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Opportunities and Challenges in Collecting and Analyzing Longitudinal Educational Data

David Kaplan

The purpose of this talk is to highlight the opportunities and challenges associated with the collection of
longitudinal data in education. The talk is divided into three parts. Part 1 will outline the range of insights
into educational processes that can be obtained from a careful collection of longitudinal data. These
insights can be gleaned from such analyses as growth curve modeling and latent transition analysis.
Examples of these possibilities will be provided. Part 2 will cover the challenges associated with the
collection of educational longitudinal data, including issues surrounding the implementation and
validation of file matching methods. The challenges surrounding data privacy will be briefly discussed.
Part 3 will focus on extended analytical and policy-relevant opportunities that can be derived from the
collection of educational longitudinal data, including the use of educational longitudinal data for building
policy indicator/forecasting systems.

Four examples of the importance of longitudinal studies for policymaking and interventions

Victor Levi

Professor Victor Levi will present four different studies which exemplify the use of administrative
data as a source of information for longitudinal studies. Together, those four studies show the
advantages of longitudinal studies for understanding the educational process.

Teachers’ Pay for Performance in the Long-Run: The Dynamic Pattern of Treatment
Effects_on Students’ Educational and Labor Market Outcomes in Adulthood: This paper
examines the dynamic effects of a teachers’ pay for performance (PFP) experiment on long-term

outcomes at adulthood. I use a teachers’ PFP experiment which I conducted a decade and half ago
in Israel. In Lavy (AER 2009) | analyzed the short-term effects of this experiment on students’
cognitive high school outcomes. Now, this earlier research presents an unusual opportunity to
evaluate whether an intervention that offered teachers performance-based bonuses for student test
achievements has had a lasting impact on adult well-being. This paper provides the first evidence
of links between teachers’ PFP during high school and students’ schooling and labor market
outcomes in their late 20s and early 30s. Using longitudinal administrative data | show that the
program led to a gradual increase in university education of the high school treated students,
reaching a gain of 0.25 years of schooling at age 28-30. The effects on employment and earnings
were initially negative, coinciding with a higher enrollment rate in university, but became positive
and significant with time. These gains are largely mediated by the positive effect of the program
on several high school outcomes, including quantity and quality gains in the high stake
matriculation exams.

The Long Run Economic Consequences of High-Stakes Examinations: Evidence from
Transitory Variation in Pollution (joined with Avi Ebenstein and Sefi Roth): Cognitive
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performance during high-stakes exams can be affected by random disturbances that, even if
transitory, may have permanent consequences. We evaluate this hypothesis among Israeli students
who took a series of matriculation exams between 2000 and 2002. Exploiting variation across the
same student taking multiple exams, we find that transitory PM2.5 exposure is associated with a
significant decline in student performance. We then examine these students in 2010 and find that
PM2.5 exposure during exams is negatively associated with post-secondary educational
attainment and earnings. The results highlight how reliance on noisy signals of student quality can
lead to allocative inefficiency.

Long Run Effects of Free School Choice: College Attainment, Employment, Earnings, and
Social Outcomes at Adulthood: In this paper | study the long term consequences of free school
choice by taking advantage of an experiment conducted two decades ago in the city of Tel Aviv,
Israel. This school choice program was very effective in improving high school attainment and
cognitive achievements six years later (Lavy, Review of Economic Studies, 2010) and now |
examine whether these effects persist beyond high school. Using administrative data, the results
indicate that treated students, who on average are from low socio-economic background,
experience significant gains in post-secondary enrollment and in completed years of education
and also have higher earnings at age 30. These significant positive treatment effects reflect mainy
an increase in academic education, through increased enrollment in three-years academic colleges

but not in research universities, and some shift away from vocational education at adulthood.

On the Origins of Gender Gaps in Human Capital: Short and Long Term Consequences of
Teachers’ Biases: We estimate the effect of primary school teachers’ gender biases in Isracl on
boys’ and girls’ academic achievements during middle and high school and on the choice of
advanced level courses in math and sciences during high school. For identification, we rely on the
random assignment of teachers and students to classes in primary schools. Our results suggest that
teachers’ biases favoring girls have an asymmetric effect by gender — a positive effect on girls’

achievements and negative effect on boys’ and vice versa. Such gender biases also impact
students’ enrollment in advanced level math courses in high school — girls positively and boys
negatively. These results suggest that teachers’ biased behavior at early stages of schooling has
long run implications for occupational choices and earnings at adulthood, because enrollment in
advanced courses in math and science in high school is a prerequisite for post-secondary
schooling in engineering, computer science and so on.
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NN IDINDY ,NTIAYD PIIY 2955 NINK NN 1T 2955 NNN NN HMNND NYY DTN — I IX N
DXNYY NIMD TAWD DTN DY MNTN 92N NIN NAY 129N NOVIDN MDA PIAN 95D POVIYND
NXMPY DIPNA .(ANIND NTIAYNN KX 210 POV ,DTPIN NNAN YHN 210 XIAN) AN WYY MM NN
INTIOVW OINIT NN .NMNIN P2 NTINNA TNXN DY MIYN NPV DY NNIN NIXN DY — 13D NPND
¥ PIND Y .DMVIN NHNY ITIN NTIAYA HMINN DX DIBYIND NMINY ,1IIN DY NN NNIN IND
NPV TNXN — DOYD IMINY NYRIN NDNN NPVIAD NI NPTNND DI WHWN N INIPXID 110N
NN NRY M PIY T YNION NINY N2 — NMINT N2 OD NIYIRD NPVLIY DIVH MITOVIN NIN

MNINN 5Y) NTINNDN DY DOIANN NPVIAT TNXN NN PADNN GON DTN :DIPAYND NN — MY TN
DMMP TUNRI X NPV NPNRY DY NNIN TN DT DTN 1Y .0XPNYNT NNN DY NPVININNN
NPNY NN — DIPNYIN TAX D 912y INPI NIVN — OYDIVIND IRNIND DAY "DXPNYN”
TAN DOV NN (WK DPWN MY) HPYNN MY NNNIN NON I IRNIN DIAN ,NPVId DY NTTN
1AV 2NN NTIN DT NIPNI NPVID DY DIOIVINRND NN (L0 maximize) NXOWND 1N DY P HN
NOW 9N NI O ,INNRD JPNYN DY 2079 YT IVND DN NVINNN DY NVDY ¥ DNDN JPNYD
DMITIIN RO NNMP-12 1IN 1991 IX 1IN NPLIS T DY HPWN MNPV D27 DIPNI .10 MVYD

APN T INN .(Gavison, 1980) 111713 117 19179 INMPAY — AW NPVION — NADN TPIIND NPV N9 v 1B
AR ININ KD 1991 YN MIRHDI NPV NINDL )PTY NINNN
22



YT L(DONTIN NDY) DIDIVIN DY 121N NPV PTD DIIVANND 195N DI TIND NPV NNN DY
M MPIN NPYYN NNPON NN NNID MYINDN TPYNRD NNMINNN DY NNSNIND MYINoN
(MNHNON MNIN 295 NMINSY) 1N

HNAWI TN NPV NYIA NNV HPNINY DYDY

0992 DXINN DN 1NN D92 OHONPN YN YIDYD YN DOUNIWIN NPYPN1A YO0 H9oN
NN PIND 7T 9992 ¥ DY PIYA .(9)2 900 NNYHY NIVND XDV YN vNRnwnd 1N NOW NN
,TI9 90N YN PIAVNY IMN OOYNDINN DONN PN ONY DOYNPY DOTIND DIPYD NPV
D INIYI NV N DN DI ONM DAPY ,PIN 29 DY MmN NPPVDVLVLDY NPIDINN NOVIY
92PDY (N9YPNAY HNIWII) 73) NNDIN NOD NYAN WIHIND INYY INPVII NYINY M) NPV NN PIN
DOVIND INY DN DN ;N0 NHVIN NA ¥ OX D) NDVIANN NN TN DTN NYNON . 50,000 Ty

999 13)9) XD DM)IMN NP2

NIVNI NNPO W ,NNTHN DY MOV 92110 TUNIY DTN MINT NPVIIN NNN PIN DX NIV 2D
NPV YNOY YN ROV (72 NPIDS 29D) Y2IP N PIN IMPN DTRN TIAD TID? PIN NPNIN NN D)
,DMP PIN THD DY RINX NPV YNAY M) XOY NN TPNPIND NIINN DY MISVNN NNN DTN DY
MTPY DOPIN DINN DMIMP X712 DY NPNTNN NINY TINY NIN ,NTD VIV DY NIPNa ON

M0 MYV DMLY D3 Yax — (72 JN2NY YTy XY 199) TYON PINY

900) NHNYHY NIVND P YN NDN? M NN YNV NNINXD YIP 7224 PYD T P9 NPLIN NN PIN
: DONIN NWN THX YN DN NON 9N ININD

IN NPIAVNNT MYIN DY PPN NN NIVNY NOWNN NI P YN NIV PTD DIV
I TN (MNPNI) YAIPN NN DOVIVNND Y .NPVINT DY ITNN N NYAPHN MYIN
T35 OOXNIND ONNY NI YT PAYND

ANN2YND YTINRN 10 DY NNODN e

Y Y VTN XY NNODN IN PTI MOND RIY SDI90 YNNG P YN Paynd HO5 100 N
DXV XTND 1IN DY POWIIND OWIND MY DXPIAN WDP Iaya — T NNINT ,NTOPA 9IN)
N2YNN POONVY 13 DY GN) NI NINY NITRN NMDTD NTHIRD .0 NININXD O ONY MDY
TOYAN .NPYPNY DRNNA NNWYI XDV 1IN NOD NIYNN (1PN NIADN NYIN) MN8N 20N NNON
NN SNPIN NN TINYY NN NNMN NN D) TN ,NT PRIYY NTNPH NPXPN MIAPYL DN NIND

RPN MO NN NPVINIY

IN DN MIVN NI TN OPNDN DN PA YN PIAYND VAR ,NPNONN NNIPNN 29 DY
021N MNP DN YN 9N D2 NNNNY YN NIANY NTYI MOLONND 1951 ,07PNMOND NNONI
DINNNI) M) NPOVWNY TOIND DXI01IN MTOIN DI .NMINNIDN MIVND DMNDN DXND DY DN
DYNN D) DITNNN DN NPT .IPNN XINXY YN HW DNDN N DaPd DO NRdYvIa

AN NP NMAX NZIVND NSVIND NN NN DT PIYD

DIV TITOY YTHN NINY MONMNN ¥ (2005 MV PPN 1N YXID) 1986 MV 1ANIVY) NNPNI
D) 9910 AUN 923N YT PNYD DINMN DIDDI YAIP 1T P9 YT DNVIAN DY NTIPN 1PV —
MI2YNN MPAD DY 1N NPYT MAPNNN PVIVNT YWPN DY NPMIN .OTN DY IMNM I8N0 DY YN
ARD MYIPADAPNN 9N2 NNVIND SYINN DY )M

,DX3D1) DMLIMNMDT DXPIN I ON ,NPPVPIAN D POND VN ,PIN TPHDIN THNVNN NIND INND
VYT DN — NVLVIN ST DY NYIAPI NON KN AN NANT MDVNIN NNDN DY WD DN
.DYAVNN TIVNIA (MNTNOVI YN MUK

NMIPYY NNNDN NTNA D195 DN DIV POAY 23 DY GN) ¥)12 JN2NI THNYD DX2»N DPN TV YPINI MTPY DIPIN 16
(TN HYPINA DMNHN
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http://www.mfa.gov.il/MFA/ConsularServices/Documents/AcademicInstitutions.pdf
http://www.justice.gov.il/Units/ilita/subjects/HaganatHapratiyut/MeidaMerasham/Documents/HanchayatMishne.pdf

HNIWIL NVINNIN NUIAN

(VL199) YT TINDNOV ,VOVYND MYIA DYUNNY NN MIWP NPONHN NOMN IPYINY DD TNy
5555 .NPVID RYNL OHINIYIN MNODNIN NDON NN DIXNNIINN NN 29 NISN ,DOVIVNN TIwNa
N2V 1T NON .MINK NMIDT DI AN W TN ,OPYN NOY NIVN NPV MDY XN NDXINN

.09Y2 DXNNINY DMV DY I DY TN TP

NYAND MUYV YN NIVND TIXN P PRI MYINT M MIRYA NOVONIN POW ITPIN NINDNI
DTN YV NPVIN DOYNI ROY XN YDXDAN PNIPIYN NPV NYNAY 11201 1PAT ,ANTN NDXD NOVIN
NIAYND OTR IMX DIDN DN RIN NPV DY )1DPD INNN YN NIV DD INNIDN RID

TN MDD YTNRN NN DAPY TR0 HAPNN YNNI Y NHN

Y200 .0 YT NIV DMV DI PAY DA YN DY NIAYM DPNDN D) Pa DA OMP
P2 YN PIAYAY I DT PIPAY 29D NI0NN NITNRY PIPY? NINON YOI0AN HHON DYNDN DI
YN GOIN TAN G .D2PNN 91N 12 WHINYS NHNWHY NIVNN THIXY GONI ¥TNN DX P DN D)
DYDY DMMIVYY 29 DY R ,INNK MNOUNND GND YTNN DX AYND IRYI XINY IDIN N PR ,1PMIVND
MTN Y TIVN TINA G DXNYDI NNNY 292 DTN RIN TIVN DI .NNINID MINT DMV NOVNND
NY DVAVNN TIVNI DYND D .OTPI NN XYY MAVAN NPN 17102 Y PHN NIWIY NNNIN

PPN TONNN VITH NPNRMN NV TIY MM OX RIN IARVD MVIDPINN YN NIV DIIVINND

VNN NTIPIN MAIVN TN IMNNA NMIDV NIV NONRD 0) NNND 1N NVLNIN PO DAY MONWN P2
92YNY I ORN YN NIV OXPNN IN) YN OMIMY YT NNOY :DYND  NPVIIN NPHY HY
ININ POD DNN NNDIW Y10 DY D)0 XYY Y099 P90 DSN TV NVNYD ¥ 1PN

90V T -DNY MYNY DMDDN MM — XD DHITINY NDWNN POIN DX NAYY 21NN PPNN 910N
VN LTYUNN XN DNDO0N MM TONN .NPNVINT NYNION YYD TIN DD XYM NV LPMID
ISP NYT NPIY YI'T NIPNY NIPN 9 INNDNIY AN PIDY DINN 1 THY Pand

DN, IPNN 178D SUWIR YN DOVINOY MVYD NDIY X NVININ NOON  -INTPR IPNN 12D
YN NIV IWIRNDY TI9) I¥ OOP .NPNIIN MIWNIN IPNNNN PANY JNMIY DIIIYN NN TWUNRI)
D597 )INAY AN THNIN ,NNT DY .IPNN MIVNY DPNTPNR DN ,INI DOVN9NN ,DIDNDN DINDN
VY97 MIT P2 ONNINND INNDNIY DMNDXD 1) DY N TIYDI NPVIF NYNON ININIVIY NOIWND

995N N2 PAY

5519939399N) 99000

N DMINI ONP NYNND NPV DY DY TTINNND DONOWNN DN DMINIA NIAY NI T T
NN N2NN PN DT PYNA 0NN DTN MTIN DY DINND YN NPON WIDY DMNY — ONIY NNHNNN
DN N NONYAY DN NNNNN XYL DDA NI NNV NNV 1901 DV )dINPNIN
NPNOSNIN NPNINN DIV P KON NDPN NP 12YTH PR D PIXD ¥ W 7DMINMINY DXIVN)
V) DM NP NNNNND MVIW DY (NXNN XD) NPPD 1PN 1910 INKD .OOTION DWW NINY

9N MLIVA VIV DMIVARNDN PIVA DNI»P DD

NPNIND NN DN NHNPNN XYNL 7NN OITIVDY DRI ,TIVN NN MDY POW IORY X DY
INPINND MINAN TIWNA (Health Information Privacy) 90 y11H2 NPV NNOD WK DDV
Health Insurance ) HIPPA — mx>72 mMv12 "N N12YN0 (MPHa) NN PN DRNN2 MDD PN NPMN

: DRI YT TIVND OI7T  NY MN»P 1a (Portability and Accountability Act of 1996

DONTHN MINNNY DWIND NPT IY MYPNY TN 5Y DINNI XAIP NPW DIRNND DN 190N DI HINM nawa
199N DNYIND DWNNYN DINDN DIPIN .anonymization, de-identification, Statistical disclosure control : on»»2a
DMIND NHNHND NI WHNWI 1T NTIAYL .0IVINN TAN 55D NHY NNIDI MIYHWN ¥213 NHMP ND DLIN, MY NN

95N ©MYIAN YO
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http://www.hhs.gov/hipaa/index.html
https://en.wikipedia.org/wiki/Statistical_disclosure_control

DONYNN DY NPLDVLD NPININ OYIN N 172 : (Expert determination) DXNNM NYIAP NV
PONN N0 ONONM PP KD OMNMN MNNND DOVIRIY TID NODY 1PN ,0NNN NP2 OMVN
:NIMON N TITY NYINN

N2°9NY OMYTNN NIMNIPYI NPLDVLVLD MYV NIVIM YT HY2 OTR YT NYYON NINONNY e
D 1N ONYAD YN

P2, 0N VINYD PNOOONY YA ,I10¥aY ION DYYTH NINIPYI IPVDLLD MOVVY e
Reasonably ) ©%9%0 Doy¥nNa viOw I MVYND DOHNNN DN NPV P DNNYOYD
STIND TN NI — DIINKND YN NN MY M Yy (available information

3D NYAP PYTNNY NN DX DIIVTN ODN0ONNY e

VY DN DINWN WY INNY YNRN TINN PONY v 11 NwXwa : (Safe Harbor) o)nvan Yy nuw
NTNY PMNN NN 1P M2 M3 INOIR PRYOYR AN PIANP AN ,DI9N DN MMY Y15 DA
YT DY NDOWA P2 INNYOYI P,V TN MIWIAN VDY GND NYTIN NPNX DN NPXINNN MY»nY

YTNN RIWI XINY OV DX N ,INN

myaNa (Federal Trade Commission) 9NDNY Y5979N TYNN DDIVNY NPNIND N NADN NNNT
DYTYNN NN VIPID? NINN NN DN NPNIN 29D OINDNN IYPNA NPVID DY NNNN IV NIIN
Y0 1NN PP0NY 1N NOW 1T NIN ORI YN .DHMN YRV XTND NN DY 0NN DYPI0N
YTID YR YPHRNY YRV IONNND D) NN NN IMYIIY 2WNND IN PYIN DY IN IDNID 197N Dy
D) 2>NNNY ONN YPAY 1YY 02901 DXVNNWND Y NN NN NV NN DN ,WTNND IMNX NN XD

S195

MY 112N MNIND PRINY ,MODLVDN MDY NON YN DY NNNN PIN DY (4) 502 PYD 9H
NNy MmN (CIPSEA — Confidential Information Protection & Statistical Efficiency ACT) 2002
1.97230 N OY ,9PY IN 9PY 9220 DO TWANDN YN DY INWDD NN NWITP MY NN

: 1IN MNIND NIND NPNT

2YND PR I PN 29 DY IPRN TINRD NXYIN DV VINDIN DY 223/2009 'ON (EC) Mpn e
YN DXAYIN 7527 ,P9PYA DX MY DX ,NPVDILVLD MTN’ JY PINT NN DIWINNDT OINNI
DYVIMNMYIN DOYXNND DI PIYNI INIY MY NN VDLV NTN> DX WIAPY YT .V DY
1. PVDVLON NTNN AR MM YT YINY DN NYY SWIOY DINY M0 WV
SOUON YTNY PV 2007 'ON NIPRN LMYNIND DIV NPPVDYLLDN NPYNN DY (3)39 PYD e
— Y OTR DY IMNT ONX ONDN DTN NNYID AWM Y11 ,2 /0N PYD-NN PIYD
YPPINMNN N
YDRIN NMN PPONY WO .2
DOMAY INYID ,INN YN DY ININ DXADWNYI Y DHRNN NNIN PPONY VIR )
DTND $ONN YN NON YNY ONPNN (1983) MIIVOINI NPPVDIVLVLON NITHNA (1)7 PYD e
POTNRIMN DY NMT IWOND ,1MI2) MDA, 91D TUNRI INNIWI IN FLIN NN HYI ION)

geocodes-m , TP ,yan ,HND MY ,INIT NN Nt 9991, (State) N TN mvp XN Mo NPvN-nn 93 ,mny 2

TIND DT HYO2 9NADN OTRD MY DINYPY DIDINN NN2Y (MWD LYND) DIDINNN Y2307 DI ,0NY DOVINNIPRN
SyNY 0NN Y 191,(57735) MNINY TIRN ,OTINODN TOMD D) DINNN NHY IWPNL YAN ,ONIDIN TOMY) NYAP MY ,NTHO
INLPY GIVINY DINDYVW NIND D257 DY) VYN ,NTI D DY YIANNY DN (NIY N HHI) DIIINNN Y257 YD) 89
NNPYN MY NPMI HY B1901 NT 9552 ,00NTTO 011901 257 DY NI OIYNNIN ATV 11901 ,NOYNY 90 90 HY NTNd
NI HOYNAN ,DPRINY DINDN Ma90n ,(IP) D»vITv»R DDPIVIIY YW M2INS ,(Social Security) »INS NIV DN
90N ,NNYT NNNN Y1 XY DN DY ,DYRIDT DNV XIVIN DY DMITDN 2P VAN MYV NT HHI1 07V
901,191 ,29V0T /) NP2 %9 HY ANMINY NN VYNY ,TIP IN PAND 7900 — YTIND NN NINY Q0N 1257 Y5, mMnavn

TV IN DYV
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IN NYNY XD 6 PYD 19D yawviny OTX D37 :yNp NP NPPVDVLVLON PIN DV (b)(1)17 PYD e

TPV I9INA NN PIND MDD HVINY INYID YN DY RINY OYNNIN D ,NPWND PYTHL OYIY

MMIN N POY ,OTR DY INWID DTRND NYINY DOV NN IWPY  NNRTN NDOYNNN NINRNIND 1N
JOMMD IWIRY

Y1999 282D HNNNNI NNV DY NNNY MLIVY

DXIVANNDT PIVA DYOMP DD HYY DINN) Y8IP NNHNNND MVLIY DY NP NN 1PN DY PHNa
NYND — DTN DNINWN PA MNANN NN DT PYN MANY NAIVNN NNYTPN 71NN ION MOLIYIA YDV
P25 — (MNT NTIVN 90N HWNY) DINMIN MNND TIND YN0 DTN MMY 7192 DMYSNNI NIV
NP YAN ,DN0N DTN MDY T PN DNYY DNV NYND (Quasi identifiers) 7O N >SH” OMINYN

DIVAN T NPT — NN YT MDNNDD DMNN HY IN DNND DNINYN 19010 HY NN

NPNINININN NN NIIYAY MY

N W) .0MM NHNNNY K Anonymity nwa XN MO0 TN 2 wNy IR i K Anonymity
PV K-n 799 INONNY NDIPD N1NA T DY DN NP TINND TR DTN N 120N NN NAvNND
IN DIVNIIN DI MNTN MNMIYIN DY INP2 YOPN 90NN XN K- 7Y (AN X 1 nvnd 5100v)
NN DN DRND TINA VIO DY NPID NPON N M) K-N TIyY 595 00NN DNN TN jpbna
DNAPY TN DY DNMN DY MNY NPENIN TIYD 17 K-n Ty IR DTHN0 1 Sy Ny op
— TOTINY NNV NP DX .DONITNN DIVHNIDT MNT NIMIYI MYY2 MXIIAP — NPINDN MNIAPD
K 79 nOR nyapn .1 mnd K-n 79y %I — D00 DTRD NOMY NONY NYTY NINTH 1NNV Nmv)
2y 0NN DY HY INYT DIPOWD 1NN — NPVINT DYDY 172D NIPD NN MVIND 1D M) P91

.DMIMN XDIP YV K-N 79y NOTHINY DOWnvn DN Nnnnng 0¥9on

120 TN NIN DNON DTRY DY T2 5T DMIYY ,7PUNT : NINAY MDD NV ¥ NN K nvnd
NP .(MYPNIMNN NO2ID) OTX INMN DY YN YN M0 1N DY DMIVAR DINNDIN DN X
NONN NN DX ,NDINN D2ID MNNY NONNT RO NINIYIN NNX DX .NPXIDT MMV NDIP NONTD
X Pan TAXR NI YN WONHD NN POYY DTRNY DOYTY NDRY T2 7T ,NPNRIST MM X-2 nanmwn

9210 NN NINY NONNN HOIIN YTIV ¥TI 155N NPXIIN MIMVIN

0V DTN YT 1D ¥ OR DNON DTN MINTD NN NYNN NN NOIY NI IT YN DY 71PNV NN
SJAVIND 1OV PVY DOYTY NN DN ,OUND .NNN NPNID NNIYID IMNX TOUY DINONN NN ON D)
NYNY DX NN — NNV D)7 IX NYIY — DONWY 1DV NONNN NMIVAX NX DINXD DNMONN NNIN)
DYava oM NINY PEYOND DO NMITIN TN DINN R NN MPNY DYNYN NN

(Machanavajjhala, Kifer, Gehrke, & Venkitasubramaniam, 2007)

012°1Y D2 .K anonymity 1 Ny YW PMON 0Y TTHINNND TN DY NN N Nwd) | Diversity
NPYA T PRIV DY 9 DY 910D 1N ,NYNN NODIAN POYY HUNNNN NN DMV DOVIAD
NYNIN NN Y MNP I ¥ ROX 0NN NP TIN2 DY DY NN M
D INTP DOPINY DINWN — DY DINWNIN NIPNIN TWINRD DI NMINIVN TN DIN3NN DINWNN
,OUN 1D DOINWN NIV MNP NNY WV MO 1N TPXIDIN NMVYIN DY NNNTL .9IWNY DNON
) 1NN D35 MINIVN NXIN DD XN NINNY NONNN MNYN DN ,0ONF NDIND D) IR, TIPND INN

¥ (Machanavajjhala, Kifer, Gehrke, & Venkitasubramaniam, 2007

TIWNY 19 DY GRY 1IO0N NN WD NNX NDDND INT .NDWHN Mo Mn»p | Diversity nwnd
GPINNY 75 099N P2 JPNRT 0P PYTY ,NPIMIND MXAPNN NNX Y TIN MNIVN XN WD

IN MNP P MY NNXT IPOINY DIMINA DIWNY DOWATN 1N, I-diversity 1 newis omw oowe oomnp 9
Li, Li &) 0nnmimn Y2p2 12970 %10 139991 KXY Y212 1290 %00 DWINNN DIIIWNY DIWNTN 1IXD
MW P DDTIND IR D12 XY 09N (Venkatasubramanian, 2007
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NVPRIIND MNP 1O IPNRD YTV XINY NNIN) dDNI0N DTRN DY ¥ YN PPONY 513 Ty
,5000 ,6000 DN DIV 7IOW” HNWNN W NDNDN NXIIAP TINT DX ,HWND T (DTN IMN THNUN
MNS NN XINY PIOND DN NN T NXAPD TOY DNIDN DTRY DOYTY NNIN ONY,YTINY @ 4000-)

NI NIN PYTA NN YTI R ONX D) ,(2016 MIVD 1NDI) KNIV DPWTIND NYXINNN NOIDNNN

NNNND NPND N2> MXAPHN NNX DI TINA ¥HIN TIVA DM MNY MIVYNY NN NINN N1YIN
PN NPT OW NIPNA 10D ) D0W IN 22PN — MINDA NIN WIHIN NINWNN YV TIVN ON HWnND TIND
MDHYY RIN NMDIIVIIND DY D1T) 217 — DWNd) TIND MY XN DY DY Noonnn oNY (HIV-N
D) YNV DN DIV NPNMIN MNP NOY NYP P> MO NIPNRIA /HIAPN7 YOP VWN PN

.(Li, Li & Venkatasubramanian, 2007) ¥>)97 T9¥2 MPNI0LN

T -0 nw) (MY NMNA T) M | diversity 1 nvw) S nyyan oy 71NN mn Yy : T closeness
NOMNAY 1IN NP T closeness Noyad MIMNIMIN NXIAP TOWYNRI NPT N N .closeness
NP2 MNYN IMN DY DN NPYNND INY NPR (WHAN INWNN) NN MNYNIA D9YN NN
11 193N NYIMND MXAPN D0 OX closeness T Hy¥as 971 020 Xp . T-H 9N11a 191D DINMN
IN PNVIAN NN DX ANMN XN ,OMNMN DY T DY Yyap o PN, K-5 1mT7a, T .T closeness mbya

DN NP DY NHNnnNNN N9

0N NNNPNNY NPVVIVLY MVIY

IN OY - ARNDN .1 : 00N NP TINND S0 YN DY NPT NYIN XYND MW YNV PIND 1M
DMIN NP NPN .2 .0NMN NP TINN YOOI IXNY DNINWN DY) DN DINWN DY NINoN
LDYININ DOWIN 1DINND MNTY 1N ROYW OLND

YDRNN P99 MY NHIND ,NINK IN NI NTHRI ,MYND 1Y NXIN Y91 MWD 93 YW PNIoNn
DPNND MYSNHNI

:DNNWN DY IRNONY MYV .1

YTD MINWYNIA IVHNY> ROY NNOLIN 1T NVOY .DMNNIN NDIPH MHINYHN DY NN NPINN :N99N

YI7I8D APV, 0INNIN XIPN P29NY 1NNV NOYVIND NN NNPNN DN ,NDIPN TINN NN MMD

Apnn

DOV NTMY MIVANT NN TPNANY T DAL TIND DI XIPY I :N¥APN IN NYYON e
INDT DY 20-30 ,10-20 ,1-10 2INDY IWAR PNOTHN DN NN 2INOD DIPNA ,OVND .OMYSNHNI
PN NPDNIN OOIN,ANDINN MNYNN OO DY NPLDXVVLD NPDINT TV PITY 1N 1T DYV
NS N2 MPHTN

SUND INYID NDN DPLVNNND THIXNMN DNINWNN DY TNNYD 1N :DNNYNN Y NIN9NN e
YD PYTY N NPODN NPT NWYI MPYN OX . X-2 TIY DI D9510Y X TIY 995 X 90D
NN NN MPNNNY D1 MW DX NN MDD DYIN ,DINYNN DY NPVLDLLD MNON
PO DY N, TPVNRNNN INDIDNINN

PON 9NYO MIVY NADNN .MMV Pa DXIN-ISN DNINYN DY DYDY DXDNND DXNYD :NabNh e
NOMY NIVOND NPN DN L(PNT I9IND TPVWY) NN DNX) NDIPN DY NPVDLVON MNONNN
555 NPLEWVLVLD NPOIN

NOTIN TIN) VY NPLDVVLON NIMNONN NN YD 913> DINMN XIPN PON MINY :NPON NNNT e
A9INN DO NNTY NN NN ,5VAY XD YD DN, NNDY (12190 MWD

SY0ONYD DN NDP NP .2

D3N N NNNHN NV ZO.PMN P IN T ONMIND NNKD NNNT DMNINI NHNPNND NIDN MIVIN
NN DMODNY DIWIN DY VNMP — DINT DPVDIVLVD DIMIND NOYA — DN NP — "NMDIDINY

NIXN 93 AN T NNONIY, NPV BY NPHYN TNEY 1§ YN OPNN 1IN PNYN PO 0 2
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NO9OY DMVDIVLLD DMAND DMN NN PPTA DIV NNPX YINN YN .PPTLIVDVLLD NID NN
SV DTPII YT NAMNN 1D TR ,AIPNNN NORY NN YRIN NYT NN NPN NIIWNN .NPNRN IODIDIIN
DTN DY NPT M99 TINKD NPON NONIY NI I NOWA NINDD .Y DX 1PAYY HLDMVLVON DTINN
TMYDIVOIN NPN DN MINNRNDTY IMDIVININNIY 79 VIV ,DMNMN NP TINHD INY IN TN
DY 95 MYTN DN MDXAN AXMD TNY PR IV PMIND IPNHD TN NOY 11 11D NN .TPIIHNN
O) NIVINND 1T NV .DXWINND DMIIPINNIY YT DI 1IN HAPD GWAN NON YN HaAPD NN 9PNy

L(OWNY O1NRO5NMY MDINDT NIVIANN) DMNPNT DINNID DY) ND YW DX DY DINNI MNIND I2NY

NYNIN NN NXIPY TIVNN DY 1102 PONN NNDNI) MNIAN TIVN TIVY DN IPD 29 DY
NP DY PANNY 0)MNYN D27 DMIPINY NIN NN NN DY NINION (198N NNIINNND DM
NP2 MIMIANNN PIY NN 29 NON ZL.OM»ODIVVLON PININN YW NPNIAN 99 STPHNA DIIMIN
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07050 PN 7PN 2013-2011 ©AWAa .Statistics Denmark Dy »9IRN TINNRN YW >NONN (Twinning)
DI PO TMY .OMPIND 1VID NN NYNNA MDINDA MW NMdY Xwa OECD-n v onmin nnsa
.(open government) MNN S¥NNT MNIPY 290 D7NON HY VITVINRN INND DIYTN YINIY ININ TN
NYNRI INXIM (77210 MNIN) 19292 NOID ,71PINDTP NVIOIDNIND NPTHN YN NYRI ININ HY2

DYV NI2YN NVIDIIINDN DIVIVNI

9995 5NN ,NPPVDNOLOY NYIYD IR PVLDXVLO MMM TIDY) PO 12D PIVI L,P9P PN
PORINN AN DY ININMA OO INNND PON XIN POP DN .(2013-2016) TNN TIVNI DXDIXPM
VRV ,TIONN TIVN DY DOVDXOVLDN ANNT NNNN PITYY VI DY TP INXN .PRND DN
,7”32 DY D) DXNINK NN OWIN .TIND DINNA 0D N IR DPOVDILLD DN HY NVNLIN
9 DY TIVNN MTNOY )N — DPVDVLLO DINM VIDOYW IT DY DODVINN DI DY NUNM MM
DN POY (2010-2013) NPPODXOLOY NOXIDIIN NIYIA DTIPN YPPONA NN HIIY 1M JPINN
TN NYOY5 DINNA PP

.DYPoY DN NYODS 01N VYN DYNTPN DXIND Dya

.NPYVLDLLOY NTOIIN NOWYHA NIV TN PNA NYIVYN DYIND THVN DIND YN 229 APy
DYTTI2 ONIAP DY NTIAYN TN NN DY NTIAYN NVXY DY NPYN PONN DY RINK DY DINN
LVIPN ORDIL DN DDA DN NTIAYY — NNX MIYA TN XYND DN DOYWNND DXIAWYNNI
ToN1na YN DNAY OMONPHN MNPNRN 991N DTN DY NOPNYIYNN MNVDINN NHY NN IWINNDN
LDMTNNY OMNNIN MK NXOYN TN NNT,0N0UN

29001 NINDY NIAYN NVIOIDNIND DY NI PN ,MINIPNY NONPON NYRI ININ Noya
LD»921Y) POMNN NYYON YN MOIYN SMONNY DINDTPN NIADNY

PO NN NI 12Y2 .NPPVDMLLDY NTIINN NIYIL NNV TIIX IPD NIDIM ,NARP-)POY NPT9)
.0"15N Y MoIoN
.DYYYIPA NPIYN NVIDININDD NNV NPPVDMOLLDI THOII ININ NYY2

DRV NS

NTOY |, DOV MNYYI IXNNA NPOY 2004 INND DOV NONINM NNDN NNDOPN L1M7 HVaN
™A NN N2 TN TIVNY NIAVN NOIOIDNNRD DY 7PN YNND ININD 1IN NN DO
TIVN DY DIV MMOM WNSPHN MITYNA NIAND MM DTN NN DY 1IN MPTND 190N
DY) RYNA NITYN (NI Y1H ,710ND1P) TIPNN

DY MHAYN NVIDIINDND DIV — 1988 NN DTN ,1985 ,771PN1D1a2 Wby NN Nbya
1994, 11>21>N MNINY STIN 190N N°2 NINA

NVYOINNI NPTHN YTNI NPONNA IRNN-INY IPNN-INY YOOY MDOYIN 157 NI 1Y
NYYTND 990N M2 DY DOOMNN NIONI NIHD DNPA 2XINN PN PTIDD DPD INKDY ,MI2YN
.IMNAN NVIDININD DY NN HOYTH YTNRONY NPPLDVLD DNPIY NI2YN NVIDIININT NN
DYV NIN DN YN HYW INIRD PNVNN DV 19351 VDIDIND TaY 2 APNa

— NTRN YT NIV ININ L2007 ,NTHN YT NIDI ,1PNDIDA0 NADWNN NIONI PYNRI ININ Hya
.2011 ,0°5W172 NMI2YN NVIDIMINNN DIV

40



