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Addendum: Prolog Formalization

The following machine-readable companion (009-endogeneity.pl) formalizes this entry in the journal’s
Prolog knowledge base. It is also published as a browsable galley alongside this article.

% SPDX-License-Identifier: AGPL-3.0-or-later

% Copyright (C) 2026 William Bert Craytor. Published by The Valuation Engineer
% Journal (Pacific Vista Net). This program is free software: you can

% redistribute it and/or modify it under the terms of the GNU Affero General
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% Public License as published by the Free Software Foundation, either version 3
% of the License, or (at your option) any later version. It is distributed

% WITHOUT ANY WARRANTY, without even the implied warranty of MERCHANTABILITY or
% FITNESS FOR A PARTICULAR PURPOSE; see the COPYING file beside it or

% <https://www.gnu.org/licenses/agpl-3.0.html>.

%% 009-endogeneity.pl

hh
%% Prolog companion to Foundations Vol. 1, Issue 2, Entry 009
%% Title: Endogeneity

% Author: Bert Craytor

%%  Concept: endogeneity

%%  Version: 1.2.0

W

%% vi.1.0: the estimand is named before the variables are chosen

%% (confounder vs. mediator); a remodel is a treatment that is not randomly

%% assigned; its 60,000 is the price difference the constructed data

%% attach to a remodel; measurement error attenuates only in the classical case; a rating
%% contaminated by the known price is outcome-dependent measurement error.

% The dictionary (Issues/tools/dictionary) is not loaded at run time, so
% that the file runs unchanged in Trealla, SWI-Prolog and Scryer. The

% declarations below are plain facts, read by the dictionary linter.
dictionary_release_pinned('dictionary-2026.1').

uses_terms([ endogeneity, omitted_variable_bias,
conditional_expectation, hedonic_regression,
latent_variable, residual, comp_selection,
paired_sales_analysis, adjustment,
sales_comparison_approach ]).
uses_relations([depends_on/2, related/2, introduced_by/2, formalized_by/2]).

article_concept (endogeneity) .
article_issue(volume (1), number(2), year(2026)).
article_id('foundations.2026.009').

local_term(instrument).
local_term(simultaneity).
local_term(selection).
local_term(causal_effect).
local_term(conditional _association).
local_term(treatment).
local_term(confounder) .
local_term(mediator).
local_term(estimand) .

defining_condition(endogeneity,
"The regressor is correlated with the model's structural error term.").

mechanism(omitted_variables,
"A price-affecting variable is excluded and correlates with an included regressor; it now sits
<+ inside the error.").
mechanism(simultaneity,
"The regressor is partly caused by, or jointly determined with, the outcome. Least squares
<> returns a blend of both directions.").
mechanism(selection,
"Sample membership is related to the outcome, so the estimated relationship is conditional on
<> being in the sample.").
mechanism(measurement_error,
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"The regressor is recorded with error; the recording error enters the structural error and
—>biases the coefficient. Under classical error (independent of the true value and of everything
< else) the coefficient is attenuated toward zero; under non-classical error no general
~rdirection follows.").

measurement_error_kind(classical, attenuates_toward_zero) .
measurement_error_kind(non_classical, no_general_direction).
measurement_error_kind(outcome_dependent, toward_the_outcome).
measurement_error_of (condition_rating, non_classical).
measurement_error_of (condition_rating_after_price, outcome_dependent).

remedy (omitted_variables, "Measure and include the variable, or bound the bias.").

remedy (simultaneity, "Find an instrument, or a design that breaks the loop.").
remedy(selection, "Model the selection, or redefine the population the conclusion is about
—.".

remedy (measurement_error, "Measure better, or obtain a second independent measurement of the same
< characteristic.").

generalizes(endogeneity, omitted_variable_bias).
special_case_of (omitted_variable_bias, endogeneity).

shrinks_with_sample_size(imprecision).

distinguishable_from_imprecision(endogeneity) :-
\+ shrinks_with_sample_size(endogeneity).

role(confounder, "A cause of both the regressor and the price.").

role(mediator, "The channel through which the regressor acts on the price.").
include_rule(confounder, include, "Its effect otherwise rides on the regressor's coefficient.").
include_rule(mediator, exclude, "Holding it fixed leaves only the direct effect, a different

— quantity from the total effect.").

treatment (remodel) .

confounder_of (unobserved_quality_u, remodel, price). % floor plan, micro-location, suitability
mediator_of (condition, remodel, price).

mediator_of (quality, remodel, price).

estimand(condition_rate,

"Traditional appraisal: the market's rate for condition, with condition as the regressor; the
~rremodel is how some houses came to their condition and earns no value of its own. RCA-based
< appraisal never asks this.").

estimand(remodel_total_effect,

"What a remodel does to a particular house's price: condition and quality are mediators and
<> must not be held fixed.").

estimand(remodel _direct_effect,

"The remodel's effect apart from the condition and quality it produced: what a model holding
> those fixed estimates; may be small; not the total effect.").

variable_choice(remodel_total_effect, V, exclude) :- mediator_of(V, remodel, price).
variable_choice(remodel_total_effect, V, include) :- confounder_of(V, remodel, price).
variable_choice(condition_rate, condition, regressor).

encounter (school_quality, simultaneity,
"School quality can raise prices and prices can raise school quality via tax base and parental
—sresources; the coefficient then recovers neither effect.").
encounter (renovation_choice, omitted_variables,
"A remodel is a treatment that is not randomly assigned: owners remodel when they expect the
— return to justify it, on qualities u that also raise price. u is a confounder the dataset does
<> not measure, so including the remodel indicator cures the omission of the indicator, not the

81



— confounding.").
encounter (comparable_set, selection,
"Sold properties are selected: sellers who choose their moment push the price one way,
<> distressed and forced sellers the other; this matters when the selection is related to what
< the model does not see.").
encounter(condition_rating, measurement_error,
"Comparables may be rated from photographs after their sale prices are known; if the known
— price nudges the rating, the regressor is partly a function of the outcome. For a nudge that
<> carries part of the price deviation into the score, the condition coefficient is pushed upward
—.").
protection(condition_rating,
"Rate the comparables from the evidence of their condition before looking at the price; record
— the basis of each rating.").

bidirectional_with_price(school_quality).
bidirectional_with_price(crime_rate).
bidirectional_with_price(retail_amenity_density).
bidirectional_with_price(tree_canopy) .

cures (measuring_the_variable, omitted_variables).

omitted_component (renovation_choice, unobserved_quality_u).
measurable (remodel_numeric) .

remains_endogenous_after_inclusion(remodel_numeric) :-
encounter (renovation_choice, omitted_variables, _),
omitted_component (renovation_choice, U),
\+ measurable(U).

coefficient_component (remodel_numeric, what_the_work_produced,
"60,000: the price difference the constructed data attach to a remodel, holding GLA, lot, view
< and the condition score fixed; it stands for whatever the remodel brought that the other
< features do not record.").
coefficient_component (remodel_numeric, value_of_selected_properties,
"The unobserved quality of properties whose owners chose to remodel; positive under positive
< selection, negative under negative selection.").

coefficient_limit(SelectionDifference, Limit) :-
Limit is 60000 + SelectionDifference.

consequence (renovation_payback_question,
"A coefficient from observational data is the conditional association among the properties that
~ were remodeled; it need not equal the causal effect of remodeling the particular subject, P_i
— (1) - P_i(0).").
consequence (two_ways_wrong,
"Reading the selected coefficient overstates the return under positive selection; reading a
<> model that holds condition and quality fixed understates it, to the direct effect alone.").

defensibility_consequence(not_from_the_regression_itself,
"Residual plots, R-squared, cross-validation and significance tests cannot establish exogeneity
<~ ; formal tests (Hausman) need an instrument or a second estimator, i.e. assumptions the data
— cannot check.").
defensibility_consequence(state_what_it_is,
"A coefficient on an endogenous regressor is a well-defined conditional association; reporting
it as a causal contribution asserts more than the estimate supports.").
defensibility_consequence(design_beats_estimation,
"Breaking the loop in how data are assembled does more than any estimator applied afterward; a
—well-chosen comparable set is itself a design.").
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design(before_after_view_obstruction).
design(boundary_discontinuity_school_assignment).
design(externally_forced_renovation).

diagnostic_question(
"What effect is wanted, and how did this variable come to take the values it took? If a chooser
<~ could observe what the model cannot, the coefficient describes the choice as much as the
< characteristic.").

% Scryer Prolog loads forall/2 and the list predicates on request;

% SWI-Prolog and Trealla have them built in. The guarded loads below
% let the file run unchanged in all three.

;- initialization(catch(use_module(library(lists)), _, true)).

;- initialization(catch(use_module(library(iso_ext)), _, true)).
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