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Abstract

An interpretable feature attribution framework is put forth in this paper for explainable neural
networks when used in critical decision-support areas. The framework’s aim is to boost the
transparency of the model by analyzing the raw feature activations and the attribution-based
relevance scores coming from the decision-path contributions together. A synthetic benchmark
dataset was made that had statistically separable class distributions (p < 0.005) to allow for
controlled evaluation of feature-level and attribution-level behavior. One-Way ANOVA
together with Welch and Fisher statistics showed that there were statistically significant
differences existing between the groups regarding all primary features and attribution variables,
thus indicating a strong effect separation in the two domains of predicting and explaining. A
further group descriptive analysis indicated that there were higher mean activation and
attribution weights for the positive decision class, meaning that there was coherent alignment
between the model outputs and the attribution signals. Mean-difference plots with 95%
confidence intervals gave a visual reinforcement of these findings, for they showed consistent
non-overlapping confidence bands across features and attribution metrics. The results, when
taken together, support the claim that the proposed explainable neural network framework
provides interpretable, statistically-coherent decision signals that can be used in risk-sensitive,
safety-critical, and compliance-driven applications. The study provides evidence on how
quantitative statistical validation increases the trust, reliability, and auditability of model
explanations, thus promoting responsible Al deployment in operational decision-support
pipelines.

Keywords: Explainable Neural Networks, Feature Attribution, Interpretable Al, Decision-
Support Systems, Explainability Validation, Statistical Significance, One-Way ANOVA,
Model Transparency.

1. INTRODUCTION

Avrtificial neural networks have been the best performers in predictive modeling with their wide
range of applications; still, their use in high-stakes and mission-critical decision-support
systems is limited due to the lack of transparency in their internal decision processes. In areas
such as clinical diagnostics, financial risk assessment, cyber-security monitoring, and public
policy analytics, decision outputs need to be interpretable, auditable, and justifiable to human
stakeholders, regulatory bodies, and domain experts. Traditional deep learning models act as
“black-box” architectures and give little transparency as to how feature information is
processed and weighted in the final prediction. The absence of interpretability that is
comprehensible to the user can lead to mistrust, limit accountability, and cause non-deployment
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of responsibly done models in the operational environment. Hitherto, Explainable Artificial
Intelligence (XAI) has been recognized as an important paradigm that is directed at machine
learning systems' transparency and interpretive traceability improvement. Feature attribution
frameworks are among the various categories of XAl methods that have gained such
prominence largely by virtue of their ability to quantify the contributions of individual features
to the model's decision outcome. Gradient-based relevance propagation, integrated gradients,
and Shapley-based explanation models, among other techniques, impart importance scores that
represent the extent of influence each input variable exercises over a particular prediction.
Despite the fact that these methods improve post-hoc interpretability, it is still quite common
for existing research to evaluate explanation quality mainly through visual inspection or
qualitative assessment rather than rigorous statistical validation of attribution consistency.

2. LITRATURE REVIEW

Explainable Artificial Intelligence (XAl) has become a major research area that aims to make
the use of deep learning models in decision-support systems more transparent. Traditional
neural networks, although very good in performance, work as very mysterious and hence
“black-box” models, thus limiting their use in high-risk and sensitive areas where interpreting,
tracing and taking responsibility are crucial (Doshi-Velez & Kim, 2018). Earlier research has
pointed out that the lack of transparency could lead to non-compliance with regulations, loss
of trust from users, and creating difficulties in post-hoc auditing of models in such areas as
healthcare diagnostics, finance, and robots. Feature attribution methods have gained popularity
as the primary explanation technique because they offer the quantification of the feature-level
contribution to the prediction of the model (Sundararajan et al., 2017). The above-mentioned
methods provide localized interpretability by pointing out the exact attributes that have an
influence on the decision made for a particular case. Well, it is an undeniable fact that the area
of existing research has been mostly subjected to the qualitative visual inspection of the outputs
of the explanations rather than the establishment of the statistical correlation between the
behaviors of the models and the signals produced for the attribution. There is a shift in recent
studies towards the support of the argument for the eventual validation of explanations,
asserting that interpretability has to be proven with measurable, reproducible evidence and not
just to rely on the subjective interpretation. In the context of interpretable machine learning,
stability analysis, explanation consistency and human-grounded assessment have been studies
proposed by Guidotti et al. (2019) as evaluation framework.

Yet, there is a methodological gap in statistical linking of attribution values to class-wise
outcome separation, especially with structured inferential statistical analysis, that still exists.
To fill this gap, the current research has proposed combined frameworks that incorporate the
outputs of predictive models and then use formal statistical testing to determine the reliability
of the explanations. The works done so far indicate that only those explanation signals that
exhibit consistent and statistically significant behavior in relation to model decisions will be
regarded as trustworthy for operational use. The study at hand is a part of the developing
literature and therefore it proposed a framework for validating feature attribution analysis with
statistical means. It is different from the previous methods which were solely dependent on
visual interpretation, the current study makes use of One-Way ANOVA testing with Welch
and Fisher estimators to verify whether the discrepancies among decision outcomes are
consistently manifested in both raw feature activations and attribution weights. This composite
method not only boosts the empirical credibility in neural network explanations but also
contributes to the development of the methodological rigor of XAl evaluation in decision-
support contexts.
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In critical decision-support systems, clearly understandable explanations are a necessity, but
they also need to be trustworthy based on experimental evidence and should show a measurable
alignment with model behavior. A question that remains unanswered from a methodological
point of view is whether the feature attribution scores are consistently related to the outcome-
specific patterns of the feature-level activation being observed. It is essential to establish such
alignment to ensure that the explanation outputs do not only provide stories of intuitive
interpretation but rather reflect relationships within the decision model that are coherent and
statistically verifiable. The researchers propose an interpretable feature attribution validation
framework for explainable neural networks as a way to fill this research gap. The study employs
experimental data that are statistically controlled to investigate whether the different decision
outcomes are characterized by significant separations in both raw feature values and their
corresponding attribution relevance weights. One-Way ANOVA with Welch and Fisher
estimators is used to measure the separability of the groups and to assess the evidence's force
in favor of attribution-outcome alignment. This combination of neural network explainability
and inferential statistics leads to the study making a significant contribution towards the
enhancement of the methodological rigor in XAl evaluation and the reliability of interpretable
models for real-world decision support applications.

3. METHODOLOGY

Study Design

An experimental quantitative research design was used in this study to determine the statistical
correlation between neural network feature activations and attribution-based explanation
scores across binary decision outcomes. To achieve a measurable and distinct separation
between classes and at the same time maintain realistic variability of the features, a synthetic
but structurally controlled dataset was used.

Dataset and Variables

The dataset contained two main feature variables (feature_1 and feature_2) and two attribution-
level variables (attr_feature_1 and attr_feature_2), standing for the relevance weights produced
by the explainable neural network attribution layer. The dependent variable
(decision_outcome) was binary and reflected the predicted class membership. Descriptive
statistics, such as mean, standard deviation, skewness, kurtosis, and range, were calculated
separately for the two decision classes and treatment groupings. This made it possible to assess
the distributional behavior before conducting inferential testing.

Explainable Neural Network Framework

A neural network architecture with an attribution-tracking mechanism was used to obtain
feature-level relevance scores. Attribution scores were calculated depending on contribution
magnitude along the internal decision pathway, which reflects the model-inferred importance
of each feature for the corresponding prediction.

The framework ensured alignment between:

1. raw feature activations

2. attribution relevance weights

3. final decision outputs

Thereby enabling coherence analysis between predictive and explanatory domains.

Statistical Analysis

Group-wise separability between decision outcomes was evaluated using:

— Welch’s One-Way ANOVA (robust to heterogeneity of variance)
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— Fisher’s One-Way ANOVA (classical equal-variance estimator)

Tests were conducted independently for each feature and attribution variable. Statistical
significance thresholds were set at p < 0.05, with stronger interpretation emphasis when p <
0.01.

Effect trends were further examined using:

— Group mean comparison

— Standard error estimates

— 95% confidence interval plots

These enabled visualization of effect direction and magnitude relative to class outcomes.

Validation of Explanation Coherence

Interpretive validation was based on two criteria:

1. Features associated with the positive outcome should exhibit higher mean activation values.

2. Corresponding attribution variables should demonstrate proportionally higher relevance
weights.

Consistent separation across both domains was considered evidence of explanation reliability.

4. RESULT AND DISCUSSION

Table 1. Descriptive Statistics of Model Features, Attribution Scores, and Decision Outcomes
across Control and Treatment Groups.

Descriptives
group decision_outco | feature | feature | attr_feature | attr_feature
me 1 2 1 2
Control 0 15 15 15 15
N 1 10 10 10 10
Treatme 0 3 3 3 3
nt 1 22 22 22 22
0 0 0 0 0
Control
Missing L 0 0 0 0
Treatme 0 0 0 0 0
nt 1 0 0 0 0
Control 0 0.533 0.618 0.306 0.238
Mean 1 0.464 0.564 0.271 0.230
Treatme 0 0.818 1.02 0.474 0.405
nt 1 0.915 1.02 0.554 0.409
Control 0 0.515 0.602 0.302 0.237
Median 1 0.468 0.573 0.278 0.226
Treatme 0 0.811 1.05 0.470 0.426
nt 1 0.900 0.997 0.549 0.403
0 0.0686 0.127 0.0462 0.0548
Standard Control 1 0.113 | 0119 | 00808 0.0562
0 Treatme 0 0.0403 | 0.0743 0.0254 0.0465
nt 1 0.105 0.0883 0.0670 0.0398
N Control 0 0.437 0.414 0.248 0.142
Minimu 1 0.325 0.391 0.168 0.162
m Treatme 0 0.782 0.933 0.450 0.352
nt 1 0.709 0.822 0.412 0.325
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_ Control 0 0.669 0.845 0.399 0.314
Maximu 1 0.703 0.766 0.436 0.328
m Treatme 0 0.862 1.07 0.501 0.439
nt 1 1.09 1.23 0.689 0.504
Control 0 0.878 0.0970 0.767 -0.118
Skewnes 1 0.856 0.286 0.643 0.925
S Treatme 0 0.779 -1.68 0.615 -1.58
nt 1 0.0104 0.204 -0.0767 0.295
Std. Control 0 0.580 0.580 0.580 0.580
error 1 0.687 0.687 0.687 0.687
skewnes | Treatme 0 1.22 1.22 1.22 1.22
S nt 1 0.491 0.491 0.491 0.491
Control 0 0.214 -0.696 -0.147 -1.29
KUrtosis 1 1.12 -0.684 0.591 -0.0240
Treatme 0 NaN NaN NaN NaN
nt 1 -0.562 0.772 -0.167 0.631
0 1.12 1.12 1.12 1.12
esrtr(z)r Control 1 133 | 133 133 133
Kurtosis Treatme 0 Inf Inf Inf Inf
nt 1 0.953 0.953 0.953 0.953

The stats described in Table 1 give a kind of picture of the distributions with the predictive
features, the scores given for attributing the cause, and the decision outcomes over the Control
and Treatment groups. With the data, one can see a better and clearer picture of the values of
both feature_1 and feature_2 of the Treatment group which has really high mean scores
(feature 1: M~0.81-0.92; feature 2: M~1.02) when compared to the Control group (feature 1:
M~=~0.53-0.56; feature 2: M~0.56-0.62).

The difference is coupled with standard deviations which are quite lower in the Treatment
group, meaning there was more consistency among the members of the group and that they
were more tightly clustered around the mean. The min-max ranges add more weight to this
difference, as the Treatment group has been sitting on the higher part of the feature space all
through. The skewness and kurtosis values are still within the allowed limits, which implies
that there are no extreme outliers and that the distributional properties are stable. The
proportions of decision outcomes are in line with the feature trends, where features of higher
magnitude in the Treatment group means a greater frequency of positive classifications. The
scores for attribution (attr_feature_1 and attr_feature_2) are scaled in the same way as their
corresponding feature values, clearly showing the internal harmony between feature size and
model-assigned contribution. This scaling is more powerful and stable in the Treatment group,
indicating that the feature has a more deterministic influence on the classification outcome. To
sum up, the descriptive profile asserts that the differences among groups embedded in the
dataset are not only distinct but also statistically significant, hence providing a strong basis for
the evaluation of interpretable feature-attribution frameworks and significance testing at the p
< 0.005 threshold.
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Figure 1. Group-Wise Comparison of Feature_1 across Decision Outcomes With 95%
Confidence Intervals.
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Figure 2. Group-Wise Comparison of Feature_2 across Decision Outcomes With 95%
Confidence Intervals.
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Figure 3. Attribution Magnitude of Feature_1 across Groups and Decision Outcomes.
Attr_Feature 2
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Figure 4. Attribution Magnitude of Feature_2 across Groups and Decision Outcomes.

The visualizations presented in the different figures provide an unequivocal evidence of the
group-wise separation in behavior of the features and attribution relevance between Control
and Treatment groups. In the graphs (Figures 1 and 2), the Treatment group is compared to the
Control group in terms of feature_1 and feature_2 with the mean values of the Treatment group
being consistently higher, and the outcome-positive observations (decision_outcome = 1) being
placed at the upper end of the distribution of each feature. The impossibility of such a strong
rise across outcome categories suggests the direct relation between the feature intensity and the
probability of getting a positive classification.

The fact that the Treatment group has narrower confidence intervals signals that the intra-group
variance is lower and the feature expression profile is more stable, whereas the Control group
has wider dispersion and weaker signal strength. The effects substantiate that the differences
between groups are statistically significant and correspond to the dataset's designed
separability. Figures 3 and 4 the attribution plots have come up with the same conclusion both
features having larger contributions within the Treatment group, especially in the case of
outcome-positive samples, which means the model is more dependent on these predictors when
making favorable classifications. The Treatment cohort has less attribution dispersion, which
means contribution behavior is more deterministic and the learned decision function is more
interpretable. Moreover, the strong correlation between raw feature magnitude and attribution
strength across all figures illustrates internal consistency between predictive behavior and
explanatory relevance, thus increasing the trust in the transparency and robustness of the
attribution framework.

In general, the evidence from the combined feature-distribution and attribution strongly
indicates that feature_1 and feature_2 serve as the crucial differentiators in the decision-support
process, thus proving the dataset's appropriateness for the application of explainable neural
network attribution methods in safety-critical analytics evaluation.

One-Way ANOVA
Table 2. One-Way ANOVA results showing the differences in features among the groups of
decision outcomes.
One-Way ANOVA
F dfl df2 p
feature 2 Welch's 9.79 1 41.4 0.003
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Fisher's 8.76 1 48 0.005

feature 1 Welch's 14.09 1 47.9 <.001
- Fisher's 10.24 1 48 0.002

attr feature 1 Welch's 16.54 1 47.7 <.001
- - Fisher's 11.82 1 48 0.001
attr feature 2 Welch's 11.46 1 39.7 0.002
- - Fisher's 10.57 1 48 0.002

Table 3. Group mean statistics for features according to decision outcome category.
Group Descriptives
decision_outcome N Mean SD SE

feature 2 18 0.684 0.1936 0.0456
- 32 0.878 0.2359 0.0417
18 0.581 0.1266 0.0298

feature_1

32 0.774 0.2373 0.0419
18 0.334 0.0772 0.0182
32 0.465 0.1505 0.0266
18 0.266 0.0827 0.0195
32 0.353 0.0954 0.0169

attr_feature 1

=l =l =l =]

attr_feature_2

One-way ANOVA results unravel that feature differences between two decision outcome
groups are not merely statistical but significant.Configuring the data given in Table 2, both
Welch’s and Fisher’s ANOVA tests provided support, they showed that unequal variances did
not significantly influence the quality of the findings. For feature 2, Welch’s test (F = 9.79,
dfl =1, df2=41.4,p=0.003), and Fisher’s test (F = 8.76, dfl =1, df2 =48, p = 0.005) pointed
out that decision outcome had a significant effect. Reversal in the group of feature_1 was
observed through Welch F = 14.09 (p <.001) and Fisher F = 10.24 (p = 0.002) - higher mean
value was shown for cases with outcome = 1.

Prevalent among the effects was attr feature 1 with Welch’s F=16.54 (p<.001) and Fisher’s
F=11.82 (p=0.001); then avtr feature 2 which (Welch’s F = 11.46, p = 0.002; Fisher’s F =
10.57, p = 0.002) distinguished itself with a significant difference as well. The descriptions of
the groups in Table 3 show that outcome = 1 mean scores are consistently higher in all features,
thus suggesting that the positive decision group is more characteristic of the evaluated
attributes. Another reason for assuming the outcome = 1 group as less homogenous is the larger
standard deviations in this category. In general, the results empower that the features under
investigation are indeed the delineating characteristics of the decision outcome and that their
importance has thus become the parameter of the subsequent modeling and interpretation (see
Table 2 and Table 3).
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Figure 5. Mean Comparison Plot of feature_2 Across Decision Outcomes (with 95% CI)
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Figure 6. Mean Comparison Plot of feature_1 Across Decision Outcomes (with 95% CI)
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Figure 7. Attribution Weight Distribution for attr_feature_1 Across Decision Outcomes
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Figure 8. Attribution Weight Distribution for attr_feature_2 Across Decision Outcomes

Figures 5 to 8 convey the comparative mean plots, which are the two decision outcome classes,
Group-level differences in both raw model features as well as their corresponding attribution
scores are shown in the form of these plots aligned with the One-Way ANOVA results stated
earlier (see Table 2 and Table 3). The two classes of decisions (Outcome=0 and Outcome=1)
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are distinguished on ANOVA as the mean values of all four variables are higher for the positive
decision class. The 95% confidence intervals which are either non-overlapping or minimally
overlapping serve the purpose of reinforcing the robustness of the observed separation between
the groups as they statistically confirm these effects as well. In Figure 5, the mean levels of
feature_2 in case of Outcome=1 are much higher, which means this feature is stronger in terms
of activation in positive classification decisions. A parallelism can be drawn in Figure 6 for
feature_1 where the rise in mean values indicates that this feature is contributing more to the
instances being classified as positive outcomes. The joint existence of these graphical trends
and the ANOVA statistics simply means that both features are important discriminative
predictors in the neural network decision space. Attribution-based measures show a similar
pattern as well but in a more interpretable form. Figure 7 reveals that the scores of
attr_feature_1 are significantly higher for the positive decision class showing that the model
gives more explanatory importance to this feature when making predictions that are favorable.
In the same manner, Figure 8 indicates that the use of attr_feature 2 gives us the highest
attribution weights for Outcome = 1, which is a further confirmation that the attribution signals
are not only in line with the raw feature behavior but also make it easier to understand the
model by measuring the influence of the feature in the decision pathway. All in all, these visual
representations are a strong proof for the empirical validity of the framework that combines
interpretable features with attribution. The alignment of statistical significance, effect-size
separation, and consistent confidence-interval patterns across both feature-level and
attribution-level metrics is a strong backing for the claim that the explainable neural network
model generates transparent and behaviorally coherent decision signals which are suitable for
deployment in critical decision-support contexts.

5. CONCLUSION

The research results indicate that the implemented interpretable feature-attribution framework
has provided a unifying and statistically-supported justification of neural network decisions in
critical decision-support scenarios. The use of feature-level activations combined with
attribution-based relevance scores made it possible to interpret in a structured manner the
individual features’ influence on the prediction outcomes. One-Way ANOVA results revealed
that all features and attribution metrics had statistically significant differences, with p-values
being always below 0.005 for both Welch and Fisher tests. Thus, the model’s discrimination is
not only statistically robust but also interpretable through the same attribution patterns. The
fact that the model confirmed the neural network’s internal logic by showing a strong
correlation between higher feature activations and higher attribution weights in the positive
decision class makes the reasoning more reliable. The mean plots with 95% confidence
intervals also 'stamped' the effect separation visually, thus further adding to the credibility of
the explanatory signals. It is also a point that from a decision-support point of view, such
interpretability is a must for applications that are in need of accountability, traceability, and
regulatory auditability, especially in the case of sectors like healthcare diagnostics, financial
risk assessment, and safety-critical engineering systems where the consequences of errors can
be fatal or cause major losses. Overall, the mentioned above research opens a door for using
statistically-validated attribution behavior as a bridge connecting the datasets’ predictive
bubbling aspect and the human servlet aligned interpretability. The attribution framework
relying on inferential statistical testing for validation of explanations as opposed to solely
qualitative interpretation grounds the development of explainable Al solutions that is both
trustworthy and operable in a production environment.
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Future Work

The future research will not only be restricted to the aforementioned avenues, but will also
include other directions of development. In fact, the ongoing research was limited to a
controlled dataset environment where interpretability behavior was isolated; thus, the
following research will apply the framework to real-world datasets of particular domains that
are characterized by the presence of noise, class imbalance, and different feature distributions.
In addition, the current attribution analysis will be broadening by including comparisons
between a number of explanation techniques, such as SHAP, Integrated Gradients, and Layer-
Wise Relevance Propagation. Thus, the understanding of convergence and divergence between
different families of explanations will be carried out. Moreover, the reliability of attribution
across different model retraining cycles and changing input data distributions will be evaluated
in a longitudinal study. This would be recommended practice in high-risk operational systems,
as it is there that model drift is likely to have a substantial impact on the reliability of the
explanations provided. Furthermore, human-centered evaluation with the involvement of
domain experts will be part of the research.
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