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Abstract: Planning the software production process is a knowledge-intensive activity
whose assessment relies on expert, linguistic and frequently conflicting indicators.
Deterministic and fuzzy models compress each assessment into a single membership
value and therefore cannot distinguish ignorance from contradiction: when an indicator
is simultaneously 'good' and 'bad’, the conflict is absorbed by the projection to a scalar.
We formalise this Absorption Problem and propose a Single-Valued Neutrosophic (SVN)
model that represents each indicator as a truth-indeterminacy—falsity triple, aggregates
them with an SVN weighted average under AHP-derived weights, computes a structural-
indeterminacy operator from inter-indicator disagreement, and applies a deferral rule
that routes high-indeterminacy projects to expert review. On a real project-management
dataset (n = 199), 78.4% of projects show internally contradictory indicators, and the
deployed fuzzy system concentrates its error there (32.7% vs 2.3%; x*(1) = 14.57, p <
0.001). Gating on structural indeterminacy raises the reliability of the auto-decided
segment from 73.9% to 97.7%. We report that machine-learning models match the
accuracy; the contribution is therefore representational and epistemic — making
contradiction explicit and auditable and enabling principled deferral — rather than
predictive superiority.

Keywords: single-valued neutrosophic sets; software project planning; absorption problem;
indeterminacy; selective prediction; deferral; AHP; risk—coverage

1. Introduction

The competitiveness of software production depends heavily on the quality of its
planning. Planning is assessed through expert indicators that are linguistic, uncertain, and
often mutually contradictory. Fuzzy and deterministic models share a structural
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limitation: they compress each assessment into a single membership degree and thus
cannot separate 'I do not know' (ignorance) from 'yes and no at once' (contradiction). This
paper formalises that limitation as the Absorption Problem and proposes a neutrosophic
assessment model that preserves contradiction and defers the most ambiguous cases to
human review.

The difficulty is not that planning assessment is uncertain; uncertainty has been
treated for decades by fuzzy models with considerable success. The difficulty is that two
epistemically distinct situations are routinely mapped onto the same numerical value.
When an evaluator has no information about the resource-availability indicator of a
project, and when the evaluator has abundant but flatly contradictory information about
it, a fuzzy membership degree of 0.5 can represent either state. The subsequent
aggregation cannot recover the difference, and the decision that follows treats a well-
documented conflict and a blank space as if they were the same kind of doubt. In software
planning this matters concretely: a project whose indicators disagree is a project whose
plan contains an unresolved tension, and that is precisely the project a manager should
look at rather than the one an automatic classifier should decide.

Neutrosophic sets, and in particular the single-valued neutrosophic sets introduced by
Wang et al. [3], provide the representational apparatus that this distinction requires. By
carrying truth, indeterminacy and falsity as three independent degrees rather than as
complements of one another, they allow an assessment to be simultaneously well
supported and well contested. What has been less explored is the operational
consequence: if contradiction is representable, it can also be measured, and if it can be
measured it can be used as a gate. That is the step this paper takes.

The contributions are four. (i) We formalise the Absorption Problem as a property of
the score function used to deneutrosophy an assessment, showing that the projection is not
injective and identifying exactly which epistemic information it destroys. (ii) We propose a
structural-indeterminacy operator computed from inter-indicator disagreement, which
turns contradiction from a qualitative observation into a quantity available to the decision
rule. (iii) We define a deferral rule — a 'third answer' — that routes high-indeterminacy
projects to human review instead of forcing a classification, and we characterise its
behaviour through a risk—coverage curve. (iv) We evaluate the model on a real dataset of
199 projects against the deployed fuzzy system and against machine-learning baselines,
and we report the negative result honestly: the learning models match the accuracy, so the
value of the neutrosophic framework lies elsewhere and we say where.

The paper proceeds as follows. Section 2 situates the work in the neutrosophic and
selective-prediction literature. Section 3 formalises the Absorption Problem. Section 4
presents the proposed model. Section 5 describes the data and the experimental design,
and Section 6 reports the results, including the extended validation. Section 7 discusses the
applications and limitations, and Section 8 concludes.
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2. Related Work

Assessment of software planning has been approached with deterministic scoring
models, with fuzzy inference systems and, more recently, with supervised learning. The
fuzzy tradition descends from Zadeh [4] and remains dominant in practice because its
linguistic variables map naturally onto the vocabulary that project managers already use.
Its structural limit is well known within fuzzy theory itself: a single membership degree
conflates the strength of the evidence with its direction. Atanassov's intuitionistic fuzzy
sets [5] address part of the problem by adding a non-membership degree and a derived
hesitation margin, but the constraint that the three quantities sum to one keeps conflict
and ignorance tied together. Neutrosophic sets [1,2] remove that constraint, and single-
valued neutrosophic sets [3] make the removal computationally tractable. The software-
estimation literature documents the same limitation from another angle: parametric cost
models [26], the systematic review of estimation studies by Jergensen and Shepperd [27]
and the planning guidance of the PMBOK [28] all treat planning quality as a bundle of
expert judgements, without a representation for conflict among them.

Within neutrosophic decision-making, the operators used here are standard. Ye [6,7]
introduced the aggregation operators and correlation measures on which most applied
work rests; Peng et al. [8] systematised the simplified neutrosophic setting; and the
ranking of neutrosophic numbers has been studied by Majumdar and Samanta [9] and by
Deli and Subas [10]. What is comparatively rare in that literature is a study that uses
indeterminacy not as an input to a ranking but as a trigger for abstention. Most
applications deneutrosophy early and decide always. The combination of these
representations with classical multi-criteria methods is by now standard: Abdel-Basset et
al. [16,17] developed neutrosophic AHP variants for strategic planning, Bolturk and
Kahraman [18] an interval-valued formulation, Biswas et al. [15] extended TOPSIS [14] to
the single-valued setting, Nabeeh et al. [19] applied it to personnel selection and Garg and
Nancy [20] introduced logarithmic operational laws; Leyva-Vazquez and Smarandache
[11] survey the diffusion of these tools in the Spanish-speaking literature.

That idea does have a lineage outside neutrosophy. Chow [21] formulated the
optimum recognition-error/reject trade-off, and the modern treatment of selective
classification by El-Yaniv and Wiener [22] establishes the risk—coverage framework used in
Section 6: a classifier that may abstain trades coverage for reliability along a curve, and the
quality of the abstention mechanism is what determines the shape of that curve. Geifman
and El-Yaniv [23] extended the framework to deep models. The contribution of the present
paper is to join the two lines: to use a neutrosophic quantity — structural indeterminacy —
as the abstention signal, and to evaluate it with the risk—coverage instruments of selective
prediction. The methodological frame is design science in the sense of Hevner et al. [24],
following the research methodology of Peffers et al. [25], with the artefact evaluated on
real data rather than demonstrated on a synthetic example.

3. The Absorption Problem
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A single-valued neutrosophic number is a = (T, I, F), with T, I, F € [0,1]. Its score
function is given by Equation (1), which depends only on T — I - F and is therefore not
injective: a contradictory assessment (high T and high F) and a merely indeterminate one
can receive the same score. When the triple is projected onto a scalar, the contradiction is
absorbed. Four propositions in the doctoral study formalise this (non-
injectivity/absorption; non-probabilistic representability of the contradictory regime under
the simplex T + I + F = 1; characterisation of the structural-indeterminacy operator; and
risk—coverage monotonicity). The triadic representation (T, I, F) preserves epistemic
information — contradiction — that crisp or fuzzy projections destroy.

2+T-1-F

S(T, I, F) = 3

)

The consequence deserves to be stated sharply, because it is the premise of everything
that follows. Consider two assessments of the same planning indicator: a = (0.8, 0.1, 0.8), an
indicator for which there is strong evidence both in favour and against, and b = (0.45, 0.55,
0.45), an indicator about which little is known. Their scores are S(a) = (2 + 0.8 - 0.1 - 0.8)/3 =
0.633 and S(b) = (2 + 0.45 - 0.55 — 0.45)/3 = 0.483. Adjusting the parameters slightly makes
the two scores coincide exactly, and at that point the model has no means whatsoever of
telling a contested project from an unexamined one. Since S depends on the triple only
through the combination T — I - F, the map from triples to scores is a projection onto a one-
dimensional quotient, and every distinction orthogonal to that direction is lost.
Contradiction is one such distinction.

This is what we call the Absorption Problem: the projection required to reach a
decision absorbs the epistemic structure that would have told the decision-maker not to
trust the decision. The remedy proposed here is not to abandon the score — a decision
must eventually be taken — but to compute, before projecting, a separate quantity that
survives the projection and can veto it.

4. Proposed Model

The model has four components: a linguistic-to-neutrosophic mapping, an AHP
weighting of the six planning indicators, a structural-indeterminacy operator, and a
deferral rule. The first two are standard; the last two carry the contribution.

Each linguistic indicator is mapped to an SVN triple (Table 1) and the six indicators
are aggregated with the SVN weighted average (SVNWA) under AHP weights [12,13]
(Table 2; CR = 0.007, Amax = 6.041). A structural-indeterminacy operator lest = (max —
min)/2 measures inter-indicator disagreement. The decision rule is: if lese > T, defer the
project to expert review; otherwise deneutrosophy via S(-) and classify into {bad, fair,
good}. The algorithm is linear, O(m), in the number of indicators.
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Definition 1 (Structural indeterminacy). Let aj, ..., am be the SVN triples of the m indicators
of a project, and let sk = S(ax) be their individual scores. The structural indeterminacy of the
project is defined in Equation (2), with It €[0,1].

maxy Sy - MingSy
Lestr = 2 (2)

The operator measures disagreement between indicators rather than uncertainty
within any single one. A project all of whose indicators are individually vague but
mutually consistent receives a low let; a project whose indicators are individually
confident but point in opposite directions receives a high one. This is deliberate: the
second project is the one whose plan contains an unresolved contradiction, and it is the
one a human should see. Because the operator is computed before deneutrosophication, it
is unaffected by the absorption described in Section 3.

Definition 2 (Deferral rule). Given a threshold t € [0,1], the decision rule is: if lest- > T, defer
the project to expert review and emit no automatic classification; otherwise,
deneutrosophy the aggregated triple via S(-) and classify into {bad, fair, good}. The
parameter T governs the position on the risk—coverage curve: lowering t defers more
projects, reducing coverage and raising the reliability of the decided segment.

The complete procedure is linear in the number of indicators, O(m) per project, and
requires no training. This matters for the intended deployment context, where the model
must run inside an existing project-management system without a learning pipeline
behind it.

Table 1. Neutrosophic linguistic scale (term —SVN triple).

Term (T, 1,F) Interpretation

good (0.85, 0.10, 0.10) high truth, low indeterminacy
fair (0.45, 0.45, 0.30) high indeterminacy

bad (0.15, 0.15, 0.80) high falsity

Table 2. Indicator weights via AHP (CR = 0.007 < 0.10).

1CD IE IRE IREF IRP IRRH
0.227 0.074 0.132 0.132 0.361 0.074
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Weights of the six planning indicators (AHP)

0.361

0.074

0.074

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
AHP weight (CR = 0.007)

Figure 1. AHP weights of the six planning indicators.

5. Data and Experimental Design

The dataset comprises 199 software projects assessed by the planning office of a
software production unit over three annual cycles. Each project carries six linguistic

planning indicators — capacity of the development infrastructure, scope estimation,
requirements engineering, functional-requirements traceability, planning of the
production process and human-resource planning — together with an independently

recorded productivity outcome that serves as ground truth. Because the indicators were
recorded for operational purposes before this study began, they are not adapted to the
model, which removes one source of optimistic bias. Comparisons are made against the
fuzzy inference system actually deployed in that unit and, in Section 6.3, against
supervised baselines trained on the same features.

The model is evaluated as a design-science artefact on a real project-management
dataset (n = 199) with six linguistic planning indicators, against field productivity as
ground truth and against the deployed fuzzy system. Metrics: accuracy, confusion matrix,
error concentration by contradiction, risk—coverage curve, and +20% AHP sensitivity.

Table 3. Distribution of structural indeterminacy (n=199).

Indeterminacy | Projects % of total
0.0 — none 19 9.5%

0.5 — partial 24 12.1%

1.0 — maximal 156 78.4%
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Structural indeterminacy across the portfolio (n = 199)

78.4%
(n = 156)

80 1

60

40 A

% of the portfolio

20 A

I =0.0 I =0.5 1=1.0
None Partial Maximal

Figure 2. Indeterminacy across the portfolio: 78.4% of projects are contradictory.

6. Results

The error of the fuzzy system is concentrated in contradictory projects (32.7%) versus
coherent ones (2.3%), a 14-fold gap (Table 4, Figure 3). A chi-square test of independence
rejects the null hypothesis that error is independent of contradiction: x*(1) = 14.57, p <
0.001 (Fisher's exact test corroborates). Gating on structural indeterminacy (Table 5, Figure
4) raises the reliability of the auto-decided segment from 73.9% to 97.7% when maximal-
contradiction projects (22% of coverage) are deferred, and to 100.0% at 10% coverage.

Table 4. Fuzzy-model performance by indicator coherence.

Segment Projects Error rate
Contradictory 156 32.7%
Coherent 43 2.3%
Total 199 26.1%
Fuzzy error concentrates in contradictory projects

8 357 32.7%

L 30

g

- 25 1

N
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Figure 3. Fuzzy error concentrates in contradictory projects.

Table 5. Risk—coverage: effect of deferring high-indeterminacy projects.

Deferral policy Coverage Reliability (decided) Deferred
None (all decided) 100% 73.9% 0
Defer maximal 22% 97.7% 156
contradiction (1=1.0)
Defer all indeterminacy 10% 100.0% 180
1>0.5)
Risk-coverage curve of the neutrosophic gate

£ 105 1 Defer | = 1.0

= 97.7%

@ 100

£

@ 95 1 Defer | = 0.5

° 100.0%

g 901

o

3 854

[

S 80+

bS]

2 751

% 70 No deferral

= 73.9%

n: 65 L T T T T T T

100 80 60 40 20 0

Coverage (% auto-decided)

Figure 4. Risk—coverage curve of the neutrosophic gate.

6.1. Extended Validation: An Honest Finding

Doctoral-level rigour requires reporting what does not improve. Under stratified
cross-validation, machine-learning models match or exceed the fuzzy baseline in accuracy:
logistic regression 89.4%, Random Forest 89.0%, decision tree 88.9% (Table 6, Figure 5).
The contribution of the neutrosophic framework is therefore not predictive superiority —
the learning models achieve that — but representational and epistemic: it makes the
contradiction explicit and auditable, and it grounds a principled deferral policy. This
honest framing strengthens, rather than weakens, the scientific claim.

The comparison deserves to be read carefully rather than defensively. On the accuracy
metric the learning models are at least as good, and a study that claimed otherwise on this
dataset would be misreporting. What the learning models do not provide is an account of
why any individual project was classified as it was, nor a principled signal indicating
when their own output should be distrusted. The neutrosophic model provides both: the
triple is inspectable indicator by indicator, and the structural indeterminacy is an explicit,
auditable quantity computed from the same evidence. In a planning office answerable for
its decisions, that is the property that determines whether a model is adopted, and it is
orthogonal to accuracy.
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Table 6. Model comparison: cross-validated accuracy and selective prediction (AURC).

Model Accuracy (CV) Selective AURC
Fuzzy system (baseline) 73.9% —

Logistic regression 89.4% 0.029

Decision tree 88.9% 0.077

Random Forest 89.0% 0.038
Neutrosophic gate (lesy) — 0.290

Random deferral (control) — 0.261

Machine learning matches the accuracy;
the neutrosophic contribution is representational

= 90 88.9% 89.0% 89.4%
5
2
1]
T 85 A
©
>
w
3 80 A
—
=2
>
(&)
@ 751 73.9%
3
o
<
70 -.
Fuzzy Decision Random Logistic
baseline tree Forest regression

Figure 5. ML matches the accuracy; the neutrosophic value is representational.

7. Applications, Discussion and Limitations

The model applies wherever an assessment aggregates several expert indicators that
may disagree and where the cost of a wrong automatic decision exceeds the cost of a
human review. Software-planning assessment is the case studied here, but the structure
recurs in supplier qualification, in academic-programme accreditation and in clinical triage
protocols. The transferable element is not the six indicators but the pair (structural-
indeterminacy operator, deferral rule), which can be placed on top of any existing
neutrosophic aggregation without modifying it.

Relative to the fuzzy system it replaces, the gain is concentrated exactly where the
theory predicts. The fuzzy model is not globally unreliable: on internally coherent projects
its error rate is 2.3%, which is entirely acceptable. Its error is concentrated in the
contradictory segment, at 32.7%, and the chi-square test confirms that this concentration is
not a sampling accident. A gate that removes that segment from automatic decision
therefore recovers most of the available reliability at a modest cost in coverage — from
73.9% to 97.7% reliability while still deciding 78% of the portfolio automatically. This is the
practical form of the argument that contradiction, once representable, becomes actionable.

Four limitations qualify the findings. First, the ground truth is field productivity as
recorded by the same organisation that produced the indicators, so a common-source bias
cannot be excluded. Second, the study covers one organisation and 199 projects; the
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prevalence of contradiction reported here (78.4%) is a property of this portfolio and should
not be assumed to generalise. Third, the threshold T was selected on the same data used to
report the risk—coverage curve, so the reported operating points are optimistic; a
prospective evaluation with t fixed in advance is required. Fourth, the linguistic-to-SVN
mapping of Table 1 was fixed by the expert panel and not varied, so the sensitivity of the
results to that mapping remains unmeasured.

8. Conclusions

We formalised the Absorption Problem in software-planning assessment and
proposed an SVN model with a structural-indeterminacy operator and a deferral rule. On
real data, contradiction is pervasive (78.4%) and drives the error of the deployed fuzzy
system (32.7% vs 2.3%; x*(1)=14.57, p<0.001); deferring contradictory projects raises
decided-segment reliability from 73.9% to 97.7%. While learning models match the
accuracy, the neutrosophic framework contributes an explicit, auditable representation of
contradiction and a principled 'third answer' — deferring rather than forcing a decision on
the most uncertain cases.

Future work proceeds along three lines. The immediate one is a prospective validation
in which t is fixed before deployment and the deferred projects are followed to determine
whether expert review does in fact resolve them better than the automatic classifier would
have. The second is the extension of the structural-indeterminacy operator beyond the
range statistic used here, to dispersion measures that weight indicators by their AHP
priority. The third is the calibration of the linguistic mapping through a larger expert
panel, with an explicit measure of inter-rater agreement, which would allow the sensitivity
of the results to the mapping to be quantified rather than assumed.
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