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What is and why do we need validity?

Validity makes science “scientific” (e.g. Geographic Information Science)
Yet, compared to its importance, definition in statistics is very vague:
~“a method is valid if it measures what it is supposed to measure”

« Validity (statistics), the application of the principles of statistics to arrive at valid conclusions

» Statistical conclusion validity, establishes the existence and strength of the co-variation between the cause and effect variables
« Test validity, validity in educational and psychological testing
« Face validity, the property of a test intended to measure something

Face validity is the extent to which a test is subjectively viewed as covering the concept it purports to measure.

Is there a theory that could let us determine validity for geographic
information methods?



Outline

» GIS analysis = valid transformation of geographic information
* Validity of methods
e Case study: invalid measurement of exposure of bike riders

e Concepts:
* Core concepts
e Amounts
e Extensivity
* Homeomericity

e So why was the student’s solution invalid?
e Qutlook: valid transformations for GIS automation and QA



GIS analysis = valid transtormation



GIS analysis in Geography

For example, Human Geographers ask:

“What is the accessibility of postcode areas for ambulances in Rotterdam?”

 Answer is a map generated for a purpose:
red: low accessibility
yvellow: high accessibity

e requires design of a valid workflow to
transform information for this purpose

* This is not a problem of retrieval
* This is not a problem of statistics
e Requires procedural know-how/practice




Procedural vs. declarative knowledge

Procedural/pragmatic

Knowing HOW something can be
done

e Gilbert Ryle (1949):
knowledge is a disposition

e Terry Winograd (1972):
Every word is a program (SHRDLU)

e Helen Couclelis (2009):
From spatial reasoning to purpose
and design

e Peter Janich (2006): A pragmatic
view on information science

Declarative
Knowing THAT something is the case

* Inductive: Data-driven research
(starting from facts)

e Deductive: Axiomatic reasonin
(starting from axioms and facts%

e Abductive: Explanation of facts
(starting from axioms and facts)



A pragmatic model of know-how

Janich (2001): Explanation of success of actions,
e Schemas can be actualized based on actualization (satisfaction) of schemas

(e.g. in artefacts or actions) requirement N purpose

Action schema

e Action schemas can have
requirements and purposes

actualizationOf

e Actions can have conditions
and results

* To succeed = realize purposes __— ~ - =
by actualizing results } 7

e To explain = realize S
requirements by conditions




Know-how in (geographic) information ~
<now how to transform information

e Action schemas =
transformation schemas

° Artefacts = maps @ requirement m purpose @

schema
e Actions = tool applications

actualizationOf

e Schemas = map —
00
interpretations @ condition  \ application.”  result @

e =“geoinformation”

e succeed = resulting map is 4 ;
actualized purpose of mr™ ~—

transformation schema




GIS analysis = (valid) data transformation

“What is the accessibility of postcode areas for ambulances in Rotterdam?”

Answer requires a workflow generating maps: PO Gl LRI
Network
. Data
Tool 1_?_4)_?_5 /
Build Network l
> > > >
y \ >

Road map ArcGIS: Build ArcGIS: Closest / Catchment

Network Facility distances

Ambulances
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Validity of methods



What is validity (from a pragmatic viewpoint)?

Action actualizationOf roquestod
schema action
I Prompting
A result

/\

Request

Validity (“Geltung”) defined based on success
(Janich 2001):

* Requests are speech acts (purpose are other
actions)

e successful if they prompt actions of the
purpose schema

* Valid request =
a request that is expected to be successful
(prompts intended action)

 For example: legal validity
(following action rules)

purpose

actualizationOf

e.g. a Covid-19 rule is valid if rule is expected
to be followed



What is validity (from a pragmatic viewpoint)?

Validity of claims (Janich 2001): aCt“a”Za“D”Of fequested
(focusing on truth of statements) schoma @

® /\
e Claim (purpose: agreement) gip“ng
e Doubt (=unsuccessful agreement) = /\ esult
(purpose: justification)
e Justification (purpose: agreement)

Valid justification = justification that
succeeds in prompting agreement
Valid claim = claim that is
successfully justified (agreeable)




Valid justifications

Successful justifications (Janich 2001) require trans-subjective truth
criteria for statements:

1. conceptually sharp (“Begriffsschaerfe”)
(known how concepts apply) (defining concepts)

2. implied by inference rules (deriving statements)

3. testable by method/experiment (testing/explaining statements)
4. non-perturbed (“stoerungsfrei”) (implicit know-how)

(criteria independent of who applies them and in which context)



Valid methods

= justifiably successful action schema (= with a valid justification for success)
—>Method valid only w.r.t. some purpose

—>Purpose is a goal schema, not necessarily satisfied by result, but
—Implied by proxy: goal schema is implied by proxy schema

—>Proxy schema is defined
(it is known how to it
applies to results)

—>Success is tested (proxy)

Method purpose

\_ schema

requirement

—=>Success is explained

(requirements)
actualizationOf

/7 Method ™\

a condition condition \ application./  result




Example:
s this a valid method for accessibility analysis?

Accessibility
of Hospitals

purpose Distance

o Hospital
actualizationOf

- icati N Attribute
oint layer Sonditon @ result on PC4

In which ways can the method become invalid?

- can success be explained? (are hospitals used?)

- is the proxy schema sharp? (can we determine the result is a distance?)

- was it tested? (does the tool function, i.e., does it deliver a distance?)

- is the goal implied by the proxy? (does distance to hospitals imply accessibility of hospitals?)

Closest
. Facility

requirement




Why is this important?

* The current tendency to regard evaluation as statistical tests/fitness
measures (ML) on data oversimplifies the problem of validity

e ... because it reduces validity to testing, which is insufficient for
justifying the validity of GIS methods

e A useful theory of validity would require in addition:

Concepts for schemas (if possible, defined): Which concepts are needed?
Purposes: Based on concepts

Inference rules for goal schemas (which rules)?

Explanations of results: Based on provenance

= e



Case study



Case study:
Explaining detouring behavior of bike tracks

How does the environment

influence route choice? - ; j' \
e GIMA MSc course exercise J 1 '
E ® s .
@

e 40.000 tracks from a cycling
stimulation program in Noord- _ "'
Brabant '

* In the following we study a o 0 o b R

model proposed by one group of e —

students Track density map of Noord-Brabant, data source: B-riders



Case study:

Explaining detouring behavior of bike tracks

e Measure deviation of observed
track from shortest path in terms
of length difference

* Regress length difference against
difference in exposure to
environmental factors

* The more different exposure, the
more it may explain route
deviation from shortest path

 More generally: route choice
modeling

:-.. g

Chat— ]

d} Labelling choice set
Formation of choice sets
(Broach et al. 2012 "Where do cyclists ride? A route choice
model developed with revealed preference GPS data”)
(Ton et al. 2018 "Evaluating a data-driven approach for
choice set identification using GPS bicycle route choice data
from Amsterdam”)



Case study:
How to measure environmental exposure?

Focus on two environmental
factors:

1. Exposure to green land cover.
Measured by land use coverage
(polygon data, source: BBG)

ZKmQ
I

\'a A\ NI A : D L _ h “ N
BBG 2012 (red/orange colors are built areas)
(Source: CBS)



Case study:
How to measure environmental exposure?

Focus on two environmental
factors:

1. Exposure to green land cover.
Measured by land use coverage
(polygon data, source: CBS)

2. Exposure to route safety.

Measured by crime statistics Total yoarly
(CBS) on neighborhood level
(polygon data, source: CBS) 051 20 30 —

Crime numbers per statistical neighborhood,
Noord-Brabant (Source: CBS)



Case study:
Method of exposure measurement |

* Interpret environmental factors
as costs for biking
* Measure exposure by
1. Overlay tracks with polygons
2. Assign polygon costs to segments
3. Measure lengths of segments
4. Multiply lengths with costs and
sum over each track t
It ]
cost(t) = Z length(sy) * cost(sy)] U S, =1 Green o—e Track
n=1 n=1 Residential 1 Cost attribute




What’s wrong with measuring in this way?

Geragistresrde misdrijven maditionela criminaliteit1), 2019

To see the problem, think about what
ha\opens if we decrease the resolution of
polygons?

Then crime exposure will increase just
because we used larger statistical units
(e.g. municipalities).

Note that this is not the case if we decrease
the resolution of landuse!

—>There must be a fundamental conceptual
difference between the two datasets
which the method does not account for

—This is causing an invalid method



Case study:

Method of exposure measurement |

* Interpret environmental factors
as costs for biking

* Measure exposure by
1. Generating a cost raster
2. Rasterizing track

3. Summing track cell costs over
each rasterized track t

|rasterize(t)] |rasterize(t)|

cost(t) = Z cost(cn)| U

n=—1 n—1

¢, = rasterize(t)

_t:) —
05 9| 5 3
[m v
—_— P [
0.5 5 1.5
B
— — ra
1
05|71 |71 |7 1.5
o |o
n n
Park A Origin
Residential R Destination



Why is this method not valid?

 Valid methods must satisfy the purpose (goal schema) regardless of
context (purpose: amount measured over a track)

e Yet results do not satisfy this goal in the case of crime:

e Crime statistics: the amount of crime measured within a neighborhood
(2 within a track segment/cell)

e Landuse: the amount of green measured within a track
—>This problem is sometimes called ecological fallacy (similar to MAUP)
—> but why is case a fallacy, and not the other?
—>Thus: what precisely is the conceptual difference between these cases?

= We currently lack any theory that explains this



Concepts



Core concepts of spatial information
(Kuhn 2012)

- Objects of study

in Geographic
Information Science
(... like “cell” in biology

or “value” in economlcs) Lr &

- Lenses for studying
the environment

- Content concepts,
data quality concepts

-



Amounts and magnitudes

(examples)

Examples of amounts: Examples of magnitudes:
Amounts of matter, 2 kg,

collections of objects, 15 people,

amounts of space, 20 km?,

amounts of time, ... 25 hours, ...

Amount




Amounts and magnitudes
(formal)

{x,y.z}

e Amounts = mereological quantities {x.y} {y.2)
forming a boolean lattice

e Can be ‘summed’ (+) and ‘subtracted’ (\) and
intersected (*) similar to sets

e Parts (<) form a lattice (# magnitude)

{x} {z}

 Magnitudes = linearly ordered monotonic
guantities, used to quantify amounts

(Top et al: forthcoming)

Amount algebra is different from magnitude algebra:

(xCy) = x+y=y Reflexivity of sums

xCy = xxy=x Reflexivity of products



Extensive/intensive measurement of amounts

* Measurement of
amounts

Control -> Measure
(Sinton 1978)

e Extensive =
measures add
up over controls

e /Intensive =
this is not the case

(Top et al:
forthcoming)

Control: Neighborhood regions Control: Neighborhood regions
Measure: Mean distance to practitioner = Measure: Number of cars

Huisartsenpraktijk, Huisartsenpraklijk, gemiddelde afstand in km - Wigken [ 2012 A I Personenauto’s totaal - Personenauto’s tataal - Buurten
gemiddelde afstand in km - Buurten (2015)

Wijken (2012)
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Definition 3. Additivity and subtractivity of m measurements in quantity domain X

Vx,x' € X(=0(x,x") = m(x) + m(X') = m(x + X)) Additivity

Vi, €e X(x <y = m(y) \ m(x) =m(y\ x) Subtractivity



Attribute normalization and map types:
Extensive vs intensive attributes

Choropleth map of camels in Mongolia:
where do you think they are concentrated?



Attribute normalization and map type:
Extensive vs intensive attributes

Answer: nowhere, because we used a uniform distribution!



Attribute normalization and map type:
Extensive vs intensive attributes

Choropleth map was produced by summing up camels without normalization
Note: Never use non-normalized (extensive) attributes with choropleth maps



Attribute normalization and map type:
Extensive vs intensive attributes

Better use proportional/graduated symbol maps for extensive attributes!
Using Bertin variable: size



Extensive
measurement

e can be classified by
triangle corners
(space, time, theme)

e Capacity: measure theme
controlled by space

e Occupancy: measure space
controlled by theme

e Accumulation: measure
theme controlled by time

(Top et al: forthcoming)

CapacityMF

RegionMF

Capacity

OccupancyMF

Occupancy

ContentMF

Accumulation

Mumber of inhabitants in each
prnvince of the Netherlands, 2012

Living area of the European Pine
Marten in the Netherlands, 2014

Mumber of inhabitants

& 100.000 -
® 250,000 ®

® 500000

& 750000 *

@ 1000000
. @

= ®
D 25 50 100 km
T

Legend

B Actial habitan
Obsersalion of populalion 1
bservabon of populabon 2

I ratential heakat -]

0o 25 50 100 km
T [ |

Long-wave radiation net gain, the
Metherlands, 23-3-2021

Long wave radiation in W/m2

Value
— [}

0 25 50 100 km

{d) Capacity measurement

Space amount
-> Content amount

() Occupancy measurement

Content amount
-> Space amount

() Accumulation measurement

Time amount
-> Content amount




Homeomericity

Homeomeric attribute =
applies also to parts
(Guizzardi 2010)

Example: land cover type

Non-homeomeric:
Average elevation,
number of inhabitants

—Extensive measurements are
never homeomeric

—Intensive: homeomeric only
in case of homogeneous
distribution

land cover type

average elevation (m)

Forest
Urban
Water

631
220
42

+l0 m >

Urban







Validity criteria analysed: Crime

Seems a problem of inference...

Explain:

Requirement?

Magnitude of crime

controlled by
neighborhood

:::::::

wcrime

Method?
Simple
Overlay

Test:
... on track
segment

Goal schema?
Magnitude of crime
controlled by track length

on track segment <>
Infer?

Proxy schema?
Magnitude of crime
controlled by neighborhood
on track segment in neighborhood

Define: AT :
rlme statistics (




Crime schema inference invalid because...

1.

3.

Number of crime is
extensive (capacity
measurement)

Extensive
measurements are
never homeomeric

Thus result is not the
extensive magnitude
controlled by
segment

size of
region

(intensive) density
derivation (/) of region

-

extensive

region

overlay

track

magnitude
atttribute «.of region
~

/ interpolation  # N,
\ (homeomeric) ~_7

A
/

P
attribute extensive

segment

magnitude
of segment

size of
segment

O

derivation (*) (intensive) density
of segment



Land cover inference valid because...

1. Land cover cost is
interpreted as
intensive (density
measurement)

3.

cost(t) =

Density is assumed
homogeneous (and
thus homeomeric)

Thus extensive
magnitude of
segment can be
derived (using *)

Z length(s

1

) * cost(sy,)] U Sn

n=1

=t

size of
region

(intensive) density
derivation ( of region

region

overlay

track
segment

O

extensive
magnitude
atttribute of region

interpolation
(homeomeric)

size of
segment

attribute extensive
magnitude
of segment
derivation (* (intensive) density

of segment



alternative solution I:

measure amount (capacity)
1.

Land cover cost is
interpreted as

derivation (*)

density
of region

intensive (density g @ O
measurement) . magnitude
atttribute of region
2. Thus, there must be an R
implicit amount (rac)  region (s > amount
3. This could also be . _Gapadlty s
measured directly, overlay ’ g | 5 interpolation <§
. . capacity (homeomeric)
with a capacity measurement
measurement vack & » " sogment
segmen NS L
(count the trees you are agnitude
,DCISSIng, sum NDVI . attribute of segment
Y

index,...)

size of ’
segment

derivation (*) density
of segment



alternative solution Il:
measure occupancy of amount

Interpret attribute not as
a cost, but as an amount

size of

Type of amount

region atttribute _
type (amount of green) =
extensive i’
Measure the length of ogion U 7
the segment occupied by eramount - N
this type of amount e, z measurement !
occupancy -
(amounts left implicit) . measurement
segment :H(— ————————— {i

of amount

amount

size of attribute

M
extensive

“_/J magnitude |

interpolation
(homeomeric)

segment

O

Type of amount



Outlook and conclusion



Core concept data [~/ & .. g **’; ...
(CCD) ontology

can be used to
annotate geodata
sources with concepts
and data types.

Examples
from the Amsterdam
data portal

https://maps.amsterdam.nl
/open geodata/

TAGE
. DDDE___.A_I :En s

_DE WALLEN A
llllllll
Muiderpoort statio * 28 30 32 34 36 38 o e
—rpe’-v‘r“

W R s sl
m Rustang Ji_t,—._‘;? r] : \r} * ¥ Bomb, grenade, anti ftg e ﬁﬁiﬁ-’f{# StErd-amn_ [[

4 Histot;icbuilding M 2 * ¥ Aircraft (part) crashed

Badhoevedorp AMSTERDAM-ZUID

¥ Air attack 11l

Religion 30 B R
¥ Public % Lﬁ] * ¥ Machine gun fire * Schiphol A""'E r.'.-l%TFRF{jU
. * Ouderkerk
aan de Amstel

¥ Production * Uost * "’ X
Schiphol-Rij .
L4 Military * Aalsmessderbrug
m * -

REES

ObjectPoint EventPoint

< * Road traffic and tram (lden)
L cl. Facilit Bl % 70dBormore
| ¥ Shops, malls and hotels-restaurants Bl ¢ :s70d8
: ¥ Public offic d services ¥ 60-65dB
| ¥ Public utility, army barracks ¥ 55-60dB

Coverage Contour Lattice

31


https://maps.amsterdam.nl/open_geodata/

Workflow synthesis by loose programming

e A way to ‘program loosely’
(without specifying each step in
a workflow)

e Vertical: by leaving away
semantic detail (taxonomy)

 Horizontal: by leaving away
process detail (workflow nodes)

(Lamprecht et al. 2010)
(Kruiger et al. 2020)

o

vertical [@ | ——ip i —

horiz+vert | @ |-+ >ipi—

horiz+vert | @ |———i b i
\_} '\ _____ ¢
. "R :' ----- '
horiz+vert | @ | > p i
S Wt

Automated Pipeline Explorer
(APE)
https://github.com/sanctuuary/APE



https://github.com/sanctuuary/APE

Query GIS workflows with CCT algebra

Describes and queries GIS workflows
with conceptual transformations

Question: What is the
proportion of the area
covered by 70 db noise?

E R(Ord, Reg)

Query

—)(D R(Loc, Ord)

C R(Obj, Reg x Nom)

Neighbourhoods polygon | | SelectLayerByObject TessObjects
R(Obj, RegxMNom) C(Obj)
‘ﬁ.\“
R(Obj, RegxMNom) via subset
i 5
7~

R(Obj, Reg) via get_attrl

/

C(Obj) via pil R(Obj, Reg) via get_attrlL

.

Reg via ocover

l

Conceptual
description
of workflow

Noise contour

R(Ord, Reg)

!

C(Loec) via deily

R{Lac, Ord) via revert

/

A}r ToFieldRaster

LocalMapAlgebraSubOrder

R{Loc, Ord) vin subset

Ord Bool vin eq

CCT algebra
https://github.com/quangis/cct

ClipFieldRaster20bject Extent \.
-

N/

R(Loc, Ord) via select

—

z T
rd 1 ~



https://github.com/quangis/cct

Conclusion

e GIS know-how = valid transformation of geographic information
e Modeling this know-how is required for automating GIS methods
e Goes beyond retrieval (procedural) as well as statistical test/experiment

* Pragmatic aspects of validity:
purpose, concepts, inference, explanation (valid only w.r.t. purpose)

* The concepts amount, extensivity and homeomerocity can be used to
explain why exposure measurement is invalid

e Our work on amount theory is under review. As well as work on conceptual
transformation models (CCT) for composing and querying workflows.

* Pragmatic knowledge models can be used for geo-analytical QA



https://questionbasedanalysis.com/ :g\‘w%
| I n @2019 -2024: Funded by the European Z &) S
Research Council (ERC) under the European ‘{ﬂm\‘

Union's Horizon 2020 research and innovation Universiteit Utrecht

Question-based analysis of Geographic programme (grant agreement No 803498).
Information with Semantic Queries

e Guizzardi, G. (2010). On the Representation of Quantities and their Parts in Conceptual Modeling. In
FOIS (pp. 103-116).

e Janich, P. (2001): Logisch-pragmatische Propaedeutik. Velbrueck.
e Janich, P. (2006): Was ist Information? Suhrkamp.

e Kruiger, J.F., Kasalica, V., Meerlo, Rogier, Lamprecht, A.L., Nyamsuren, E. & Scheider, S. (2021). Loose
programming of GIS workflows with geo-analytical concepts. Transactions in GIS.

e Kuhn, W.éZOlZ). Core concepts of spatial information for transdisciplinary research. International
Journal of Geographical Information Science, 26(12), 2267-2276.

e Lamprecht, A. L., Naujokat, S., Margaria, T., & Steffen, B. (2010). Synthesis-based loose programming. In
2010 Seventh International Conference on the Quality of Information and Communications Technology

» Steenbergen, N et al. (forthcoming). Algebra of core concept transformations. Procedural meta-data for
geographic information

e Top, E., Scheider, S., Nyamsuren, E., Xu, H., Steenbergen, N. (forthcoming). The Semantics of Extensive
Quantities with in Geographical Information

e Xu, H. et al,, (forthcoming). A Grammar for Interpreting Geo-analytical Questions as core concept
transformations


https://questionbasedanalysis.com/
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