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Opening Note

Why Unfinished Questions?
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I have spent much of my life around questions. Some arrived in classrooms. Some appeared while working with machines, production systems, capacity plans, organizations, students, institutions, technology, and people. Others came much later, while thinking about intelligence, perception, time, gravity, artificial intelligence, education, development, and the strange ways in which systems continue functioning even when something important inside them remains unresolved.

For many years, I treated questions mainly as things that demanded answers. That now seems incomplete. A good question does not always demand an immediate answer. Sometimes its first demand is more difficult:

Understand exactly why the question is still open.

That distinction is the reason Unfinished Questions exists. There is no shortage of questions in the world. Search engines can produce millions of them. Artificial intelligence can generate hundreds in seconds. Students are routinely given lists of research topics. Universities contain vast repositories of theses. Researchers publish millions of papers. The difficulty is no longer producing another question.

The difficulty is finding a question for which something meaningful actually remains unresolved. That sounds obvious until we try to do it seriously. A question may appear profound because we have not read enough. A phenomenon may appear unexplained because another discipline studies it under a different name. A new term may feel like a new discovery even when established research has described the underlying phenomenon for decades. A disagreement may look like a scientific mystery when the available evidence already strongly favours one explanation.

And sometimes a genuinely important unfinished problem remains hidden beneath a question that has been asked badly for years. That last possibility interests me most.

Questions Accumulate

Across years of writing, teaching, professional work, and independent research, I repeatedly reached points where a discussion could not responsibly end with a conclusion. A framework might explain something. But would it predict anything new? A distinction might appear useful. But could it be measured? An alternative interpretation of gravity might seem conceptually coherent. But could it reproduce what established gravitational theory already explains?

A new way of describing human capability might appear operationally useful. But would it predict performance beyond existing measures of ability, competence, experience, adaptability, and person–job fit? Artificial intelligence might produce extraordinary output. But what belongs to the model itself, what belongs to tools and configuration, and what belongs to the larger human–AI system surrounding it?

An institution might solve a visible crisis. But did it reform, or did it merely restore enough stability to continue? A country might possess enormous installed infrastructure. But how much of that capacity becomes reliably accessible in everyday operation? Again and again, an apparent conclusion produced a more important question. Eventually I realized that these questions should not remain scattered across books, papers, notes, frameworks, conversations, and theoretical extensions. They could become something else.

Not a catalogue of answers. A catalogue of research directions. That was the beginning of Unfinished Questions.

This Project Nearly Became the Wrong Book

The original idea was simple. Collect one hundred research topics. That would have been easy. Once questions began to be mined from physics, intelligence, AI, education, labour, institutions, development, human capability, and other areas, the list rapidly grew into several hundred possibilities. And that exposed the weakness in the original idea. Producing one hundred questions was not difficult. Producing one hundred defensible research problems was much harder.

So the project changed. Questions were merged. Some were discarded. Some turned out to belong almost completely to well-established fields. Others survived only after being narrowed substantially. Some ideas that initially appeared original proved to contain mainly terminological novelty: another way of naming something researchers already understood reasonably well. That was useful too. It reinforced one discipline that governs this entire series: We should never manufacture an unfinished question by pretending humanity has not already worked on it.

Mainstream knowledge comes first. This is especially important for an independent researcher.

Working outside a conventional institutional structure creates freedom. Questions can move across disciplinary boundaries without waiting for administrative permission. But freedom creates another responsibility. One must become even more careful not to confuse unfamiliarity with novelty. The literature does not disappear because we have not encountered it. A theory does not become inadequate because our vocabulary is different. And an idea does not become scientific merely because it sounds internally coherent. So Unfinished Questions developed through filtering rather than accumulation. The governing question stopped being: How many interesting questions can we collect?

It became: Which questions deserve someone else's research time?

That is a much higher threshold.

From One Book to Four Volumes

The filtering eventually produced 110 Research Programmes. Initially, I imagined them inside one large book. The writing itself corrected that plan. By the end of the first thirty-one programmes, the manuscript had already become a substantial research volume. More importantly, those first questions had developed their own intellectual progression. They began with persistence. Then systems. Boundaries. Difference. Resolution.

Consequence. Observation. Registration. Time. Accessible reality. The physical vacuum. Gravity. Light. Nonequilibrium systems. Entropy. Coarse-graining. Irreversibility. What had initially been the first section of a much larger book had become a coherent book in its own right.

So Unfinished Questions is now a four-volume research series. The 110 programmes remain one continuous architecture. Their numbering does not restart from volume to volume. This first volume contains Research Programmes 1–31.

The later volumes will continue from matter and cosmic formation toward perception, intelligence and AI; then toward human capability, education and work; and finally toward institutions, development, social transformation, and research itself. The division changes the publishing structure. It does not change the intellectual commitment. There remain 110 places where inquiry can begin. This volume opens the first thirty-one.

I Am Not Giving You My Answers

Several research programmes across this series emerged from frameworks I have been developing. Some arise from Chavanian Operational Dynamics. Some from Capacity Geometry. Some connect with my thinking on consequence, observation, gravity, thermodynamics, intelligence, institutions, development, and related questions. A few programmes in this first volume directly examine propositions such as Structured Vacuum Energy, Resolution Theory of Gravity, and Alignment Threshold Time. I want something to be clear before the first research programme begins.

This book is not asking anyone to prove me right.

If a proposed construct cannot survive investigation, it should not survive merely because its author prefers it. If an alternative physical model cannot reproduce established observations, conceptual elegance will not rescue it. If a proposed distinction turns out to be adequately represented by existing terminology, then the existing terminology should be preferred. If a new framework adds no predictive, explanatory, measurement, or integrative value, that matters. The purpose of research is not to protect the question that started it.

The purpose is to reduce uncertainty. That means a negative result can be highly productive. It can prevent years of conceptual drift. It can expose a false distinction. It can identify the actual boundary of an idea. It can reveal that two apparently different theories are simply different descriptions of the same phenomenon. It can force a construct to become smaller. Or it can make a better question visible. That is progress.

What Makes a Question Worth Investigating?

Not every unanswered question belongs in research. Some are too vague. Some cannot yet be measured. Some contain assumptions that have never been justified. Some ask for causes when only correlations have been established. Some combine several phenomena into one attractive sentence. Some are philosophically important but currently inaccessible to scientific investigation. Others have been answered sufficiently well that the more useful work lies elsewhere.

So throughout this series I return to a simple test. Can investigating this question do something? Can it: reduce uncertainty? improve measurement? distinguish competing explanations? reveal a mechanism? identify the boundary under which an established relationship fails? improve prediction? improve intervention? connect literatures that have remained unnecessarily separated? generate useful data that do not yet exist? test whether a proposed construct adds incremental value? challenge a theory fairly? or reveal that the question itself has been framed incorrectly?

If yes, there may be a research problem. If the only result is a more impressive vocabulary, there probably is not.

Questions Have Different Degrees of Unfinishedness

Another mistake would be to treat every programme in this series as though it occupied the same scientific position. It does not. Some questions belong to mature fields containing enormous literatures. The phenomenon is well established; only a narrower layer remains unresolved. Some lie at disciplinary boundaries, where knowledge exists but is fragmented. Some involve proposed constructs that have not yet earned scientific standing. Others challenge established theory. And a few enter foundational physics, where speculation must be handled with particular care.

These differences should remain visible. A mature thermodynamic question is not epistemically equivalent to an unvalidated alternative interpretation of gravity. A construct waiting for its first serious measurement should not be presented as though decades of replicated evidence already support it. A theoretical proposal cannot borrow credibility merely by appearing beside established science. This is why the research programmes identify their status. Not to rank their importance. To clarify the responsibility they demand. The more speculative a proposition becomes, the stronger one question must become: What would show that this interpretation is inadequate?

That question matters everywhere. It matters especially when the interpretation is my own.

The Student Who Opens This Book

I have taught students for many years. I know what often happens when a student reaches the point at which a project, dissertation, paper, or thesis must be selected. The first question becomes: Which topic should I take?

It appears to be a small academic problem. It is actually one of the first encounters with research itself. Students spend years solving problems that somebody else has: selected; cleaned; bounded; structured; and presented to them. Then suddenly we ask them to discover a problem.

These are different capabilities. One requires solving. The other requires seeing. A student may be excellent at solving equations yet struggle to identify meaningful scientific uncertainty. A postgraduate researcher may know sophisticated methods but still begin with a question too broad to investigate. A doctoral researcher may become so deeply immersed in one literature that an important connection to another field becomes invisible. Even experienced researchers work inside systems that reward publishable questions, fundable questions, fashionable questions, and questions that fit existing programmes.

So Unfinished Questions is also an experiment in problem visibility. I want an undergraduate student to be able to open a programme and find a small but genuine research entry point. I want a master's researcher to see how the same question could become a stronger empirical, computational, comparative, or theoretical project.

I want a doctoral researcher to identify where measurement, mechanism, validation, boundary conditions, or generalization remain unresolved. I want supervisors to see how one research programme might support several connected student projects. And I want independent researchers to recognize that legitimate contribution does not always require expensive laboratories or institutional scale. Open datasets. Simulation. Replication.

Formal modelling. Literature synthesis. Comparative analysis. Measurement development. Transparent conceptual work. All can move a question forward when used appropriately. The scale of the project does not determine the seriousness of the question. The discipline does.

Artificial Intelligence Changes the Question

There is another reason this project feels timely. We have entered a period in which generating plausible research questions has become extraordinarily easy. Ask an AI system for one hundred thesis topics.

It can provide them. Ask for hypotheses. Methods. Variables. Literature categories. Mathematical formulations. Code. Research designs. It can help with all of them. That makes one human research capability more important, not less: judgement.

Is the literature real? Is the claimed gap actually a gap? Is the variable measurable? Does the question contain the conclusion? Has another discipline already investigated the same structure? Can the method distinguish competing explanations? Would the proposed result mean what we think it means? Is the AI generating novelty—or rearranging familiar ideas convincingly? And perhaps most importantly: Does the researcher understand the question well enough to recognize when the machine is wrong?

AI may dramatically expand research capacity. It may also dramatically expand pseudo-research. More papers do not automatically produce more knowledge. More hypotheses do not automatically produce better science.

More fluent explanation does not automatically produce understanding. The scarcity may therefore move. From generating possibilities to selecting among them. From accessing information to judging evidence. From producing text to knowing what the text actually establishes. That makes research-question quality increasingly important.

Different Fields, One Research Discipline

Across the complete series, the subjects will move through very different territories. This first volume alone crosses: systems; boundaries; difference; observation; time; vacuum; gravity; light; thermodynamics; entropy; and irreversibility.

The later volumes will move into matter, perception, intelligence, AI, human capability, education, work, institutions, development, and research itself. These fields are not being placed together because one mechanism is assumed to govern them all. It does not. A physical boundary is not automatically an institutional boundary. A thermodynamic gradient is not a social gradient merely because the same word can be used.

An AI system is not a human being because both can produce an answer. An organization does not persist through the same mechanism as a biological organism. Shared structural language is not evidence of shared ontology. What unites these programmes is something more modest and more useful: a common research discipline. Ask:

	What is already known?

	How do we know it?

	What exactly remains unresolved?

	Which categories are being confused?

	What alternatives remain plausible?

	What can actually be measured?

	What evidence would distinguish explanations?

	Where does the proposed relationship stop working?

	What result would challenge the interpretation?

	What can the next researcher investigate?


Those questions travel well even when the mechanisms do not.

Some Questions Should Not Survive This Series

Authors usually hope their books remain correct. A research-direction series should have a slightly different ambition. I hope many of these questions become obsolete. I hope researchers answer them. I hope some proposed constructs fail. I hope measurements emerge where only conceptual distinctions currently exist.

I hope researchers discover that some programmes were framed incorrectly and replace them with better formulations. I hope someone takes a small question much farther than I have. I hope future evidence forces revisions throughout this series. That would mean the research moved. But some questions will survive. Some await better instruments. Some need better datasets.

Some require mathematical development. Some depend on technologies that do not yet exist. Some may become more difficult as our understanding improves. And some answers will simply reveal a deeper unanswered layer. Research has a habit of doing that. A good answer does not always close a field. Sometimes it changes what can be asked next.

This Is an Invitation, Not an Assignment

You do not need to agree with every proposition in this book. You should not.

You do not need to use my terminology. Where established terminology works better, use it. You do not need to begin from the theoretical interpretation that generated a question. Begin from the evidence. You do not need to investigate an entire programme. One variable may be enough. One boundary condition may be enough. One replication may matter. One comparison may reveal something important.

One dataset may make an uncertain construct measurable. One failed prediction may eliminate an attractive theory. The programmes ahead are not assignments waiting for researchers to execute them. They are openings. Learn what is already known. Find the actual unresolved boundary. Improve the question where necessary. Decide what evidence would matter. Allow the answer to be different from the one you expected. Then investigate.

Why Unfinished Questions?

Because answers accumulate quickly. Questions deserve more care. Because knowing what humanity knows is difficult. Knowing precisely where that knowledge becomes incomplete is often harder.

Because the boundary between knowledge and assumption is not always visible. Because an attractive interpretation can survive for years if nobody asks what would falsify it. Because disciplines sometimes solve different pieces of the same problem without recognizing the connection. Because new technologies create new conditions faster than our conceptual categories adapt. Because students should inherit more than established answers.

They should inherit the capacity to recognize where answers end. And because research, at its best, is not the art of sounding certain about the unknown. It is the discipline of describing uncertainty precisely enough that someone can do something about it. That is what this series is intended to offer. Not 110 things I believe.

110 places where inquiry can begin.

This first volume opens thirty-one of them. They begin with a deceptively simple problem:

How can something continue to exist as a system while continuously changing?

From there the questions move outward. Toward boundaries. Difference. Consequence. Observation. Time. Physical reality. Gravity. Thermodynamics. Entropy.

And finally the difficult distinction between theoretical reversibility and practical return. The questions are unfinished. They do not belong to me merely because I happened to write them down. Once properly stated, a research problem belongs to anyone willing to investigate it seriously.

So take a question. Learn what is already known. Find the real boundary. Challenge the proposed distinction if necessary. Decide what evidence would matter. And then investigate it better than I did. That may be the most useful answer Unfinished Questions can ever give.
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Preface

The Question Before the Research
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Research usually becomes visible after the question has already been chosen. We see the literature review. The hypothesis. The methodology. The experiment. The survey. The simulation. The dataset.

The statistical analysis. The results. Eventually, perhaps, the publication. By that stage the research problem appears almost natural. It has been written clearly, bounded carefully, surrounded by references, and connected to a method capable of investigating it. But research rarely begins that cleanly. Before the research question there was usually something less organized.

An observation. A contradiction. A repeated failure. An unexpected result. A distinction that did not fit existing language. A connection between two fields. A practical difficulty encountered again and again. A theory that explained most things but not one stubborn result.

A measurement that seemed to capture something other than what researchers believed it captured. Or sometimes simply an uncomfortable thought: Something here has not been understood properly yet.

That moment interests me. Because before we learn how to conduct research, there is another capability we rarely discuss with the same seriousness: How do we recognize what deserves investigation?

That is the question before the research.

Research Does Not Begin With a Method

Students are often introduced to research through methodology. Quantitative or qualitative. Experimental or observational. Cross-sectional or longitudinal. Survey. Interview. Case study. Simulation. Mathematical model. Systematic review. These distinctions matter. But method comes later. A beautifully designed experiment investigating a badly formulated problem remains a beautifully designed investigation of the wrong thing. A sophisticated statistical model cannot rescue a variable that does not represent the construct being claimed.

A large dataset cannot compensate for a question containing an untested assumption. A literature review cannot establish novelty merely because the search failed to locate another field using different terminology for the same phenomenon. Research methodology tells us how to investigate. It does not automatically tell us what deserves investigation. That decision comes earlier. And it carries consequences.

Every doctoral thesis consumes years of someone's intellectual life. Every funded programme directs resources toward one uncertainty rather than another. Every student project occupies an opportunity to learn something meaningful. Every research group chooses what it will make visible and what it will leave untouched. A research question is therefore not merely a sentence ending with a question mark. It is an allocation decision. We are saying: This uncertainty deserves attention.

That decision should be made carefully.

Curiosity Is Necessary, but It Is Not Yet Research

Curiosity is essential. Research cannot survive without it. But curiosity alone is not research. We can ask: What is intelligence? Why does time appear? What is reality?

Why do institutions resist change? Why do some systems remain stable while others collapse? What is the physical vacuum? Does artificial intelligence understand? What makes a system irreversible? These can all be important questions. Most are still too large to investigate directly. A research problem requires another movement.

The question must acquire structure. What exactly is being compared? Which system? Which boundary? Which variable? Which mechanism? Which timescale? Which competing explanations? Which existing evidence? What observation could change our confidence?

Only then does curiosity begin to become research. Large questions remain valuable because they reveal territories. But the researcher must descend from the large question into something investigable without losing the reason the question mattered in the first place. That descent is one of the central disciplines of this volume.

The Question You Think You Are Asking

A research question often looks simple because its hidden assumptions remain compressed inside familiar words. Consider: What allows a system to persist?

What is persistence? Material continuity? Structural continuity? Relational continuity? Functional continuity? Historical continuity? Recognition by an observer? And what is the system? Where does it begin? Where does it end? Does the boundary change under a different analytical purpose? Now consider: What changes during free expansion?

Energy? Entropy? Accessible configuration space? Density? Recoverability? Information at the macroscopic level? These questions become difficult not because the language is complicated, but because the language was initially too simple. The same problem appears repeatedly throughout research.

What is: capacity? resolution? observation? registration? irreversibility? entropy? boundary? time? A term can seem obvious until two researchers attempt to measure it independently. This is why conceptual clarity is not decoration added before empirical work. It is part of research design.

Literature Is Part of the Question

A question does not become a research problem merely because I do not know its answer. There are many things I do not know that humanity knows perfectly well. My ignorance is not a research gap. This becomes especially important when research crosses disciplines. A phenomenon may appear original because another field studies it under different language. An engineer may rediscover a problem already developed in organizational science.

A systems researcher may introduce a term that overlaps with an established construct in ecology. A theorist may describe a physical process differently while leaving every empirical prediction unchanged. An independent researcher may believe a distinction is new simply because the relevant literature lies outside familiar disciplinary territory. Interdisciplinary work creates real opportunities precisely because knowledge is fragmented.

It also creates enormous opportunities for accidental reinvention. So before declaring a question unfinished, we must ask: Unfinished for whom? For me? For one discipline? For measurement? For theory? For a particular system? For a specific boundary condition? For a newly changed technological environment? Or genuinely unresolved after the relevant literature has been considered? That is why every Research Programme in this volume establishes: What We Already Know before it identifies: What Remains Unfinished.

The literature is not background added after the question. It helps determine whether the question deserves to exist in the first place.

Novelty Is Not the Same as Newness

Researchers understandably want their work to be original. Universities require originality. Journals seek novelty. Funding agencies ask what is new. But the pressure to be novel can produce an unfortunate habit. We begin rewarding novelty of language.

A familiar phenomenon receives a new term. An established relationship receives a new diagram. A known process receives a new acronym. The result feels original because the vocabulary is original. Sometimes new terminology is useful. A new term can expose a distinction that existing language handles poorly. A framework can connect several literatures that remain fragmented.

A decomposition can make measurement possible. But a new name is not automatically new knowledge. Throughout the development of this project I have repeatedly had to apply that discipline to my own work. Some ideas became less novel when placed beside established research. That did not necessarily make them useless.

It changed the claim. Sometimes what remained was terminological novelty. Sometimes structural novelty. Sometimes a genuinely testable research possibility remained. These are different achievements. They should not be presented as though they are the same. Science advances when uncertainty is reduced. Not when vocabulary increases.

A Better Question Can Be a Contribution

We often imagine research contribution mainly as an answer. A new finding.

A validated intervention. A discovered mechanism. A successful model. A confirmed prediction. But sometimes the contribution comes earlier. Someone notices that two things being treated as equivalent should be separated.

Perhaps: interaction is being mistaken for registration; resources for usable capacity; stability for resilience; accessible state space for formal state space; reversibility for recoverability; detector latency for propagation time; or macroscopic entropy description for fine-grained microscopic information. Once the distinction is made carefully, the old question may no longer be adequate. This is an important form of progress.

Research sometimes advances because someone answers an old question. It also advances because someone changes the architecture of the question itself. But even here, discipline is necessary. A conceptual distinction becomes scientifically valuable only when it changes something that can be: measured; predicted; tested; compared; or explained.

Otherwise it may remain useful language. Useful language has value. It is simply not the same thing as scientific novelty.

Where Questions Come From

There is no single source. Some research questions emerge directly from literature. A review identifies inconsistent results. A theory makes a prediction that remains untested. A measurement tool performs poorly under particular conditions. A known relationship fails in a new regime. Two established models produce different predictions.

These are familiar research routes. But questions also emerge from practice. A production system repeatedly fails despite apparently sufficient resources. A student performs well in familiar tasks but cannot transfer the method. An organization repeatedly repairs the same failure. An AI system succeeds on isolated tasks but deteriorates as dependencies accumulate.

A physical interpretation seems coherent but has never been required to reproduce the full empirical success of an established theory. A measurement changes when the observer changes resolution. These observations are not conclusions. They are signals. Practice notices something. Research must determine whether that something is:

real; generalizable; measurable; causal; or simply anecdotal. This distinction matters deeply to me because many questions in this series first emerged outside conventional research settings. Industry. Teaching. Technology. Writing. Systems work. Observation. Those experiences can generate questions. They cannot substitute for evidence. The movement must therefore remain: Observation→ Question→ Literature→ Gap→ Research not: Observation→ Belief→ Theory→ Confirmation.

The Seduction of Explanation

Human beings seem unusually uncomfortable with unexplained patterns. We see something repeatedly and want a reason. Sometimes the explanation arrives too quickly. The system failed because it lacked capacity. The institution resisted reform because power opposed change. The observer did not detect the signal because the signal was absent. The process became irreversible because energy was lost. The alternative theory feels coherent, therefore the established theory must be incomplete.

These explanations may occasionally be correct. But each can compress a complicated problem into a convenient causal story. Research requires resistance to that convenience. What else could explain the observation? Could several mechanisms produce the same outcome? Could the apparent cause actually be a consequence? Could the result depend on scale? On the boundary?

On measurement resolution? On timing? On the initial condition? On a hidden variable? On a conventional mechanism already known to the field? A research question becomes stronger when plausible alternatives remain inside it. If a proposition appears convincing only because competing explanations have been excluded from the design, it has not yet been tested seriously.

The Question Must Permit Disappointment

This may be one of the simplest tests of genuine research.

Can the research disappoint the researcher?

Suppose I propose Structured Vacuum Energy. If every observation can be reinterpreted as compatible with SVE, then SVE is protected rather than tested. Suppose I propose an alternative gravitational formulation. If failure to reproduce established gravitational observations is explained away rather than treated as a decisive problem, the theory has been insulated.

Suppose I propose Alignment Threshold Time. If every detector delay is called ATT regardless of whether conventional detector physics already explains it, the construct cannot fail. Suppose I introduce a distinction between formal and operational accessibility. If every slow transition becomes evidence for the distinction without showing predictive value beyond established kinetic theory, the terminology has become self-confirming.

Research requires vulnerability. There should be evidence capable of reducing confidence. Sometimes this means strict falsification. Sometimes it means weaker support, failed incremental validity, inability to generalize, or collapse into an existing construct. But the researcher must permit the world to answer differently. Otherwise we are not investigating. We are defending.

Researchability Is a Negotiation With Reality

A question can be important and still not be researchable today. The required measurement may not exist. The relevant state may be inaccessible.

The phenomenon may occur too rarely. The mathematics may remain incomplete. The instrumentation may lack sufficient resolution. The appropriate dataset may not exist. The ethical cost may be unacceptable. The construct may still be too vague. This does not make the question meaningless. It changes its research readiness.

Some problems should begin with: conceptual clarification; measurement development; formalization; simulation; comparison; or observational constraint before direct empirical testing becomes possible. That distinction is especially important in Volume I. Some programmes can support undergraduate experiments immediately. Others involve frontier physics and may require years of theoretical development before a genuinely discriminating experiment can even be proposed. Research seriousness does not require pretending that all questions are equally ready. Sometimes the responsible conclusion is: Not yet.

That itself can be useful knowledge.

One Research Programme Can Support Many Researchers

A research programme is larger than a thesis. That principle shapes the architecture of this series. Take a problem such as system persistence. One researcher may study material continuity. Another relational continuity. Another identity judgments.

Another ecological regime shifts. Another technical configuration management. Another may build a computational model. Or consider coarse-graining and entropy. One project may study spatial resolution. Another temporal sampling. Another hidden Markov states. Another observational entropy in quantum systems.

Another may examine how thermodynamic inference changes with detector resolution. No single project needs to settle the programme. Research fields often grow through distributed work. A useful question generates a family of investigations. That is why these chapters are not simply lists of thesis topics. They are Research Programmes. The researcher must still decide where to enter.

The Small Project Matters

There is sometimes an unnecessary hierarchy in how research is imagined. A doctoral project appears serious. An undergraduate project appears merely educational. That difference need not always exist. A bounded undergraduate experiment can produce useful evidence if the question is clear. A replication can matter. A careful simulation can matter. A well-designed comparison can matter. A negative result can matter. A measurement validation can matter.

A small project that identifies one genuine boundary can contribute more than a large project built on an assumption nobody questioned. Scientific value does not depend entirely on scale. What matters is whether the work changes what can reasonably be believed. Perhaps only slightly. That is enough. Science usually advances incrementally. The demand that every project appear revolutionary encourages exaggerated claims. There is intellectual dignity in a modest conclusion that survives scrutiny.

Artificial Intelligence Makes Question Quality More Important

Research is entering an unusual period. Artificial intelligence can already assist with tasks that once consumed substantial researcher time. Literature discovery. Summarization. Coding.

Data exploration. Translation. Simulation support. Research design. Hypothesis generation. Drafting. As these capabilities improve, some visible components of research will become easier to produce. That makes the invisible components more important. What is the actual problem?

Does the cited paper really support the claim? Is the gap genuine? Are the variables valid? Does the analysis answer the question being asked? Is the generated hypothesis distinguishable from what is already known? Can the researcher recognize fabricated evidence? Is the proposed novelty real? Who remains epistemically responsible for the conclusion?

AI can expand the possibility space. That is valuable. But possibility generation and judgement are not the same capability. The scarcity may move. From producing questions to selecting worthwhile questions. From searching literature to judging relevance.

From writing explanations to knowing what those explanations establish. Research training may therefore need to move some attention upstream. Before the method. Before the publication. Before the AI assistance. Back to the question itself.

The Question Before the Researcher

There is another layer that should not be ignored. Why do researchers select the questions they select? Because the problem matters? Because it is fundable? Because it is fashionable? Because the supervisor studies it? Because the dataset already exists? Because the method is familiar? Because the expected result is publishable? Because the question supports something we already believe?

Research is conducted by human beings inside systems of incentives. Question selection is therefore never completely neutral. Some problems remain under-investigated because they fall between disciplines. Some because no institution clearly owns them. Some because the affected population has little influence. Some because negative results are difficult to publish.

Some because the required timescale is too long. Some because the question challenges categories on which existing programmes depend. An unfinished question can therefore be scientifically unfinished. It can also be institutionally unfinished. Recognizing that distinction does not invalidate research. It helps explain why some uncertainties receive enormous attention while others remain nearly invisible.

What This First Volume Asks of the Reader

Volume I begins before intelligence, AI, education, institutions, or development. It begins deeper in the architecture of inquiry. With persistence. System identity. Boundaries. Difference. Consequence. Observation. Registration. Temporal integration. Accessible reality. Then it moves into foundational physics. Vacuum. Gravity. Light. And finally into thermodynamics.

Nonequilibrium configuration. Free expansion. Confinement. Accessible state space. Coarse-graining. Recoverability. Irreversibility. These subjects are not being placed together because one universal mechanism is assumed to govern them. They are being placed together because each forces us to ask the same disciplined questions at increasing depth:

	What is the system?

	What is changing?

	What remains continuous?

	What becomes accessible?

	What can be observed?

	Which boundary matters?

	What is being conserved?

	What becomes irreversible?

	What does established theory already explain?

	And where, precisely, does uncertainty remain?


These first thirty-one programmes establish the foundation on which the later volumes will build.

What I Hope Happens Next

I do not expect the reader to accept every research programme as written. Quite the opposite. Read the question. Then become suspicious of it. Ask whether it is genuinely unfinished. Search beyond the literature provided here. Check newer evidence. Challenge the terminology. Change the system boundary. Narrow the variable. Reject the proposed framework if necessary.

Perhaps the real contribution will be discovering that the question has already been answered. Perhaps the construct adds nothing. Perhaps the established theory remains stronger. Perhaps the measurement must be redesigned. Perhaps a much smaller question survives. That is how the programme becomes yours. Not because you invented the question. But because you understood the uncertainty deeply enough to investigate it responsibly.

Before the First Research Programme

The pages ahead will repeatedly return to a small set of disciplines. What do we know? How do we know it? What exactly remains unfinished? Which explanations remain plausible? What can be measured?

What evidence would matter? What would challenge the claim? What can actually be investigated now? The repetition is deliberate. These questions are safeguards. Against the excitement of novelty. Against the convenience of explanation. Against the seduction of theory.

Against the authority of familiar language. Against the confidence produced by fluent AI-generated prose. They return us to evidence. Before asking a researcher to solve a problem, we should know that there is a problem worth solving. Before proposing a new construct, we should know what established constructs already do.

Before challenging a theory, we should know what that theory already explains. Before choosing a method, we should know what the method must distinguish. Before looking for an answer, we should understand the question. That is the question before the research. And in many cases, finding it may be the first real act of research itself.
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Why These 31 Belong Together

Unfinished Questions now extends across four volumes. That creates an obvious question before Volume I begins: Why should these first thirty-one Research Programmes belong together?

The answer is not that they happen to be the first thirty-one in a longer list. Nor that they belong to one conventional academic discipline. They do not. This volume moves through: systems; identity; boundaries; difference; consequence; observation; time; the physical vacuum; gravity; light; nonequilibrium thermodynamics; entropy; coarse-graining; and irreversibility. On the surface, that is an unusually wide intellectual territory.

A chapter on organizational persistence can appear far removed from a chapter on gravitational correspondence. A question about observer resolution may seem to belong to a different book from free expansion. A discussion of system boundaries may appear unrelated to entropy production. If these chapters were connected merely because they use words such as: system; boundary; configuration; or consequence, that would not be enough.

Shared vocabulary does not establish shared mechanism. This volume does not claim that an organization persists in the same way that a physical system persists. It does not claim that a thermodynamic boundary and an institutional boundary possess the same ontology. It does not derive gravity from general systems language. And it does not use physical concepts as metaphors to explain social systems. The connection among these thirty-one programmes is more disciplined. They form a progression around a foundational question: What must we know about a system before we can responsibly describe how it changes?

That question begins with persistence. It ends with irreversibility. Everything between those two points develops one part of the problem.

The Volume Begins Before Change

Research often begins by asking: What changed? Why did it change? What caused the transition? What will happen next? But those questions contain a prior assumption. There is something identifiable enough to be tracked across the change. Before describing transformation, therefore, we need to know what is supposedly transforming. That is why Volume I begins with persistence, systems, and boundaries. The first Part asks: What allows something to remain a system while continuously changing?

This is not merely philosophical preparation. It affects measurement directly. If a system changes components, function, relationships, or boundaries, researchers need some criterion for deciding whether they are still studying: the same system changing or a different system replacing it.

That distinction shapes: longitudinal research; resilience measurement; failure analysis; organizational identity; configuration management; ecological regime classification; and technological system tracking. The first three Research Programmes therefore establish a foundational architecture: Persistence Through Change

When Is It Still the Same System?

Where Does a System End?

Only after those questions become visible does the volume move into: resources; capacity; adaptability; resilience; and local optimization. That progression matters. A system can possess resources without being able to mobilize them. It can adapt without necessarily becoming healthier. It can remain stable while becoming more fragile. A subsystem can improve while the larger system deteriorates. So Part I gradually shifts the question from: What is the system? toward: What allows the system to continue operating under change?

The chapter on local optimization closes this Part by showing why the behaviour of components cannot always be understood independently of the larger configuration in which they operate. The manuscript explicitly frames the deeper problem as one of aligning local improvement with system-level viability. That prepares the next movement.

From Persistence to Difference

Once a system has been identified, another question becomes unavoidable: What counts as a meaningful change inside it?

Systems are continuously exposed to difference. Temperature fluctuates. Signals vary. Performance changes. Environments shift. Resources move. Relationships weaken or strengthen. Not every difference matters. Not every difference requires response. So Part II begins with a narrower question: When does difference become consequential, and what changes after it is resolved?

This Part moves through: difference; activation; resolution; suppression; consequence; path dependence; and cascading transitions. The progression is deliberate. 

First: When Does a Difference Become a Problem? 

A difference exists. But when does it become operationally significant? Then: The Activation of Latent Problems

A vulnerability may exist long before it becomes active. Then: Resolution or Suppression?

A visible problem may disappear without its underlying generating condition being altered. Then: Consequence and the Changed Possibility Space

Resolution itself changes what becomes possible next. Then: Path Dependence and Operational Irreversibility

The system's history begins to constrain future states. Finally: Cascading Transitions Across Coupled Systems

A consequence can leave the local system and propagate elsewhere. This sequence moves the book from static identity toward dynamics. A system does not merely have a state. It encounters differences. Some become significant. Some generate responses. Responses produce consequences. Consequences modify the conditions under which the next difference will be encountered. This is where the book begins to acquire temporal direction. But another question now appears. How does any system—or researcher—know that the difference occurred?

That brings us to observation.

From Difference to Registration

Part III asks: What becomes available to an observer, and how does the architecture of observation constrain what can be known?

The transition from Part II is important. A physical difference may occur without being: detected; registered; retained; resolved; or interpreted. Interaction is not automatically observation. Observation is not automatically awareness. And absence of detection is not automatically absence of the phenomenon. So the volume turns from the system undergoing change to the architecture through which change becomes accessible. The sequence begins with: Interaction Is Not Yet a Record. Then: Registration Thresholds asks what must occur before a difference becomes a measurable event.

Temporal Integration Windows introduces the fact that systems often combine information across finite intervals rather than operating through infinitely precise moments.

Memory and Experienced Duration asks how temporal experience and retrospective duration depend on retained change.

Observer Resolution and Accessible Reality extends the problem into the limits imposed by sensory, instrumental, computational, and conceptual resolution. Finally:

What Remains Outside the Observation Boundary? forces a distinction among: unobserved; unmeasured; unresolved; unidentifiable; constrained; excluded; and nonexistent. The manuscript closes that programme by insisting that observation boundaries should become maps of epistemic status rather than shelters for speculation or excuses for denial. This Part therefore establishes an essential rule for everything that follows: What is physically possible, what is physically present, what is measurable, and what is accessible to an observer are not automatically the same category.

That distinction becomes especially important when the volume enters foundational physics.

Why Foundational Physics Appears Here

Part IV may initially appear to interrupt the flow. The first three Parts are broadly systems-oriented. Then suddenly the book enters:

vacuum; gravity; strong-field observations; and light registration. But this is exactly where the epistemic discipline established earlier needs its most demanding test. Part IV is explicitly marked Frontier Research. Its governing rule is equally explicit:

No alternative interpretation acquires scientific standing unless it reproduces established evidence and produces a meaningful distinguishing test.

That rule matters because frontier theories are unusually vulnerable to conceptual overreach. An interpretation can feel explanatory while remaining empirically indistinguishable from existing theory. A new physical substrate can be named without being formally defined. A gradient can be invoked without reproducing relativistic phenomena. A detector delay can be described as a new temporal principle while established detector physics already explains it.

So Part IV deliberately takes the research discipline developed in the first three Parts and applies it to the author's own frontier propositions. The progression is again structured. First: What Does the Physical Vacuum Represent?

asks what mainstream physics actually establishes about the vacuum before any alternative ontology is introduced. Then: Can Structured Vacuum Energy Become a Scientific Construct? moves from interpretation toward operational definition. Next: Can a Structured-Substrate Model Be Distinguished Empirically? asks whether any observable could discriminate such a proposal from existing descriptions.

Then: Can a Gradient Model Reproduce Gravitational Phenomena? forces the proposal to recover the known empirical domain.

RTG and the Correspondence Requirement makes that burden explicit.

Strong Gravity as a Discrimination Test asks where a genuine empirical divergence might appear. Finally:

ATT, Light Registration, and the Observer Boundary returns foundational physics to the observation problem developed in Part III. The arc is therefore not: systems then unrelated speculative physics. It is: system definition→ observational access→ theory formation→ correspondence→ empirical discrimination.

Part IV asks whether the methodological discipline of Unfinished Questions can survive contact with propositions that originated inside the author's own theoretical work. It must. Otherwise the rest of the series would lose credibility.

From Physical Interpretation Back to Thermodynamics

After foundational physics, the volume could have moved directly into matter formation. That is where Volume II will eventually continue.

Instead, Volume I closes with thermodynamics. Why? Because thermodynamics provides one of the clearest scientific environments in which several themes developed earlier become measurable together. Part V asks: What changes in a system when energy variables alone do not fully describe the transition?

This question reconnects: configuration; boundaries; accessibility; observation; state space; consequence; and irreversibility. The Part begins with: Nonequilibrium Configuration.

Here the question is no longer merely which thermodynamic state the system occupies, but which combination of: gradients; fluxes; driving; boundaries; correlations; timescales; and stability predicts what happens next.

Then: Free Expansion: What Changes When Energy Does Not? provides an unusually clean case. For an ideal gas in free expansion: internal energy may remain unchanged, yet: accessible configuration space changes; density changes; entropy changes; and recoverability changes. The distinction first raised much earlier in the book becomes physical and measurable: something can remain conserved while the system's configuration changes substantially.

Then: Active Boundaries and Confinement returns to the boundary problem from Part I, but now in a thermodynamic form. A boundary can alter: accessible states; probabilities; transition rates; equilibration; and phase behaviour. The volume is therefore not merely reusing the word boundary. It is showing how boundary choice and boundary physics acquire domain-specific meaning. Next:

Accessible State Space and Entropy asks whether formally possible states and operationally accessible states should be distinguished more carefully in nonequilibrium processes.

Coarse-Graining and the Observer then reconnects the entropy problem to Part III. What the observer can distinguish affects the entropy assigned to some descriptions and the amount of irreversibility that can be inferred from limited observations. Finally:

Recoverability and Irreversibility brings the entire volume toward a closing question: What separates a theoretically available reverse trajectory from a practically recoverable prior state? At that point: system; boundary; accessibility; information; configuration; probability; time; control; and consequence all meet. That is why Chapter 31 is a natural end to Volume I.

Five Parts, One Increasingly Difficult Question

The five Parts can therefore be read as one continuous research movement.

	Part I asks: What is the system, and what allows it to remain identifiable through change?

	Part II asks: When does a difference inside or around that system become consequential?

	Part III asks: How does that difference become accessible to an observer?

	Part IV asks: How should physical interpretations be tested when the underlying reality is not directly available to observation?

	Part V asks: How do configuration, accessibility, boundaries, information, and probability shape physical evolution and irreversibility?


The volume therefore moves through a chain:

Persistence→ Boundary→ Difference→ Consequence→ Observation→ Accessibility→ Physical Interpretation→ Configuration→ Entropy→ Irreversibility

This is not proposed as a universal law. It is the intellectual architecture of the volume.

Recurring Concepts, Different Mechanisms

Several concepts recur across these thirty-one programmes. Boundary. Persistence. Configuration.

Accessibility. Resolution. Consequence. These repetitions are intentional. But they require caution. A boundary in systems engineering is not identical to a confining wall in thermodynamics. Operational accessibility in an organization is not the same phenomenon as phase-space accessibility. Observer resolution in metrology is not identical to perceptual resolution. Irreversibility in thermodynamics is not merely another name for path dependence in institutions. The value of recurrence lies elsewhere. The same question can be asked across domains:

	What distinction is being made?

	How is it measured?

	What does the established field already call it?

	Does the structural analogy help?

	And where does the analogy stop?


A cross-disciplinary research programme becomes stronger when similarity and difference are both preserved. The purpose is not to flatten the sciences into one vocabulary. It is to use recurring questions to expose hidden assumptions.

Why Volume I Must Come First

The later volumes will ask increasingly applied and cognitively demanding questions. How does matter form persistent structures? How does registration become perception?

What is intelligence? How should humans, animals, and AI be compared? What is operational human capability? What does education actually add? How should hiring change after AI? Why do institutions repair themselves without reform? How should national capability be measured? How will research itself change after AI?

Those questions require foundations. Before asking whether an AI system possesses capability, we need to know what system boundary is being evaluated. Before asking whether a person retains capability, we need to distinguish persistence from temporary performance. Before comparing intelligence architectures, we need to distinguish observable output from the architecture producing it.

Before discussing institutional change, we need a disciplined distinction among difference, activation, response, consequence, and path dependence. Before discussing national capacity, we need to distinguish resources from accessible capacity. Before discussing knowledge, we need to distinguish physical interaction from registered information. Volume I establishes these habits before the later volumes apply them in more complex domains. That is why it belongs first.

What This Volume Does Not Attempt

Volume I does not provide a unified theory of systems and physics. It does not claim that all change follows one mechanism. It does not attempt to settle the foundational interpretation of gravity.

It does not redefine entropy. It does not treat observer limitations as proof that reality is observer-created. It does not assume that Chavanian terminology is superior to established scientific language. And it does not ask the reader to accept the conceptual links among Parts simply because they have been arranged sequentially.

The research burden remains active throughout. Where a connection adds no measurable or explanatory value, it should be abandoned. Where established theory already explains the phenomenon adequately, the established theory should remain primary. Where an analogy becomes false equivalence, the analogy should stop. This volume's coherence depends on the questions, not on forcing one answer across them.

What the Thirty-First Question Leaves Open

The final programme asks about recoverability and irreversibility. It asks how something that remains theoretically reversible can become practically unrecoverable. That is a natural place to end. But it is not a final answer. Because once we understand that systems can persist, change
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