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the model is encouraged to remember the evidence for previously made decisions.
As a first step towards exploring this hypothesis, we propose a simple novel training
paradigm, called Remembering for the Right Reasons (RRR), that additionally stores
visual model explanations for each example in the buffer and ensures the model has
“the right reasons” for its predictions by encouraging its explanations to remain con-
sistent with those used to make decisions at training time. Without this constraint,
there is a drift in explanations and increase in forgetting as conventional contin-
ual learning algorithms learn new tasks. We demonstrate how RRR can be easily
added to any memory or regularization-based approach and results in reduced for-
getting, and more importantly, improved model explanations. We have evaluated our
approach in the standard and few-shot settings and observed a consistent improve-
ment across various CL approaches using different architectures and techniques to
generate model explanations and demonstrated our approach showing a promising
connection between explainability and continual learning. Our code is available at
https://github.com/SaynaEbrahimi/Remembering-for-the-Right-Reasons.
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1 | INTRODUCTION

Humans are capable of continuously learning novel tasks by leveraging their lifetime knowledge and expanding them when they
encounter a new experience. They can remember the majority of their prior knowledge despite the never-ending nature of their
learning process by simply keeping a running tally of the observations distributed over time or presented in summary form. The
field of continual learning or lifelong learning'? aims at maintaining previous performance and avoiding so-called catastrophic
forgetting of previous experience®™ when learning new skills. The goal is to develop algorithms that continually update or add
parameters to accommodate an online stream of data over time.



https://github.com/SaynaEbrahimi/Remembering-for-the-Right-Reasons

2 Ebrahimi ET AL

A(rep Mep !MRRR
- =5 pred
Iy y =
W b : \ S pred
Ltask( Y.y pred) Ltask( ¥ Pred) + LRRR ( §’ s PTEd)

FIGURE 1 An illustration of applying RRR paradigm. (Left) In a typical experience replay scenario, samples from prior tasks
are kept in a memory buffer M™P and revisited during training. (Right) In our proposed idea (RRR), in addition to M"P, we
also store model explanations (saliency maps) as MRRR for those samples and encourage the model to remember the original
reasoning for the prediction. Note that the saliency maps are small masks resulting in a negligible memory overhead (see Section

AT).

An active line of research in continual learning explores the effectiveness of using small memory budgets to store data points
from the training set®078, gradients?, or storing an online generative model that can fake them later®. Memory has been also
exploited in the form of accommodating space for architecture growth and storage to fully recover the old performance when
needed™ 2. Some methods store an old snapshot of the model to distill the features™ or attention maps™ between the teacher
and student models.

The internal reasoning process of deep models is often treated as a black box and remains hidden from the user. However,
recent work in explainable artificial intelligence (XAI) has developed methods to create human-interpretable explanations for
model decisions I We posit that the catastrophic forgetting phenomenon is due in part to not being able to rely on the
same reasoning as was used for a previously seen observation. Therefore, we hypothesize that forgetting can be mitigated when
the model is encouraged to remember the evidence for previously made decisions. In other words, a model which can remember
its final decision and can reconstruct the same prior reasoning. Based on this approach, we develop a novel strategy to exploit
explainable models for improving performance.

Among the various explainability techniques proposed in XAl, saliency methods have emerged as a popular tool to identify
the support of a model prediction in terms of relevant features in the input. These methods produce saliency maps, defined as
regions of visual evidence upon which a network makes a decision. Our goal is to investigate whether augmenting experience
replay with explanation replay reduces forgetting and how enforcing to remember the explanations will affect the explanations
themselves. Figure [T]illustrates our proposed method.

In this work, we propose RRR, a training strategy guided by model explanations generated by any white-box differentiable
explanation method; RRR adds an explanation loss to continual learning. White-box methods generate an explanation by using
some internal state of the model, such as gradients, enabling their use in end-to-end training. We evaluate our approach using
various popular explanation methods including vanilla backpropagation, backpropagation with smoothing gradients (Smooth-
grad)m‘, Guided Backpropagationm‘, and Gradient Class Activation Mapping (Grad-CAM)™ and compare their performance
versus their computational feasibility. We integrate RRR into several state of the art class incremental learning (CIL) methods,
including iTAML, EEII, BiCﬂ, TOPIC, iCaRL, EWC@, and LwF. Note that RRR does not require task IDs at test time.
We qualitatively and quantitatively analyze model explanations in the form of saliency maps and demonstrate that RRR remem-
bers its earlier decisions in a sequence of tasks due to the requirement to focus on the the right evidence. We empirically show
the effect of RRR in standard and few-shot class incremental learning (CIL) scenarios on popular benchmark datasets includ-
ing CIFAR100, ImageNet100, and Caltech-UCSD Birds 200 using different network architectures where RRR improves overall
accuracy and forgetting over experience replay and other memory-based method.
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Our contribution is threefold: we first propose our novel, simple, yet effective memory constraint, which we call Remembering
for the Right Reasons (RRR), and show that it reduces catastrophic forgetting by encouraging the model to look at the same
explanations it initially found for its decisions. Second, we show how RRR can be readily combined with memory-based and
regularization-based CL methods to improve performance. Third, we demonstrate how guiding a continual learner to remember
its explanations can improve the quality of the explanations themselves; i.e., the model looks at the right region in an image
when making correct decisions while it focuses its maximum attention on the background when it misclassifies an object. This
work is based on the original publication?.

2 | BACKGROUND: WHITE-BOX EXPLANABILITY TECHNIQUES

Here we briefly review the explainability methods we have evaluated our approach with. The core idea behind RRR is to guide
explanations or saliency maps during training to preserve their values. Hence, only gradient-based saliency techniques can be
used which are differentiable and hence trainable during training for the mainstream task as opposed to black-box saliency
methods which can be used only after training to determine important parts of an image.

Vanilla Backpropagation?’: The simplest way to understand and visualize which pixels are most salient in an image is to
look at the gradients. This is typically done by making a forward pass through the model and taking the gradient of the given
output class with respect to the input. Those pixel-wise derivative values can be rendered as a normalized heatmap representing
the amount of change in the output probability of a class caused by perturbing that pixel. To store a saliency map for each RGB
image of size 3 X W x H, we need an equivalent memory size of storing W x H pixel values.

Backpropagation with SmoothGrad: %' showed that the saliency maps obtained using raw gradients are visually noisy and
using them as a proxy for feature importance is sub-optimal. They proposed a simple technique for denoising the gradients that
adds pixel-wise Gaussian noise to n copies of the image, and simply averages the resulting gradients. SmoothGrad requires the
same amount of memory to store the saliency maps while it takes » times longer to repeat generating each saliency map. We
found n = 40 to be large enough to make a noticeable change in the saliencies in our experiments.

Gradient-weighted Class Activation Mapping (Grad-CAM): is a white-box explainability technique which uses gradi-
ents to determine the influence of specific feature map activations on a given prediction. Because later layers in a convolutional
neural network are known to encode higher-level semantics, taking the gradient of a model output with respect to the activa-
tions of these feature maps discovers which high-level semantics are important for the prediction. We refer to this layer as the
target layer in our analysis. For example, when using Grad-CAM to visualize explanations for image classification, taking the
gradient of the correct class prediction with respect to the last convolutional layer highlights class-discriminative regions in the
image (such as the wings of a bird when identifying bird species).

Consider the pre-softmax score y, for class c in an image classification output. In general, any differentiable activation can be
used. Consider also a single convolutional layer with K feature maps, with a single feature map noted as A* € R**?. Grad-CAM
takes the derivative of y, with respect to each feature map AX. It then performs global average pooling over the height and width
dimensions for each of these feature map gradients, getting a vector of length K. Each element in this vector is used as a weight
a;, indicating the importance of feature map k for the prediction y.. Next, these importance weights are used in computing
a linear combination of the feature maps. Followed by a ReLLUZ® to zero-out any activations with a negative influence on the
prediction of class ¢, the final Grad-CAM output (s) is as below with Affj defined at location (i, j) in feature map A*.

u v K
¢ 1 ayc c c 1k
“= L Z Z d A SGrad.cam = ReLU <Z %A > M
ij

i=1 j=1 k=1
Unlike the common saliency map techniques of Guided BackProp“%, Guided GradCAM%Z, Integrated Gradients?®, Gradient
© Input??, Backpropagation with SmoothGrad?! etc., vanilla Backpropagation and Grad-CAM pass important “sanity checks"
regarding their sensitivity to data and model parameters=. We will compare using vanilla Backpropagation, Backpropagation
with SmoothGrad, and Grad-CAM in RRR in Section[d] We will refer to the function that computes the output s of these saliency
method as X AT.
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Algorithm 1 Remembering for the right reasons (RRR) for Continual Learning

function TRAIN(f,, D", D")
T # of tasks, n: # of samples in task
R« 0eRTXT
M™P «— {}
MRRR - {}
for k =1toTdo
fori =1tondo

Compute cross entropy on task (L)
Compute Ly using Eq.[2]
0" — 60— aVy(Lyg+Lrrr)
end for
M MRRR  UPDATE MEM(f, ;‘, D;{’, MP MRRR)
Ry 1.,y < EVAL (fé‘,D’{slmk})
end for
return f,, R
end function

function UPDATE MEM(f}, DY, M™P, MRRR)
(x;, k, y;) ~ D
M — MU {(x;, k, )}
§ — XAL(ff(x;, k)
MRRR . \(RRR (5}
return M, MRRR
end function

function EVAL(f, D)
fori=1to kdo
R, = Accuracy(fgk(x, i),yIV(x,y) € DY)
end for
return R
end function

3 | REMEMBERING FOR THE RIGHT REASONS (RRR)

Memory-based methods in continual learning have achieved high performance on vision benchmarks using a small amount of
memory, i.e. storing a few samples from the training data into the replay buffer to directly train with them when learning new
tasks. This simple method, known as experience replay, has been explored and shown to be effective 8502 Tp this work
we aim to go one step further and investigate the role of explanations in continual learning, particularly on mitigating forgetting
and change of model explanations.

We consider the problem of learning a sequence of T data distributions D" = { D’lr, e D’T’}, where DZ = {(xl’.‘, yf.‘)fil } is the
data distribution for task k with n sample tuples of input (x* C X)) and set of output labels (y* C ). The goal is to sequentially
learn the model f, : XXT — Y for each task that can map each input x to its target output, y, while maintaining its performance
on all prior tasks. We aim to achieve this by using memory to enhance better knowledge transfer as well as better avoidance
of catastrophic forgetting. We assume two limited memory pools M for raw samples and MRRR for model explanations. In
particular, M = {(x/,y] Y, ~ D" .} stores m samples in total from all prior tasks to k. Similarly MRRR stores the
saliency maps generated based on f eé by one of the explanation methods (X.AT) discussed in Section [2| for images in M"P
where f 6’,‘ is f, being trained for task k. We use a single-head architecture where the task ID integer ¢ is not required at test time.

Upon finishing the k" task, we randomly select m/(k-1) samples per task from its training data and update our replay buffer
memory M™P. RRR uses model explanations on memory samples to perform continual learning such that the model preserves
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its reasoning for previously seen observations. We explore several explanation techniques to compute saliency maps using f é‘ for
the stored samples in the replay buffer to populate the xai buffer memory M**. The stored saliency maps will serve as reference
explanations during the learning of future tasks to prevent model parameters from being altered resulting in different reasoning
for the same samples. We implement RRR using an L1 loss on the error in saliency maps generated after training a new task
with respect to their stored reference evidence.

Lygr(for M, MEE) = () g1t aarsy | AL(fy () = 311, ©)

where X AI(-) denotes the explanation method used to compute saliency maps using the model trained on the last seen

example from task k, and § are the reference saliency maps generated by X AL( f ;‘) upon learning each task prior to T" and stored

in to the memory. We show below that combining RRR into the objective function of state-of-the-art memory and regularization-
based methods results in significant performance improvements. The full algorithm for RRR is given in Alg.[I]

4 | EXPERIMENTS

In this section, we apply RRR in two distinct learning regimes: standard and few-shot class incremental learning. These are the
most challenging CL scenarios, in which task descriptions are not available at test time. We first explore the effect of backbone
architecture and the saliency map technique on RRR performance. We then report our obtained results integrating Lygg into
existing memory-based and regularization-based methods.

4.1 | Few-shot CIL Performance

We first explore CIL of low-data regimes where preventing overfitting to few-shot new classes is another challenge to overcome
in addition to avoiding catastrophic forgetting of old classes. We use C classes and K training samples per class as the C-way
K-shot few-shot class incrementally learning setting where we have a set of b base classes to learn as the first task while the
remaining classes are learned with only a few randomly selected samples. In order to provide a direct comparison to the state-
of-the-art work of2 we precisely followed their setup and and used the same Caltech-UCSD Birds dataset33, divided into 11
disjoint tasks and a 10-way 5-shot setting, where the first task contains b = 100 base classes resulting in 3000 samples for
training and 2834 images for testing. The remaining 100 classes are divided into 10 tasks where 5 samples per class are randomly
selected as the training set, while the test set is kept intact containing near 300 images per task. The images in CUB200 are
resized to 256 X 256 and then randomly cropped to 224 x 224 for training. We store 4 images per class from base classes in the
first task and 1 sample per each few-shot class in the remaining 10 tasks®. We used the RAdam** optimizer with a learning rate
of 0.001 which was reduced by 0.2 at epochs 20, 40, and 60 and trained for a total of 70 epochs with a batch size of 128 for the
first and 10 for the remaining tasks.

Figure[2](left) shows results for ER with and without Ly, using different backbone architectures and saliency map techniques.
Among the tested saliency map methods, Grad-CAM on ResNet18 outperforms Vanilla Backpropagation and SmoothGrad by
2-3% while SmoothGrad and vanilla Backpropagation achieve similar CL performance. To compute the memory overhead of
storing the output for a saliency method, if we assume the memory required to store an image is M, vanilla Backpropagation
and SmoothGrad generate a pixel-wise saliency map that occupies M/3 of memory. However, in Grad-CAM the saliency map
size is equal to the feature map of the target layer in the architecture. In our study with Grad-CAM we chose our farget layer
to be the last convolution layer before the fully-connected layers. For instance using ResNet18 for colored 224 x 224 images
results in the Grad-CAM output of 7 X 7 occupying 196B. Table[AT|shows the target layer name and saliency map size for other
network architectures used in this work (AlexNet and SqueezeNetl_1) as well.

Figure [2| (right) shows the effect of adding Lyzr On existing recent state-of-the-art methods such as TOPIC%?, EEIL", and
iCaRL".%J ysed a neural gas network>% which can learn and preserve the topology of the feature manifold formed by different
classes and we have followed their experimental protocol for our CUB200 experiment by using identical samples drawn in each
task which are used across all the baselines for fair comparison. Adding Lzzr improves the performance of all the baselines;
TOPIC becomes nearly on-par with joint training which serves as the upper bound and does not adhere to continual learning.
The gap between ER and iCaRL is also reduced when ER uses Lygg-
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FIGURE 2 Few-shot CIL learning of CUB200 in 11 tasks where each point shows the classification accuracy on all seen classes
so far. (Left) Shows ER with and without Lyzg using different backbone architectures and saliency map techniques. (Right)
Performance of the state-of-the-art existing approaches with and without Lz on CUB200 including TOPIC%, EEIL?, iCaRL”.
Joint training serves as the upper bound. Results for baselines are obtained using their original implementation. All results are
averaged over 3 runs and mean and standard deviation values are given in the appendix. Best viewed in color.

4.2 | Standard CIL Performance

In order to provide a direct comparison to the recent work of® we perform our standard CIL experiment on CIFAR100°% and
ImageNet100 where we assume a memory budget of 2000 samples which are identical across all the baselines. Following®
we divide CIFAR100 to 10 and 20 disjoint tasks with 10 and 5 classes at a time. Figures [3a] and 3b] show the classification
accuracy upon learning each task on all seen classes. We see a consistent average improvement of 2 — 4% when Ly is added
as an additional constraint to preserve the model explanations across all methods, from the most naive memory-based method,
experience replay (ER), to more sophisticated approaches which store a set of old class exemplars along with meta-learning
(iTAML), correct bias for new classes (BiC), and fine tune on the exemplar set (EEIL). We also applied the RRR constraint on
regularization-based methods such as EWC and LwF with no memory used as a replay buffer. The accuracy for both improves
despite not benefiting from revisiting the raw data. However, they fall behind all memory-based methods with or without Lypg.
The final accuracy on the entire sequence for joint training (multi-task learning) with RAdam optimizer®* is 80.03% which
serves as an upper bound as it has access to data from all tasks at all time.

Figureshows our results on learning ImageNet100 in 10 tasks. The effect of adding Ly to baselines on the ImageNet100
experiment is more significant (3 —6%) compared to CIFAR100. This is mainly due to the larger size and better quality of images
in ImageNet100, resulting in generating larger Grad-CAM saliency maps. These experiments clearly reveal the effectiveness of
Lzrr on model explanations in a continual learning problem at nearly zero cost of memory overhead when a memory buffer
is already created and applied as a catastrophic forgetting avoidance strategy. This makes Grad-CAM the ideal approach to
generate saliency maps when applying the RRR training strategy, as it achieves the highest accuracy while utilizing the least
storage space to store saliencies. Note that we adopt Grad-CAM to generate saliency maps in the remaining experiments in this
paper. We also keep using only ResNet18 for a fair comparison with the literature.

S | ANALYSIS OF MODEL EXPLANATIONS

In this section we want to answer the question “How often does the model remember its decision for the right reason upon
learning a sequence of tasks?”. In particular, we want to evaluate how often the model is “pointing" at the right evidence for
its predictions, instead of focusing its maximum attention on the background or other objects in the image. We use the Pointing
Game experiment (PG)X¢ for this evaluation, which was introduced to measure the discriminativeness of a visualization method
for target object localization. Here, we use ground truth segmentation annotation labels provided with the CUB-200 dataset to
define the true object region.
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FIGURE 3 Effect of RRR on existing methods for CIL on CIFAR100 in (a) 10 and (b) 20 tasks and (c) ImageNet100 in 10
tasks. Each point shows the classification accuracy on all seen classes so far. Results for iTAML, BiC, and EEIL are produced
with their original implementation while EWC and LwF are re-implemented by us. All results are averaged over 3 runs and
mean and standard deviation values are given in the appendix. Best viewed in color.

TABLE 1 PG experiment results on few-shot CIL CUB200 measuring localization accuracy (PG-ACC %) and backward transfer
(PG-BWT %).

Methods PG-ACC (%) PG-BWT (%)
ER 54.0 -17.4
ER+RRR 58.5 -15.6
TOPIC 72.7 -0.9
TOPIC+RRR 74.2 -2.1

TABLE 2 PG experiment results on few-shot CIL CUB200 measuring precision and recall averaged over all tasks. Pr;; and
Re; ; evaluate the pointing game on each task ti directly after the model has been trained on t'. Prp; and Rey; are obtained by
the evaluation for task t! using the model trained for all T tasks.

Precision  Recall

Methods Pri,i PrT,i Rei,i ReT,i

ER 80.0 68.9 64.1 65.1
ER+RRR 82.1 70.3 64.2 66.8
TOPIC 91.0 88.4 98.1 97.4

TOPIC+RRR 92.8 89.1 99.6 99.2

First, we look into hits and misses defined by the PG experiment. When the location of the maximum in a predicted saliency
map falls inside the object, it is considered as a hit and otherwise it is a miss. Figure [BI] shows an example from CUB200
where the segmentation annotation is used to determine whether the peak of the predicted saliency map (marked with red cross)
falls inside the object region. This example is regarded as hit as the red cross is inside the segmentation mask for the bird.
PG localization accuracy is defined as the number of hits over the total number of predictions. We would like to measure both
the overall PG performance of a continual learner as well as how much learning new tasks causes it to forget its ability to hit
the target object. For these metrics, inspired by?, we define PG-ACC = % Z,T=1 Ry, as the average PG localization accuracy
computed over all prior tasks after training for each new task and PG-BWT = ﬁ ZIT:_II Ry ; — R;; (backward transfer) which
indicates how much learning new tasks has influenced the PG localization accuracy on previous tasks where R, ; is the on task
i after learning the n'® task. Results for ER and TOPIC with and without £zgre on CUB200 are shown in Table 1} It shows how
constraining different models to remember their initial evidence can lead to better localization of the bird across learning new
tasks.
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FIGURE 4 An illustration of the progression of saliencies on an image from the test set of the second task, evaluated after the
model is trained on tasks #2, #5, #7, #9, and #11 on CUB200. Failure case for ER w.0. Lyzg (top row), where saliency drifts
from the original and the prediction becomes incorrect. ER+RRR (bottom row) retains close to the original saliency as the
model trains on more tasks, with the exception of Task #5 which it is able to correct later on. Its performance is retained as well,
for saliencies that are close to the original.

However, PG performance does not capture all of our desired properties for a continual learner. Ideally, we not only want a
model to predict the object correctly if it is looking at the right evidence, but also we want it to not predict an object if it is not
able to find the right evidence for it. To measure how close our baselines can get to this ideal model when they are combined with
Lyrr, We measure the precision as ®/@p+fp), and recall as ®/@p+n). We evaluate these metrics once immediately after learning
each task, denoted as Pr;; and Re, ;, respectively, and again at the end of the learning process of final task T" denoted as Prr;
and Rer ;, where the first subscript refers to the model ID and the second subscript is the test dataset ID on which the model
is evaluated. The higher the precision for a model is, the less often it has made the right decision without looking at the right
evidence. On the other hand, the higher the recall, the less often it makes a wrong decision despite looking at the correct evidence.
We show our evaluation on these metrics in Table[2]for ER and TOPIC with and without Lz on CUB200 where Lygy, increases
both precision and recall across all methods, demonstrating that our approach continually makes better predictions because it
finds the right evidence for its decisions.

In our final analysis, we would like to visualize the evolution of saliency maps across learning a sequence of tasks. Figure ]
illustrates the evolution of saliency maps for an image from the test-set of the second task, which both ER without Lzzp (top
row) and with Ly (bottom row) have seen during training for the second task. We only visualize the generated saliencies after
finishing tasks #2, #5, #7, #9, and #11 for simplicity. We indicate the correctness of the prediction made by each model with
‘correct’ or ‘incorrect’ written on top of their corresponding saliency map. Our goal is to visualize if adding the loss term Lygp
prevents the drifting of explanations. Given the same input image, the ER without Lyzr model makes an incorrect prediction
after being continually trained for 11 tasks while never recovering from its mistake. On the other hand, when it is combined with
Lrgrr- it is able to recover from an early mistake after task 5. Considering the saliency map obtained after finishing task one as
a reference evidence, we can see that ER’s evidence drifts further from the reference. On the bottom row, the region of focus
of ER+RRR remains nearly identical to its initial evidence, apart from one incorrect prediction. As applying Lyzgrr corrects its
saliency back to the original, this prediction is corrected as well. This supports the conclusion that retaining the original saliency
is important for retaining the original accuracy.

6 | RELATED WORK

Continual learning: Past work in CL has generally made use of either memory, model structure, or regularization to prevent
catastrophic forgetting. Memory-based methods store some form of past experience into a replay buffer. However, the definition
of “experience" varies between methods. Rehearsal-based methods use episodic memories as raw samples23752 or their gradi-
ents®3® for the model to revisit. Incremental Classifier and Representation Learning (iCaRL)Z, is a class-incremental learner that
uses a nearest-exemplar algorithm for classification and prevents catastrophic forgetting by using an episodic memory. iTAML®
is a task-agnostic meta-learning algorithm that uses a momentum based strategy for meta-update and in addition to the object
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classification task, it predicts task labels during inference. An end-to-end incremental learning framework (EEIL)" also uses an
exemplar set along with data augmentation and balanced fine-tuning to alleviate the imbalance between the old and new classes.
Bias Correction Method (BiC)® is another class-incremental learning algorithm for large datasets in which a linear model is used
to correct bias towards new classes using a fully connected layer. In contrast, pseudo-rehearsal methods generate the replay sam-
ples using a generative model such as an autoencoder®” or a GAN*Y. Regularization-based methods define different metrics
to measure importance and limit the changes on parameters accordingly 242434413l byt in general these methods have lim-
ited capacity. Structure-based methods control which portions of a model are responsible for specific tasks such that the model
increases its capacity in a controlled fashion as more tasks are added. Inference for different tasks can be restricted to various
neurons®#8, columns'?, task-specific modules', or parameters selected by a mask*Z44, In RRR we explored the addition of
explanations to replay buffer and showed that saliency-based explanations offer performance upgrade as well as improvement
in explanations across all memory-based and regularization-based baselines we tried.

Visual explanation approaches or saliency methods attempt to produce a posterior explanation or a pseudo-probability map
for the detected signals from the target object in the input image. These approaches can be broadly divided into three categories
including activation, gradient, and perturbation based methods. Activation-based methods 848 yse a weighted linear combi-
nation of feature maps whereas gradient-based methods#220225116 yge the derivative of outputs w.r.t the input image to compute
pixel-wise importance scores to generate attention maps. Methods in these categories are only applicable to differentiable mod-
els, including convolutional neural networks (CNNSs). In contrast, perturbation-based methods are model-agnostic and produce
saliency maps by observing the change in prediction when the input is perturbed 722235455 While these methods attempt to
identify if models are right for the wrong reason,”3 took a step further and applied penalties to correct the explanations provided
in supervised/unsupervised fashion during training.*® used human explanations in the form of question and answering to bring
model explanations closer to human answers.

7 | CONCLUSIONS

In this paper, we proposed the use of model explanations with continual learning algorithms to enhance better knowledge transfer
as well as better recall of the previous tasks. The intuition behind our method is that encouraging a model to remember its
evidence will increase the generalisability and rationality of recalled predictions and help retrieving the relevant aspects of each
task. We advocate for the use of explainable Al as a tool to improve model performance, rather than as an artifact or interpretation
of the model itself. We demonstrate that models which incorporate a “remember for the right reasons” constraint as part of a
continual learning process can both be interpretable and more accurate. We empirically demonstrated the effectiveness of our
approach in a variety of settings and provided an analysis of improved performance and explainability.
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APPENDIX

A GRAD-CAM TARGET LAYERS

Table [AT] shows the target layer names used in Grad-CAM for different network architectures according to their standard
PyTorch®Z implementations. Saliency map size is equal to the activation map of the target layers.

TABLE A1 Target layer names and activation maps size for saliencies generated by different network architectures in
Grad-CAM.

Target layer name in PyTorch torchvision package  Saliency map size

SqueezeNetl _1 features.0.12.expand3x3 13x13
AlexNet features.0.10 13x 13
ResNet18 features.7.1.conv2 7x7

B POINTING GAME VISUALIZATION

Figure BT shows an example from CUB200 in the Pointing Game. We used the segmentation annotation to verify whether the
peak of the predicted saliency map (marked with red cross) falls inside the object region. It is regarded as hif as the red cross is
inside the segmentation mask for the bird.

FIGURE B1 An example of PG evaluation as hit for an image in CUB200. Left: image saliency map overlaid on the image.
Right: the segmentation label where the red cross marks the peak saliency.
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C TABULAR RESULTS

In this section, we have tabulated results shown in Figure [2] and Figure [3| with means and standard deviations averaged over 3
runs.

TABLE C2 Classification accuracy of few-shot CIL learning of CUB200 at the end of 11 tasks for ER with and without Lzzg
using different backbone architectures and saliency map techniques. Results are averaged over 3 runs. Figure[2] (left) in the main
paper is generated using numbers in this Table.

\ 1 2 3 4 5 6 7 8 9 10 11 \
RNI8-RRR-GCam |67.8+0.8 53.5+0.7 456+0.6 39.6+0.7 353+09 323+ 1.1 294+09 259+08 257+0.6 263+0.7 23.6+07
RNI18-ER 67.8+0.8 49.7+09 41.7+0.8 358+0.7 31.4+09 285+08 255+0.8 22.1+08 21.8+08 225+ 1.1 19.8+0.9
RN18-RRR-Smooth | 67.8 +0.8 50.9+0.6 43.5+09 37.0+0.8 33.0+0.7 29.5+0.6 268+08 23.9+0.8 23.9+08 23.4+08 21.5+0.5
RNIS-RRR-BP | 67.8+0.8 50.8+0.8 43.9+0.6 36.6+04 327+0.6 289+0.6 27.2+05 23.8+06 23.8+0.6 24.0+04 21.5+0.6
RNI8-Finetune | 67.8+0.8 44.8+0.6 322+05 258+07 256+0.7 252+0.7 208+0.6 168+07 188+05 183+04 17.1+0.6
Alex-RRR-GCam | 56.7+0.7 46.6+05 43.9+0.7 41.3+07 337+05 274+0.7 253+0.7 220+05 21.5+0.6 214+0.6 21.2+0.6
Alex-ER 56.7+0.7 44.6+0.7 413+0.7 387+07 31.1+07 245+07 226+0.7 196+0.6 19.1+08 187+08 19.1+08
Alex-Finetune 56.7+0.7 428+08 39.6+0.8 369+0.8 29.5+0.7 23.3+0.6 214+08 179407 180+0.7 17.0+0.5 16.9+0.4
SQ-RRR-GCam  [468+0.5 362+04 30.1£0.6 283+04 251+0.5 234405 193+0.6 19.0+06 185+05 184405 182+0.6
SQ-ER 46.8+0.5 332+05 27.1+0.6 25306 221405 20505 163+04 160+06 155+0.6 15406 152+0.7
SQ-Finetune 468+05 32.0+07 252+0.7 239407 202+0.8 194+04 149+04 144+05 138+04 142405 137+0.6

TABLE C3 Performance of the state-of-the-art existing approaches with and without Lz on CUB200 including TOPIC22,
EEIL, iCaRL". Results for baselines are obtained using their original implementation. Results are averaged over 3 runs. Figure
(right) in the main paper is generated using numbers in this Table.

| | 1 2 3 4 5 6 7 8 9 10 11 |
EEIL 686+04 53.6+04 479+03 442408 363+09 274x12 259+07 247+05 239407 241+07 221x05
EEIL+RRR | 68.6+04 566+0.5 509+06 483+05 397+12 314+07 28312 280£0.6 265+06 274+06 252+09
iCaRL 686+04 526+07 486+12 44105 366+03 295+09 27.8+04 262+05 240+06 238+06 21.1+07
iCaRL+RRR | 68.6£04 556+12 536+07 47.1x08 396+05 325+08 318+04 292+06 27.0+08 278:06 24.1x03
TOPIC 68.6+04 624+08 548+04 499412 452406 414£03 383+08 353+£06 322403 283406 262x12
TOPIC+RRR | 68.6+£04 625+09 56804 515+£0.5 48204 444+04 42307 383+06 352+09 323+09 292105
FT 686+04 448+05 322408 258+04 256+1.1 252+07 208+11 167+04 188+1.1 182+03 17.1+08
ER 67.8+08 49709 41.7+08 35807 314£09 285+08 255+08 22108 218+06 225+1.1 198+09
RRR 67.8+08 535+£07 456+0.6 39.6+07 353+09 323x11 294x09 259+08 257+06 263+07 23.6+07

JT 68.6+04 624+04 572+04 528+05 495+09 46105 428+1.1 401+0.8 387x0.7 37.1+05 356+09
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TABLE C4 Performance of the state-of-the-art existing approaches with and without Lzgr on CIFAR100 in 10 tasks. Results
for iTAML®, BiC®, and EEIL" are produced with their original implementation while EWC?* and LwF'? are re-implemented
by us. Results are averaged over 3 runs. Figure in the main paper is generated using numbers in this Table.

\ 1 2 3 4 5 6 7 8 9 10 \
iTAML+RRR  89.2+0.5 923+07 895+12 875+12 841+08 835+09 839+07 812+03 79.6+09 79.7+0.5
iTAML 89.2+0.5 889+05 87.0+1.1 857+11 841+11 818+03 80.0+06 79.0+03 786+08 77.8+06
BiC 90307 821+07 751+04 698+12 65308 61.3+09 574+07 549+05 532+09 503+07
BiC+RRR 90307 849+1.1 764+06 693+03 65109 633+04 597+11 554+08 558+07 52105
EEIL 80.0+07 80.5+12 755+09 715+04 680+12 620+09 59.0+07 551+12 514+08 487+04
EEIL+RRR  80.0+0.7 83.5+03 787+12 740+12 71703 651+£04 612+05 57.6+05 541+04 51.7+03
LwF 86.1+12 69.0+07 550+03 458+03 404+05 367+09 308+07 286+05 261+07 242407
LwF+RRR 86112 72408 57.0+1.1 483+03 432+08 393x05 341x06 321x11 298+07 27.1£06
EWC 86.1+12 526+04 486+04 385+05 31.1+09 265+03 21.7+06 200+07 189+05 166+09
EWC+RRR 86112 560+04 539+12 444£09 351+05 286x06 25111 231+05 188+09 190+12
ER 86.1+12 745+09 652+08 625+08 567+07 505+03 47.6+04 434+03 41.6+09 38.1x1.1
RRR 86.1+12 785+09 692+1.1 635+12 587+08 535+11 49.6+07 444+03 426+12 39.1x11

TABLE CS5 Performance of the state-of-the-art existing approaches with and without Lzgr on CIFAR100 in 20 tasks. Results
for iTAML®, BiC®, and EEIL" are produced with their original implementation while EWC** and LwF? are re-implemented
by us. Results are averaged over 3 runs. Figure[3b|in the main paper is generated using numbers in this Table.

(a) Tasks 1-10

\ 1 2 3 4 5 6 7 8 9 10
iTAML 847406 857+04 865+03 865+08 863+12 857+08 849+1.1 826+03 808+07 824+03
iTAML+RRR  84.7+£0.6 89.9+05 89.2+09 892+06 89.0+1.1 872+06 880+04 856+11 866+03 854+03
BiC 957+0.6 903+09 809+08 758+08 735+06 715+12 678+04 654+08 627+12 61.9+12
BiC+RRR 957406 93306 847+1.1 77.5+09 73406 748+06 69.6+07 674+03 657+05 649+06
EEIL 81.9+05 863+03 849+04 807+03 77.7+06 749+03 709+07 674+07 649+05 624+03
EEIL+RRR ~ 81.9+£05 884+08 87.6+07 826x12 785+06 769+04 712+07 673+04 67.0+£12 645+03
LwF 851+£07 688+09 586+1.1 505+12 435+09 375+06 337+09 304+09 268+1.1 249+07
LwF+RRR 85107 71.6+0.6 618+07 542+05 462+09 407+07 367+12 344+04 298+07 272+12
EWC 851+£07 613+05 474+08 362+03 313+06 27.9+05 23711 225+04 208+08 189+07
EWC+RRR  851+07 689+05 522+09 399+09 352+03 300+03 243+08 240+06 237+04 21.0+1.1
ER 851+£07 831+09 81.8+07 749+03 704+03 615+£12 60811 57.0+07 543+04 482+06
RRR 851+07 851+09 838+04 77.9+04 724+12 645+07 628+07 59.0+03 57.3+08 512+1.1

(b) Tasks 11-20
11 12 13 14 15 16 17 18 19 20
iTAML 80.0+1.1 80.6+05 743+08 70.7+06 713+11 683+05 703+08 683+06 695+03 66.0+0.6
iTAML+RRR 855+05 85208 79.7+06 743+04 74009 734+1.1 748+09 74404 739+05 71809
BiC 592+04 570406 561+12 557406 538+05 524+12 497+06 492+12 47.7+11 467+12
BiC+RRR 622405 59.1+07 582+05 57.8+05 54412 566+09 539+07 524+11 495+08 49409
EEIL 609+0.6 59.5+06 57.8+06 551+03 539+05 51.7+03 50.1+08 494+05 474+06 469+09
EEIL+RRR ~ 63.7+£0.6 629+04 59.7+04 57.0+03 556+08 535+04 535+03 527+04 49.1+03 478+04
LwF 239407 214+07 200+07 191+09 187+08 171+08 156+08 147+08 140+08 137+1.1
LwF+RRR 27707 26909 257+07 245+12 236+06 226+07 195+03 186+05 197+08 184+12
EWC 172+1.1 160+05 150+08 145+08 134+11 124+04 123+04 115+08 112+08 944+05
EWC+RRR 207403 195+04 184+07 173405 162+04 158+05 150+0.7 166+09 143+04 132403
ER 458+0.6 427+07 416+06 412+06 365+04 365+0.6 338+04 324+12 31407 30205
RRR 488+03 467+09 436+1.1 442+07 395+03 385+09 358+03 334+03 324+03 31203
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TABLE C6 Performance of the state-of-the-art existing approaches with and without Lz on ImageNet100 in 10 tasks. Results
for iTAML®, BiC®, and EEIL" are produced with their original implementation while EWC?%* and LwF1? are re-implemented
by us. Results are averaged over 3 runs. Figure in the main paper is generated using numbers in this Table.

\ 1 2 3 4 5 6 7 8 9 10 \
iTAML 994408 964+09 944+09 93.0+03 924+12 90.6+03 89.9+04 903+08 903+1.1 89.8+04
iTAML+RRR 99408 973+05 96.6+07 963+1.1 953+05 93.1+05 921+06 921+0.6 929+09 91.9+04
EEIL 995+04 988+1.1 959+09 93.0+04 883+1.1 867+12 830+12 81.1+05 782+07 754+04
EEIL+RRR ~ 99.5+04 98.1+0.7 974+1.1 967+04 933+05 894+11 865+03 861+1.1 81.8+04 77.0+03
BiC 983+0.7 949+08 935+07 909+12 89.0+12 873+06 852+07 832+04 825+09 8lLIxl1.l
BiC+RRR 98307 989+03 965+06 939+04 920+07 893+11 872+08 872+11 855+09 841+06
iCaRL 993404 972409 935+09 91.0+03 875+12 821+12 77.1+04 728+06 67.1+08 63.5+1.1
iCARL+RRR 99304 97912 941+07 928+07 91709 857+11 821+06 744+09 722+08 68.1+09
LwF 993+05 952+09 859+09 739+1.1 637+08 548+08 50.1+06 445+09 40.7+05 36703
LwF+RRR 99305 97.1+12 893+06 79.1+05 69.1+1.1 594+11 572407 482+11 451+06 41.5+05
FT 993405 494+03 326+03 247+06 200+12 167+03 139403 12307 11106 9.9+07
ER 993405 952+08 88108 78109 725+06 69.1+08 67.1+06 618+06 551+03 50.1x1.1
RRR 993+05 96.5+03 93408 848+07 787+04 747+04 731+05 684+08 602+03 55107
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