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* Information needs in “Urban Transportation Modeling System,
UTMS” or “Travel-demand forecasting” divided into four broad
categories, as follows;

« Study Area
* Urban Activity
* Transportation System

e Travel

Source: Transportation Engineering, Khisty
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Source: Transportation Engineering, Khisty
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Study Area

» Defining boundaries
» Clearly define exact area to be considered

» Generally, this planning area includes all developed
land plus undeveloped land that urban area will
encompass in next 20 to 30 years

» Cordon line used to demarcate the boundary of
planning area

Source: Transportation Engineering, Khisty
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“Overview of information needs

N

Study Area

« Subdividing area for forecasting

« Study area divided into analysis units, known as zones, where
planner enable to link information about activities, travel, and
transportation to physical locations in study area.

« Zones vary in size depending on density or nature of urban
development, such as in CBD, zones may be as small as a single block,
and in undeveloped area, zones may be much more larger

« Criteria for dividing zones

« Zones attempt to bound homogeneous urban activities, such as,
all residential, all commercial, all industrial

« Zones should also consider natural boundaries and census

designations Source: Transportation Engineering, Khisty
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Example of structuring zones
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Figure 11-5  Structures of Zones, Rings, and Sectors.

181353 Urban Transportation Planning Source: Transportation Engineering, Khigyylhaned Satiennam
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Urban Activity

 Collecting information about activities in zones that
might influence travel in urban area.

181353 Urban Transportation Planning Source: Transportation Engineering, Khigyylhaned Satiennam
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QA

,%#Overview of information needs

Network Geometry

* Transportation system consists of networks representing available
modes (auto or transit)

* Road network
 Transit network

« Components of transportation system network
* [ntersections, called Nodes
« Segments between nodes, call Links or Lines In transit networks
« Centers of activity called Zone Centroids, are used as points at
which trips are loaded onto network
« Zone centroids connected to nodes by imaginary links called
Centroid Connectors

181353 Urban Transportation Planning Source: Transportation Engineering, Khigyylhaned Satiennam
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qplassification Schemes for Data
N .
ollection

”

* Planners often grouping data by geographic location or
type of transportation facility
» Several criteria for dividing zones
1. Achieving homogeneous socioeconomic
characteristics for each zone’s population
2. Minimizing number of intrazonal trips
3. Recognizing physical and political boundaries
4. Devising a zonal system in which number of
households, population, area, or trips generated and
attracted are nearly equal in each zone
5. Basing zonal boundaries on census zones

181353 Urban Transportation Planning Source: Urban Transportation Planning by Thaned Satiennam
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Figure 4.1  Typical zonal system for melropolitan Iransportation planning
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'2 Example of divided zones of Bangkok
v/-and its neighboring provinces
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Totally 1,506 Zones

Source: Satiennam, 2007
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Example of divided zones of Khon
Kaen Cit

A T

Totally 96 zones Divided zones in CBD
Source: OTP, 2005
181353 Urban Transportation Planning by Thaned Satiennam
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§bmplmg Methods In Data Collection A= & " Ht

N

« Usually transportation planning collects basic unit data,
an individual household or a single-person trip, it is too
costly to develop a database of every household or trip
movement in a metropolitan area

* Therefore, developed methods to make reliable
Inferences about characteristics found In a carefully
selected sample of households, being representative of
characteristics of entire population

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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pling Methods in Data Collection(2) A% & "'#i:

,’/ ;

Steps in planning and executing a survey

Establish a clear statement of survey objectives

Define sampled population and target groups

ldentify specific data relevant for surveying purpose

Specify required degree of precision (how much error can be
tolerated)

Determine used methods in obtaining survey results

Divide population into sampling units

Select sampling procedure and sample size

Pretest survey and field methods

Determine procedure for analyzing and summarizing data

W

© 0N G

Source: Urban Transportation Planning
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Source: Urban Transportation Planning
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Sampling Procedure (1) L T
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» Selecting sampling procedures merits special attention

* Four major types of sampling procedures
1. Simple random sampling
2. Sequential sampling
3. Stratifled random sampling
4. Cluster sampling

« Each procedure designed to reduce bias in results that might
come from measurement error or unrepresentative sample
selection

* In each case, cost of survey sampling is different and must be
balanced against required degree of accuracy

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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Source: Urban Transportation Planning
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1. Simple random sampling

« Selecting units out of population such as each population unit has an
equal change of being drawn

« Units in population are assigned numbers from 1 to N, and numbers
between 1 and N are drawn from a random number table or from a
computer program, especially designed to produce such numbers.

« Specific units in population corresponding to these random numbers,
becoming the randomly drawn sample

2. Sequential sampling or Systematic sampling
« Drawing a sample from every n" element in population
« Assuming that target population listed in random order

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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3. Stratified random sampling
* Dividing population of N units into subpopulations of N,
N,,..., N, units, according to differences in some defining
characteristic, such as household income.
 Random samples then taken within each class

4. Cluster sampling
* Involving grouping sampling units, usually on a spatial or
geographical basis
 Then selecting at random for the sample

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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3. mmumammuumunu (Stratified random samplmg)
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3. Stratified random sampling
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3. Stratified random sampling
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4. nMsgNAat1aLULNgN (Cluster sampling)
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4. P1sgNMagIaLUUNaN (Cluster sampling)
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‘Petermination of sample size (1) %" & #

* Important component of surveying strategy Is selecting sample
size, n

 Althrough accuracy of population estimates will increase with size
of sample, there is always a point at which additional accuracy is
not worth associated costs of data collection and analysis

* In transportation planning, determining appropriate sample size
can be complicated because data are seldom collected for strictly
one purpose

* Different levels of accuracy and different sample size may thus
required, depending on purposes of data usage

» Challenge of transportation planner becoming one of first
deciding how collected data will be used and then determining size
of needed sample to provide required level of accuracy for most

sensitive of data uses Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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o @UdATYUNIZLIUNNTAN9IRARBENNAR N1ININUATUNAGMELINY (Sample size)

- UszifiunfesRansanie Faudidn mmgﬂﬁ@mqm?ﬂ@zl,ﬁu?‘ﬂmgjmmﬂ@mﬂ'a“fonmfmﬁyu Sloiin
RIUIUFIREINY u,m'mmqﬂﬁmﬁﬁmmuﬁﬁ”uéuﬁﬂ‘lﬁ‘@iﬁiﬁuﬁﬂgﬁmﬂﬁLﬁu%‘”umm@é’m@Lmz
AINTUTDYA

« TUN199190HENNTUAS NITNUATLN AN BLINIANAALTLITD1 mez?‘ﬁmg@ﬁLﬁumﬂmﬁzgﬂlgﬁtﬁ@

Q/

TgUsrasAines U gautiayainennii (M dnn19AuNIe) a19argn HNeis AsaaeUAlNNgn
v . . v v aa o A di 1% = . . 0

Raq (validation) Audayaanmnn1mneauludaqiiu visaivefuweay (calibration) HuUA1a8s
YUNENITALNIG A9TIU svFlANNgNRAaY (level of accuracy) was AUIAFRaENg (Sample size)
@vaﬂwm'mmmnmqnﬂﬂ Gfmﬂmmﬂ@vmm@qmﬂm@m

v/

. muu F’]‘J’WN‘V]’]‘V]’WEI"II@QN‘J”NLLN‘LA’:’J‘Q/‘LI‘LI"]J‘I,AZQ\‘W@ mmmmuslmw“ﬂmmvmm@mmmiﬂﬁlﬂﬁm@ﬂ?

A

L‘W@mwumﬁummmfamﬂwimmmmumummwmmmi (level of accuracy) LN@M"XJ@H@LW@
TrnUsrasANfaIn1sANgNEaININN4A

q

Source: Urban Transportation Planning
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Two major steps of determining sample size (n)

1. Setting assumption about form of underlying distribution of
elements in particular population, normally, one common
assumption is that population is normally distributed

2. Determining Level of Confidence, I.e. acceptable limits of
error of the sample

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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AU UATUNABIaEN9E 2 Tumnau Ae

1. AaNyAgInaiunsnszaeresdayateslsyains Inevinldanymidu nis
nae mﬂml,m‘uﬂﬂm (Normal Distribution)

2. muummmmm@mu (Level of Confldence)
. Level of confidence = 100(1-0) 1in o Aa AuilEnsmn1snszansfaLLL

JInfivannAuEesiy
+ @ A1 mean 2esauys (finszanasauuulng) UPDINAHNFAIDENG AYTDE

FTUIN9 19N 1198 AU #09MLNEUY mean 189z anI s A LA TaT

95% ViaeaniienileAe 190 198 AL @494¥inaee SD 199 mean 18450aginaE

Tan1an mean 1a9lsea1ns axganat 95%

e 119 95% A 95% URAIFAREN9RE LU TLALAINNA! ﬁ@mfﬁr@u‘ﬁﬁmum |
2 ource: Urban Transportation Planning
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05.46%
68.26%

¥

ek Bl il e el whe oy e W R S e b ek ek den P Y R ek ol e

A
A,

ik mly P P PR R e

H = meam
G = standard deviation

Frequency or probability

T B b il e wh T R A ki ke mly R 1-

| |
L-20 -0 o H+a K+20 Data item (e.g., number of
(@) passengers per (rip)

Normal distribution: same proportion of observations will always lie between mean and
specified number of Standard Deviation (SD), 68.26% of area under distribution always
be within one SD of mean, and 95.24% within 2SD for any normally distributed variable

Source: Urban Transportation Planning
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05.46%
68.26%

¥

ek Bl il e el whe oy e W R S e b ek ek den P Y R ek ol e

A
A,

ik mly P P PR R e

H = meam
G = standard deviation

Frequency or probability

T B b il e wh T R A ki ke mly R 1-

| |
L-20 -0 o H+a K+20 Data item (e.g., number of
(@) passengers per (rip)

o a A QI’ - % 1 QIIO ald,ly d’ 1 1
NNINFERMEAIMULLING AR N1INTSANEIUBNAINNDUENFIBL NNAI1TIANT WNLN 68.26% BETSVIN

A1 Standard Deviation (SD) uas AW 95.46% agisz1979 2SD

Source: Urban Transportation Planning
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rmal distribution with a percent
onfidence interval

Figure B.1 The normal distrubution

Level of Confidence = % of samples falling within desired limit of error (confidence limits)
= 100(1-a) where « Is fraction of area under normal distribution

falling outside confidence limits
Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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Figure B.1 The normal distrubution

Level of confidence = % aavsatinanag lununnie liaaininaauneeuslla (desired limit of error

) 1

= 100(1-¢) 8 a A WUA 1N INNI1TNT2RNEFILLLLINALE NLIAAIINITENT

Source: Urban Transportation Planning
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gtermination of sample size 4

o{known SD of population distribution) Afkid _ 8k

* Assuming elements of particular population are normally distributed.

* Assuming sample (n) is small relative to total population size (N) (i.e. n/N is
less than some standard, usually set at 0.1)

« Standard Deviation (SD) of population distribution has been known

- -2

/ o
n = 1—(1(/12)05 (2.1)

Where n =sample size
d = tolerable margin of error of mean value
o = standard deviation of population distribution
a = fraction of area under normal curve representing events not within confidence
level (thus, 1-« is desired level of confidence)
Z1.12) = Standard normal statistic corresponding to the (1-a) confidence level (found
In tables in any statistics book)

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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NIINIVUATUNAFIBLINY

(WansuANdeNLIBNIATgIBaasLTzang)

o ﬂmﬁgm: Ugeannsinisnszangfauuulng
o mmﬂ'%ﬁmmummgmmﬂm'izémm

n= (2.1)

Where n = 941053929
d = ArAnuAaIaAaeLluN 174

O = ﬂ’%ﬁﬁl\?!,fi_/u&/’?ﬁl?E’?M?[@\?ﬂ?&"ﬂ’m?

a = fraction of area under normal curve representing events not within confidence
level (thus, 1-«ais desired level of confldence)

Z112)a = ﬂ:p’l,l,uwﬂm?ﬁﬂ%%’)ﬂﬂﬂﬁl%?&’ﬁ)ﬂﬂ@’)&l@@&lu (1-) (mnmﬂﬂuwum@mmmiﬂ)

Source: Urban Transportation Planning
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=xample 2.1 Determination of sample size

v\ nown SD of population distribution

A speed study wants to determine average speed of vans passing a
particular road section. A previous survey estimated standard
deviation (SD) of average daily number of van, is 100 veh/day. The
study requires a tolerable margin of error with £ 10 veh with a 95%
level of confidence. Determine sample size (Given Z, 4 g5, = 1.96)

Solution

- P ,
N 1-w2)a? | _ (1.96)(100) 284 16
d 10

Thus, minimum sample size should be 384 veh/day

Source: Urban Transportation Planning
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NN9ANEIEA9AINET IATINNIUTNABINIIUIAINITIARETDITOH I NUTS

DUUNLY Imﬂm@zﬁﬂm@‘ﬁ'ﬁhumﬂ?xmmmmmﬁ'mLuummgmmmﬁmm
L@ﬁﬂmﬂfi’ummmﬁ ¥y 100 veh/day Tnainnsansiiinvualifiaans
ﬂmmm@ﬂummmﬂumw + 10 veh TneflsemiANuIEnsi 95% [
ﬁnmmmmwmemm@mmmmmamma‘am (NUUAN Z1_g 05/, = 1.96)

AENN

_ —2 _ .,

Z
po| fewae? || ESOU00) | _ 30 46
d 10

v

WU Aumsati et Ngawiniy 384 veh/day

Source: Urban Transportation Planning
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EN

atermination of sample size

hown proportion of data item 1n population)(1

* One of problems with using Eqg.(2.2) is that o is often unknown
 Existing records or preliminary samples can be used to estimate ¢
and thus determine appropriate sample size

* Another approach, proportion of data item in population is known
(e.g. % of HBW trips of all trips made in study area)

[ 1—(1/2)05} (p)(l p) (2.2)

d 2
Where n =sample size
d = tolerable margin of error of mean value
p = proportion of data item in population
a = fraction of area under normal curve representing events not within confidence
level (thus, 1-« is desired level of confidence)
Z1.12) = Standard normal statistic corresponding to the (1-a) confidence level (found

In tables in any statistics book) Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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NTNIVUAAUNABIALNT

= [ Q/ | o/ = R [
LHANTIUANRAZIUAI LU INANEFaUTzaNT ) (1
» Teyvnvesannig (2.1) AslinsuAdesuuningguaeddsyaing (o) Aatiu

Y v

@W@ﬁ@ﬂ?‘ﬁ?‘ﬁ‘ﬂﬂgﬂﬂﬂﬂﬂ%ﬁﬂﬂﬂﬁN"mﬂﬂ

ax = =
* TENNIAAN AD GLGI]W]ZWZM‘LAG]’JLLﬂﬁ‘%ﬂﬂ‘]&f’]Wﬂﬂﬁ‘Jﬁ’mﬁ‘ (ANl % N9
Aunnsluvineu sie nsAunaiome Anaduluiufidne )

_ [ 1—(1/2)05} (P)L-p)
g

(2.2)

Where n = 241862884
d = ArAnuAaaraeulun17gu
o o = )
p = dadausiaulsnAnssaLlseaing

a = fraction of area under normal curve representing events not within confidence
level (thus, 1-«is desired level of confidence)

aad o =) o | aa aL
21 (112)q = ASHUUNIATTIUNNAOANIEALAINNTONY (1-0) (ane 79 lnisaeanavialil)

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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EN

atermination of sample size

nown proportion of data item 1n population

* One modification of Eq.(2.2) can occur when planners interested In
relative error (r) from true mean value instead of absolute error (d)

« Example, planners want to estimate a variable with an error not
exceeding 5% of true mean value

* Modifying Eq.(2.2) by substituting (r X p) for d

[Zl—(llzm T (1-p) (2.3)

e rep
Where n =sample size

r = margin of error or precision (or level of allowable deviation as a percentage
between estimated probabilities and true choice proportion of population)

P = proportion of data item in population

a = fraction of area under normal curve representing events not within confidence
level (thus, 1-« is desired level of confidence)

Z1.12) = Standard normal statistic corresponding to the (1-a) confidence level (found

In tables in any statistics book) Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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'fmmuummmmmw R

NN NLUAVRAZIUAI LU TN AN FaUsZENg
* 41N"9 (2.2) mmﬁ‘mmﬂ?uﬂﬁ‘ﬂmmmmﬂmmLm@umwm 1TaAINH

L (r) LmummmﬂmmLﬂ@@usl,um?zm (d) Gﬁx‘lLﬂuﬂ’]ﬂmﬁ\lﬂﬂ”}ﬂLﬂ@@u
anysnl Taeiunuan d e r X p ldaunig (2.3)

_ [Zl—a/zmT (1-p) (2.3)

Where n = 7171052898/ I p
[ = AIAINAAIAAABUANTING YTAAINULLEN (Precision)
o o = ;
p = dadausiaulsnAnssaLlseaing

a = fraction of area under normal curve representing events not within confidence
level (thus, 1-«is desired level of confidence)

aad o =) o | aa aL
21 (112)q = ASHUUNIATTIUNNAOANIEALAINNTONY (1-0) (ane 79 lnisaeanavialil)

Source: Urban Transportation Planning
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=xample 2.2 Determination of sample size

N\ . . . .
KKnown proportion of data item in population

A study of inter-city mode choice behavior want to determine the sample sizes
of auto for questionnaire surveying. The previous proportions for each mode
are known, i.e. market shares (p) for auto, and transit are 0.4 and 0.6,
respectively. The study requires a tolerable margin of error with £ 5% (i.e.
sampled proportion of decision makers being within + 5% of true population
proportions) with a 95% level of confidence. (Given Z, ;¢s» = 1.96)

Solution

2
Zy . | @=P) 1.96°(1-0.4)
n= [ 2] = . = 2,305
rep 0.05°(0.4)

Thus, minimum sample size should be 2,305 trips

Source: Hensher et al., 2005
181353 Urban Transportation Planning by Thaned Satiennam
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@m‘mmmmumLLﬂﬁ‘mﬂmmﬂwmm‘ 2
m@ﬂﬂmm@m@ﬂhmuwmwLmumqmﬂummmmm:‘rmwummm

ANBLINNTBINITAUNNTLASN 1T Ina UL ARAEINTLN1IA199A5E)
LULAaLnIN tnen1sd1maniiunn wudndnaqunisiaanlisndaulnnalay

v

IDVURIANE1TELTU 0.4 uaz 0.6 ANNANGU LARNIANEN AN UUA TR AIN

ARATALARAURUINNE 178 ANNLUUEN + 5% TaaNseALAINN AW 95%
(NMUUAN Z1. 05/, = 1.96)

as o

90N

Zy e | @=P) 1.96°(1-0.4)
n= [ 2] = . = 2,305
rep 0.05°(0.4)

WU AeFaetitiaangainiy 2,305 veh/day

Source: Hensher et al., 2005
181353 Urban Transportation Planning by Thaned Satiennam
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n1snnuauafaetng (tneldniseisansan)

» UN2LAUANNID 1EMN999 1TaNINILN TALAAIANANNUSIZNTS

o/ I o/ aid | o/ di o/ | o
dndnusaulsnAnEisallseang (p), :rALAMNITENY, ANLNUELN (1), Lag
WUNARIBLN (N) NBNWUATINIRITUIA RN bA

« INALRLNNN 2.5 ANNITONTUUATINIUIAFIBLN HHANAIT TagNe p =
0.4 faIN17211AMAa8198819A1 2,000 WalilAAa U 5.42% uaz
HRIN172LARRaLINaL 1A NANLTYE 5,000 Waldi A nuadusn 3.43%

AL ANFR9N17ANNNLNUEN 5% FARINIUUATUNIAFIAE1992911979 2,000 D
5,000 (Iagaunasaag19n lBannnIzANWILAYEdNNIg 2.3 Windu 2,305)

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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EN

termination of sample size

Table and Figure

* Planners can use Tables and Figures, showing relationship between
proportions, confidence intervals, margin of error (precision), and
sample sizes, to determine roughly the range of sample size

* As example 2.2, value of p of 0.4 is 5.42% at a sample size of 2,000.
3.43% for n equal to 5,000. Thus, for required level of precision (5%),
a sample size of between 2,000 and 5,000 would be necessary (exact
value calculated by Eqg. (2.2) is 2,305).

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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determination of sample size by Table (1)
sample size related to frequency (p), precision (r), and confidence interval)

Table B.1 Sample size related to frequency, precision, and confidence interval

Sample Size
904% Confidence Interval 95% Coonfidence Interval 99% Confidence Interval
Freguency S00 1000 2000 5000 10,000 500 1000 2000 5000 10,000 500 1000 2000 S000 10,00
.10 22.14 15.65 1:.07 7.00 495 26.65 18.78 13.28 8.40 5.94 34.35 2429 17.17 10.86 T7.68
0.11 20.99 14.84 10.49 a.64 4.69 25.19 17.81 12.59 7.96 5.63 32.57 23.03 16.28 10.30 T.28
.12 19.93 14.13 9.99 632 4.47 2398 16.96 11.59 7.58 5.35 31.00 2192 15.50 9.80 8.93
.13 19.89 13.50 o554 6.14 4.27 22.91 16.20 11.05 7.24 5.1z 2962 20.54 14,81 937 6.52
014 18,29 12.93 o.14 5.78 4.09 21.95 1552 16,97 6.94 4.91 28.38 20.06 14.19 897 £.34
0.15 17.57 12.42 8.78 5.55 3.93 21.18 14.90 10.54 6.67 4.71 27.25 19.27 13.63 862 6.09
0.16 16.9¢ 11.96 845 5.35 3.78 20.29 1435 1,14 6.42 4.54 26.23 18.55 13.12 8.20 587
0.17 18.30 11.53 5.15 5.15 3.85 19.57 13.84 978 6.19 4.38 25.30 17.8% 12.65 8.00 5.66
0.18 15.75 1114 T.87 4.98 3.52 18.90 1338 S.45 598 4.23 24.44 1728 12.22 173 5.46
0.19 15.24 10,77 7.62 4,82 341 18.28 12.93 2.14 5.78 4.09 23.64 16.71 11.82 T4 5.29
0.20 14.76 10.44 7.38 4,67 3.30 17.71 12.52 8.85 5.60 3.95 22.90 16.19 11.45 T.24 5.12
0.21 14.3% 10.12 7.16 .53 3.20 17.17 12.14 £.59 5.43 3.84 2221 15.78 11.10 7.02 4.97
0.22 13.8% 0.82 5.95 4.35 31 16.67 11.79 834 " 527 373 21.56 15.24 10.78 6.82 4,32
023 13.50 9.55 6.75 4.27 3.02 16.20 11.46 8.11 5.12 3.62 2095 14.81 10.47 6.52 4,68
0.24 13.13 9.29 6.57 4.15 294 15.75 11.14 T.B8 4.98 3.52 20.37 14,41 10.19 6.449 4.56
0.25 12,78 S04 6.3 4.04 2.86 15.34 10.84 767 4.85 3.43 19.83 14.02 991 627 4.43
.26 1245 8.5 .22 3.94 278 14.94 10.56 Ta47 , 472 3.34 19.31 13.65 0.56 6.11 4.32
0.27 12.13 8.58 6.07 3.84 2.71 14.56 10.30 T.28 4.60 3.26 18.82 13.31 941 5.95 4,21
0.28 11.83 B.37 3.92 3.94 2.65 14.20 10,04 7.10 4.49 3.18 13.-315 12.98 .18 5.81 4.11
29 11.55 8.16 577 3.685 158 13.85 o.80 693 4.38 3.10 17.591 12.67 8.96 5.66 4.01
0.30 11.27 7.97 5.54 3.56 2.52 13.53 59.56 6.76 428 3.02 17.49 12.37 8.74 5.53 3.91
0.31 11.01 7.78 5.50 3.48 246G 13.2% 834 6.51 4.18 2.95 17.08 12.08 854 5.40 3.82
0.32 1076 761 5.38 3.40 241 12,91 8.13 £.45 4.08 2.89 16.69 11.80 834 528 3.73
0.33 10.51 T.43 526 3.32 2.35 12.62 892 631 3.99 2.32 1631 11.54 8.16 5.16 3.65
034 10.28 727 5.14 3.25 230 12.34 8.72 617 - 390 2.76 1595 11.28 758 5.04 3.57
0.35 10.06 7.11 5.03 3.18 2.25 12.07 8.53 6.03 382 270 15.60 11.03 780 493 3.49
0.36 9.84 6.95 492 3.1 220 11.81 8.35 593 373 2.64 15.26 10.79 7.63 483 3.41
0.37 9.63 6.81 4.81 3.04 2.15 1L.55 8.17 5.78 3.65 2.58 14,94 1056 7.47 4.72 334
{continues)

Source: Urban Transportation Planning
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PN NUATUIAFIDLN AN (1)

1
Q/ |

PAUNAFDE WAANNUS LA G (p), ANINUL (1) LAZIZALIAINITANL

Table B.1 Sample size related to frequency, precision, and confidence interval

Sample Size
904% Confidence Interval 95% Coonfidence Interval 99% Confidence Interval
Freguency S00 1000 2000 5000 10,000 500 1000 2000 5000 10,000 500 1000 2000 S000 10,00
.10 22.14 15.65 1:.07 7.00 495 26.65 18.78 13.28 8.40 5.94 34.35 2429 17.17 10.86 T7.68
0.11 20.99 14.84 10.49 a.64 4.69 25.19 17.81 12.59 7.96 5.63 32.57 23.03 16.28 10.30 T.28
.12 19.93 14.13 9.99 632 4.47 2398 16.96 11.59 7.58 5.35 31.00 2192 15.50 9.80 8.93
.13 19.89 13.50 o554 6.14 4.27 22.91 16.20 11.05 7.24 5.1z 2962 20.54 14,81 937 6.52
014 18,29 12.93 o.14 5.78 4.09 21.95 1552 16,97 6.94 4.91 28.38 20.06 14.19 897 £.34
0.15 17.57 12.42 8.78 5.55 3.93 21.18 14.90 10.54 6.67 4.71 27.25 19.27 13.63 862 6.09
0.16 16.9¢ 11.96 845 5.35 3.78 20.29 1435 1,14 6.42 4.54 26.23 18.55 13.12 8.20 587
0.17 18.30 11.53 5.15 5.15 3.85 19.57 13.84 978 6.19 4.38 25.30 17.8% 12.65 8.00 5.66
0.18 15.75 1114 T.87 4.98 3.52 18.90 1338 S.45 598 4.23 24.44 1728 12.22 173 5.46
0.19 15.24 10,77 7.62 4,82 341 18.28 12.93 2.14 5.78 4.09 23.64 16.71 11.82 T4 5.29
0.20 14.76 10.44 7.38 4,67 3.30 17.71 12.52 8.85 5.60 3.95 22.90 16.19 11.45 T.24 5.12
0.21 14.3% 10.12 7.16 .53 3.20 17.17 12.14 £.59 5.43 3.84 2221 15.78 11.10 7.02 4.97
0.22 13.8% 0.82 5.95 4.35 31 16.67 11.79 834 " 527 373 21.56 15.24 10.78 6.82 4,32
023 13.50 9.55 6.75 4.27 3.02 16.20 11.46 8.11 5.12 3.62 2095 14.81 10.47 6.52 4,68
0.24 13.13 9.29 6.57 4.15 294 15.75 11.14 T.B8 4.98 3.52 20.37 14,41 10.19 6.449 4.56
0.25 12,78 S04 6.3 4.04 2.86 15.34 10.84 767 4.85 3.43 19.83 14.02 991 627 4.43
.26 1245 8.5 .22 3.94 278 14.94 10.56 Ta47 , 472 3.34 19.31 13.65 0.56 6.11 4.32
0.27 12.13 8.58 6.07 3.84 2.71 14.56 10.30 T.28 4.60 3.26 18.82 13.31 941 5.95 4,21
0.28 11.83 B.37 3.92 3.94 2.65 14.20 10,04 7.10 4.49 3.18 13.-315 12.98 .18 5.81 4.11
29 11.55 8.16 577 3.685 158 13.85 o.80 693 4.38 3.10 17.591 12.67 8.96 5.66 4.01
0.30 11.27 7.97 5.54 3.56 2.52 13.53 59.56 6.76 428 3.02 17.49 12.37 8.74 5.53 3.91
0.31 11.01 7.78 5.50 3.48 246G 13.2% 834 6.51 4.18 2.95 17.08 12.08 854 5.40 3.82
0.32 1076 761 5.38 3.40 241 12,91 8.13 £.45 4.08 2.89 16.69 11.80 834 528 3.73
0.33 10.51 T.43 526 3.32 2.35 12.62 892 631 3.99 2.32 1631 11.54 8.16 5.16 3.65
034 10.28 727 5.14 3.25 230 12.34 8.72 617 - 390 2.76 1595 11.28 758 5.04 3.57
0.35 10.06 7.11 5.03 3.18 2.25 12.07 8.53 6.03 382 270 15.60 11.03 780 493 3.49
0.36 9.84 6.95 492 3.1 220 11.81 8.35 593 373 2.64 15.26 10.79 7.63 483 3.41
0.37 9.63 6.81 4.81 3.04 2.15 1L.55 8.17 5.78 3.65 2.58 14,94 1056 7.47 4.72 334
{continues)

Source: Urban Transportation Planning
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Table B.1 Sample size related to frequency, precision, and confidence intervel

Sample Size

90% Confidence Interval 95% Coonfidence Intexrval 99% Confidence Interval
Frequency 500 1300 2000 5000 10,000 S00 1000 2000 S000 10,000 S00 1000 2000 5000 10.00
0.28 0.43 5.66 4.71 298 2.11 11.31 3.00 5.66 3.58 2.53 14.62 10.34 7.31 4.62 327
039 9.23 8.53 4.61 2.92 2.06 11.07 7.83 5.54 3.50 248 1432 10.12 7.16 4.53 320
0.40 .04 5.39 4.52 2.86 2.0z 10.34 7.67 542 343 242 14.02 .91 7.01 4.43 3.14
0.41 8.85 9.26 4.43 2.30 1.98 10.62 7.51 531 3.36 238 13.73 8.71 6.87 .34 3.07
0.42 B.67 6.13 4.34 2.74 1.94 10.41 T.36 3.20 3.29 2.33 13.45 9.51 6.73 4.25 3.01
0.43 B.50 .01 4.25 2.68 1.90 10.19 T.21 5.10 3.2 228 13.18 9.32 6.59 4.17 2.95
0,44 8.32 5.59 4.16 2.63 1.86 9.99 7.06 4.99 3.16 223 1292 9.13 6.46 408 2359
0.45 2.16 5.77 4.08 258 1.82 979 6.92 4.89 310 2.1% 12.66 3.95 6.33 4.00 .33
0.46 7.9 5.65 4.03 233 .79 9.59 6.78 4.80 3.03 2.15 12.48 877 6.20 3.92 277
0.47 784 5.54 3.8z 2.48 1.75 S.40 6.65 4.70 2.97 2.10 12.16 8.60 6.08 3.84 272
0.48 7.66 543 384 0 243 1.72 922 6.52 4,61 291 2.06 11.92 B.43 3.96 397 2.66
0.2 7.53 3.32 3.76 2.38 1.68 5.03 6.39 4.52 2.36 2.02 11.68 8.26 5.84 3.69 2.61
0.50 7.38 22 3.69 2.33 1.65 8.85 6.26 4.43 2.80 1.98 11.45 B.10 372 3.62 2.56
0.51 7.23 513 3.62 2.29 1.62 8.63 6.14 4.34 2.74 1.94 11.22 7.94 5.61 3.55 2.51
052 7.09 5.01 3.54 2.24 1.59 8.51 6.02 425 2.69 1.90 11.00 7.78 5.50 3.48 2.46
0.53 £.95 4.91 3.47 2.20 1.55 8.34 5.90 4.17 2.54 1.86 10.78 7.62 3.39 3.41 241
0.54 5.81 4382 341 2.15 1.52 8.17 5.78 409 2.58 1.83 10.57 7.47 528 3.34 2.36
0.55 8.67 472 3.34 211 1.49 8.01 5.66 4,00 2.53 1.79 10.36 732 5.18 3.27 2.32
.56 6.54 4.63 3.27 .07 1.46 7.85 3.55 3.92 .48 176 10,135 7.18 5.07 3.21 2.27
0.57 6.41 4.53 3.20 2.03 1.43 7.69 S.44 3.85 243 1.72 9.54 7.03 497 3.14 2.22
0.58 6.28 4.44 3.14 1.99 1.40 7.54 5.33 3.77 2.38 1.68 9.74 6.89 4.87 3.08 2.18
0.59 6.15 4.35 3.08 185 1.38 7.38 522 3.69 233 1.65 9.54 6.75 477 302 2.13
0.60 6.02 4.26 3.01 1.91 1.35 7.23 5.11 3.61 2.29 1.62 935 6.51 4.67 2.96 2.09

Source: Urban Transportation Planning
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Table B.1 Sample size related to frequency, precision, and confidence intervel

Sample Size

90% Confidence Interval 95% Coonfidence Intexrval 99% Confidence Interval
Frequency 500 1300 2000 5000 10,000 S00 1000 2000 S000 10,000 S00 1000 2000 5000 10.00
0.28 0.43 5.66 4.71 298 2.11 11.31 3.00 5.66 3.58 2.53 14.62 10.34 7.31 4.62 327
039 9.23 8.53 4.61 2.92 2.06 11.07 7.83 5.54 3.50 248 1432 10.12 7.16 4.53 320
0.40 .04 5.39 4.52 2.86 2.0z 10.34 7.67 542 343 242 14.02 .91 7.01 4.43 3.14
0.41 8.85 9.26 4.43 2.30 1.98 10.62 7.51 531 3.36 238 13.73 8.71 6.87 .34 3.07
0.42 B.67 6.13 4.34 2.74 1.94 10.41 T.36 3.20 3.29 2.33 13.45 9.51 6.73 4.25 3.01
0.43 B.50 .01 4.25 2.68 1.90 10.19 T.21 5.10 3.2 228 13.18 9.32 6.59 4.17 2.95
0,44 8.32 5.59 4.16 2.63 1.86 9.99 7.06 4.99 3.16 223 1292 9.13 6.46 408 2359
0.45 2.16 5.77 4.08 258 1.82 979 6.92 4.89 310 2.1% 12.66 3.95 6.33 4.00 .33
0.46 7.9 5.65 4.03 233 .79 9.59 6.78 4.80 3.03 2.15 12.48 877 6.20 3.92 277
0.47 784 5.54 3.8z 2.48 1.75 S.40 6.65 4.70 2.97 2.10 12.16 8.60 6.08 3.84 272
0.48 7.66 543 384 0 243 1.72 922 6.52 4,61 291 2.06 11.92 B.43 3.96 397 2.66
0.2 7.53 3.32 3.76 2.38 1.68 5.03 6.39 4.52 2.36 2.02 11.68 8.26 5.84 3.69 2.61
0.50 7.38 22 3.69 2.33 1.65 8.85 6.26 4.43 2.80 1.98 11.45 B.10 372 3.62 2.56
0.51 7.23 513 3.62 2.29 1.62 8.63 6.14 4.34 2.74 1.94 11.22 7.94 5.61 3.55 2.51
052 7.09 5.01 3.54 2.24 1.59 8.51 6.02 425 2.69 1.90 11.00 7.78 5.50 3.48 2.46
0.53 £.95 4.91 3.47 2.20 1.55 8.34 5.90 4.17 2.54 1.86 10.78 7.62 3.39 3.41 241
0.54 5.81 4382 341 2.15 1.52 8.17 5.78 409 2.58 1.83 10.57 7.47 528 3.34 2.36
0.55 8.67 472 3.34 211 1.49 8.01 5.66 4,00 2.53 1.79 10.36 732 5.18 3.27 2.32
.56 6.54 4.63 3.27 .07 1.46 7.85 3.55 3.92 .48 176 10,135 7.18 5.07 3.21 2.27
0.57 6.41 4.53 3.20 2.03 1.43 7.69 S.44 3.85 243 1.72 9.54 7.03 497 3.14 2.22
0.58 6.28 4.44 3.14 1.99 1.40 7.54 5.33 3.77 2.38 1.68 9.74 6.89 4.87 3.08 2.18
0.59 6.15 4.35 3.08 185 1.38 7.38 522 3.69 233 1.65 9.54 6.75 477 302 2.13
0.60 6.02 4.26 3.01 1.91 1.35 7.23 5.11 3.61 2.29 1.62 935 6.51 4.67 2.96 2.09

Source: Urban Transportation Planning
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etermination of sample size by graph

recision (r) versus frequency (p) for 95 % confidence-level sampling)
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Figure B.2 Precision versus frequency for 95 percent confidencelevel sampling
source: Urban Iransportation Planning
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Figure B.2 Precision versus frequency for 95 percent confidencelevel sampling
source: Urban Iransportation Planning
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S.‘} . " -
determination of sample size

fWwith expected response rate

* Some survey methods rely on voluntary questionnaire return, and
given that many individuals will not respond.

» Sample size in such cases must be adjusted by expected response
rate, incorporating this change, Eq.(2.3) becomes

2
|:Zl—(1/2)05:| (1_ p) (24)
r*(p)(s)
Where n =sample size

S = expected response rate from the survey
r = margin of error or precision (or level of allowable deviation as a percentage between
estimated probabilities and true choice proportion of population)
p = proportion of data item in population
a = fraction of area under normal curve representing events not within confidence level (thus, 1-«
Is desired level of confidence)
Z1.112) = Standard normal statistic corresponding to the (1-a) confidence level (found in tables in any

statistics book) Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam
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v [

o o (%4 I = o an alg/ v =\ (%4 QI o v %
¢ ANTIU VUNAFNBLNNZGN99ALALATUTLNNT ABINNITUSLINNANUIR AN S ANAL
o o dl v o dl
ARINMALIUNANAUNIY b (Expected response rate) A9aNnign 2.4

|:Zl—(1/2)a :|2 (1-p) (2.4)
r*(p)(s)

S = BATINIIADUSULLLADLDINNAIANNIEL

Where n = 941062884

[ = AIANARIAARBUANTNNE YF8AINNLNKEN (Precision)
(% I o d'd 1
P = dadrusulsnAnsfAaLlseaIng
a = fraction of area under normal curve representing events not within confidence
level (thus, 1-«is desired level of confidence) |
Z1 112y = PEUNUNIATTINNADANIZALANTONU (1-0) (39 Tunldeansiia 1)
181353 Urban Transportation Planning Source: Urban Transportation Planning ~ BY Thaned Satiennam
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v,

termination of sample size

» justed sample size when n Is substantial percentage of population)

* Equation (2.1) through (2.4) assuming sample (n) is small relative

to total population size (N) (i.e. n/N Is less than some standard,
usually set at 0.1).

* However, for those cases where estimated sample size is

substantial percentage of total population, following formula should
be used to modify the sample size estimate:

r]O
n, (2.5)
N

Where nO = number of sample observations originally estimated
nl = adjusted number of observations
N = total population

n, =
1+

Source: Urban Transportation Planning
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sExample 2.3 Determination of sample size
NN
wwith expected response rate

As the example 2.2, a study of inter-city mode choice behavior want to determine the
sample sizes of auto for questionnaire surveying with 30% expected response rate.
The previous proportions for each mode are known, i.e. market shares (p) for auto,
and transit are 0.4 and 0.6, respectively. The study requires a tolerable margin of
error with + 5% (i.e. sampled proportion of decision makers being within + 5% of true
population proportions) with a 95% level of confidence. (Given Z, 5 g5, = 1.96)

Solution

[Zewna [ @-P)_ [1.96] (08) 7 683
r*(p)(s) 0.05°(0.4)(0.3)

Thus, minimum sample size should be 7,683 trips

Source: Hensher et al., 2005
181353 Urban Transportation Planning by Thaned Satiennam
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A speed study wants to determine average speed of buses passing a
particular road section. A previous survey estimated standard
deviation (SD) of average daily number of bus, i1s 500 veh/day. The
study requires a tolerable margin of error with + 10 veh with a 95%
level of confidence. Determine sample size (Given Z; 55, = 1.96)

Source: Urban Transportation Planning

181353 Urban Transportation Planning by Thaned Satiennam
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UszAmadanugasoumile Taanisdnmaitiunndssinnrdoudey
mma‘gmmmlﬁ‘mmm@mmé’ummmimmﬁ‘ﬂﬁ‘zﬁﬁmqL‘vhﬁ"u 500

= QI”O v dl I I 1
veh/day TneinngAns i 1uus dAnNAataAaat lun1sguas g + 10

= % di o o/ I A v <@
veh TaglszAtAMNmati 95% AV UUIAFAIAENINAARINITUIAINLIA
Ra819990IALdN9UILA M (AUUATA Z; g g5, = 1.96)

Source: Urban Transportation Planning
181353 Urban Transportation Planning by Thaned Satiennam



Chapter 2 Data collection and analysis
(181353 Urban Transportation Planning)

EN

“Assignment 2.2

A study of inter-city mode choice behavior want to determine the
sample sizes of auto for guestionnaire surveying. The previous
proportions for each mode are known, i.e. market shares (p) for auto,
and transit are 0.6 and 0.4, respectively. The study requires a
tolerable margin of error with £ 5% (i.e. sampled proportion of
decision makers being within + 5% of true population proportions)
with a 95% level of confidence. (Given Z, 45> = 1.96)

Source: Hensher et al., 2005
181353 Urban Transportation Planning by Thaned Satiennam
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(MUUA W Z4_g 05, = 1.96)

Source: Hensher et al., 2005
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