10g, (| @) Extaber(o(aty [F(@, 2, 9)],
where r(x, 21, y) := E 410 mgy(- @210 [T(T, 2,9)], we know

val‘c = Ez1‘1*1~q¢(» | z)E‘nlN]—[k Uniform(ﬂ-fc;o,l) [gARM(ﬂ-l)L

gARM(TrZ) = [T(w’ zllil’ zfl'llC? y) - T(m’ zllil’ ziudm y)](1/2 - ﬂl)7

where z! . 1= 1iri<o(al) and 2l = Liriso(—al)- We estimate the gradients via Monte Carlo

integration. We provide the pseudo code in Algorithm T}

Implementation details: The computational complexity of sequential ARM is O(L) times of that
of the decoder computation. Although it is embarrassingly parallelizable, in practice, with limited
computational resource available, it maybe be challenging to use sequential ARM when L is fairly
large. In such cases, the original non-sequential ARM can be viewed as an approximation to strike a
good balance between efficiency and accuracy (see the pseudo code in Algorithm [2]in Appendix). In
our cases, for image classification models, L is small enough (3 for MLP, 12 for WRN) for us to use
sequential ARM. For VQA, L is as large as 62 and hence we choose the non-sequential ARM.

To control the learning rate of the encoder, we use a scaled sigmoid function: at(al) = m,

where a larger ¢ corresponding to a larger learning rate for the encoder. This function is also used in
Li & Ji|(2019)) to facilitate the transition of probability between 0 and 1 for the purpose of pruning
NN weights.
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B ALGORITHMS

Below, we present training algorithms for both Bernoulli and Gaussian contextual dropout.

Algorithm 1: Bernoulli contextual dropout with sequential ARM

Input: data D, r, {gé}le, {hfp}lL:I, step size s
Output: updated 6, p, n
repeat
G, =0;
Sample x, y from data D;
==z
for[ =1to L do
Ul =gh(z'71), al = hfP(Ul)
Sample 7! from Uniform(0,1);
zfrue = 1[7Tl<crt(al)];
ziudo = 1[7Tl>0t(*0£l)];
if zL . = 2!, then

i sudo
Teudo =INONE;
else

l 77l
Lsudo = U © Z1,sudo

fork:l-i-ltokleo
Us]fldo = glg (‘f‘csugo )’ afudo = h’];(Usl;do)

Sample 7%, from Uniform(0,1);

% sudo
Zsudo * 1["'§xdo<at(aﬁ.d“)];
k 7Tk .
Ludo = Usudo O} Zk,sudo>
end for
l — L
lrSL.ldO - r(msudw y)
end if
! =U' O 2y
end for

T'true = T(mtlljueﬂ y)

for[ =1to L do

if 71,4, is not None then
Gy = G + t(rme — 7{40)(1/2 = )V ;
end if
end for

@ = ¢ + sG,, with step-size s;
0 =0+ s2losrelyl®zrpme).

k]

— 0log pr(21:L me) .
n=n + s na,n o s

until convergence
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Algorithm 2: Bernoulli contextual dropout with independent ARM

Input: data D, r, {g}/=,, {hl,}[2,. step size s
Output: updated 6, p, 1
repeat
G, =0;
Sample x, y from data D;
20 =z
for [ =1to L do
U = gh(a! ), ol = nL(U")
Sample 7! from Uniform(0,1);
zirue = 1[7Tl<at(al)};

$l = Ul @ zfrue
end for
_ L
Ttrue = T(mtrufn y)
:BO =T

sudo
for [ = 1t0Ldl0 .
Usludo = glg(ms;lo)’ aiudo = hfp(Usludo)

l - .
leldO =1 [ﬂ-iudo>o-t (_aiudo)] ’
l _ 77l l
Ludo = Usudo © Zsudo
end for

T'sudo = T(mfﬁdw y),
for [ =1to L do
Gy = Gy + t(True — Toudo) (1/2 — ﬂl)V(Pal ;
end for
@ = ¢ + sG, with step-size s;
_ Jlog ( \m,z : .!me).
0 — 0 + s Ppo y(’)e 1:L

b}

910g py(2Z1:L true) .

n=mn-+s an 5
until convergence
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Algorithm 3: Gaussian contextual dropout with reparamaterization trick

Input: data D, r, {g}/=,, {hl,}[2,. step size s
Output: updated 6, p, 1
repeat
Sample x, y from data D,
' ==z
for/ =1to L do
U' = gh(al™1). ol = WL (U)
Sample €' from N(0, 1);

1 [lzoi(ah),
T = U:T(ta?) ’
Zi=1+70€;
2l =U'o 2
end for 1 (z1.5])
O Z1: x . .
p=p+ chp(lo(gfg(y |z, 21.1) — mﬁ), with step-size s;
— o1 1Z1:L) .
0=6+s ngegemmL

s

n=n+ S@logzg',n(zli);

until convergence

C DETAILS OF EXPERIMENTS

All experiments are conducted using a single Nvidia Tesla V100 GPU.

Table 5: Model size comparison among different methods.

METHOD MLP WRN MCAN RESNET-18
MC OR CONCRETE 267K 36.5M 58M 11.6M
CONTEXTUAL 311K 36.6M 61M 11.8M
BAYES BY BACKPROP | 534K - - -

C.1 IMAGE CLASSIFICATION

MLP: We consider an MLP with two hidden layers of size 300 and 100, respectively, and use ReLU
activations. Dropout is applied to all three full-connected layers. We use MNIST as the benchmark.
All models are trained for 200 epochs with batch size 128 and the Adam optimizer (Kingma & Ba),
2014) (81 = 0.9, B2 = 0.999). The learning rate is 0.001. We compare contextual dropout with MC
dropout (Gal & Ghahramani, 2016)) and concrete dropout (Gal et al.,2017)). For MC dropout, we
use the hand-tuned dropout rate at 0.2. For concrete dropout, we initialize the dropout rate at 0.2
for Bernoulli dropout and the standard deviation parameter at 0.5 for Gaussian dropout. and set the
Concrete temperature at 0.1 (Gal et al.,2017). We initialize the weights in contextual dropout with
He-initialization preserving the magnitude of the variance of the weights in the forward pass (He
et al.L [2015). We initialize the biases in the way that the dropout rate is 0.2 when the weights for
contextual dropout are zeros. We also initialize our prior dropout rate at 0.2. For hyperparameter
tuning, we hold out 10, 000 samples randomly selected from the training set for validation. We use
the chosen hyperparameters to train on the full training set (60, 000 samples) and evaluate on the
testing set (10, 000 samples). We use Leaky ReLU (Xu et al.l |2015a) with 0.1 as the non-linear
operator in contextual dropout. The reduction ratio v is set as 10, and sigmoid scaling factor ¢ as 0.01.
For Bayes by Backprop, we use —log oy = 0, — log g2 = 6, 7 = 0.2 (following the notation in the
original paper). For evaluation, we set M = 20.

WRN: We consider WRN (Zagoruyko & Komodakis|, 2016), including 25 convolutional layers. In
Figure[6] we show the architecture of WRN, where dropout is applied to the first convolutional layer
in each network block; in total, dropout is applied to 12 convolutional layers. We use CIFAR-10 and
CIFAR-100 (Krizhevsky et al., 2009) as benchmarks. All experiments are trained for 200 epochs
with the Nesterov Momentum optimizer (Nesterov, |1983), whose base learning rate is set as 0.1, with
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decay factor 1/5 at epochs 60 and 120. All other hyperparameters are the same as MLP except for
Gaussian dropout, where we use standard deviation equal to 0.8 for the CIFAR100 with no noise and
1 for all other cases.

ResNet: We used ResNet-18 as the baseline model. We use momentum SGD, with learning rate 0.1,
and momentum weight 0.9. Weight decay is utilized with weight 1e~%. For models trained from
scratch, we train the models with 90 epochs. For finetuning models, we start with pretrained baseline
ResNet models and finetune for 1 epoch.

Group Name Layers
convl [Original Conv (16)]
conv2 [Conv + Dropout (160); Original Conv (160)] x 4
conv3 [Conv + Dropout (320); Original Conv (320)] x 4
conv4 [Conv + Dropout (640); Original Conv (640)] x 4

Figure 6: Architecture of the Wide Residual Network.

C.2 VQA

Dataset: The dataset is split into the training (80k images and 444k QA pairs), validation (40k images
and 214k QA pairs), and testing (80k images and 448k QA pairs) sets. We perform evaluation on the
validation set as the true labels for the test set are not publicly available (Deng et al., 2018)).

Evaluation metric: the evaluation for VQA is different from image classification. The accu-
racy for a single answer could be a number between 0 and 1 (Goyal et al., 2017): Acc(ans) =
min{(#human that said ans)/3, 1}. We generalize the uncertainty evaluation accordingly:

Nac = »; AcciCery, niy = >, (1 — Acc;)(1 — Cer;) , nay = »; Acc; (1 — Cer;), nic = >, (1 — Acc;)(Cer;)
where for the ith prediction Acc; is the accuracy and Cer; € {0, 1} is the certainty indicator.

Experimental setting: We follow the setting by |Yu et al.[(2019), where bottom-up features extracted
from images by Faster R-CNN (Ren et al) 2015) are used as visual features, pretrained word-
embeddings (Pennington et al., 2014) and LSTM (Hochreiter & Schmidhuber, [1997) are used to
extract question features. We adopt the encoder-decoder structure in MCAN with six co-attention
layers. We use the same model hyperparameters and training settings in|Yu et al.|(2019) as follows:
the dimensionality of input image features, input question features, and fused multi-modal features
are set to be 2048, 512, and 1024, respectively. The latent dimensionality in the multi-head attention
is 512, the number of heads is set to 8, and the latent dimensionality for each head is 64. The size
of the answer vocabulary is set to N = 3129 using the strategy in|Teney et al|(2018). To train the
MCAN model, we use the Adam optimizer (Kingma & Ba,[2014) with 3; = 0.9 and 8> = 0.98. The
base learning rate is set to min(2.5te=5, 1e~*), where ¢ is the current epoch number starting from 1.
After 10 epochs, the learning rate is decayed by 1/5 every 2 epochs. All the models are trained up to
13 epochs with the same batch size of 64.

We only conduct training on the training set (no data augmentation with visual genome dataset), and
evaluation on the validation set. For MC dropout, we use the dropout rate of 0.1 for Bernoulli dropout
as in|Yu et al.[{(2019) and the standard deviation parameter of 1/3 for Gaussian dropout. For concrete
dropout, we initialize the dropout rate at 0.1 and set the Concrete temperature at 0.1 (Gal et al., 2017).
For hyperparameter tuning, we randomly hold out 20% of the training set for validation. After tuning,
we train on the whole training set and evaluate on the validation set. We initialize the weights with
He-initialization preserving the magnitude of the variance of the weights in the forward pass (He
et al.L [2015). We initialize the biases in the way that the dropout rate is 0.1 when the weights for
contextual dropout are zeros. We also initialize our prior dropout rate at 0.1. We use ReLU as the
non-linear operator in contextual dropout. We use v = 32 for layers with Cfi > 32, v = 8 for layers
with 8 < C’fi < 32, otherwise v = 1. We set @ € R for residual layers.

D STATISTICAL TEST FOR UNCERTAINTY ESTIMATION

Consider M posterior samples of predictive probabilities {p,, }}_,, where p,, is a vector with the
same dimension as the number of classes. For single-label classification models, p,,, is produced
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by a softmax layer and sums to one, while for multi-label classification models, p,,, is produced
by a sigmoid layer and each element is between 0 and 1. The former output is used in most image
classification models, while the latter is often used in VQA where multiple answers could be true for
a single input. In both cases, to quantify how confident our model is about this prediction, we evaluate
whether the difference between the probabilities of the first and second highest classes is statistically
significant with a statistical test. We conduct the normality test on the output probabilities for both
image classification and VQA models, and find most of the output probabilities are approximately
normal (we randomly pick some Q-Q plots (Ghasemi & Zahediasl, 2012) and show them in Figures
and . This motivates us to use two-sample t-tes In the following, we briefly summarize the
two-sample t-test we use.

Two sample hypothesis testing is an inferential statistical test that determines whether there is a
statistically significant difference between the means in two groups. The null hypothesis for the
t-test is that the population means from the two groups are equal: (1 = o, and the alternative
hypothesis is 11 # po. Depending on whether each sample in one group can be paired with another
sample in the other group, we have either paired ¢-test or independent ¢-test. In our experiments,
we utilize both types of two sample ¢-test. For a single-label model, the probabilities are dependent
between two classes due to the softmax layer, therefore, we use the paired two-sample t-test; for a
multi-label model, the probabilities are independent given the logits of the output layer, so we use the
independent two-sample t-test.

For paired two-sample ¢-test, we calculate the difference between the paired observations calculate
the ¢-statistic as below:

Y
s/vVN’

where Y is the mean difference between the paired observations, s is the standard deviation of the
differences, and N is the number of observations. Under the null hypothesis, this statistic follows a
t-distribution with N — 1 degrees of freedom if the difference is normally distributed. Then, we use
this ¢-statistic and ¢-distribution to calculate the corresponding p-value.

For independent two-sample ¢-test, we calculate the ¢-statistic as below:
Vi - Y,
\/ 82/N1 + 82/N2
2 2 —Y1)+ 3y V)
N1+ Ng—2

where N; and N, are the sample sizes, and Y; and Y; are the sample means. Under the null
hypothesis, this statistic follows a ¢-distribution with Ny + N, — 2 degrees of freedom if both y; and
yo are normally distributed. We calculate the p-value accordingly.

To justify the assumption of the two-sample ¢-test, we run the normality test on the output probabil-
ities for both image classification and VQA models. We find most of the output probabilities are
approximately normal. We randomly pick some Q-Q plots (Ghasemi & Zahediasl, [2012) and show
them in Figures [7]and 8]

E TABLES AND FIGURES FOR p-VALUE 0.01, 0.05 AND 0.1

Table 6: Complete results on MNIST with MLP

ORIGINAL DATA NoISY DATA

AcCCURACY PAVPU(0.01/0.05/0.1) ACCURACY PAVPU(0.01/0.05/0.1)
MC DROPOUT - BERNOULLI 98.62 98.25/98.39/98.44 86.36 84.29/85.63 / 86.10
MC DROPOUT - GAUSSIAN 98.67 98.23/98.41/98.46 86.31 83.99/85.64/86.03
CONCRETE DROPOUT 98.61 98.43/98.50/98.57 86.52 85.98/86.77/ 86.92
BAYES BY BACKPROP 98.44 98.26/98.42/98.56 86.55 86.89/87.13/87.26
BERNOULLI CONTEXTUAL DROPOUT ~ 99.08(0.04)  98.74(0.17) / 98.92(0.08) / 99.09(0.08) 87.43(0.39)  87.75(0.24) / 87.81(0.23) / 87.89(0.25)
GAUSSIAN CONTEXTUAL DROPOUT 98.92(0.09) 98.71(0.02)/98.90(0.08) / 99.03(0.07) 87.35(0.33)  87.64(0.19)/87.72(0.29) / 87.78(0.32)

2Note that we also tried a nonparametric test, Wilcoxon rank-sum test, and obtain similar results.
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Table 7: Loglikelihood on original MNIST with MLP.

LOG LIKELIHOOD

-1.4840 +0.0004
-1.4820+0.0003
-1.4822 +0.0012
-1.4806 +0.0007

-1.4537 +£0.0005
-1.4589+0.0005

MC - BERNOULLI
MC - GAUSSIAN
CONCRETE

BAYES BY BACKPROP

BERNOULLI CONTEXTUAL
GAUSSIAN CONTEXTUAL

Table 8: Complete results on CIFAR-10 with WRN

ORIGINAL DATA Noisy DATA

ACCURACY  PAVPU(0.01/0.05/0.1) ACCURACY PAVPU(0.01/0.05/0.1)
MC DROPOUT - BERNOULLI 94.58 78.73/82.34/84.21 79.51 72.89/74.43/75.04
MC DROPOUT - GAUSSIAN 93.81 92.59/93.24/93.85 79.33 80.43/81.24/82.31
CONCRETE DROPOUT 94.60 73.51/78.41/81.01 79.34 72.72/73.89/74.72
BERNOULLI CONTEXTUAL DROPOUT  95.92(0.10) 95.25(0.23) / 95.74(0.12) / 96.02(0.16) 81.49(0.19) 82.56(0.50) / 83.28(0.31) / 83.91(0.28)
GAUSSIAN CONTEXTUAL DROPOUT  96.04(0.1) 95.42(0.07) / 95.85(0.07) / 96.10(0.06) 81.64(0.31)  82.38 (0.41)/82.80(0.36) / 83.43(0.36)

Table 9: Complete log likelihood results on CIFAR-10 with WRN

CIFAR-10
ORIGINAL DATA  NOISY DATA
MC DROPOUT - BERNOULLI -1.91 -1.93
MC DROPOUT - GAUSSIAN -1.54 -1.72
CONCRETE DROPOUT -1.98 -2.0
BERNOULLI CONTEXTUAL DROPOUT -1.24 -1.47
GAUSSIAN CONTEXTUAL DROPOUT -1.19 -1.51

Table 10: Complete results on CIFAR-100 with WRN

ORIGINAL DATA Noisy DATA

ACCURACY PAVPU(0.01/0.05/0.1) ACCURACY PAVPU(0.01/0.05/0.1)
MC DROPOUT - BERNOULLI 79.03 56.90/61.54/64.14 52.01 53.86/54.25/54.63
MC DROPOUT - GAUSSIAN 76.63 77.35/78.05/78.26 51.38 56.83/57.02/57.31
CONCRETE DROPOUT 79.19 59.45/64.14/ 66.63 51.58 57.62/56.61/55.89
BERNOULLI CONTEXTUAL DROPOUT ~ 80.85(0.05)  81.04(0.28) /81.56(0.31) / 81.86(0.21) 53.64(0.45) 58.29(0.30) / 58.63(0.50) / 59.36(0.49)
GAUSSIAN CONTEXTUAL DROPOUT 80.93 (0.18) 81.43(0.1) / 81.69(0.16) / 82.02(0.14) 53.72(0.34) 58.01(0.6) / 58.49(0.43) / 58.95(0.37)
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F QUALITATIVE ANALYSIS

In this section, we include the Q-Q plots of the output probabilities as the normality test for the
assumptions of two-sample ¢-test. In Figure[7] we test the normality of differences between highest
probabilities and second highest probabilities on WRN model with contextual dropout trained on
the orignal CIFAR-10 dataset. In Figure[8] we test the normality of highest probabilities and second
highest probabilities (separately) on VQA model with contextual dropout trained on the original
VQA-v2 dataset. We use 20 data points for the plots.

F.1 NORMALITY TEST OF OUTPUT PROBABILITIES
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Figure 7: QQ Plot for differences between highest probabilities and second highest probabilities on
WRN model with contextual dropout trained on the orignal CIFAR-10 dataset.
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Figure 8: QQ Plot for output probabilities of VQA models: top row corresponds to the probability dis-
tributions of the class with the highest probability, and the bottom row corresponds to the probability
distributions of the class with the second highest probability.
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F.2 BOXPLOT FOR CIFAR-10

In this section, we visualize 5 most uncertain images for each dropout (only include Bernoulli,
Concrete, and Contextual Bernoulli dropout for simplicity) leading to 15 images in total. The true
images with the labels are on the left side and boxplots of probability distributions of different
dropouts are on the right side. All models are trained on the original CIFAR-10 dataset. Among
these 15 images, we observe that contextual dropout predicts the right answer if it is certain, and
it is certain and predicts the right answer on many images that MC dropout or concrete dropout is
uncertain about (e.g, many images in Figure OI0). However, MC dropout or concrete dropout is
uncertain about some easy examples (images in Figures [O{I0) or certain on some wrong predictions
(images in Figure [T T). Moreover, on an image that all three methods have high uncertainty, concrete
dropout often places a higher probability on the correct answer than the other two methods (images

in Figure TT).
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(a) Image (b) Concrete Dropout (c) MC Dropout (d) Contextual Dropout
Figure 9: Visualization of probability outputs of different dropouts on CIFAR-10. 5 plots that

Concrete Dropout is the most uncertain are presented. Number to class map: {0: airplane, 1:
automobile, 2: bird, 3: cat, 4: deer, 5: dog, 6: frog, 7: horse, 8: ship, 9: truck.}
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Figure 10: Visualization of probability outputs of different dropouts on CIFAR-10. 5 plots that MC
Dropout is the most uncertain are presented. Number to class map: {0: airplane, 1: automobile, 2:
bird, 3: cat, 4: deer, 5: dog, 6: frog, 7: horse, 8: ship, 9: truck.}
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Figure 11: Visualization of probability outputs of different dropouts on CIFAR-10. 5 plots that
Contextual Dropout is the most uncertain are presented. Number to class map: {O: airplane, 1:
automobile, 2: bird, 3: cat, 4: deer, 5: dog, 6: frog, 7: horse, 8: ship, 9: truck.}
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F.3 VISUALIZATION FOR VISUAL QUESTION ANSWERING

In Figures [I2{I3] we visualize some image-question pairs, along with the human annotations (for
simplicity, we only show the different answers in the annotation set) and compare the predictions and
uncertainty estimations of different dropouts (only include Bernoulli dropout, Concrete dropout, and
contextual Bernoulli dropout) on the noisy data. We include 12 randomly selected image-question
pairs, and 6 most uncertain image-question pairs for each dropout as challenging samples (30 in
total). For each sample, we manually rank different methods by the general rule that accurate and
certain is the most preferred, followed by accurate and uncertain, inaccurate and uncertain, and then
inaccurate and certain. For each image-question pair, we rank three different dropouts based on their
answers and p-values, and highlight the best performing one, the second best, and the worst with
green, yellow, and red, respectively (tied ranks are allowed). As shown in the plots, overall contextual
dropout is more conservative on its wrong predictions and more certain on its correct predictions than
other methods for both randomly selected images and challenging images.

Question: What type of door is the entryway? Question: Whose birthday is it? —
Annotation set: {glass-paned, wooden’, ‘french door’, Annotation set: {"soldier’s", "america's", 'stores’, Question: What do the big letters on the plane say?

‘wood and glass’, ‘windowed door’, ‘windowed’, “army's", ‘soldiers’, ‘chef, ‘no one’, ‘army’, ‘ot sure’, ‘soldier} Annotation set: {'ana}
Rank glass’, paned doorway’} MC answer: man’s, p-value: 0.04
2 MC answer: wood, p-value: 0.04 Concrete answer: united, p-value: 0.0
Contextual answer: man's, p-value: 1.0

Question: What are above the tennis rackets?
Annotation set: {photos’, ‘portraits’, pictures’}

MC answer: nothing, p-value: 0.01 Question: What is the kid looking at? Question: Where is the trashcan?
Concrete answer: nothing, p-value: 0.0 Annotation set: {'something in front of her’, 'window’, Annotation set: {behind car', 'rear of car’, ‘on corner’, ‘right’,
‘parent’, 'unsure’, 'background’, ‘camera’, person’} ‘sidewalk’, ‘corner’}

MC answer: food, p-value: 0.0
Concrete answer: food, p-value: 0.0

Contextual answer: left ,p-value: 1.0

Figure 12: VQA visualization: 6 plots that Contextual Dropout is the most uncertain are presented.
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» 5y
Question: What item would bother someone the Question: What is the number on the pitchers shirt?
most if it was unexpectedly missing? Annotation set: {'22} Question: Is the woman dressed conservatively?
Annotation set: {'dustbin’, 'toilet paper’ 'oilet} MC answer: 13, p-value: 0.48 Annotation set: {'yes}
MC answer: toilet, p-value: 0.0 Concrete answer: 13, p-value: 1.0
Contextual answer: 8, p-value: 0.17

Concrete answer: yes, p-value: 1.0

— = Question: What is the animal doing? Question: What's in the sand?
Question: What color is the woman's surfboard? Annotation set: {'swimming’, ‘relaxing’, aying down’, Annotation set: {‘clock’, ‘tan’}
Annotation set: {blue & red’, e, red, white’ playing, relaxing in water, teying in water} MC answer: footprints p-value: 0.0
l‘:lgez ‘red ang blue’, 'bllue %ng red} _MC EnsWSEdKNgIEVSKIed0i0 Concrete answer: footprints ,p-value: 1.0
ol L Contextual answer: clock ,p-value: 0.0
Concrete answer: blue p-value: 1.0 Contextual answer: playing, p-value: 0.01

Contextual answer: blue, p-value: 0.69
Figure 13: VQA visualization: 6 plots that Concrete Dropout is the most uncertain are presented.

( on ) Question: What are the yellow flowers in the grass called?
Annotation set: {for protection’, unsafe neighborhood, Annotation set: {dandelions', 'daffodis’, rose’, ‘daisies}
'yes’, ‘security’, ‘safety’, ‘to stop burglars', 'bad neighborhood}

Question: Why are there bars on the windows?

Question: What time does the clock say it is?
Concrete answer: daisy, p-value: 0.0 Annotation set: {'8:54', '9:55', '8:55"}
Contextual answer: daisies, p-value: 0.37

Concrete answer: decoration, p-value: 0.38

Concrete answer: no, p-value: 0.0
Contextual answer: noon, p-value: 0.02

Question: What concept is the store trying to promote? Question: How many bags can you see?

Question: What is on the sign? Annotation set: {'summer and books', ‘being on beach’, Annotation set: {10, 11', 'many’, 9", 6", 5}
Annotation set: {"bike’, 'bicycle’, ‘clock’} 'books’, 'summer time fun’, ‘reading on beach’, ‘beach’, MC answer: 6 ,p-value: 1.0
_ Summer, ‘natural} Concrete answer: 5 ,p-value: 0.04
Concrete answer: words, p-value: 0.12 Contextual answer: 6 p-value: 0.51
Contextual answer: words, p-value: 0.84

Contextual answer: umbrella, p-value: 0.01

Figure 14: VQA visualization: 6 plots that MC Dropout is the most uncertain are presented.
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Question: What number is on the bike?
Annotation set: {"highbury’, “117}

Question: Where was the picture taken of the traffic?
Annotation set: {'above’, from pole’, ‘new york city’,

=
. Question: Are these cattle tagged? Concrete answer: 2, p-value: 0.04
‘air’, 'up’, las vegas’, 'new york’} e
MC answer: city, p-value: 0.0

Annotation set: {'yes’, no’}
MC answer: yes, p-value: 0.05

Question: What color eyes does the dog have? Question: How many lights are on the engine?
Annotation set: {'brown’, ‘black’} Annotation set: {4’}
MC answer: brown, p-value: 0.04 MG o G600
Concrete answer: brown, p-value: 0.01 answerste IR=valuelth
Concrete answer: p-value: 0.0

Question: Would you like this job?
Annotation set: {'yes’, 'no’, ‘maybe’}
MC answer: yes, p-value: 0.0
Concrete answer: yes, p-value: 0.0

Question: Is that train going fast?
Annotation set: {'yes’, o’}
MC answer: no, p-value:

Question: Do these women have a preference for cats?
. . . Annotation set: {'yes’, 'no’
Contextual answer: no, p-value: 0.0 Question: What is the pink object? MC answer: yesﬂ;)-value? 0.0
Annotation set: {'flower’, 'rose’} = S —
MC answer: toothbrush, p-value: 0.0 Concrete anewer: yes
Concrete answer: toothbrush,

Question: How many people are there? Question: What color is the curb?

. Annotation set: {0, ‘1) Annotation set: {red’, ‘gray’, 'red and gray’}
Question: How many clocks? i MC answer: gray, p-value: 0.57
Annotation set: {'4', 2", '1", '0}

MC answer: 2, p-value: 0.84 Concrete answer: 0, p-value: 0.33

Figure 15: VQA visualization: 12 randomly selected plots are presented.
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