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ABSTRACT

Interpretability in deep learning is one of the largest obstacles to more widespread
adoption of deep learning in critical applications. A variety of methods have been
introduced to understand and explain decisions made by large neural networks.
A class of these methods are algorithms that attempt to highlight which input or
feature subset was most influential to model predictions. We identify two key
weaknesses in existing methods. First, most existing methods do not provide
a formal measure of which features are important on their own, and which are
important due to correlations with others. Second, many of these methods are
only applied to the most granular component of input features (e.g., pixels). We
partially tackle these problems by proposing a novel Morris Screening based sen-
sitivity analysis method using input-partitioning (MoSIP). MoSIP allows us to
quantify local and global importance of less granular aspects of input space, and
helps highlight which parts of inputs are individually important and which are po-
tentially important due to correlations. Through experiments on both MNIST with
spurious correlations (Biased-MNIST), and the large scale ImageNet-1K dataset,
we reveal several new and interesting findings. Our key finding is that newer
CNN architectures (e.g., ResNet) compared to older architectures (e.g., VGG) do
not extract fundamentally more relevant features, but simply make stronger use
of non-linearities and feature interactions. This can manifest itself in the use of
spurious correlations in the data to make decisions.

1 INTRODUCTION

Deep learning models are becoming endemic in various applications. As models are increasingly
used for critical application such as detecting lung nodules (Schultheiss et al., 2021) or autonomous
driving (Li et al., 2021), it is important to to either create interpretable models, or to make opaque
models human interpretable. This paper focuses on the latter.

Over the past decade, much progress has been made on interpreting deep models. These methods
can be broken down into model agnostic vs model dependent, and/or local vs global. Model agnostic
methods, such as Shapley values (Kononenko et al., 2013), weigh the importance of input features
without relying on the structure of the model. In contrast, methods such as GradCam (Selvaraju
et al., 2017) and GradCam++ (Chattopadhay et al., 2018) are heavily dependent on model archi-
tecture. Local methods, such as the Integrated Gradients method proposed by Sundararajan et al.
(2017) and Taylor Decomposition proposed by Montavona et al. (2018), focus on understanding the
importance of features for specific inputs. Global methods, such as breakDown presented by Staniak
& Biecek (2018), attempt to explain features across a collection of inputs.

While these methods yield valuable information about models, they share two common gaps. The
first is that none of them report metrics that distinguish between the features in input space that
are individually important, and features that are important because of their interaction with other
features. The second is that the above methods are generally applied to inputs at their most granular
level. The combination of these two gaps limits the conclusions that Machine Learning practitioners
can make about individual model predictions, as well as limits the ability of these methods to analyze
the evolution of models.
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There exist methods in the statistics/ML literature that explicitly measure feature interaction, but
have not been applied to large deep learning problems. Two such methods are Sobol indices (Sudret,
2008), and Shapley interaction values (Agarwal et al., 2019). These methods are costly, requiring
the analysis of pairwise inputs in the method.

The Morris method (Morris, 1991) is a model agnostic method that compromises between measuring
feature interaction and cost. It measures which features are individually important and which are
important due to feature interactions and/or non-linearities, and can be used both as a global and
local method, much like Shapely (Linardatos et al., 2021). We present, what is to the authors’
knowledge, first application of this method to Deep Learning models.

The number of model evaluations required for Morris scales linearly with input dimension. For deep
learning applications involving images and text, this is prohibitive. This computational burden can
be greatly reduced if, rather than focusing on interpretability at the most granular level of inputs, such
as pixels, we perform sensitivity analysis at more semantic levels. Combining sensitivity analysis of
models on semantic levels of inputs with the model agnostic methods like Morris, opens the door to
a formal method for answering a host of questions about how models use inputs. We demonstrate
this with two applications

First, we perform a global analysis on a MNIST dataset that is biased in digit color, background
color, and digit position. The semantic partitions here correspond to this metadata. Second, we per-
formed local and global analysis on different architectures applied to a subset of ImageNet. These
architectures were AlexNet (Krizhevsky et al., 2012), VGG-16 (Simonyan & Zisserman, 2014),
Inception-V3 (Szegedy et al., 2016), and ResNet-50 (He et al., 2016). The semantic partitions here
are regions of the images. Our experiments demonstrate that all of the CNN models relied more
heavily on non-linearities/interactions than individual features globally. Moreover, we quantitatively
demonstrate that the main impact of the evolution of architectures from AlexNet to ResNet-50 was
to make more use of feature interactions/non-linearities. Although the Morris Method cannot distin-
guish between interactions and non-linearity, we use a heuristic to test top-K most important regions
for the existence of interactions.

In summary, we make the following contributions:

1. We present, to our knowledge, the first application of the Morris Method to deep learning models.
2. We propose a novel application of the Morris Method that performs sensitivity analysis at the

level of semantic partitions of the input, Morris Sensitivity-analysis on Input Partitions (MoSIP).
3. We demonstrate the ability of MoSIP to correctly reveal the most important semantic components

of inputs.
4. We show that newer CNN models do not learn fundamentally new features. They primarily

increase their exploitation of semantic feature interactions/non-linearities.

2 METHODOLOGY (MOSIP)

In this section we describe how MoSIP was used to analyze the importance of semantic representa-
tions of inputs. While the methodology is general, specifics will vary with application. This variation
will be made clear during our experiments. MoSIP consists of two building blocks. The first is Mor-
ris screening which allows us to identify features that are most important to a model’s prediction,
both individually and as part of interactions/non-linearities. The second is input partitioning, which
divides input into semantically coherent chunks.

2.1 MORRIS SCREENING

The Morris method is a sensitivity analysis method that is typically used as an initial screening
method to reduce the number of parameters to be evaluated using more expensive methods such as
the Sobol method (Ge & Menendez, 2017).

Given a model, f(x), that acts on an input, x ∈ Rn, the Morris method samples N values x. It
then creates designs from each of these sampled vectors. The goal of these designs is to construct a
series of points that differ in only one component of the input x, xi. The two most common type of
designs are trajectory and radial. The details of these designs are described in Appendix A.1.
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The generated designs are subsequently used to calculate elementary effects. Elementary effects are
a measure of the contribution of each feature component to the model output. An elementary effect
is calculated for each component of the input, i, and for each sampled vector, xr.

EEi,r =
f(x1,r, ..., xi−1,r, xi,r + ∆, xi+1,r, ...xn,r)− f(x)

∆i
(1)

where ∆ = m
2(m−1) and m is the number of levels used when sampling for the trajectory design

(Sobol, 1976).

The mean and standard deviation of these elementary effects are used as measures of importance for
each individual and non-linear/interactive importance of input components respectively.

µi =
1

N

N∑
r=1

EEi,r, σi =

√√√√ 1

N − 1

N∑
r=1

(EEi,r − µi)2 (2)

While µ is effective for models that aren’t heavily non-linear/interactive, Campolongo et al. (2007)
found that it often fails for non-linear models. To combat this, they introduce µ∗ which is the mean
of the absolute value of elementary effects.

µi =
1

N

N∑
r=1

EEi,r → µ∗
i =

1

N

N∑
r=1

|EEi,r| (3)

µ∗
i states how significant the input component, i, is to a model prediction and σi states the extent to

which the model is non-linear in i, or makes use of interactions between i and other features. There
are three possible scenarios with µ∗

i and σi.

1. µ∗
i is low. The feature is not relevant.

2. µ∗
i is high and σ is low. The feature is important, but only linearly.

3. µ∗
i is high and σ is high. The feature important and has significant interactive and/or non-linear

effects.

In MoSIP each component being analyzed, i, is a real valued number that represents a semantic
input partition. We detail this more in the following section.

2.2 INPUT PARTITIONING

Input partitioning is key to our methodology. It involves extracting semantic features from raw
inputs and representing them as real numbers. These real numbers are used as the input, x, into
MoSIP and are sampled for Morris screening. For Morris screening to provide trustworthy sensitiv-
ity analysis for these semantic features, it is critical to provide an accurate method for mapping from
these semantic features back to the input space used for model predictions. In the next section, we
demonstrate useful input partitioning for two datasets. However, we note that the general principles
can be applied to other data modalities such as language, audio and video.

2.3 ALGORITHM

We present a diagram of our methodology in Figure 1. The Input partitioner is responsible for
generating semantically partitioned components of the input and a logic to map the partitions back
to raw input space. The Input partitioner is used by the Model Wrapper to transform samples
of the partitioned objects back to raw space, before feeding these samples to the runnable model.
The output of the runnable model is provided to the Morris Screening Method which computes
sensitivity results for the output with respect the input partitions. The results are visualized and
validated.
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Figure 1: Schematic of MoSIP building blocks.

(a) Example of a Biased-MNIST dataset. The
displayed digit colors, background colors, and
positions are indicative of the manner in which
the data is biased for each displayed digit.

(b) Normalized standard morris method results for a Biased-
MNIST with a correlation level of 0.7. Digit color and back-
ground color are both significant, with non-linear/interactive
effects, while digit position is not.

Figure 2: Biased-MNIST and relative significance of different confounding variable according to
MoSIP.

3 DATA, MODELS, AND PARTITIONING

In this section we discuss the data and models we will apply the Morris method to, as well as the
how we partition this data.

3.1 BIASED-MNIST

Standard MNIST is a test set for image classification algorithms consisting of handwritten digits
from 0-9. Recent work has created variations of MNIST that are biased in order to study CNN’s
tendencies to use spurious correlations. One such variation was an MNIST dataset which created a
correlation between digits, background color, digit color, distractor shapes, background texture, and
digit position (Shrestha et al., 2021). We test the ability of the Morris method to detect CNN model’s
use of these correlated features. Using code from Shrestha et al. (2021), we create Biased-MNIST
that has spurious correlations only in digit position, digit color, and background color. Figure 2a
shows three samples of this dataset. The displayed digit position, digit color, and background color
are set to the values that are correlated with the digit class.

Biased-MNIST was partitioned as follows. The digit color and background color had 10 possible
values, while the digit position had 9 possible values. An image generator function takes these three
integers and produces corresponding Biased-MNIST images. With reference to Figure 1, these
integers serve as the semantic partitions of the input samples, and the image generator serves as
extra arguments capable of generating raw input space from the partitioned values. More concretely,
the partition input is x ∈ R3, and xi is an integer representing digit color, background color, or digit
position. The CNN model used for classification is presented in Appendix B.

3.2 IMAGENET DATA PARTITIONING AND MODELS

ImageNet is the most common dataset for benchmarking modern deep learning classification mod-
els. ImageNet, and the CNNs benchmarked on it, provide an ideal test case for MoSIP. We apply
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(a) Unnormalized standard morris method results for a
Biased-MNIST at varying correlation levels.

(b) Change in accuracy when different features of
Biased-MNIST are changed sequentially from most-
to-least important (left) and vice-versa (right)

Figure 3: Trend in MoSIP sensitivity as a function of bias correlation and validation of MoSIP on
Biased-MNIST metadata

MoSIP to ImageNet-1K (Russakovsky et al., 2015) and a subset of the CNN architectures. AlexNet,
VGG-16, Inception-v3, and ResNet-50. In particular, we use MoSIP to explore how these CNNs
evolved over time (Alom et al., 2018).

The partition used for performing sensitivity analysis on these images is image regions. For the
purpose of testing, we use a simple partitioning scheme. Images are split into w × w grids of
regions. The pixel values of these regions are aggregated, through summation, into a vector of
lumped values, l ∈ Rw2

. A map between these lumped values and the original image is created
by dividing the region images by their lumped values. Multiplying l by their corresponding regions
in the map would yield the original image. The lumped value vector, l, is sampled by the Morris
Method, and multiplying these lumped vectors by the map is used to project these samples back to
the image space. We use PyTorch (Paszke et al., 2019) pre-trained models for our sensitivity analysis
experiments.

4 BIASED-MNIST EXPERIMENTS

In this section we present Biased-MNIST experiments. The parameters of the Morris method are
N = 100, npartition,x×npartition,y = 3×1, andm = 20. N is the number of samples generated for
each input, npartition,x × npartition,y is the dimension of the partition inputs, and m is the number
of levels used for trajectory design sampling.

We train the CNN model, presented in Appendix B, on Biased-MNIST with varying levels of cor-
relations, pcorr, in digit color, background color, and digit position. These levels were 0.5, 0.6, 0.7,
and 0.8. We then use the models to evaluate the feature importance of test sets that correspond to
these levels.

Figure 2b shows the results for the pcorr = 0.7 correlation data. These results are normalized per
output, and averaged over all the outputs. Our analysis shows that digit position is unimportant. It
further shows that the Morris method accurately captures the importance of digit and background
colors to the model prediction. Figure 3a displays similar results as a function of correlation. The
importance of background color reduces monotonically with correlation level, while digit color does
not. In particular, at pcorr = 0.5, the σ of digit color is twice as large as for background color.

Although the Morris method cannot distinguish between feature interactions and non-linear effects
out-of-the-box, we can use the results of this analysis to make a distinction through validation.
Validating this result essentially consists of choosing the subset of test images for which our model
correctly classified the digit, randomly changing the digit color, background color, and digit position
levels sequentially, and observing the drop in accuracy. If σ is primarily a measure of non-linearity
and not correlations, we would expect the resulting drop in accuracy to be proportional to differences
in σ. For example, the σ of digit color is twice as large as for background color at pcorr = 0.5. If
they are not correlated, the drop in accuracy for changing digit color will be twice as much as
changing background color regardless of the order in which the changes are made. To confirm, we
run the experiment for changing most-to-least important features and vice versa 100 times. The
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results along with the 95% confidence are reported in figure 3b. We see that changing the digit color
or background color have similar impacts on accuracy at both correlation levels rather than expected
≈ 2× impact for digit color if the σ values were primarily based on non-linearity alone. Hence, we
can infer from this that the σ values of digit colors and background colors are primarily measures of
feature interaction, rather than non-linearity alone.

These results verify the Morris method’s ability to accurately capture when a model use’s correla-
tions in non-geometric semantic components of inputs.

5 IMAGENET EXPERIMENTS: QUANTITATIVE

In this section we present quantitative ImageNet sensitivity analysis experiments. For all of these
experiments, we use a set of 80 images constructed by randomly sampling 20 validation set images
from the randomly chosen classes of ”oscilloscope”, ”brambling”, ”grey fox”, and ”mobile home”
classes. We explore two main questions. One, do more modern CNN architectures use fundamen-
tally different features to make predictions. Two, how have CNN’s use of non-linearities/feature
interactions evolved over time.

To answer these questions, we use both local and global sensitivity analysis. The difference be-
tween global and local sensitivity analysis for the Morris method lays primarily in how the lumped
partitions are sampled. For the local analysis lumped partitions are uniformly sampled for each in-
put, with the lumped values of the inputs as the mean of this uniform distribution. For the global
analysis, lumped partitions are sampled by using the maximum and minimum values of the lumped
components of all inputs as bounds. The samples generated are used with each input map, and the
sensitivity results are averaged.

The parameters used for the Morris method are N = 40, npartition,x × npartition,y = 8 × 8, amd
m = 8. These quantities are defined as described in section 4.

Before exploring the evolution of ImageNet CNNs, we validate that the Morris method accurately
selects the most, and least, relevant regions of images.

Validating the Morris Method: We quantitatively validate MoSIP as follows. We select the subset
of inputs that each model accurately predicted from our sample. For these subsets, we sequentially
masked the top 20% most relevant regions. Separately, we sequentially mask the 20% least impor-
tant image regions. We report the average accuracy of this subset, as well as the average change in
score of the ground truth outputs as a function of region masking. If the Morris method is accurately
selecting regions of importance/non-importance, we expect that the score and accuracy should de-
crease by more than 20% when we mask the 20% most important regions. We additionally expect
that masking the least sensitive regions will not significantly change the accuracy and or score.

Figure 4 shows the average change in accuracy when masking regions that are rank based on σ, µ∗,
and µ∗ + σ respectively. We see that, for all the models, the decrease in accuracy after masking the
most important regions was at least 50%. For score the results were similar, figure 9 in the appendix.
Masking the least important regions caused almost no change in score or accuracy. These results
indicate the the Morris method is accurately identifying the most and least important regions in the
image. Figure 10, in Appendix C, shows the results of this validation for global analysis. For global
analysis, the same regions are masked in all inputs. While not as pronounced as the local analysis,
the accuracy drops by more than 20% for all models. Similar to the local case, masking the least
important regions causes very little change. This indicates two things. First, the Morris method is
able to accurately pick regions of most/least importance globally. Second, since globally relevant
regions exist, ImageNet likely has a bias towards relevant features in the data being located in certain
regions of images.

Evolution of CNN Architecure’s on ImageNet: With MoSIP validated, we explore the evolution
of our architectures. In particular, we ask whether or not CNN model predictions on ImageNet are
based on the use of fundamentally different features in the input space. We explore this question
using both local and global analysis.

We use the local analysis to quantify the extent to which modern models use fundamentally differ-
ent features. For the local analysis, we measure the portion of the top 20% most relevant regions
in AlexNet that overlap with the top 20% most sensitive regions in VGG-16, Inception-v3, and
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Figure 4: Average change in the accuracy of the models when certain percentage of regions are
masked based on µ∗, σ, and µ∗ + σ. (TOP) Most important . (BOTTOM) Least important.

(a) Portion of top-20% of regions in each
model that is also in the top-20% of regions
of AlexNet.

(b) Average sensitivity modern models and AlexNet for over-
lapping regions, and for differing regions.

Figure 5: Results from local experiments testing the difference in important regions between
AlexNet and more modern CNNs.

ResNet-50. Regions are defined as overlapping if they are identical between AlexNet and the other
models, or if they are immediate neighbors. We additionally calculate the average µ∗ and σ of the
regions of the VGG-16, Inception-v3, or ResNet-50 that overlap with AlexNet. We also calculate
the average of these quanitities for regions that differ. For reference, the average sensitivity values
for the overlapping regions are computed for AlexNet. The averaging is done over inputs, and the
95% confidence is reported.

Figure 5 shows the results of these experiments. For µ∗, σ, and µ∗ + σ all of the models’ most
important regions overlap with at least 80% of the most important AlexNet regions. The models
additionally have higher µ∗ and σ for the overlapping regions, than the differing regions. This
implies that the most important regions to decision making for modern CNNs overlap strongly with
AlexNet. A key finding here is that modern CNNs have higher values of σ for regions that overlap
with AlexNet, than AlexNet has for those same regions.
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(a) (Average µ∗

σ
calculated for regions that satisfy

µ∗ > 0.6 or σ > 0.6.
(b) Ratio of all pairwise combinations of regions in the
top-5 MoSIP results that show evidence of interactions

Figure 6: Evolution of CNN’s over time with respect to use of correlated features

These results imply that the difference between AlexNet and modern CNNs is not the extraction
of fundamentally different semantic features, but more pronounced use of non-linearities and in-
teractions in these features. The stronger use of interactions can lead to stronger exploitation of
correlations in the data when making decision.

We further explore whether or not modern CNN models make stronger use of interactions/non-
linearties than older CNNs using global analysis. To measure the relative importance between in-
dividual and interactive/non-linear features, we calculate the ratio between the µ∗ and σ, µ∗

σ , for
relevant regions in the image. This quantifies the extent to which each model weighs individual vs
interactive/non-linear feature importance for all relevant regions.

In this analysis, relevant regions are defined as regions for which the normalized µ∗ or σ are greater
than 0.6. Figure 6a displays the results of these calculations. Figure 6a shows that µ∗

σ decreases
overtime. This reinforces the local analysis result that the key effects of the evolution of CNNs
was to weigh feature interaction/non-linearity more heavily for relevant regions, not to discover
fundamentally new features.

Do newer CNNs exploit more correlations?: The final question to explore here is to what extent
more modern CNNs use interactions vs non-linearities reletive to AlexNet. While MoSIP cannot
distinguish beteen non-linearities and interactions out-of-the-box, we propose a top-K heuristic that
can. We select all possible pairs of regions in the top-K regions from MoSIP. For each resulting pair,
x, y, we mask x, yielding a change in accuracy, δ1, and then mask y, yielding a change in accuracy
of δ2. We then perform this process in reverse order, yielding γ1 and γ2. If there are pairwise
interactive effects, then masking x and y individually should yield a greater change in accuracy than
when y is masked after x and vice-versa. Mathematically, an interaction is present in a pair, x, y,
exists when δ1 + γ1 > δ2 + γ2. For each model we perform a top-5 version of this heuristic, and
report the ratio of the resulting combinations that have interactive effects. A high ratio denotes the
presence of more pairwise interaction effect rather than simple non-linearity.

Figure 6b shows our results. We see that, relative to AlexNet, VGG-16 and Inception-v3 appear to
use interactive effects less. This makes it likely that the increase in σ of those models relative to
AlexNet, figure 5, is primarily a result of a more non-linear use of image regions with respect to
model outputs.

ResNet-50 uses interactive effects much more than other models. This implies that the increase in
σ seen relative to AlexNet is primarily a result of an increase in feature interaction. While the use
of feature interaction isn’t necessarily negative, it makes ResNet-50 more vulnerable to spurious
correlations in the data.

6 IMAGENET EXPERIMENTS: QUALITATIVE

While many types of questions can be answered quantitatively, it is at times necessary to use inter-
pretability methods on particular examples. We show the results of the Morris method on a mobile
home and brambling example in figure 7. Both yield some evidence that CNN models make use of
data correlations when performing classification. AlexNet, VGG-16, and Inception-v3 all correctly
classify the mobile home image. However, ResNet-50 classified the image as a stretcher. The most
important part of the image for this decision by ResNet-50 was the presence of firemen. Although
not explicitly explored here, it is reasonable to assume that images that contain stretchers also usu-
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ally contain emergency personnel such as fireman. In the brambling case, all of the models classified
the image incorrectly. The most prominent bird in the image is a brambling. AlexNet, VGG-16 and
ResNet-50 classified the image as a gold finch. The most critical regions for this decision making
process for the models are the yellow portions of the birds in the background, and the bird feeder. In
both of these examples, σ highlights the parts of the images that are important due to correlations.

Brambling Mobile Home

AlexNet:  
Gold Finch 

VGG-16:  
Gold Finch 

InceptionV3: 
Bee Eater

ResNet-50:  
Gold Finch 

AlexNet: 
Mobile Home 

VGG-16:  
Mobile Home  

InceptionV3: 
Mobile Home  

ResNet-50:  
Stretcher

Figure 7: Local Morris sensitivity results when AlexNet, VGG-16, Inception-v3, and ResNet-50 are
applied to two images, brambling (left) and mobile home (right).

The results of Biased-MNIST and these local experiments show that σ, which represents both feature
interactions and non-linearities, is a reasonable initial measure of the extent to which models use
correlations when making decisions.

Consistency with prior results: The findings in our experimental section are consistent with work
done by others studying the behavior of CNNs for classification. In particular, our results are consis-
tent Brendel & Bethge (2019) who found that early CNN models were well approximated using Bag
of Words patches, but not later ones. This indicated that later CNNs used inputs more non-linearly
(interactive). Our results are also consistent with Xiao et al. (2020) who found that image classifiers
were susceptible to adversarial attacks involving modifying image backgrounds, an indicator that
these models exploit spurious correlations

7 DISCUSSION, CONCLUSION, FURTHER WORK

Through MoSIP, we have developed a tool that facilitates understanding the decisions of deep Learn-
ing models at a semantic level. MoSIP allows us to quantify the extent to which semantic represen-
tations of the input impact model decisions. This semantic level analysis facilitates the discovery
of model bias, as well as the ability to answer interesting high level questions about the behavior of
these models. Our experiments with Biased-MNIST demonstrated MoSIP’s ability to detect CNN’s
use of spurious correlations. Moreover, our ImageNet experiments demonstrate MoSIP’s ability to
facilitate a deeper understanding of deep models. We found that the changes in the CNN archi-
tectures since AlexNet manifests themselves primarily through greater interactive and non-linear
exploitation of image regions, not the use of fundamentally different regions.

While our studies were limited to image models, MoSIP can be easily extended to other domains,
such as text and audio as well. Furthermore, the general principles of MoSIP can be easily extended
sampling based sensitivity methods other than Morris. Additionally, although our naive input par-
titioning strategy yielded interesting results, expert-designed input partitioning could be used to
address domain-specific questions (e.g in medicine, autonomous driving, etc...). Finally, our work
could also be extended to study the interaction and importance of different layers of deep models in
model predictions, rather than studying input-output relationship.

We hope that MoSIP assists researchers in interpreting otherwise opaque deep learning models,
facilitates the development of future models based on a strong understanding of how current models
use semantic information, and enables the construction of diverse datasets based on an understanding
of which semantic features in the dataset are relevant.
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REPRODUCIBILITY

At the time of writing this, the authors are obtaining permission from their organization to open-
source the code used for this paper. When available, this will be placed here.

As a placeholderfor that, the authors describe the steps to reproduce the work in this paper. In
particular, the authors will describe where to obtain the data and models used in this paper, source
code to use when implementing Morris, and where to find the parameters for partitioning the data in
the paper. Given this information, the results of this paper should be reproducible.

DATA AND MODELS

The Biased-MNIST data can be generated using open source code created by Shrestha et al. (2021)
and the ImageNet validation data can be downloaded from the website provided by Russakovsky
et al. (2015). The CNN model used to classify the Biased-MNIST can also be found on the cite
created by Shrestha et al. (2021), while the pre-trained ImageNet models used in this paper are
readily available in PyTorch.

MORRIS

The Morris method is implemented using the open source sensitivity analysis package, SALIB,
(Herman & Usher, 2017), along with Morris parameters described in sections 4 and 5.

DATA PARTITIONING

The data partitioning for Biased-MNIST and ImageNet is described within section 3.
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Table 1: Trajectory and radial designs

Point Trajectory Radial

x1,r a1,r, a2,r, a3,r, ..., an,r a1,r, a2,r, a3,r, ..., an,r
x2,r b1,r, a2,r, a3,r, ..., an,r a1,r, b2,r, a3,r, ..., an,r
...

...
...

xi,r b1,r, b2,r, ...bi−1,r, ai,r..., an,r a1,r, a2,r, a3,r, bi−1,r, ..., an,r
xi+1,r b1,r, b2,r, ...bi−1,r, bi,r..., an,r a1,r, a2,r, a3,r, ..., bi,r, ..., an,r
...

...
...

xn+1,r b1,r, b2,r, ...bi−1,r, bi,r..., bn,r a1,r, a2,r, a3,r, ..., bn,r

A MORRIS SCREENING

A.1 MORRIS RADIAL DESIGN

Here we describe in more detail radial and trajectory design used for the Morris screening method.
Table 1 shows examples of these designs. The designs are essentially constructed by sampling N
values of z ∈ R2n. The rth sampled vector is split into two vectors, ar ∈ Rn and br ∈ Rn. Both
the trajectory and radial design construct n + 1 points. A trajectory design is created by iteratively
replacing ak,r with bk,r in such a way that the ith and i+ 1th points differ only in the ith element.
A radial design is created by replacing components of the sampled point such that the ith and 1st

point differ only by the ith component. Table 1 shows an example of this.

The sampling strategy used for the trajectory design is based on sampling on fixed grid levels (Mor-
ris, 1991), while the samples for the radial design were generated with Sobol’s quasi-random se-
quence (Sobol, 1976). The trajectory design method focuses on constructing a series of points such
that the ith point differs from the (i − 1)th point only in the (i − 1)th element. The radial design
constructs series of points such that the ith point differs from the 1st point in the (i− 1)th element.

B BIASED-MNIST MODEL

Figure 8: Architecture that is trained on Biased-MNIST data, and used to perform sensitivity analy-
sis on test data.

The model used for classifying Biased-MNIST is a simple CNN architecture. It consists of a batch
norm layer, followed by a series of convolution and RELU layers. The architecture is shown in
figure 8.
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C IMAGENET RESULTS

This section of the appendix contains results for the quantitative experiments of MoSIP on different
architectures applied to CNN.

Figure 9: Average change in score of the ground truth component of the model output when certain
percentage of regions are masked. The top graphs show when the most important µ∗, σ, and µ∗ + σ
are masked. The bottom shows when the least important are changed. All the inputs used in this test
are those for which the model made accurate predictions.

Figure 10: Average change in the accuracy of the models when certain percentage of regions are
masked using global values of µ∗, σ, and µ∗ + σ. (TOP) Most Important. (BOTTOM) Least
Important.

We also performed experiments to validate that the Morris method accurately selected the most and
least important regions of the images both locally and globally. In order to do this, we masked the
top-20% of regions in local analysis and observed the change in accuracy, shown in figure 4 in the
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text, and figure 9, shown here. We finally observe the change in accuracy of masking based on the
global results. We note that in the global experiments the same regions are masked in all inputs.
Figure 10 shows these results.
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