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Abstract

Military environmental contamination presents a distinctive class of empirical ob-
jects whose long-term development frequently exceeds the explanatory capacity of ex-
isting disciplinary frameworks. Although contemporary investigations generate
increasingly sophisticated analytical data, the scientific recognisability of the develop-
ing environmental process often remains incomplete. The principal methodological
challenge therefore concerns not the absence of empirical information, but the organ-
isation of scientific investigation while explanatory theory continues to evolve.

This paper proposes an operational architecture designed for research conducted
under such conditions. Rather than treating mature explanatory theory as the neces-
sary starting point of investigation, the proposed framework examines how scientific
inquiry may be organised during the pre-theoretical stage of research. The manuscript
introduces a sequence of interconnected operational concepts including the Pre-The-
oretical Domain, Scientific Recognition, Persistent Scientific Uncertainty, Scientific
Navigation, Relational Field, Process Morphology, Morphological Cognitive Open-
ness, Explanatory Possibilities, and Scientific Explanation. These concepts are pre-
sented not as independent theoretical constructs but as successive stages in the
progressive organisation of empirical investigation.

Within the proposed framework, scientific explanation is understood as the out-
come of Scientific Recognition rather than its point of departure. Investigation ad-
vances through the progressive organisation of empirical observations, relationships,
and process morphology while maintaining correspondence with the continuing de-
velopment of the investigated object. Persistent uncertainty is interpreted as a normal
operational condition rather than as a methodological deficiency, and explanatory plu-
rality is regarded as a scientifically legitimate stage in the maturation of explanation.

The proposed architecture does not replace existing disciplinary methods or ex-
planatory theories. Instead, it provides an operational organisation through which dis-
ciplinary knowledge may contribute to the scientific recognition of highly dynamic
empirical processes. Although developed with particular reference to long-term mili-
tary environmental contamination, the framework may also be applicable to other
classes of complex environmental processes whose empirical development precedes
the emergence of sufficiently mature explanatory theory.

Keywords

Scientific Recognition; Military Environmental Contamination; Pre-Theoretical
Domain; Persistent Scientific Uncertainty; Scientific Navigation; Process Morphology;
Relational Field; Morphological Cognitive Openness; Scientific Explanation; Research
Architecture.

Introduction

Military environmental contamination has become one of the most important
emerging areas of environmental research. Long-term ecological consequences of
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armed conflicts increasingly attract the attention of soil scientists, hydrologists, ecol-
ogists, toxicologists, medical researchers, geographers, and specialists from many
other disciplines. International conferences, research projects, monitoring pro-
grammes, and scientific publications devoted to this subject continue to expand. The
growing professional interest reflects both the scale of contemporary military conflicts
and the recognition that their environmental consequences frequently persist for dec-
ades after military activities have ceased.

At the same time, an important scientific question remains insufficiently discussed.
The quantity of empirical information continues to increase. Analytical methods be-
come more sophisticated. Laboratories generate increasingly detailed chemical, bio-
logical, geographical, and ecological data. Individual scientific disciplines continue to
develop highly specialised methods for investigating particular aspects of military con-
tamination. Nevertheless, the long-term environmental process itself often remains
only partially scientifically recognisable.

This difficulty should not automatically be interpreted as evidence of poor scientific
practice. Many investigations are technically rigorous. Measurements may be accu-
rate. Statistical analyses may be sophisticated. Individual publications may fully sat-
isfy disciplinary standards. The question addressed in the present paper is different. It
concerns the organisation of empirical investigation when the investigated object de-
velops as a long-term, dynamic environmental process extending across multiple dis-
ciplinary domains.

Military environmental contamination represents precisely such an object. Its em-
pirical manifestations appear in different environmental systems, at different tem-
poral scales, and within different disciplinary traditions. Soil contamination,
groundwater transport, ecological transformation, biological accumulation, medical
consequences, and landscape change may all be investigated professionally while the
developing process connecting them remains only partially visible.

The central problem therefore is not simply the absence of empirical information.
It is the absence of an operational organisation capable of supporting empirical inves-
tigation before a sufficiently mature explanatory theory has emerged.

The absence of a mature theory should not be interpreted as the absence of scien-
tific ideas. Investigators may already possess hypotheses, disciplinary explanations,
established research traditions, operational assumptions, and competing interpreta-
tions. Their coexistence does not necessarily provide an explanatory structure ade-
quate for organising investigation of a highly dynamic empirical object such as military
environmental contamination.

The present paper therefore addresses a single methodological question:

How can empirical investigation be organised when explanatory theory remains in-
complete, unstable, or insufficient for the complexity of the investigated process?

The answer proposed here does not replace existing scientific methods, disciplinary
expertise, or explanatory theories. It introduces one possible operational organisation
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of empirical investigation designed for situations in which scientific recognition of the
empirical object must continue to develop while the investigation itself is already un-
derway.

Why Another Research Logic Is Needed

Research on military environmental contamination rarely begins in the absence of
scientific knowledge. On the contrary, investigators usually enter a project with sub-
stantial professional experience. Soil scientists, hydrologists, chemists, ecologists,
physicians, geographers, and environmental engineers all contribute established
methods, specialised concepts, and well-developed analytical procedures. Modern in-
vestigations are also supported by advanced laboratories, geographical information
systems, remote sensing technologies, historical archives, and increasingly sophisti-
cated statistical tools.

From the perspective of individual disciplines, such research may be conducted to
a very high professional standard. Sampling strategies can be carefully designed, la-
boratory analyses can achieve remarkable analytical precision, and spatial distribu-
tions can be reconstructed in considerable detail. Individual publications often satisfy
the methodological expectations of the disciplines in which they are produced.

Nevertheless, an unexpected difficulty repeatedly emerges. The long-term process
of military environmental contamination itself often remains only partially scientifi-
cally recognisable.

This observation should not be interpreted as criticism of disciplinary science. The
problem is not that individual specialists perform their work incorrectly. Quite the op-
posite. Each discipline may produce scientifically valid results within its own profes-
sional framework. The difficulty appears elsewhere.

Military environmental contamination does not develop according to disciplinary
boundaries. Soil contamination, groundwater transport, ecological transformation, bi-
ological accumulation, medical consequences, and landscape change evolve simulta-
neously as different manifestations of the same developing empirical object. These
manifestations are investigated separately, while the process connecting them fre-
quently remains insufficiently organised within scientific investigation.

As a consequence, researchers may describe contaminants without fully under-
standing the process through which they migrate. Ecological effects may be docu-
mented without establishing how they are connected across time and space. Highly
accurate maps may represent observable manifestations while leaving unanswered the
more fundamental question of whether they belong to one continuing process, several
interacting processes, or only temporary configurations.

The accumulation of high-quality disciplinary results therefore does not automati-
cally reconstruct the empirical object as a coherent scientific entity.

This distinction becomes especially important in research on military environmen-
tal contamination. Scientific projects are commonly evaluated through the quality of
their measurements, the sophistication of their analytical methods, the amount of
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collected data, and the successful completion of planned research activities. These
achievements are unquestionably important. They do not, however, answer another
question that becomes central for highly dynamic environmental processes.

What has actually become scientifically recognisable about the developing military
environmental contamination process?

The need for another research logic therefore does not arise from dissatisfaction
with existing scientific disciplines. It arises from the need to organise their contribu-
tions around the empirical object itself rather than around the organisational bound-
aries of individual disciplines. The question is not how to replace specialised expertise.
The question is how specialised expertise can contribute to the scientific recognition
of one long-term, developing environmental process.

Research Begins Before Theory

Scientific research is traditionally presented as a movement from theory toward
empirical investigation. A researcher studies the existing literature, adopts or develops
a conceptual framework, formulates hypotheses, selects appropriate methods, and fi-
nally collects empirical evidence. In many scientific fields this sequence has proved
remarkably productive. Where the object is relatively stable and mature explanatory
theories already exist, there is no reason to abandon such an organisation of research.

Military environmental contamination frequently presents a different situation.

Investigators often begin their work while the empirical object itself remains in-
completely recognised. The process may already be changing before its principal char-
acteristics have been identified. New manifestations continue to appear while earlier
observations are still being interpreted. Different environmental systems become in-
volved at different moments. Spatial and temporal boundaries remain uncertain. Un-
der such conditions, empirical investigation cannot simply wait until a mature
explanatory theory becomes available.

This observation should not be interpreted as a rejection of theory. Existing theories
remain indispensable. They help formulate questions, identify possible mechanisms,
guide measurements, and interpret particular manifestations. The difficulty lies else-
where. No single explanatory framework may yet be capable of organising the devel-
oping empirical object as a whole.

The practical question therefore changes.

Instead of asking which existing theory should immediately govern the investiga-
tion, researchers must first ask how empirical investigation itself can be organised
while explanatory understanding continues to develop. The absence of a mature theory
is not necessarily an interruption of scientific work. For certain classes of dynamic em-
pirical objects, it becomes the normal starting condition of research.

Military environmental contamination represents precisely such a situation.

The empirical process cannot be postponed until science has completed its theoret-
ical preparation. Investigation begins because the process is already unfolding.



POLLUTION AND DISEASES REPOSITORY /2026

Scientific organisation must therefore develop under conditions in which theoretical
explanation remains incomplete. The task is not to suspend empirical investigation
until certainty becomes possible, but to organise that investigation in a manner capa-
ble of supporting the later emergence of scientifically responsible explanation.

The Operational Space Before Mature Theory

Scientific investigation rarely begins from an absence of knowledge. Researchers
usually enter a new project with established disciplinary expertise, practical experi-
ence, accumulated empirical observations, published literature, methodological tradi-
tions, and a variety of explanatory hypotheses. Scientific work therefore starts within
an already existing cognitive environment rather than in an intellectual vacuum.

The difficulty arises because these different forms of knowledge do not necessarily
constitute a mature explanatory theory. They may coexist without forming a coherent
organisation capable of guiding investigation of a highly dynamic empirical object. In-
dividual explanations may be scientifically valuable while remaining insufficient for
understanding the developing process as a whole.

This situation is particularly characteristic of military environmental contamina-
tion. Empirical observations continue to accumulate while explanatory understanding
remains incomplete. New manifestations appear before previous ones have been fully
integrated into a coherent interpretation. Alternative explanations coexist. Some are
complementary, others compete, and many remain only partially developed. Scientific
investigation nevertheless continues because waiting for complete theoretical cer-
tainty would mean abandoning the empirical process while it is still unfolding.

The practical question therefore changes once again. The problem is no longer
whether scientific investigation should begin before a mature explanatory theory ex-
ists. In practice it already does. The real question is how this stage of investigation
should be organised so that empirical work contributes to the later emergence of a
more coherent explanatory structure rather than simply increasing the volume of dis-
connected observations.

For the purposes of the present study, this operational stage is referred to as the
Pre-Theoretical Domain. The term does not describe the absence of theory. It de-
scribes a stage of scientific investigation in which theories, hypotheses, disciplinary
explanations, empirical observations, and practical experience coexist without yet
forming a sufficiently mature explanatory architecture for the investigated object.

The Pre-Theoretical Domain should therefore be understood as a normal scientific
condition for certain classes of dynamic empirical objects rather than as a temporary
methodological deficiency. It represents the operational environment within which
Scientific Recognition continues to develop before explanatory integration becomes
possible.

Scientific Recognition as the Primary Operational Process

The existence of a Pre-Theoretical Domain does not imply that scientific investiga-
tion lacks direction. On the contrary, a distinct form of scientific development already



POLLUTION AND DISEASES REPOSITORY /2026

takes place during this stage. Although mature explanatory theory has not yet
emerged, researchers continuously distinguish relevant empirical manifestations from
irrelevant observations, establish new relationships between previously disconnected
phenomena, identify recurring patterns, and gradually reorganise the empirical object
itself.

This process differs fundamentally from the immediate construction of explanatory
theory. Its primary result is not explanation but recognition. The investigated object
progressively becomes more scientifically recognisable. Certain empirical manifesta-
tions acquire greater significance. Others lose explanatory importance. Previously iso-
lated observations begin to form meaningful relationships. The empirical object
gradually changes from a collection of observations into an organised scientific struc-
ture capable of supporting future explanation.

Scientific investigation therefore advances long before explanatory completeness
has been achieved. What develops first is not necessarily theory, but the scientific rec-
ognisability of the empirical object.

The development of Scientific Recognition should not be interpreted simply as the
accumulation of additional empirical information. New observations remain indispen-
sable. Their principal contribution, however, lies in their capacity to reorganise the
empirical object itself. The quantity of available information and the degree of scien-
tific recognition should therefore not be regarded as equivalent characteristics of sci-
entific progress.

Scientific Recognition is consequently understood as a continuous developmental
process rather than as a single scientific achievement. It evolves together with the in-
vestigation itself. Each new observation, newly recognised relationship, revision of in-
terpretation, or empirical clarification contributes not only additional information but
also to the progressive transformation of the investigated object into something in-
creasingly available for scientific understanding.

For the purposes of the present study, this process is referred to as Scientific Recog-
nition. The term denotes the progressive increase in the scientific recognisability of a
developing empirical object before the emergence of a sufficiently mature explanatory
theory. Scientific Recognition therefore constitutes the primary operational process
through which empirical investigation prepares the conditions for later scientific ex-
planation.

At this stage another important question naturally emerges. If Scientific Recogni-
tion develops progressively rather than instantaneously, under what conditions does
this development take place? More specifically, how should scientific investigation
proceed when explanatory uncertainty remains an unavoidable characteristic of the
research process?

Persistent Scientific Uncertainty

Scientific Recognition does not develop under conditions of complete explanatory
certainty. On the contrary, its development is accompanied by a form of uncertainty
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that remains an intrinsic characteristic of scientific investigation throughout the re-
search process.

This observation is familiar to many researchers working with complex empirical
objects. New observations often resolve one uncertainty while simultaneously reveal-
ing several others. Additional empirical material rarely reduces the investigated object
to a stable explanatory structure. More frequently, it transforms the structure of sci-
entific uncertainty itself. Questions change, relationships become more complex, and
new empirical manifestations appear before previous ones have been fully integrated
into a coherent interpretation.

This condition should not be interpreted as a methodological weakness. It reflects
the developmental character of the investigated object. Long-term environmental pro-
cesses continue to evolve while scientific investigation is taking place. Scientific un-
derstanding therefore develops together with the empirical object rather than after its
completion.

The persistence of scientific uncertainty should not be confused with the absence of
scientific progress. On the contrary, Scientific Recognition frequently advances pre-
cisely because uncertainty continues to stimulate the reorganisation of empirical ob-
servations, the revision of previous interpretations, and the identification of new
relationships. Scientific investigation progresses not by eliminating uncertainty alto-
gether but by transforming it into progressively more organised forms.

For the purposes of the present study, this operational condition is referred to as
Persistent Scientific Uncertainty. The term denotes the continuing presence of scien-
tifically productive uncertainty during the development of Scientific Recognition. It
does not describe ignorance, methodological failure, or insufficient empirical work. It
describes the normal operational environment within which investigation of highly
dynamic empirical objects proceeds.

Scientific Recognition therefore develops not after uncertainty has disappeared, but
together with it.

This observation naturally leads to another question. If Persistent Scientific Uncer-
tainty represents the normal operational environment of investigation, how does sci-
entific work preserve direction while continuing to develop under these conditions?

Scientific Navigation

Persistent Scientific Uncertainty does not prevent scientific investigation from
moving forward. Researchers continue to make decisions throughout the investiga-
tion. They select empirical observations for further analysis, establish provisional re-
lationships, revise previous interpretations, identify emerging regularities, and
occasionally abandon explanations that no longer correspond to the developing em-
pirical material. Scientific work therefore remains directional even when explanatory
certainty has not yet been achieved.

These decisions are often described in practical terms as scientific judgement, pro-
fessional experience, or research intuition. Such descriptions acknowledge that

10
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investigators continuously maintain the coherence of the investigation despite the ab-
sence of complete explanatory certainty. What they rarely provide is an operational
description of how this continuity is maintained.

The present study proposes that these sequential decisions should not be regarded
as isolated acts of individual judgement. Together they constitute a continuous opera-
tional process through which Scientific Recognition develops under conditions of Per-
sistent Scientific Uncertainty.

For the purposes of the present study, this process is referred to as Scientific Navi-
gation. Scientific Navigation denotes the continuous organisation of empirical inves-
tigation while explanatory completeness remains unavailable. It does not replace
disciplinary expertise or scientific methods. Rather, it provides operational continuity
between empirical observation and the later emergence of explanatory theory.

Scientific Navigation therefore performs a specific function. It preserves the devel-
opmental coherence of investigation while the empirical object continues to reveal new
manifestations, relationships, and explanatory possibilities.

At this point another question naturally emerges. If Scientific Navigation continu-
ously organises investigation, what exactly constitutes the empirical structure through
which this navigation proceeds?

Relational Field

Scientific Navigation does not proceed through isolated observations. As investiga-
tion develops, researchers gradually recognise that individual empirical manifesta-
tions rarely possess scientific significance independently. Their meaning increasingly
depends on the relationships they establish with other manifestations observed across
different places, time periods, environmental compartments, and disciplinary per-
spectives.

This gradual shift is familiar in many investigations of long-term environmental
processes. A single analytical result may initially appear important in isolation. Later
it acquires a different significance after being connected with hydrological observa-
tions, ecological changes, historical information, medical evidence, or spatial patterns.
Scientific investigation therefore progresses not simply through the accumulation of
observations but through the progressive organisation of relationships among them.

These relationships should not be understood merely as statistical correlations or
causal hypotheses. They represent the developing empirical organisation of the inves-
tigated object itself. As new relationships become recognised, the object gradually ac-
quires a more coherent scientific structure while remaining open to further empirical
development.

For the purposes of the present study, this evolving empirical organisation is re-
ferred to as the Relational Field. The Relational Field denotes the continuously devel-
oping network of empirically recognised relationships through which Scientific
Navigation and Scientific Recognition become operationally possible. It is neither an
explanatory theory nor a completed model of the investigated object. Rather, it

11
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represents the empirical structure within which further scientific understanding be-
comes progressively achievable.

The development of the Relational Field therefore changes the character of investi-
gation itself. Researchers no longer work primarily with isolated empirical manifesta-
tions but increasingly with the relationships that connect them into an evolving
scientific object.

This development naturally raises another question. If the empirical object progres-
sively acquires an organised relational structure, what overall form does this develop-
ing organisation eventually assume?

Process Morphology

As the Relational Field develops, scientific investigation gradually begins to reveal
not only individual relationships but also the emerging organisation of the empirical
process itself. Relationships that initially appeared isolated increasingly become com-
ponents of a larger and more coherent empirical structure.

This transformation does not occur suddenly. It develops progressively as Scientific
Recognition advances and Scientific Navigation continuously reorganises the empiri-
cal material. New observations no longer contribute only additional information. They
also modify the developing organisation of the empirical object.

The resulting organisation should not yet be interpreted as a complete scientific
explanation. At this stage, investigators are not primarily explaining the process. They
are progressively recognising its evolving form. The empirical object begins to exhibit
an internal organisation that becomes increasingly distinguishable through continued
investigation.

For the purposes of the present study, this emerging organisation is referred to as
Process Morphology. The term denotes the progressively recognisable form of a devel-
oping empirical process as revealed through Scientific Recognition. Process Morphol-
ogy is not imposed upon the empirical object by explanatory theory. Rather, it
gradually emerges from the organisation of empirical relationships established during
investigation.

The recognition of Process Morphology represents an important transition. Scien-
tific investigation is no longer concerned primarily with individual empirical manifes-
tations or isolated relationships. Attention progressively shifts toward the developing
organisation of the process itself.

The emergence of Process Morphology does not conclude investigation. It marks
the beginning of a new stage in which the principal challenge is no longer recognising
individual empirical relationships, but preserving correspondence between the devel-
oping organisation of the empirical object and the explanatory interpretations that
gradually emerge from it.

At this stage another important question arises. If Process Morphology continues
to emerge throughout investigation, how should researchers avoid prematurely reduc-
ing this developing structure to a single explanatory interpretation?

12
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Morphological Cognitive Openness

The emergence of Process Morphology represents an important stage in scientific
investigation. As empirical relationships become progressively organised, the investi-
gated object begins to exhibit an increasingly coherent internal structure. At this point,
researchers naturally experience a growing confidence that the principal organisation
of the process has already become scientifically understandable.

This tendency should not be regarded as a scientific error. On the contrary, it rep-
resents a normal consequence of successful investigation. The more coherent the de-
veloping empirical organisation becomes, the stronger the expectation that a
sufficiently complete explanation has already been achieved. Scientific investigation
naturally seeks explanatory completion.

The difficulty arises because the empirical object itself may continue to develop.
New manifestations continue to appear. Existing relationships acquire different sig-
nificance. Previously unnoticed interactions become empirically recognisable. The in-
vestigated process therefore continues to reorganise itself while scientific explanation
simultaneously attempts to stabilise its interpretation.

Under these conditions, explanatory closure may occur earlier than the completion
of Scientific Recognition. The explanation itself may remain logically coherent, inter-
nally consistent, and scientifically plausible. Nevertheless, it gradually becomes less
capable of corresponding to the continuing development of the empirical object. Sci-
entific uncertainty then begins to arise from a new source. It no longer originates pri-
marily from the complexity of the investigated process. Increasingly, it originates from
the growing discrepancy between a developing empirical object and an explanatory
structure that has ceased to develop together with it.

The problem, therefore, is not scientific explanation itself. Neither is the problem
scientific uncertainty. Both remain indispensable components of scientific investiga-
tion. The critical issue concerns the timing of explanatory closure. When explanatory
organisation stabilises before Process Morphology has reached sufficient empirical
maturity, investigation risks replacing the continuing development of the empirical
object with the continuing defence of an already established explanation.

For this reason, the preservation of cognitive openness becomes an operational re-
quirement rather than a philosophical preference. Cognitive openness does not imply
the rejection of explanation. It does not require the indefinite postponement of theo-
retical interpretation. It preserves the possibility that Process Morphology may con-
tinue to develop beyond the explanatory organisation currently available.

For the purposes of the present study, this operational condition is referred to as
Morphological Cognitive Openness. The term denotes the deliberate preservation of
multiple scientifically plausible explanatory possibilities while the empirical organisa-
tion of the investigated process continues to evolve. Morphological Cognitive Open-
ness therefore protects the correspondence between explanatory organisation and the
continuing development of the empirical object.

13
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Scientific investigation does not become stronger by postponing explanation indef-
initely. It becomes stronger by allowing explanation to emerge together with the con-
tinuing maturation of Process Morphology rather than in advance of it.

This understanding naturally leads to the next stage of investigation. If Morpholog-
ical Cognitive Openness preserves several scientifically plausible explanatory direc-
tions, how do these possibilities gradually transform into scientific explanation itself?

Explanatory Possibilities

The preservation of Morphological Cognitive Openness does not delay scientific ex-
planation indefinitely. On the contrary, it creates the conditions under which explana-
tion can develop together with the continuing maturation of the empirical object. At
this stage, scientific investigation is no longer limited to isolated hypotheses or pre-
liminary interpretations. Multiple explanatory possibilities gradually emerge from the
recognised organisation of Process Morphology itself.

These explanatory possibilities should not be understood as competing opinions in
the ordinary sense. They represent scientifically plausible directions of explanation
supported by the existing empirical organisation of the investigated object. Some pos-
sibilities gradually acquire stronger empirical support. Others become less consistent
with the continuing development of Process Morphology. The relationship between
them is therefore determined primarily by the investigated object rather than by the-
oretical preference alone.

Scientific investigation progresses through the continuous interaction between ex-
planatory possibilities and the further development of Scientific Recognition. New em-
pirical manifestations may strengthen one explanatory direction while simultaneously
weakening another. Existing interpretations remain subject to revision as the Rela-
tional Field expands and Process Morphology becomes increasingly coherent.

The existence of several explanatory possibilities should therefore be regarded as a
normal stage of scientific development rather than as evidence of theoretical weak-
ness. Under conditions of highly dynamic empirical objects, explanatory plurality of-
ten represents the most scientifically responsible position available before explanatory
maturity has been achieved.

For the purposes of the present study, Explanatory Possibilities denote the set of
empirically grounded explanatory directions that remain simultaneously compatible
with the current stage of Scientific Recognition and Process Morphology. They do not
represent competing belief systems. They represent different scientifically legitimate
trajectories through which explanation may continue to develop.

Scientific explanation becomes progressively stronger not by eliminating explana-
tory plurality prematurely but by allowing the investigated object itself to determine
which explanatory possibilities continue to correspond to its ongoing empirical devel-
opment.

14
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This progression naturally leads to the final question. Under what conditions does
one explanatory possibility become sufficiently mature to be regarded as scientific ex-
planation rather than merely a scientifically plausible direction of interpretation?

Scientific Explanation

Scientific explanation does not appear at the beginning of investigation. Neither
does it emerge as the immediate consequence of isolated empirical observations.
Within the present framework, scientific explanation represents the progressive out-
come of Scientific Recognition, Persistent Scientific Uncertainty, Scientific Navigation,
the development of the Relational Field, the emergence of Process Morphology, and
the preservation of Morphological Cognitive Openness.

By the time scientific explanation becomes possible, the investigated object has al-
ready undergone a substantial transformation. It is no longer experienced as a collec-
tion of disconnected manifestations. It has become an empirically organised process
whose internal relationships, morphological organisation, and explanatory possibili-
ties have matured sufficiently to support a coherent explanatory structure.

Scientific explanation therefore should not be understood as the termination of sci-
entific investigation. Rather, it represents one stage in the continuing development of
scientific understanding. Future empirical observations may strengthen the explana-
tion, modify it, or reveal previously unrecognised aspects of the investigated process.
Explanation remains scientifically responsible precisely because it preserves corre-
spondence with the continuing empirical development of the object.

Within this framework, explanatory maturity is achieved not through the elimina-
tion of uncertainty but through the progressive correspondence between explanatory
organisation and the evolving empirical object. Scientific explanation therefore repre-
sents the highest degree of Scientific Recognition currently supported by the available
empirical organisation rather than the permanent completion of scientific under-
standing.

For the purposes of the present study, Scientific Explanation denotes the explana-
tory organisation that emerges after Scientific Recognition has reached sufficient em-
pirical maturity to support coherent interpretation of the investigated process. It does
not conclude investigation. It provides the most scientifically responsible explanatory
organisation presently justified by the developing empirical object.

This understanding also clarifies the overall structure proposed throughout the pre-
sent study. Scientific investigation is presented not as a movement from theory toward
observation, but as the progressive organisation of empirical recognition through
which scientific explanation gradually becomes possible.

Discussion

The present study began with a practical methodological difficulty. Research on
military environmental contamination frequently develops before a sufficiently ma-
ture explanatory theory becomes available. Empirical observations accumulate across
different disciplines, environmental compartments, spatial scales, and historical

15
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periods, while the investigated process itself remains only partially scientifically rec-
ognisable.

The proposed framework does not treat this situation as an interruption of scientific
work. Investigation already proceeds under these conditions, and the central question
therefore concerns its organisation. The Pre-Theoretical Domain describes the opera-
tional space in which empirical observations, disciplinary knowledge, hypotheses,
practical experience, and preliminary interpretations coexist before they form a suffi-
ciently mature explanatory structure.

Within this domain, the primary developmental process is Scientific Recognition.
The investigated object becomes progressively more recognisable as observations ac-
quire significance, relationships are established, earlier interpretations are revised,
and the empirical material is reorganised. This distinction is important because an in-
crease in the quantity or precision of data does not necessarily produce an equivalent
increase in the scientific recognisability of the object.

Scientific Recognition develops under conditions of Persistent Scientific Uncer-
tainty. Such uncertainty is not expected to disappear from research on highly dynamic
empirical objects. New observations may resolve particular questions while revealing
additional relationships, manifestations, and explanatory difficulties. Scientific pro-
gress therefore often transforms uncertainty into more organised forms rather than
replacing it with complete certainty.

Scientific Navigation preserves the continuity and direction of investigation under
these conditions. It consists of the sequential decisions through which researchers se-
lect observations, test relationships, revise interpretations, and maintain correspond-
ence between the developing investigation and the developing empirical object.
Navigation does not replace disciplinary methods. It organises their contributions
within a continuing process of recognition.

The Relational Field and Process Morphology describe two successive levels in the
empirical organisation of the investigated object. The Relational Field emerges as ob-
servations become connected across time, space, environmental systems, and discipli-
nary perspectives. Process Morphology becomes recognisable when these
relationships begin to reveal the developing organisation of the process itself. At this
stage, military environmental contamination can no longer be adequately represented
as a collection of separate contaminants, locations, measurements, or consequences.
It becomes scientifically accessible as an organised and continuing empirical process.

The emergence of Process Morphology also creates the possibility of premature ex-
planatory closure. An increasingly coherent empirical organisation may produce the
impression that a final explanation has already been achieved. Morphological Cogni-
tive Openness preserves correspondence between investigation and the developing
empirical object by allowing several empirically grounded explanatory possibilities to
remain available while Process Morphology continues to mature.

This openness should not be understood as a preference for permanent theoretical
plurality. Explanatory Possibilities remain subject to the continuing development of

16
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the empirical object itself. Some acquire stronger empirical support, others require
revision, and some cease to correspond to the recognised Process Morphology. The
transition toward Scientific Explanation is therefore organised by empirical matura-
tion rather than by the premature selection of a preferred interpretation.

Within the proposed framework, Scientific Explanation is neither the initial organ-
iser nor the final termination of investigation. It is the most mature explanatory or-
ganisation presently supported by Scientific Recognition. It remains open to revision
because military environmental contamination continues to develop and because new
empirical manifestations may alter the recognised organisation of the process.

The operational sequence proposed in the present study may therefore be summa-
rised as follows:

Empirical Observations
!

Scientific Recognition

!

Persistent Scientific Uncertainty

!
Scientific Navigation

!
Relational Field

!
Process Morphology

!
Morphological Cognitive Openness

!
Explanatory Possibilities

!
Scientific Explanation

This sequence does not prescribe particular disciplinary methods. Soil analysis, hy-
drological modelling, toxicological investigation, epidemiological research, remote
sensing, geographical reconstruction, historical analysis, and other specialised ap-
proaches retain their full scientific importance. The proposed framework concerns the
organisation of their results around a developing empirical object whose boundaries
and internal relationships cannot be determined in advance by any single discipline.

Military environmental contamination provides a particularly clear setting for such
an organisation. Its manifestations may appear at different times, move between
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environmental systems, cross disciplinary boundaries, and remain active long after the
military activities that initiated them have ceased. Scientific investigation must there-
fore remain capable of recognising a process that is simultaneously dispersed, partially
invisible, historically extended, and continuously developing.

The architecture proposed in this paper represents one possible organisation of in-
vestigation under such conditions. It does not seek to replace existing scientific disci-
plines or established explanatory theories. It provides an operational framework
within which their contributions may progressively converge toward the scientific
recognition of one developing empirical process.

Its practical value ultimately depends upon scientific use. The relevant questions
are whether it helps preserve the investigated object across disciplinary contributions,
whether it improves the organisation of empirical relationships, whether it makes per-
sistent scientific uncertainty operationally productive, and whether it supports expla-
nations that continue to correspond to the ongoing development of the empirical
object.

Research on military environmental contamination does not require the suspen-
sion of explanation until all uncertainty has disappeared. Such a condition is neither
attainable nor scientifically necessary. It requires an organisation of investigation in
which scientific explanation develops together with the continuing development of the
empirical object it seeks to understand.

Principal Propositions
The present paper is based on the following principal propositions.

1. Scientific investigation of long-term military environmental con-
tamination frequently begins before sufficiently mature explanatory
theory has emerged.

Existing disciplinary knowledge remains indispensable. Nevertheless, it may be in-
sufficient for organising investigation of a highly dynamic empirical object whose em-
pirical development continues while research is already underway.

2. The primary developmental process during this stage is Scientific
Recognition rather than scientific explanation.

Scientific investigation first increases the recognisability of the empirical object.
Explanatory organisation develops subsequently as recognition progressively matures.

3. Persistent Scientific Uncertainty represents a normal operational
condition rather than a methodological deficiency.

Scientific uncertainty accompanies the development of Scientific Recognition be-
cause the investigated empirical object continues to evolve throughout investigation.

4. Scientific Navigation preserves the continuity of investigation under
conditions of Persistent Scientific Uncertainty.
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Scientific Navigation continuously organises empirical work while explanatory
completeness remains unavailable.

5. The investigated object progressively develops through the organi-
sation of empirical relationships.

The Relational Field and Process Morphology describe successive stages in the
emergence of an increasingly coherent empirical organisation of the investigated pro-
cess.

6. Scientific explanation should not emerge before the empirical or-
ganisation of the investigated object has reached sufficient maturity.

Morphological Cognitive Openness preserves correspondence between explanatory
organisation and the continuing development of the empirical object.

7. The coexistence of several explanatory possibilities represents a
normal stage in the maturation of scientific explanation.

Scientific investigation progressively reduces explanatory plurality through contin-
ued empirical recognition rather than through premature theoretical selection.

8. Scientific Explanation represents the present outcome of Scientific
Recognition rather than the completion of scientific investigation.

Explanation remains open to further empirical development because the investi-
gated object itself continues to evolve.

9. The proposed framework does not replace disciplinary science.

It provides an operational organisation through which disciplinary contributions
progressively converge toward the scientific recognition of one developing empirical
process.

10.The architecture proposed in this paper is intended as an opera-
tional framework for investigating highly dynamic empirical objects
whose development precedes sufficiently mature explanatory the-
ory.
Military environmental contamination represents one important class of such ob-
jects.
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