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Abstract

Neural Networks (NNs) are powerful decision-making tools, but their lack of explainability limits their use in
high-stakes domains such as healthcare and criminal justice. The recent SpArX framework sparsifies NNs and
maps them to (weighted) Quantitative Bipolar Argumentation Frameworks (QBAFs) to provide an argumentative
understanding of their mechanics. QBAFs can be explained by various quantitative argumentative explanation
methods such as Argument Attribution Explanations (AAEs), Relation Attribution Explanations (RAEs), and
Contestability Explanations (CEs) - which assign numerical scores to arguments or relations to quantify their
influence on the dialectical strength of an argument to be explained. However, it remains unexplored how
sparsification of NNs impacts the explanations derived from the corresponding (weighted) QBAFs. In this paper
we explore two directions for impact. First, we empirically investigate how varying the sparsification levels of
NN affects the preservation of these explanations: using four datasets (Iris, Diabetes, Cancer, and COMPAS), we
find that AAEs are generally well preserved, whereas RAEs are not. Then, for CEs, we find that sparsification can
improve computational efficiency in several cases. Overall, this study offers a preliminary investigation into the
potential synergy between sparsification and explanation methods, opening up new avenues for future research.
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1. Introduction

Improving the explainability of Neural Networks (NNs) has become a key concern in the development
of trustworthy Al systems, particularly in high-stakes domains such as healthcare and criminal justice.
Amongst various explanation methods (e.g., [1, 2, 3, 4, 5, 6]), SpArX [7] proposes an argumentative
understanding of Multi-Layer Perceptrons (MLPs), a popular family of NNs. At a high level, SpArX
first sparsifies a trained MLP, and then translates it into an equivalent weighted Quantitative Bipolar
Argumentation Framework (weighted QBAF [8]), following [9]. A QBAF [10] models the reasoning
process over conflicting or supporting information as a graph of weighted arguments connected via
support and attack relations. In a weighted QBAF supports and attacks are also weighted. The dialectical
strength of arguments in (weighted) QBAFs is given by numerical scores determined with gradual
semantics (e.g. [11, 12, 13, 9])

The weighted QBAF obtained with SpArX offers a sparse and structured explanation for the decision-
making process of the original MLPs. Figure 1 shows an example for a simple MLP. By sparsifying
(Figure 1b), we reduce the size, making it simpler and easier to understand. Often information for subtle
concepts resides within a subset of the neurons of the MLP [14, 15], making sparsification a useful tool.

Several explanation methods have been proposed for (weighted) QBAFs. For example, to explain the
dialectical strength of an argument of interest (the topic argument), Argument Attribution Explanations
(AAEs) [16] measure the influence of each argument on the topic argument by assigning numerical
scores; Relation Attribution Explanations (RAEs) [17] follow a similar intuition but instead quantify the
influence of individual attack or support relations. While these methods ignore weights on support
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Figure 1: An illustration of SpArX. The original MLP (a) is sparsified to create a smaller version with similar
outputs. The smaller MLP can be converted to an equivalent QBAF which provides an argumentative under-
standing. Each neuron (node) is modelled as an argument, red, solid edges indicate attacks and blue, dotted
edges indicate supports (we ignore edge (attack and support) weights here). Note that in real-world usage for
classification tasks, softmax can be applied to the final layer to ensure deterministic predictions.

and attack relations, Contestability Explanations (CEs) [18] determine how the edge weights can be
modified to reach a desired dialectical strength for the topic argument. Together, these methods offer a
fine-grained and quantitative understanding of the reasoning process within (weighted) QBAFs.

Both sparsification and quantitative argumentative explanations (i.e. AAEs, RAEs and CEs) advance
the interpretability of NNs, but there has been little investigation into how the former impacts the latter.
This gap is particularly concerning because sparsification simplifies the structure of MLPs, which may
alter or distort the quantitative explanations derived from the resulting (weighted) QBAF', potentially
misleading users, and even resulting in ethical or legal risks. For example, in a healthcare setting,
misleading explanations may lead incorrect treatments being given to patients.

To address this gap, we focus on two core research questions (as illustrated in Figure 2): (1) To what
extent does sparsification preserve AAEs and RAEs? (2) Can sparsification improve CEs’ computational
efficiency? We distinguish these two questions because the nature of the explanations differs: AAEs and
RAEs quantify how arguments and relations contribute to a fixed outcome (as opposed to identifying
changes leading to a different outcome, as in CEs), so preservation under sparsification is crucial
to assess whether interpretability can be maintained. In contrast, generating CEs typically involves
heuristic or optimization-based search procedures, rather than direct computation as in AAEs and
RAESs. Therefore, the primary concern for CEs is whether sparsification can accelerate this search. We
empirically investigate these questions and make the following contributions:

1. We analyse the impact of sparsification on AAEs, and find that AAEs are generally well-preserved
across varying sparsity levels.

2. We analyse the impact of sparsification on RAEs, and find that RAEs are not as well-preserved
under sparsification as AAEs.

3. We propose a method that leverages the sparsification to improve the runtime of computing CEs.

The code is available at https://github.com/DanielPeacock/ArguingWithNeuralNetworksPublic.

2. Preliminaries

In this paper we focus on NNs in the form of MLPs. These are directed, acyclic graphs as illustrated in
Figure 1a, processing inputs in an input layer (on the left in Figure 1a) through hidden layers (layer
1 and 2 in Figure 1a) to obtain a prediction in the last layer (on the right in Figure 1a). Nodes in all
layers amount to neurons, whose activation is determined by an activation function applied to the
(edge) weighted sum of the neuron’s incoming connections plus a bias value assigned to each neuron.
Throughout this paper we use the logistic activation function.

"Note that AAEs and RAEs use the unweighted QBAFs, while CEs use the weighted QBAFs. With a slight abuse of notation,
we use “QBAF” to refer to both throughout the paper.
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Figure 2: Impact of sparsification on quantitative argumentative explanations (AAEs, RAEs, and CEs). Red and
blue arrows indicate sparsified and original flows, respectively.
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Figure 3: An illustration of AAEs (a) and RAEs (b) for the QBAF corresponding to the MLP in Figure 1a,
using the topic argument Iris-setosa. A user can understand which arguments and relations are the most
influential/important in determining the output of the MLP (i.e. the MLP prediction of Iris-setosa).

Each MLP can be represented by an equivalent Quantitative Bipolar Argumentation Framework
(QBAFs). Here, we view each neuron as an argument, and each edge as a relation. Edges with negative
weights are attacks, and edges with positive weights are supports. Each argument has a base score
corresponding to its initial strength and relations are weighted. For more details on the translation
process see [9]. This provides a new argumentative interpretation of MLPs with dialectical strength
values for each argument (mathematically equivalent to the activations of neurons in the MLP).

We use several existing argumentation-based explanation methods, overviewed here (see original
papers for more details).

SpArX [7] The QBAF interpretation of MLPs does not necessarily improve explainability since QBAFs
are of the same size and density as the MLPs, which can be very large. SpArX provides explanations
by reducing the size of the given MLPs first. The neurons in the hidden layers are clustered based on
their activations, and then merged by averaging their biases and edge weights. The sparse MLPs are
then converted to equivalent QBAFs (Figure 1b) from which qualitative explanations can be found, for
example by creating word clouds of the most important input features or examining the dialectical

relationships between the arguments. In this paper we consider instead quantitative argumentative
explanations drawn from the sparsified QBAFs.

AAEs [16] AAEs attempt to explain QBAFs by examining the contribution of other arguments to a
topic argument. Throughout this paper, we use topic argument to refer to the argument we are trying to
explain (usually this is an argument corresponding to one of the output neurons in the equivalent MLP).



We focus on Gradient-based AAEs (although other types exist such as Shapley-based [19] and Removal-
based AAEs [20]). Gradient methods work by computing a score which represents the sensitivity of the
topic argument to changes in the base score of other arguments. An example is shown in Figure 3a.

RAEs [17] RAEs attempt to understand the role of the relations in contributing to the strength
of a topic argument. In this paper, we focus on Shapley-based RAEs (although other types such as
Gradient-based RAEs [18] also exist). These are based on Shapley values [21], and look at every subset
of the attacks and supports to understand the influence of each one on the topic argument. Due to the
complexity in computing these scores, an approximation is used. Figure 3b shows an example.

CEs [18] CEs calculate how the
weights of each relation in the QBAF
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the search until the desired strength (Layer 2 Neuron 3, Iris-virginica) 11.91 0.94

is reached. Table 1 shows an example.

3. Methodology

In order to ascertain whether AAEs and RAEs are preserved after sparsification, we train MLPs of various
sizes and compare an aggregation of the scores for the original MLPs to the scores for the MLP after
sparsification. The aggregation is needed to allow a comparison of scores since there are significantly
more scores for the original MLPs due to their larger size. Here, we define these aggregations.

Let C = {ci,...,cn} be acluster of interest after sparsification in hidden layer [, containing neurons
¢ifori=1,...,n. Similarly, let C' = {¢}, ..., c,} be another cluster of interest in the next layer [ + 1
containing neurons c} forj=1,...,m.

Aggregation of AAEs We aggregate the AAE scores by averaging the score for each neuron in the
cluster of interest. Formally, the aggregated score for cluster C'is

1
Agg_aae_score(C) = - Z aae_score(c;).
ceC
A simple example of this process is shown in Figure 4.
Aggregation of RAEs We aggregate the RAE scores by averaging the RAE scores of edges between

all pairs of neurons contained in two clusters of interest. Formally, the aggregated score for the edge
between clusters C' and C” is

1 1
Agg_rae_score(C,C") = - Z - Z rae_score(c;, ¢j).
ci€C ¢ eC

A simple example of this process is shown in Figure 5.
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Figure 4: An example of aggregation of AAE scores. The boxes indicate neurons clustered together by SpArX.
We create an aggregated score by averaging the scores of the neurons within each box. Note that the input and
output layers are not modified by SpArX, so no aggregation is necessary for these layers.
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Figure 5: An example of RAE aggregation. The aggregated RAE score (right) is computed by averaging all pairs
of edges between arguments in the two clusters, indicated by the same colour (left). Note that the input and
output layers are not sparsified by SpArX.
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De-aggregation of CEs We do not attempt to directly understand if CEs are preserved with sparsifi-
cation since this question is ill-defined. Indeed, CEs do not give a fixed score to each component in the
same way as AAEs and RAEs and so it is challenging to define what preservation means in this setting.
Instead, we look at CEs in the opposite direction: that is, we attempt to de-aggregate the CEs for the
sparse MLPs to approximate/recover the CE for the original MLPs and improve computational efficiency.
The sparse CE assigns weights to each edge in the sparse QBAF. We de-aggregate by assuming the
weights are equally distributed amongst edges merged together by SpArX. Every edge merged together
is assigned the same weight in our approximate CE. Formally, consider the edge between two clusters
C and (', assigned weight w in the sparse CE. There are a total of mn edges between every pair of
neurons in these clusters. So every edge between these pairs is assigned weight .- in the approximate
CE. A simple example of this process is shown in Figure 6.

4. Results and Analysis

To compare the aggregated AAFE and RAE scores with the sparse MLP scores, we look at two approaches:
the overall pattern in the scores and the highest scoring arguments/ edges. All of our analysis is for
the Iris [23], Diabetes [24], Cancer [25] and COMPAS [26] datasets and we average our results over
the test set for each dataset. These datasets are commonly used and of varying levels of complexity
(number of input features and dataset size). For AAEs we train MLPs with 1 - 2 hidden layers each with
10 - 100 neurons. For RAEs we train MLPs with 1 - 2 hidden layers each with 2 - 10 neurons. These are
significantly smaller than the MLPs used for AAEs due to the time complexity involved in computing
Shapley-based RAEs making it impractical to use large MLPs.
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Figure 6: The methodology for reverse engineering/approximation of CEs for the original QBAF. For each edge in
the CE for the sparse QBAF, divide it by the number of edges which were averaged together to create the sparse
edge. Every edge averaged together in the original QBAF will be assigned the same weight in the approximate
CE. For example, the light blue edge in the sparse QBAF has a CE weight of 1.0. We divide this by the number of
edges which were averaged together to create this sparse edge (in this case, 2), resulting in an approximate CE
weight of 0.5 for both these edges in the original QBAF.

Overall Pattern To check if the overall pattern was preserved we check the Spearman Rank [27] and
Kendall-7 coefficient [28]. These provide a measure of the strength of the relationship between two
variables. We use these measures to examine the strength of the correlation between the aggregated
scores and the sparse scores. A rank/coefficient close to 1 means a strong correlation, indicating the
pattern in both sets of scores is similar and hence the pattern in the scores is preserved with sparsification.
We also rank the arguments and edges based on their scores. We then look at the percentage difference
in ranking between each aggregated argument/edge and the corresponding argument/edge in the sparse
QBAF. A small difference in rankings would indicate a similar pattern after sparsifying.

Highest Scores We also look specifically at the highest scoring arguments/edges. These are important
since they are the most influential components of the MLPs so it is important these are preserved. Firstly,
we look at the top-ten scoring arguments/edges and check what percentage of arguments/edges in the
aggregated scores are also in the top-ten of the sparse MLP scores i.e. how many of the highest scoring
arguments/edges stay the same after sparsification. In addition, for RAEs we also look at the top-scoring
aggregated edge and check whether this edge is in the top-ten of the sparse scores i.e. checking that the
most important edge remains important after sparsification. High percentages would indicate that the
highest scoring arguments/edges are preserved after sparsifying.

4.1. Preservation of AAEs

Overall our results are positive, showing that AAEs are preserved well by sparsification.

Overall Pattern The results can be found in Table 2. We find that the pattern/distribution of scores
matches closely before and after sparsification. We can see that the correlation between the scores
is very strong. The coefficients are always higher than 0.7 and in most cases at least 0.9. Since the
coefficients/ranks computed are all close to 1, we can conclude that the pattern in scores is preserved
well with sparsification. We should note that the coefficients do reduce slightly towards higher levels of
sparsification (around 90%), but this is very little and the correlation still remains strong. Considering the
rankings differences (A in Table 2), we can see that the rankings are similar. Towards the lower levels of
sparsification, there is only around a 10% difference in rankings, and at high levels of sparsification this
goes up to 30%. However, this is still relatively low, and only appears with high levels of sparsification
(90%). This is also to be expected, since high levels of sparsification should result in greater loss of
information.



Table 2
Results for the preservation of AAE scores (1: higher is better; |: lower is better), including Spearman p(1),
Kendall 7(1), and the percentage rankings differences (%) A(]) between the aggregated and sparse AAE scores.

Preservation of Overall Pattern of AAE Scores
Dataset Sparsification Amount
10% 20% 30% 40% 50% 60% 70% 80% 90%

p 0907 089 0882 0871 0.867 0.857 0.854 0.859 0.859

Iris 7 0904 0.893 0.882 0.872 0.868 0.858 0.853 0.855 0.848

A 789 10.06 11.66 1231 1271 1287 13.16 1370 16.35

p 0995 0992 0989 0988 0984 0978 0972 0968 0.816

Diabetes 7 0.994 0.992 0990 0.989 0.987 0.982 0978 0976 0.847
A 589 8.05 10.22 1180 13.60 15.53 1850 2284 31.32

p 0965 0963 0958 0952 0942 0921 0901 0.874 0.824

Cancer T 0967 0965 0960 0955 0945 0918 0.891 0.858 0.783
A 6.65 891 11.18 13.06 1484 16.84 19.75 2276 27.03

p 0994 0994 0993 0992 0991 0991 0987 0985 0.926

COMPAS 7 0995 0.995 0.994 0993 0.992 0.992 0989 0.987 0.915
A 356 5.79 8.63 1089 1429 17.23 2098 2534 31.33

Table 3
Results for the preservation of the top ten scoring arguments, checking what percentage of the top ten scoring
arguments stay the same before and after sparsification.

Top-Ten Arguments Preservation (%)

Dataset Sparsification Amount
10% 20% 30% 40% 50% 60% 70% 80% 90%
Iris 63.03 57.72 59.23 61.20 6394 6684 6892 7256 74.53

Diabetes 86.59 82.00 78.17 7492 70.83 67.30 63.27 59.05 48.83
Cancer 85.58 77.82 7138 6793 67.64 67.27 65.62 60.36 47.19
COMPAS 9275 88.12 83.80 7885 73.02 68.83 64.55 60.03 52.63

Highest Scoring Arguments The results can be found in Table 3. We again see that in general the
highest scoring arguments are preserved. With moderate levels of sparsification (10% - 60%), around 70%
of the top-scoring arguments are preserved. This does reduce as we increase the amount of sparsification,
but again this is to be expected as the amount of information lost should increase as we sparsify more.
There is a balance between sparsification and loss of information, but this depends on the type of dataset
and its complexity e.g. the COMPAS dataset (the most complex) loses more information with high
sparsification levels, but this does not happen to the same extent with less complex datasets such as Iris.
However, in general, most of the top scoring arguments do remain within the top 10, and so we can
conclude that the highest scoring arguments with AAEs are preserved well.

4.2. Preservation of RAEs

Overall, the results are mixed and we find that RAEs are not preserved well in the way seen for AAEs.

Overall Pattern The results can be found in Tables 4a and 4b. Considering first the Spearman Rank
and Kendall 7 coefficients (Table 4a), there is a relatively strong correlation between the aggregated
scores and sparse scores. The ranks/coefficients are around 0.8, although this reduces as the sparsification
level is increased. For example, the Spearman Rank of the Diabetes dataset decreases from 0.888 at
20% sparsification to only 0.696 at 80%. This is a similar pattern to what we saw for AAEs, and largely
what is to be expected; the sparser an MLP, the more information is lost. This indicates that the overall
pattern in scores is relatively well preserved. However, compared to the equivalent AAEs analysis
(Table 2), the correlation is significantly lower (around 0.9 for AAEs). Therefore, although the pattern
looks to be preserved, we do lose more information about RAEs with sparsification compared to AAEs.



Table 4
Results for the preservation of the overall pattern of RAEs. Averaged over whole test set.

(a) Results for the Spearman Rank (p) and Kendall 7 (b) Results for the average difference in rankings be-

Coefficient (1) between the aggregated RAE scores tween the aggregated RAE scores and the sparse
and sparse RAE scores. RAE scores.
Average Rank/Coefficient Average Rankings
Dataset Sparsification Amount Difference (%)
20% 40% 60%  80% Dataset Sparsification Amount
Iris p 0844 0.813 0.810 0.857 ) 20% 40% 60% 80%
7 088 0.864 0.861 0.892 Iris 30.40 30.71  30.83 32.98
. p 0.888 0.832 0.793 0.696 Diabetes 31.89 32.23 32.04 3194
Diabetes 912 0873 0840 0.761 Cancer 3327 3399 3363 3346
p 0695 0.716 0.719 0.724 COMPAS 3275 2999 30.08 28.67
Cancer 0786 0801 0803 0.807
p 0838 0.805 0.786 0.779
COMPAS T 0877 0.853 0.838 0.835
Table 5

Results for the preservation of the highest scoring edges for RAEs.

(a) Results for the preservation of the top ten scoring  (b) Results for the average percentage of RAEs where

edges (percentage of edges which stay the same the top scoring edge in the aggregated scores is
before and after sparsification). within the top-ten of the sparse scores.
Top-Ten Edges Most Important Edge
Preservation (%) In Top 10(%)
Dataset Sparsification Amount Dataset Sparsification Amount
20% 40% 60% 80% 20% 40% 60% 80%
Iris 27.53 3194 39.57 38.63 Iris 39.21  41.36 52,19  41.15
Diabetes 24.69 30.43 39.84 49.30 Diabetes 23.53 33.14 40.81 48.08
Cancer 26.73 2317 26.71  28.29 Cancer 40.50 31.87 30.70 29.23
COMPAS 31.02 4157 5210 62.38 COMPAS 2793 5362 64.04 82.65

Looking at Table 4b, compared to AAEs (Table 2), the rankings of the edges change significantly
more for RAEs. The rankings on average change by around 30% (over all levels of sparsification),
compared to only around 5 - 15% for AAEs. The rankings only change by around 30% for AAEs with
very high levels of sparsification (90%), but this is always the case for RAEs, even at very low levels
of sparsification. This indicates that significantly more information is lost through sparsification for
RAEs, and the overall pattern in scores is not preserved well for RAEs. This does seem to contradict the
correlation coefficients/ranks seen previously, but this only measures the correlation in the scores and
does not look at the individual scores themselves.

Looking at both sets of results, we can conclude that although the scores before and after sparsification
are highly correlated, the individual scores and their rankings are affected by sparsification. The overall
pattern is to some extent preserved (strong correlation), but lots of information is lost as a result
especially in the individual scores.

Highest Scoring Edges The results can be found in Tables 5a and 5b. We can see that the most
important edges are not well preserved by sparsification. First looking at Table 5a, we see that in
all cases, a very low percentage of edges remain in the top ten. The results indicate that generally
around 30% of the top-ten edges stay the same, but is as low as 23% in some cases. This fits with our
previous analysis that the individual rankings of edges is not preserved well, and there is a large change
in rankings. This tells us that in general the preservation of the highest scoring edges is poor, and
information about RAEs is lost as a result of sparsification.

Looking at Table 5b, we again see poor preservation. In most cases the top scoring edge does not



Table 6
The percentage of cases observed where our approximated CE is valid (1)/ where the topic argument’s
strength is closer to the desired strength than before applying the CE (2).

Percentage of Cases with Valid Approximated CEs (1)/ Lower Distance (2)

Dataset Sparsification Amount
10% 20% 30% 40% 50% 60% 70% 80% 90%
Iris 2.38/ 2.06/ 2.53/ 3.12/ 3.54/ 3.91/ 5.82/ 9.74/ 11.53/

93.90 94.11 94.43 94.53 94.85 95.70 96.08 96.71 99.51
Diabetes 5.47/ 7.02/ 5.74/ 6.73/ 8.77/ 9.66/ 10.38/  6.28/ 10.22/
82.93 83.27 83.82 84.60 85.91 86.52 88.40 90.41 92.27
Cancer 7.15/ 6.89/ 7.23/ 5.74/ 8.24/ 9.16/ 9.25/ 9.79/ 14.18/
98.11 98.23 98.32 88.53 98.82 97.28 99.33 99.40 99.39
COMPAS 1591/ 15,53/ 1793/ 18.01/ 20.64/ 19.69/ 19.57/ 13.63/ 15.77/
90.41 90.27 89.80 90.33 90.22 89.27 88.30 87.05 79.60

remain high scoring after sparsification. In general, only in around 40% of cases does the top scoring
edge remain high-scoring and this is as low as 23% in some cases. We should note that for the COMPAS
dataset, the highest scoring edges do look to be better preserved. Due to the size and the complexity
of the dataset, significantly fewer MLPs were tested compared to the other datasets. This may have
resulted in the slightly different results for COMPAS compared to the other datasets. However, the
pattern across all datasets tested indicates that the highest scoring edges are not well preserved.

4.3. De-aggregated CEs

We analyse the de-aggregated CEs using a different methodology to that used for AAEs and RAEs. We
look at the validity and distance to check the quality of the de-aggregated (approximate) CEs and use
this methodology to improve runtime.

Validity A CE is valid if the topic argument attains the desired strength using the edge weights
provided by the CE. We create an approximate CE for the original QBAF from the sparse QBAF using
the de-aggregation method in Section 3. We check the validity of our approximate CE and the results are
shown in Table 6 (results labelled 1). Clearly, we can see that the approximation does not successfully
produce a valid CE in the majority of cases. In many cases, the percentage of valid CEs is less than 10%
so our approximation clearly does not work effectively. For the COMPAS dataset, the percentage of
valid CEs does increase, up to around 20% in some cases. This is positive since the COMPAS dataset is
the most complex of the datasets. However, this is still a very low percentage, and therefore we can
conclude that our approximation is not effective. It is likely that our assumption in the approximation
that the edge weights were equally distributed is incorrect, causing this poor performance.

Distance To further understand the quality of the approximate CEs, we also look at the distance. We
check if the topic argument’s strength gets closer to the desired strength than before the CE weights are
applied. The results can be found in Table 6 (results labelled 2). We can see that our approximate CE
does bring the strength of the topic argument closer to the desired strength in the majority of cases. For
the Iris and Cancer datasets, consistently in over 90% of cases, the approximate CE brings the strength
closer. For the Diabetes dataset, this percentage does reduce to around 80%, but this is still high and
in most cases the approximation does succeed. Finally, for the COMPAS dataset, around 85%-90% of
cases generally are closer, except for the 90% sparsification case, where the percentage reduces to 73%.
Overall, however, this is still a positive result in bringing the strength of the topic argument closer to
the desired strength. Note also that the approximation does successfully get closer even at very high
levels of sparsification. This implies that CEs are preserved well with sparsification.
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Figure 7: The average runtime for the COMPAS dataset using the original CE algorithm (red, dashed line) and
our modified CE algorithm (black, solid line) for MLPs with one hidden layer of 10 neurons (a) and two hidden
layers of 30 neurons each (b). The x-axis shows the sparsification percentage, and the y-axis the runtime (in s).

Table 7
Percentage reduction in the average runtime using the sparse CE methodology for MLPs with 500 or more edges.

Percentage Reduction in Average Runtime

Dataset Sparsification Amount
10% 20% 30% 40% 50% 60% 70% 80% 90%
Iris 38.06 44.44 5417 56.11 59.03 6097 62.64 62.08 63.89

Diabetes -57.51 -212.38 -18.30 16.29 3239 34.242 4597 5287 51.04
Cancer -56.83 -36.09 -2445 7.60 15.09 2226 30.38 42.78 43.41
COMPAS  31.71 32.12 63.84 65.56 78.83 81.73 84.33 85.67 86.68

Runtime The CE algorithm in [18] works by iteratively updating the weights of the QBAF until the
desired strength is reached. However, the initial weights are randomised and so the algorithm can
take some time to converge to the desired strength (the algorithm may get stuck in a local minimum).
Therefore, to improve convergence, we can initialise the weights of the QBAF with our approximated
CE instead of randomised weights. We perform experiments to see if the runtime was improved using
our approximation. We run all experiments on a Linux PC running 64-bit Ubuntu 24.04, Intel Core
i7-8700 3.20GHz processor and 16GB memory. We compare the following:

(a) Apply the usual CE algorithm i.e. translate the MLP to the equivalent QBAF and apply the CE
algorithm using randomised initial weights.

(b) Use our approximation method i.e. sparsify the MLP, translate to a sparse QBAF, apply the CE
algorithm to the sparse QBAF with random initial weights, create an approximation for the original
MLP and apply the CE algorithm to the original MLP using the approximation as the initial weights.

We plot graphs of the average runtime using the two methods for each dataset and MLP size. For the
second method, this involves checking both how much time is spent on (1) computing the CE on the
sparsified MLP and (2) computing the CE on the original MLP starting from the previously computed CE.
We give two of these graphs in Figure 7 (one small MLP, and one larger MLP) for the COMPAS dataset
only (the most complex analysed) for succinctness although the full set of graphs for each dataset can be
found in Appendix A. From the figure, we can see that when the MLP is small (with a small number of
edges), the runtime is longer using our method as more steps must be done to compute the CE, and due
to the small number of edges, the CE algorithm converges quickly anyway. However, when the MLP is
larger, our method does improve the runtime. For this reason, we calculate the percentage reduction in
the average runtime for MLPs of more than 500 edges only. The results are given in Table 7. We see that
for low levels of sparsification our method can still be slower (e.g. for Diabetes). However, in all cases,
for high levels of sparsification there is a reduction in runtime, often by more than 50%. The much
larger number of edges (over 1300 in the graph shown in Figure 7b) means that the CE algorithm takes
longer to converge, so initialising the weights with the approximate CE does improve the runtime. We



can also note that using our initial guess from a very high level of sparsification (e.g. 90%), our method
performs well. This is positive, as even at a high level of sparsification, we can still recover a large
amount of information. Although we cannot easily recover a valid CE, we can still make a good guess.

5. Conclusion

In this paper, we explored the impact of sparsification on quantitative argumentative explanations.
Our investigations allow us to understand whether sparsification alters or distorts the argumentative
explanations (AAEs, RAEs, CEs) produced from the resulting QBAF. Without this, users could be misled
by explanations, leading to ethical or legal risks. Our findings showed that AAEs are well-preserved
under sparsification, suggesting that AAEs can be reliably used alongside sparsification to enhance
the interpretability of NNs. In contrast, RAEs appeared less robust, making them challenging to use
alongside sparsification. Finally, for CEs, we saw that sparsification can improve the computational
efficiency of explanation generation, which is particularly useful for large and dense MLPs.

There are a few avenues for future work. While we found promising empirical results for the
preservation of AAEs, further work is needed to establish theoretical guarantees for such preservation.
Additionally, while our findings do not support the preservation of RAEs, future work could explore
whether gradient-based RAEs (G-RAEs) [18] exhibit better consistency, potentially enabling RAEs to
contribute more effectively to explanations in sparsified settings. Future work could also explore using
a weighted aggregation of the RAE scores, similar to the weighted averaging used by SpArX when
merging the edge weights ([7, Def. 6]) to see if this results in better preservation. Further, for both
AAEs and RAEs, other aggregation methods could be explored. Using other techniques instead of mean
aggregation (e.g. min./max. aggregation) may result in sparsification having a lower impact.

Finally, although we observed that sparsification can improve the speed of computing CEs in large
MLPs, our method is a heuristic. Further work is necessary to find guarantees as to when our method is
faster, perhaps by finding a lower bound on MLP size for which our method is guaranteed to improve
the runtime. Our approximation method also did not directly produce valid CEs; further work should be
done to find a method of de-aggregating the CEs to produce valid CEs for the original QBAFs. Perhaps
weighting the edges differently rather than assuming a equal distribution would help.
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Appendix

A. Runtime graphs

Here we give the full results for the runtime of our modified CE method compared to the original
CE method. In the plots, the x-axis is the sparsification percentage, and the y-axis is the runtime (in
seconds). The red line represents the average runtime (over the test dataset) of the original CE algorithm,
and the black line is the runtime using our approximation method with various levels of sparsification.

« In Figure 8, we see the results for the Iris dataset.

« In Figure 9, we see the results for the Diabetes dataset.

+ In Figure 10 we see the results for the Cancer dataset.

« In Figure 11, we see the results for the COMPAS dataset.
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Figure 8: Runtime (in s) of the original CE method and our approximation method for the Iris dataset with
various MLP sizes.

We can see from these plots that in general when the MLP is small (a low number of edges), the
original CE method is faster than our approximation method. However, as the MLP size increases, our
method can outperform the original CE method.
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Figure 9: Runtime (in s) of the original CE method and our approximation method for the Diabetes dataset
with various MLP sizes.
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Figure 10: Runtime (in s) of the original CE method and our approximation method for the Cancer dataset with
various MLP sizes.
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Figure 11: Runtime (in s) of the original CE method and our approximation method for the COMPAS dataset
with various MLP sizes.
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