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ICT Investments and Firm Productivity: An Analysis Using Micro Data

By Miho TAKIZAWA and Daisuke MIYAKAWA

Abstract

This paper empirically examines the causal effects of ICT investments on firm employment and
productivity. Based on an identification strategy using the survey responses of firms about the impact
of the tax benefit on their ICT investments, we find the following: The increase in ICT investments
responding to the tax benefit resulted in the conversion of internal non-ICT labor to ICT labor. Second,
such conversion did not improve labor productivity. These results suggest that additional investments
such as the investment on the quality of ICT labor (e.g., ICT literacy) is necessary for ICT investments

to improve firm productivity.

JEL Classification Codes: J23, J24, M42, C53, C14

Keywords: ICT investments, tax benefit, ICT labor, human capital investments
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1. [FCE®HIC

T HIEE A (ICT) O RITEENED EAIZHET 201EA S0, Y a—0fF4 72 A
> & “You can see the computer age everywhere but in the productivity statistics” (Solow 1987)
(ZfifFE BT T, 1990 4EIZIE, Z DRIV~ IFEER) 72 RLAE (5] : Harris 1994; Brynjolfsson
and Hitt 1998; Gordon 2000) 3% < m&ijz, £k, HEitL VD~ mF—F &
MRPEE SN DT T, TETIE, ICT EDBAEEND ERZ2 7269 &3 5 A i
By & 72> Tu% (1 : Jorgenson and Stiroh 2000; O’Mahony and Vecchi 2005; van Arket al. 2008;
Spiezia 2012; Kiligaslanet al. 2017; Gordon and Sayed 2020) ,

IOl TRERA M=V —] 1%, BRERLEDLAAVTEHUIESNZI 707 =220
TR D b R ATV D, BilZIE, Syverson (2011) (X, ICT BENR~ RV AL ST
7T 4 A& OHEAEH] (Bloometal. 2012) , AR kv 7 OB#ZFR DU E (Hubbard 2003) .
EFET BB ANDREED X A 7 OFh#EAY (Bartel 2007) 72 £ %38 U T, B3 L~V OEFEN
gL BB LI FH 2RI L5, F72, Stanleyetal. (2018) &, #RFFLSN DB %
B RIRERTEDHT DY —_A IS E | FHHEFEOA ¥ —Ry bt &+ 5 FHa
EHOILKIZ K 2R 2 ERInE, WRRT — & LIEMLHERR N Om L2 E 2 725
WPEa X NOIETF (Bl A T4 o X0 7)) BREERSEGERMTOY 7 by =7
W To A X @ E ORI X DMBEE EORIEOUGEER L ICT &R~ 72
JRHEIZRB W TEEDOEIIRE & EBOBIT2 R L, EEMOUEIZFHF S L TV LT
EEFLCVD, TS HBeHE L LT, Agrawaletal. (2018) 1%, KHET — % OF|H
PEREMESTHEFEHRE LWRBELZT TV D IREOEETE FIEOIEHIZE D, filx
X, BREOTRZ A7 BEMENDZ LT, REMEEZT TERANE 7 Z—I12BiT
DERA REBDPNRIE SN TV D EELHFIT LTV D,

ICT BENEEEEC 72629 Uiz MELk) O—F5 T, 57#EOS5»6 /ic T
B 2OV T hiEmd B S N TS, REMRFZEE LT, Autoretal. (2003) (%, ICT
WCEoTRESNDZ A7 Z2BE LT D, "= =7 LY T MU =7 OMBEDEN
ERE SN FEBLEOKRE )2 N LD R ERTE DD THILUL, TILHDHE
BrHYL L QW EBOX R PNICT ICL > TRESNDATREMER S D725 5, HilxIE,
% < DARFENBIRITHTFERHFE 2 HE D TV 5 B BNEEEAN I, BLE M TIIEkiE A2 @M o —i
EFROVTREZIAHPAICE 2 ERKIIATONLTH 20 OO FERIICITIE K7 A N—D
JEMNC R E 708 % 55 2 2 WTREMED @V,

ICT |2 X 2R DEA (replacement effect) 23 —fEAIIZITI R X 22 H 28OV — 57 C, ICT
EWERRICH DX A7 DFEL R STV D (Acemoglu and Autor 2011), ] 21X, #iff
It FIRFEOEB IR D@ A X V0GB 2 RG L LT, ICT KEIZ L » TEHHR
KON E M EIND 77— A% 5 (Lucchetti and Sterlacchini 2004; Michaels et al. 2014;
Akermanetal. 2015) 1E7>, T LWEBDBEATZINLAREELH S, EHICHTHZ 9 L
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T EAER BN ROMIZ S ICT BENA /) R— a B O ELE U T LD @O
E DA HIZ 223 % Al HEM:  (Gordon and Sayed 2020; Wang and Qi 2021; Pradhan et al. 2022) |
MR E ORI EARZ GLILFROBEARL ICT K& L OB O - #ise D T REME

(Colombo et al. 2013; DeStefano et al. 2018; Na et al. 2020) . FiILDH DFERIRFER L LTD
EFEME~DRER L ICT ENZIEIZHE S T ¥ F V%28 U CRERENIEEL KT LS
L2 ERmEIEN TS,

ICT BE P REIEI G2 2B ONTIE, 29 LS B 2 Bamn B 8 2o
Db, %< OEFEZEESFBBRICE SV EERICE E o T\, 22T, RARBR O
I A BRI B T EFEAF JE O R OFEEIL, ICT OEANR T BHHE S EFEME DO LB & v o
Tz R BN ERIFFICIRE SN D RICH D, Pl ICT DFEADBEA L RFE L H T
WEENBIZE S, BTEDBREICH L TENZED ST T e 75, RERNL, 20
BT — 2 Z2BILE LTICT OEARREHOWBD ZAEARH LT ERT 5 2 &3 HkR
W, 2V, MO0 HEE (F D EE ks iE OB N X 2 9 itE 0K T) 12X
L8E® EAIC o T, RENSEHEZMGIE I 22520, fERE L TEIMbEESRT
572D FEE LTICT 28 A L7z rlRetEe & ICT OEA LT oI o KRR %
GURRLIRAN = A LBNTE LB D720 TH D, —MRENC, ICT &E L MR 28152
T=2DHING, ICT ENEME 2 2 58T 2 BRmp BB 2 JGHRYICRET 5 2
EIFEEL W,

il % DAEFEIZ L D ICT EDFESuA, RHRLAEFEMIIH L TED LD RIKEREZH L
TW D% FEFERNZRET T 2 72O iE, EiEoh EORA OO TRNKEL R D,
Akermanetal. (2015) X° DeStefano (2018) ([Z81J 5, 7 r— KX ROERIZEEHT 5 & A
U TRHMBEREMICE R LT ARERT 7 o —F0, %k 5 Gaggle and Wright (2017)
BT D FUIMEEDHZ x5 & L7 ICT G EERLHIIZ A B L 72 Regression Discontinuity
Design (RDD) OF|H 72 E1%, 55 EORE % FIEEZ2BR U #8872 | C ICT #& DR 50 R
EHEETHIDOENT T ROFIE NI D, 29 LICTFEOMNRIL, B8 ReEEMEICE
THay ha—/VEKO T TICT HEIZELDT U KA 5~D conditional correlation % fifEid
TOICHE > TWIEBEFE R Z B £ 2 T, RAR R ORI ZRFHANCEY A TV D,

Afb. 29 LICEFEOATHE & RO RMBEER O, REEEICHK T 5 ICT HED
T M & AEFEMICE 2 2 mWe e 8 % . RIRBIROFANZELE L7222 b IR IR
T 5, kD@D . Gaggle and Wright (2017) Tik, ZEEIZEIT D ICT FEEEBLH]
HUNMRED A Z x5 & LTV RUICER LT, /MBS OBEH 2 V- RDD %217
U, SRR X D ICT & OB EHRCRE R T +—~v v R 2 T B %
HEEL TS, ZHISH LTABIIETIE, BAIZEW T 2003 £ORHIIETEA S
[T BB RIS & 2006 4FICAIR S 2008 4FICHER - e S iz [EHIARTRILBLH )
WCEHRT2ZLT, BHlOEES a v 7 ITERT S ICT H& DOAMVERZR 28 () %5
B, ICT #EOFERNTEN & AFEMEIC S 2 2 REZROFHNHN S,
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AARIZBWCEASNIZ ZN D ORI, BENICT #HEEITo72HAIL, TO—EH
B EIENBUEED DPERRT D BIEEIERRSC, 2 OBEAERRO — 2 R |2 32 & A58
D L B, 2 ICT BE DR LR DRI OV T —EHIEG & @ ERNIE L TE
T2 L 2ROLERIEHEZNRE LTEY, Mivh, BENII ) REBFHEOREE
HWUTICT REDOFERMITZITO DO Th D, Z 2 THET &3, Gaggle and Wright (2017)
DFI LIRS DRIEORER VLT LS RFEDBIEE AT % (B /I E3E)
IZIRE SN TV RWVWERTH D, £ HE b, BARIZEWTIE, ICT HERERLH DX 52 R 4
WHER SN DI THIEE SV S CE2REECH Y . OB PFHICET 552020 30
Wr g 23S (FAE L 72V 5, Gaggle and Wright (2017) 23N /= RDD & V2 Z & ik k7w,
Z T AR TIEOHTOFE B & LT, EFLo ICT #ERER 2 [ED ICT &
5 2 78 BUURICIRE LT 7 v — NRE O R 2 B IEL S L L TR
THZETHBHIEEY 2 v 7 ITERT 2 ICT #&EDINEN BB Z2HEET 5, ED LT,
IO EpE L LT, 29 U CHERE SIZAMERZR ICT #E 0L, BEORE A
PEMEL EORRIZEBR L WD EHEET 5 2 & T, ICT #E DM A & AN G %
RYSESHIE e Vil RN

ARFFEIL, ITED KON ORIENAALTND ICT HENEDER & AEMICE 2 DN
RN R DR 22BN DN T, BN R AR T2 2 L 2B LTV 5, FRC,
BEAEF DRV T E 2 BRER T 7' —F 27T 2 T, ®¥IC K 5 L8256 2 5
WUT=7 > — MERERWTER R R 21T > TV L RICRER H 5, BIEOFT, ICT #
& DR PN FAZ DN THIRI 22 IR R 2 A TSR R D TR Y . ARFFED HTIEY
B ORIEROEBIIFETHbOLEEZLND,

AT B 15 AP SRR A O 27 — Z 121E, ICT £45& OFEM & Bl OFH F24E,
F7z, ICT HE ORI T 2 B0 EBAFHHICIMZ T, HEEBESZONRELTO
ICT M M O AL E S (ICT A#) DANBE, $12n6DHERLHNRE L TOHRA
D ICT AM LSR5 DYRIE ICT A OFEABUZRE T 2 — XA fERDBTLER S LTV D,
Fio, RIEIEBEAGREITIL, T AEENEZ T 572D IR L 72 DB T — X DI
EINTWD, AFRETIE, ZNDDOT—F D9 BLONTEHICED L THo72Elmniiek S
NTWD T RREEZXIG L LT, Bl OL % 1 FRE OB 2 XI5 & LIz e %17
S77,

HEEFRERIZLLTOEY Th b, F—I2, BlIEE Y 3 v 7 ITERT 25172 ICT &
DOEIMIAEZE L~V ORKEE BRI ITETS, BN CrlgErE N el S h T
lreplacement effect 2ARIEE B OMIIE L7725 LTS LW ) ERITHR SN ho Tz,
— T, B ORREE LT, YZICT #EOHIMIL, £ENICBIT 5 ICT AMOREM#EZ b
7o L7z ICT HEEITHE U TRIEEBHEMZIL L Tnvend W) ERROEREEE x5 L
ZORERIZ, ZAREOTEE 2 A7 (ICT A#f, FEICT AM) DOEIED, BifEE T = »
Z AR T 24072 ICT BE OIS LT, ICT MMy =7 &b 5 i~k L
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Tl EHBWRLTWD, 2B, BN LTiTo 72, RO ICT AMICET 5 M
EHANDIRE SNTZICT AMOREHA E AWML L7277 b Al UTHED o 72 HEE D
Rinb, T LIk, N ICT AMOEMREEZ FER L LTBY, #A1BIRE S
T2ANER ICT AMOBIINC X5 b DTN Z & bR L TV D, =12, ICT & DN
DT AEFEMEIC 5 2 2 BT DWW T, 2003 FEOBFIEE 25t R & LIe_X—2 T 1 HEE
MOIXIEDOEDBHER SN DD 2008 OB T A x5 & Lo, ko T
= v 7 &L L7BMB 00 CIIMER ST, ICT #& O FMiNHFBIEEMEICE 2 5
HH O BIIREN 2K E > TV LSR5,

INHORERIX, ICTHREDEEEZ HE L CHEASNEBGIEED Y 3 v 7 BNHMVER
72 ICT & D FRuIZEED > TofE R, AN OIE ICT AM DY ICT EA & Mi5EHI 78 ICT AR~
GENORERABAREEZIE D Z L) By Sn-boo, HHIZT 54D
FRICIZER O R o EEBW LTS, E7o, ICT & L ffise 72 A EE % (ICT F
ME R OERLIEER) OFEEZRBETHHOTHD, FIZ, 29 LI-MEm/RErEER
O VE] B, BlzE, B NWEARREZBE LY AX Y 2L TaEED Z L
LClE, ICT &N AEFERDOUGEICHRT 2RISR OND Z L bR LTS, AT
X, BiRlOLES 1 AFREOHMIM 2 MR E LIEREDROHEEIT>TEY, o, &%
EENICBIT D ANEARBEE OB OWTEIET D Z L2 L > TICT #EDRRITIERD
BBEVEZRRIG & LTI T & TR, 29 LCRHED F T, ICT &M F7 @£
PEIZ 5 2 DB OV T IREMN G & e o 72,

AREORBIILL T OEY TH D, 628 T, AL L B4 2 BEEAF e 2 84 5,
F3HITIZ. AR TORHOFTE L 72 5 BiHlSEDOHIERNE AT 5, F4H., $£5
HiClX, &4 ARIZIT 5 IS & T T — 2 IC DWW TR L7z BT, 26 6 8i T3
INTOREREE L DD, BTEHTIE, AR TOONEREZ T Ay artEl®d
BT,

2. BETHRITHE

ICT & DB HEATENC RIT T E L oM LICBEFA R0 <iX, BERar hr—1 %
BaEHWTHEEEITH 2 & T ICT & LR L~V D EMEZEE L O D conditional corre-
lation ZH#EE L TV %, Draca et al. (2006) <> Acemoglu and Autor (2011) Z23aEAAIC P —
A LTS NS OBEFHIFE T, ICT & L T 4 —~ » XT$ 5 BRI 2k~
T —HIHEDSWTHIE L, ATRe 72 i CRERBMR & L COMIREZRATND R, 7L
b ICT HBE D HAEFE L~V D JEMEA~DEHER 2RI 230 L T2 b D Tiden,

Z 9 LBigT — #1285 < conditional correlation DHETE 2> 5 — A T, ICT & D E
RAEPENE & W o Te BRI B 2 5 R B R A BURANC 0 LI B TR S R S T
WD, ABFE & B b BEHCBIET 2 SEATHIZEIE. 2000 205 2004 FEIZMT THEEIZB W
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T SN 72 ICT HEITBT 5 100% OBAAEERFE 2 H AR5 & L TH 72 Gaggle and
Wright (2017) Th 5, 1L, YBiflFE S /I L TRt Iz 2 &Iz
FHLT, O ECREETIIH DI LODOH/NNEERT — X 22 HT D% ZH Th
WRZEL T 5 2 & T T, YBHIFEE S T/ NMEZEI BT D FERRO ICT HKEHEN
Ebleb Lzl bamliz, 20O ET, #i61E, 2O ICT #&EHEN, ERASCHELEEED
W% 6726 LziEh, £ 95 LICEAEOESE N IER R IZH D D cognitive-intensive
employment |ZFBWTBHFICHR SND Z & &, BEL VLV EMEEBRL VDT — 4 % H
WCHEREMINTR LT, 5 OFEFER 1T, Autoretal. (2003) 72 & CHEGMIIZIER I LTV
HHEARTR—=ZDHGRET NVNTRBT DA D= AN EEEHTH D,

ARAFFER G L T D HARMBFEIZ DN T, AL T HMHT 5 2003 O HRALIERE
A ZET — 2 & W2 %O OB FTET D, B2, B)IT (2006) X, 1T B
DAEFEEFRL LT, "—Fv=7, Y7 =7 ITHBHZFHIL, b adEicErE
BAEHEEIC K > T, IT BIEAFEER IO BIR Y 4 — U BFET 200% 7 A b LTCFESR.
ITHEENLT LHAEEICTES L TWRWEFHMEL T\ 5, —F T, IER (2005) £, HA
TEDITILOHERZE DO OPAEFEMRIZH L TIEORIREZ 725 LTV 5 1E0 M AR
BEROERENIFFFCHEA T DHERIC LV BRSBTS 0N H 5 2 L 2HE L
TW5, TNHDOHZE LR T —ZIHESWT, 5 (2006) TH. XN OMRECER
IR OREFE & NBEAROZFEN, HHLOZREEZ LV ®mO LW EEERH L L LTS,

IO DOFATIHFRZ B E 2 A OEBIZLL FO A Th 5, H—I2, ICT HEDE
MRAEEMEIC G 2 D[RR RICE LTI O SBEBEA TV LB TH Y | BEFFIE L
ZE2 57 7 a—F 2 O CTIRERHEGRIZ IO M 7RISR ZE OB RO bt d, 5
2. BARREZXIG L LI IR CTlE s & LERRHEGRORAMIEETHY | RKEAR L
DT — H THERR S II= FREFE AT & OFLE DI 4N IFAET DD MR T DRI b AR
FROHEERDPFZD 5N D,

3. AMEAHRRET S ICT REBERFNEEDNVI ISV F

AHEITIZ, ATV TICT HERERH & L TERT 2 Z o OBIHIZE O BARH) 72
NEZWBLT 5, 55— OBUHIZEIL, 2003 FOBHISEICE L CGEA S 1T S& e
Bl THDH, ZOHIEZ, VT b e = RHGOICT HE RS H Z & T, 2 - B
I - EPE - BB R BEFC BT A BERE ORI E TR E TR R - BT VORI E
IE U RN EFEEOF S 2T 52 L2 BE LTEY LLFOHSORENH 5,
BT, REBEELZEOTTXTOMRE - EHMPRGLR-oTWVD, FH A, TNLETHLH
HFIEBOMNE TH S Ten— RU =7 OGRS NT1EZD, V7 by = 7 EE 1Y)
DTHRHR LIRS TND, FEEAT, ERTOIRBHEIC AT, WBOHEANRE R K E JER
ENTWD, FIUZ, Hh - B (EARS 3EMALT) 220 Tk, UV —RAEELH
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HHERORI R L 72> T D, BT, BFEHEER & FREENC DWW TRED B HEOIRBLUT IS
CCHHBIZERATGEL 7o o7, O OREOP CRUCEEZRSIL, Y7 MU = 7 B0
THBRIZR TR e BUEDIHENENRKRE LRSI TNDLRTHDH, 2D L1, 2003
FEORFILEIZL > T, ICTHREDOFTHEICY 7 b7 = 7RG ORER 22Tk A3 KRS
KF LI EZ2ERL TR, BllZEIZHRT 2 ICT H&DIMER 2R A B3 Uiz lEE
PR d 5,

% ORI X, 2006 FFIZAIFR S 3L 2008 FEICHER: < RS S v7e T AR L BLH] |
Thb, ZORIEL, @EREREY 2D T 0 BEEINZERV AT 2EEERET S
Z LT, BAREOERE A BT EEEMELTEY, = "—HA L —T ¢
VITVAT AR ONEEY AT APA A M= ST TR Y T |
V=T, YT N 2T OREERAT LT ) =y a YT Ny 2T T AT Y
F =V OB BUE - BFICB LT FRRIER E 71 3B R A RO 2 b DO Th D, BARH
2R, EEISAER D 50%MH Y EORBIER & 10%M Y80 Re BB ERTERR & o306 H A3
TEDHIED, YHIOIEABIBED 20%H 404 [RE & L, PEBRPREE 2 i L 7= @FEIC D\ T
X 1RO LA FIRE L 72> TV D, ABFFE TSI 5 2008 FEOIER - JLFETIX, 2D
FIEEIZOWT, MRBMFIC, FMH - REMTOMSN TV DIERY AT 25 EHET D
VIR =T e LT EOEMEZZ TS OMBEMENT1ED, MR/ N g
IZoWT, BUMBZED BRI RARREN B & FIF b TWnd, —FH T, HigRryRBIE
FEHITOWTIT, R F OBUSIEEDO G D O HABIHI DX G & 72 2 &8I —E
DOHIRBET TS, F—ORIEEE L IXRRY | RN BIRT 5 Z 0% _OflE
ERIIBEFHREDER « IR THY . 20T b T bHlEDOKR G L 22 538N REN 2 D
Thbd, LaL, HIENSRE T DEEILE I N7 BIC, FRCHEBICEB O/ NS 25
EHITE o TP EOEBEEHEN AT STV D &0 9 fAICE B9 U, @i
—DOHIELEZFAFEOEREZFF>TNDH LB N5,

ARFFEDFFHZ Z D o DOHIEEE 2ot & LTHRY & 5 BliL, 2 b ol EZE
BIC, BEROEMAABEEREFIAIZI VT TR ICT B2 5 2 128 2357
r— MREMTON TS RICH D, BIRT 20 | EH R ERRTIAIX 1969 AN
BRAA S 4L, LARE 2017 47 CHREBEAVICIRAS 23 E i ST E 7223, Bl 23MBE3 0 ICT HE I
Z TR OW T RIICHRE Z T 720X 20D “EORHIEEICEL TOARATHD |,

4 . SEFFERRE
AREITIE, AWFIEICE T 5 SEAEHS 283 5, AR O o xtgd, ICT BE NP

DOREAEAEMEICH L TEXTERETHD, £ T, FESiz ICT H#ED O LRHIAT
Wt L7 S ORRE 2 HEE Lz T, FOHEEE &g L OVEREM & o o BR 2 HE

U ERIIZIE, 2003 4F - 2004 4F, 2008 4F - 2009 4F + 2010 FFIZFAE M THOIL TN B

7947



ICT BENDAEFEVEIC - 2 DB~ 7 a5 — 2 I1ZHS < Bt~

ETHI LT, ICTHENREDREM L AEENMEIC L TH X RENRZ 7T 5,
FT. SITOFE ML LT, BUNKEIO—2>Th D IHEHRAHEFEEFEICB VT, FiT
O ICT BEEREBLH Y TICT BT L CTH X8 2R ETHRMNAH D 2 LIciE
HL. ZOE#A ICT ZE KT 28IELEEE LTHWD, 207 7 — MESIE, TR
MEDORRE RO ICT HE 2 M2 ZRIEEES BRI E LTEXT-HD
Thbd, KT, ZORBEEEO B2, RMOBEK@EY | Bifl 2 EOSEE
WCEBWTHHRERL TWeThHA D ICT REDEGWIZH LT, BiflofERe LTAM
DFSE L72 ICT E N EORREM U= Z L T D ERET D, 29 LIEARED T
TiX. O EBIARFHM~E RSO EFENE 2 EHEEIR$ 5 2 & T, Bifiliko ICT & 13
RRCEFENENG X RN R B EHET D2 L LARETH DM, AFFRTIX, OITOH
—EEE L LC T A DB AR R EEO ICT &AW+ 5 2 L T E SNz ICT
FED 5 HLEHIAEEICRHG e @FEAHEET 5, BARIICIE, BIlAEEOREFH RIS
B 2ER RS 2E¥Ef O7 7 — MRZERER (V) &, FEEOUER - AN4E72Y
ICT $e& FEfakl (ICTpy,) \ZPET 28AEAHE LTHNWD Z & T, By a v 7 ichikd %
ICT & DKEEHEET 2,

ICTfit = .BO + BlIVfl + gfit where t = 2003,2008

ZDOGHTOBEBINR A =7 ZZLUTOBY Thd, WEEE—ANH72D 100 BALO
ICT & AP ERRZIAT o 7oA A NS, ZORMIZEED TICT & D Fhulzx LT
Brbzlc) LORZEPGEONTZET D, —H T WEEE— NN 50 HALO ICT &£& 4%
BIHIE R ZIAT o IoREB 2D IX, BfIZEEN TICT & D EhEloxt L THEL 5 2 Tn
N LOREERGELNEET D, WHLICBET 2o EZUENICa Y hr— L Lk
ThiuX, 29 LIEARITHHIEED ICT KEIZH A 5B L MFTT 5 L T2EICRDT
bAHH, TIT, BT, BHIEER [ICT KEDOERIZ L TREL G2 T\ L
BUT-ZECHREER — A YS7-20 100 BEALO ICT & & Bl Fi% 12T > Tz &)
BRSO E LE S, ZNHDERIDL, BEAOFMUIHEEE — AN Y720 100 H
AL ICT |BEITIE, ¥ C OFEM L-EER— ANH72 D 100 AL ICT &EITH LT, Fil
FNZERE T2 ICTREDZL GENDL EEZEZXDND, 2D X 51T, Bl a v 7 DHED
HIEICBIT 2 ERN I 2 S L2083 5 Bl ZRICHRT 2 BHIAE# O ICT &5
IO T Z ERARRICB T DFIEENTOFE —BEETH D,

ZITHRICEELZL S NEIE, Lo TWthicBEd 2o &t2afEmica sy ha—
NLTe ETHT) EWORMHRETH D, 29 LICRHEDME L e 58l & L TiE, fil 2R,
P ZE B 28 ICT $& D FMilxt L THRD TR Th o7z, LEE LIEER, ThTh
BNTNRT =< A HTHRETHY, WERINHEZL DICT HEZITo>TWIZEWN D
BANETOND, AFRETIE, 29 LEBEEYRT 272012, £7°. ICT & DO EE
FAI 35T B IS DR/ (5 71 % 58 L o2 bASalesy;,_,) & FEE L~V O ER ()

7957



[ #2209 =

Zar bu—L LoD, BflZRICHRT DBHISIER OMEER — N Y720 ICT & i
FED TKHE | (ITpyy) (ZPET DAMVER R BT A HEE Lo ot 2 N— A7 A & LTHRMT %,
Inooary ha—VEED S LRTFEIZE - T, £ LUl d confounding factor 73 & 5 F2
Ear hr—rEn5En, BEICL->T, X7 +—~v 2 ZADZZFHIIL TV 2 HifE$
DREXEBEAGDY a vy 7 &2ary bu—L325Z ERHkS, #ERT (1) Ol Th .

ICTfit = ,80 + ﬁllVfl + ﬁzASaleSfit_l + 7’]] + gfit Where t = 2003, 2008 ( 1 )

WIT, FER OB A MR T 27201, (1) oA s L THWBLHIMIER O
PEEB—ANYT72Y ICT EEhF D [k#E) CTidle <, Bl ERiZOEE— N K720
ICT #EFEMFED 1816 Z2x5E LT, ZOMEE— N Y720 ICT #EDOETHD FTH
FNCERT 282 HE LT V2R WD, ZOETATIE, BHIZEEN ICT g 03k
fElZxt LT TR TH 72, LRI Lm0 TR S EVy ICT
BED TKHE] 21T TV E VW HIBRRITHOVWTEE SN TWS, #ERIT (2) D@y
Th 5D,

AICTfu_- = ﬁO + IBIIVfl + ﬁZAsaleSfit—l + T)] + gfit where t = 2003,2008 (2)

TS DF— B OHERE RS T O T S I ICT e e OATC T, 13, BRI E RS 2
BIHIZAEHOWEEB — AL 720 ICT FEFEDOKYE (ICTy,) FOBLHIZ T f kT 2 Bl
EEATHEOUEER— N7V ICT HEFEDOLEA (AICT;,,) & U TR TE 2, ABFE T,
IV 3 ICT i 36 L ONAICTpy L IFFHBI L TS 8, DR R OEEM 235 & L7285 B
BEH OHEERIC BT DRREH L IFMHBE L TR0 E W 35 EoED F T, L ~ur
DOUEEBH, WERIZED S ICT FIAHE L OEHRLIEEE (ICT AM) OREMAY =7,
WO ICT A#F &SN 5 DIRIE ICT A OJEM | F7EBVEPEMEIZ 5 2 5 R D 58 4 45 < H#E
ET D, ZOHA EOBIEX, B EORRE A ICT #E 2 M0 &0 o T
= MCKT HREREN, MOBRK@EY . BflcER T2 (Bl = » 7 238k
BB L DB TR B ICT E DG ZFH L TW A5G EIE S d, DE D IVl
ICT#& L DOMHBEZE L CORBERASAEELEMETL2ZE L d, 2B, ARTIE,
Gaggle and Wright (2017) 1Z{it-> T, SMBEREE S K & < b L TW R WHIIS et S 4
LHBENSHEMOEBIZIEET 5,

ZOH BB TCOGHTIC Y oo THET &I, ICT 2 A0SR IR 2 N Z A L
TND 7 EDOERTENTAREDN, ERIDP DG L TEWAS T+ —<v 2 ZAERLTED,
FERE L TERWKED T 4 —< AN ICT HERIZRICBWTHZE I LTV IR E 720
EWIHAREMETH D, ZDHGE. Bl OREFRNRICET 2 FBFHIZ 2R L2 5
FHAI L 72 AMERY 72 ICT #5E O FEHiN . FHRBENRT +—~ 2 (DKHE) L EDOFB
EALTWEELTYH, ZOMHBEE S - TREEGRE ERT 2 2 LRk, 22T,
AR CIE, B AR DBHEARICEDREREED [81b) 25HILZ BT, Z20%
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ICT BENDAEFEVEIC - 2 DB~ 7 a5 — 2 I1ZHS < Bt~

L& a > 7 HkD ICT & & OMOBMREZHEIET 2 Z & T, ICT IE R4 RE
PEINS 2R DB L TED LS RRRREZA L W a2 HEET 5, BiflZ T
BOEMEB DS (AEMPyy) ZHTROT v M L L $ 558 0#ERIILLTO (3
—1) B (3—2) TH%S,

AEMPflt = 50 + 511CTflt + 52A5alesfit_1 + Vj + Efit where t = 2003, 2008 ( 3—1 )

AEMPflt = 50 + 51AICTflt + 52A5alesfit_1 + Vj + Efit where t = 2003, 2008 ( 3—2 )

B4 AT DAEFEYED ST (ALPy,) Z0HTRBROT U N b ET 256 OHeE AT
UTFD (4—1) BED® (4—2) THD,

ALPfit = 60 + 5116Tflt + 52A5alesfl-t_1 + 'V]' + efit where t = 2003, 2008 ( 4 — 1 )

ALPfit = 60 + 51AICTflt + SZASalesfit_l + V]' + Efl't where t = 2003, 2008 ( 4 — 2 )

LEDOFEGIKZ F LD &, BB T, 77— MERZSH LD RO
ZHIHR U CTAE U AMER 7 ICT & OB 2 KU L b BI L CRRIIL 72 BT, 28
TEREE LT, 2O ICT & (/KL ZBSTTEET2) OIVER 7R Bh23 @ A FENE
DA & EORRITER L TWDNEHEET 5 2 & T, ICT & EEDREM & ApENEIC
kU TH R TRERR 20T 5,

5. T—4

AETIE, ST =%y MIOWTEBIT 2, AFIETIE, BUNHENTdH 5 1L
PSRRI A & R B AR ADOBE L~V EET — 2 2 5,

51 (EHRNEBERERE

THMALERERETA 1L, AMRMEHEICI T D IERLIRO TR AR L, 1 RECR 0 Al
BRI ETHZEEBERE LT, 1969 FICTHA D BALE S v, A FEME S e b o 72 2015 4
ZERVNT, 2017 FCTHENLE T 9 5 £ CHEEIM S L TWIBUFHEO—>TH 5D, ICT
FEEDHEG 1AL & ICT OERBEHNE I X D835 - B3 - tha O FAIC T 7 BURM A &
WIHREDO BB A KB LT, REOMIED S b ANELNE., HFEAK., HFAH, BHER.
B « R SUERUA, BEK O RREDEE R RPFEEOBEIHIR T, AL
3,000 5 LA B2 fEEE R 50 AL EDORZEXIHEREZ MR E LTWD, EAFAE TITH
FUT= BAE O FHA R L 4000 #2705 9000 #LFRFE TH 5,

WA ERRA T, ICT RO A, N— RN =7 LY 7 FY =720 TRA
LTW5IE0, #END ICT AMIZHOWTH Z O Z R L T\ 5, E72, 2003 2 IT
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Fsss 4] 25 209 5

FEMRERH ] 2MEASNTZERE | 2008 R TERAMIRICBIH]) BSIER - JEFE S 7B
WZIE, BifilZE RIS L o THEAD ICT &N E DR E L Z T 2N OV THIAEL TV
%o BARBIIZIE, 2003 4K TN 2004 ORI lwtfnﬁgmﬂi%ﬁmn&gz%

%ﬁziﬁ“m EWIRMNH Y il ifbf M. BRicEEs 52 Tns 8

2. BIBMECITRELZ 5 2 TRV, ARl o A (2006 453 H) 122 W%
Ehz5b0lBbnhs], T3. %@%511w@wkwvjw (BB AR ZE DR T DI
Lo TS, F7z, 2008 4, 2009 4F, J 2010 4FOFHAEIZIBW T, MERIEIRLBLHI
X, BHOITEEZ EOREHME G (FIX5%ENEE2) ERNETH Lo
IR H D, ZHUTK LT T0%~1 %Ki 75 [20%LL ] £ TOREPED B RIS
PIBIRT L L o> T 5D,

52 NHEITBEARE

BB EATEIL, BEFBOEREZHA LML, BEICBT 25RO Mg E %15
52 EE AT, 192 FNDREOEED S LY ERMOFEN LR ONED - LIEES
50 ANLL B2 ARG AT HE 4 3,000 17 FILL EoastbaTrtge & L CEH ST 5 BU
MatD—>Th 5, FHEOEIEARFELIL 30000 +HEETH D,

[FIFAE CIX A EEORETEZIET 5 B D e ¥ EEL2FIIL TRV,
ZOHFNITRERILE, AR, BUNERE 2 b EEN D, AT, ZoeEL~L
DEL A T BAEEMEZFHIIT 5,

53 ZEH

AREDOIHT THODELIILUTO LB ThD, B2, ICT REH (CTp) L LT,
TH AL FEREFH A TR S V7248 ICT &R COH#) . ICT ~— R U = 7 IREH, ICT ¥
7R 2 T REEOMNER NG &FE D, I OEKICET AHESR S LT,
2003 4F + 2004 FEFHE TITY N AL ICT B H (1 : [ 8 & sEARF B2y o B B, Wi
EHNE) O IHAEFH ELTHDDIZ3L T, 2008 42009 4-+2010 432 Tl [FEE & E~
O EoFEA MO T EBBEN 2 TH ESN T I EAE XS ET) ., 2070, %
FDPHEEL ISR ERERB D LR 5> TN D,

55 UC, BHIBIER O ICT BEEADKIE (ICTy,) # L OBLHISIERTH O ICT B %ED 7%
53 (AICTpy) \TxET DEIEAS (V) & LT, B CHEBLL 72 TR IC &> THHED
ICT &N E ORI LT Tenr) L0 D BIVISRT 2 [E1E 2 v 5, BARRIIZIE, 2003
FERD2004 FOFHEIZHOWTIE, 1. BECEELEZX TWDH EEY ) LS EEDSGH
IC1HBY . ZRUANOHEIC0 2D ¥ I —24 (1(Tax is ef fectivey;)) %Fﬁb\ 2008
L2009 E. KON 2010 FOFRAEIC OV TR, FBEIRBIS xR L7z —EHK
(l(Tax impact = 15;). + + +. 1(Tax impact = 65;)) ZH\5%

C R BEZEE (EMPyy) & LTI B L~V OREER ﬁ@ﬁﬁﬁumﬁM%m\
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ICT EENAEFEMIZ G 2 DB~ 7 v T — XIS RF~

WEEBITED D ICT FIHE L OMFRALHEE S (ICT AM) OEME T =7 (#Total ICT
EMPy; [#EMPy;,) . fEN D ICT A#F &SN D DIRIE ICT A DOENE S =7 (#Inhouse
ICT EMPy; J[#EMPy;,. #Outsourced ICT EMPy; J#EMPyy,) % AV D, Z O J ARSI
BIL I FTOEBERD S D, £7. #Total ICT EMPp;\213. N ICT A#F &AM E D
JRiE ICT AMWEEN D728, #Total ICT EMPy; J[#EMPy, 8 1 % 2 5 EDMFAET D,
WIZ. 2003 4F - 2004 FEFRA 2 V204 Cld. #Total ICT EMP OHIZ, B2 % ICT )
MFE & ICT BT 2 B0 E 72 &4 Y T H HFHLREE NS EN TV D DI LT,

2008 4 - 2009 4 + 2010 FFFHA TITBE DN EENTWD 2, FfZIC, AEVEREAH L
LT, FfApErE (LPy) Z2MV5,

K1BLOE21E, ZNOLOEEIZET L2 ENMGEZEHE LD TH D, AFFEDS)
Mreidx, ROEEREDT — X OAhE 07N (F1) TOOTEFLE LD
O, RHEEBEARFEDT — X BT & 72 D57 AEFENEO ST ORE, T — % 2t T
ELHPADY TN (F2) ZRRE LW 21T 5, £ 31E, 2009 4, KT 2010 FOFH
BB DTax impact = 14, + + + | Tax impact = 6;,D53 AR LIZHDTH D,

&1 ERHRE (FBRLEREREOT—20DH)

Variable Unit Obs Mean SD Min Max Obs Mean SD  Min Max
2004 sample 2008 sample

(Treatment variable)

1(Tax is effective) Dummy variable 4472 020 0.40 0 1

Tax impact Scale from 0 to 6 4553 017 0.94 0 6

(ICT investment measures)

Total ICT Investment / #EMP ('03) 4472 314 177 0 863 4552 025 042 0 4.19

Hard ICT Investment / #EMP 10 th"‘({soa;)d Y uam 10 134 0 753 4552 011 020 0 3.56

Soft ICT Investment / #EMP 1 million JPY 4472 143 146 0 7.83 4552 010 0.23 0 3.05

(Employment measures)

#EMP Number 4472 837 2,993 1 74,789 4552 1,120 4,055 10 131,200
#In-house ICT EMP Number 4472 452 1974 0 74,000 4,382 11 39 0 982
#Outsourced ICT EMP Number 4472 25 207 0 6,760 3,591 14 93 0 2,084

#ICT_EMP/#EMP Share 4472 059 048 0 1473 3,555 0.03 0.10 0 3.97

#In-house ICT_EMP/#EMP Share 4472 056 0.39 0 1.00 4381 0.02 0.04 0 0.94

#Outsourced ICT_EMP/#EMP Share 4472 0.03 025 0 1452 3,590 0.01 0.08 0 3.95

ALN(#EMP) Growth rate 2910 -0.01 034 -4.02 5.87 2876 0.00 023 -2.16 2.53

A#ICT_EMPHEMP A Share 2910 -0.02 049 -10.18 14.52 1,945 -0.02 0.18 -2.08 3.97

A#In-house ICT_EMP/#EMP A Share 2910 -0.02 037 -10.18 1.00 2,718 -0.02 0.12 -0.99 0.10

A#Outsourced ICT_EMP/#EMP A Share 2910 0.00 032 -7.27 14.52 1972 0.00 0.11 -1.17 3.95

(Control variable)

LN(Sales) Log(million JPY) 4,18 9.02 1.80 3.00 16.06 4391 929 1.83 0.00 16.32

ALN(Sales) Growth rate 2,737 0.00 032 -4.37 3.98 2,735 0.03 041 -4.18 6.21

2 2003 4 + 2004 FEFRAEICOVWT G, HHAEEBR OAZIY M3 2 LIXFHETH B,
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HE
Ry

FERVEEFBHELREDT—4)

Variable Unit Obs Mean SD  Min Max Obs Mean SD  Min Max
2004 sample with BSJBSA 2008 sample with BSJBSA

(Treatment variable)

1(Tax is effective) Dummy variable 2506 024 043 0 1

Tax impact Scale from 0 to 6 2440 0.14 085 0 6

(ICT investment measures)

Total ICT Investment / #EMP (03) 2,506 3.09 171 0 8.63 2440 022 040 0 4.19

Hard ICT Investment / #EMP 10 th"‘(‘,soa;;d Y 9506 182 125 0 736 2440 009 019 0 3.56

Soft ICT Investment / #EMP 1 million JPY 2506 143 143 0 783 2440 009 023 0 3.05

(Employment measures)

#EMP Number 2,506 893 3,088 1 74,789 2,440 974 3,041 10 69,478
#In-house ICT EMP Number 2,506 459 1,839 0 36,568 2,360 11 42 0 982
#Outsourced ICT EMP Number 2,506 23 186 0 5,965 1,906 12 79 0 2,084

#ICT_EMP/#EMP Share 2,506  0.57 042 0 3.89 1,887  0.02  0.07 0 2.45

#In-house ICT_EMP/#EMP Share 2506 055 0.38 0 1.00 2360 0.02 0.04 0 0.94

#Outsourced ICT_EMP/#EMP Share 2,506  0.03 0.12 0 2.89 1,906  0.01 0.04 0 1.57

ALN#EMP) Growth rate 1,626  -0.01 031 -4.02 3.22 1,501 0.00 024 -2.16 2.53

A#ICT_EMP/HEMP A Share 1,626 -0.03 040 -7.27 1.22 997 -0.03 0.17 -1.65 1.09

A#In-house ICT_EMP/#EMP A Share 1,626 -0.02 032 -1.70 1.00 1428 -0.03 0.13 -0.99 0.10

A#Outsourced ICT_EMP/#EMP A Share 1,626  -0.01 021 -7.27 0.81 1,012 0.00 0.06 -0.98 1.15

(Productivity measure)

LN('Labor productivity) Log(Million JPY) 2402 9.22 1.73  4.69 16.06 2387 931 1.78  0.00 16.32

ALN(Labor productivity) Growth rate 1,554  0.00 025 -2.89 3.98 1462 002 040 -3.85 6.21

(Control variable)

LN(Sales) Log(million JPY) 2473 1.99 0.66 0.00 6.69 2,183 1.89  0.74 0.00 5.58

A LN(Sales) Growth rate 1,604  0.01 0.28 -3.26 2.00 1,314 -0.02 034 -2.93 2.23

& R N TLSR [ — > . B2 %R -
3 [HRHLEENICTEREICEAL-EZE) ICEITHIEZDORH
Variable Definition Frequency Percent
Tax impact= ICT tax system...
0 does not increase ICT investment 4386 96.33
1 increases by 0%=<and <1% 10 0.22
2 increases by 1%=<and <5% 15 0.33
3 increases by 5%=<and <10% 25 0.55
4 increases by 10%=<and <15% 4 0.09
5 increases by 15%=< and <20% 22 0.48
6 increases by 20%=< 91 2.00
Total 4,553 100

6. HEMR

AETI, HEEHE R A2, 12, 2003 4 - 2004 7 — X Z WSRO H B
JE B E & k5 & LTz ICT & DR BN IR A 7R3, 8 12, [AER O HEE RS K% 2008 4F-+
E R XS E LT ICT #

2009 4+ 2010 47— Z ITHOWToRT, 0 LT,
BEORRDFEAERT, BRI, EEEEORM

g

- 100 -

-

=12,
wEEE Lo R e =T,



ICT EENAEFEMIZ G 2 DB~ 7 v T — XIS RF~

6.1 HEMHR

K413, ZHEHEO ICT HEEBEWNELRRL LTIV H 729 2T, MIEEERDOLEL
IR L CICT E N G2 RPN REHE LTIERERTH D, H—BERBOHENDH, TAM@
Y 220D B 2R 23 BLHI ZE B2 O ICT G KHE L IEDOEZ A L T\ D Z L S &
N5 =T, “BEROHEND, ZOBHIZEITER TS ICT HE FEMEHNEHERET
RIEMOMORIHEZ 5 TR LG5,

x4 REBHOEICHTIEEHRE (2003 £ - 2004 £FT7—4)

Panel (al) First stage Second stage First stage Second stage
ICT Investment A employment ICT Investment A employment
Dependent Var (2004) (2003-2004) (2004) (2002-2004)
Robust Robust Robust Robust
I f. f. . .
ndependent Var Coe SE Coe SE Coef. SE Coef. SE
1(Tax is effective) (2004) 0.42 0.08 *** 0.41 0.10 ***
ICT Investrr'lent (2004) 0.02 0.03 0.04 0.04
predicted
ALN SALES (Lagged) 0.24  0.09 ***  -0.03 0.03 0.14  0.09 0.02  0.02
constant yes
Industry fixed-effect yes
Investment Type (Total ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.043 0.000 0.001
R-squared 0.29 . 0.28
Panel (a2) First stage Second stage First stage Second stage
1(Tax is effective) (2004) 0.25 0.07 *** 022 0.09 **
ICT Investrr'lent (2004) 0.02 0.05 0.07 0.08
predicted
ALN SALES (Lagged) 0.19  0.08 **  -0.03 0.03 0.16  0.08 ** 0.01 0.02
constant yes
Industry fixed-effect yes
Investment Type (Hardware ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.058 0.000 0.010
R-squared 0.16 . 0.18
Panel (a3) First stage Second stage First stage Second stage
1(Tax is effective) (2004) 0.51 0.08 *** 0.53 0.10 ***
ICT Investrr.lent (2004) 0.01 0.02 0.03 0.03
predicted
ALN_SALES (Lagged) 0.23 0.09 ***  -0.03 0.03 0.13 0.09 0.02  0.02
constant yes
Industry fixed-effect yes
Investment Type (Software ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.035 0.000 0.000
R-squared 0.11 0.00 0.12
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51T, SHHEHD ICT EEKEZWELE LTV -9 2 T HEEBIZED D ICT
FIRZE R OGRS (ICT AM) DR =712k L TICT && 013 52 2 RE R
EHEELTRERCTH D, BHOMHOHEZT 7 M AL L TRE LSS
BHFICHER T 5 ICT BeE Ehi%E) ICT MM ORI = 7 I L CTEOEEE 5.2 T b

ZEMTDD,

g

ICT AMOBRHY 7Y 2EEME (2003 4 - 2004 £F—4)

x5
Panel (bl) First stage Second stage First stage Second stage
ICT Investment A employment ICT Investment A employment
Dependent Var (2004) (2003-2004) (2004) (2002-2004)
Robust Robust Robust Robust
Independent Var Coef. SE Coef. SE Coef. SE Coef. SE
1(Tax is effective) (2004) 0.42 0.08 *** 0.41 0.10 ***
ICT Investment (2004) 0.11  0.05 ** 012 0.06 *
predicted
ALN_SALES (Lagged) 0.24  0.09 *** -0.05 0.03 0.14  0.09 0.02  0.02
constant yes
Industry fixed-effect yes
Investment Type (Total ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.041 0.000 0.027
R-squared 0.29 0.01 0.28 0.03
Panel (b2) First stage Second stage First stage Second stage
1(Tax is effective) (2004) 0.25 0.07 *** 0.22 0.09 **
ICT Investrr'lent (2004) 0.18 0.09 ** 0.23 0.14
predicted
ALN_SALES (Lagged) 0.19  0.08 ** -0.05 0.04 0.16  0.08 ** 0.00  0.03
constant yes
Industry fixed-effect yes
Investment Type (Hardware ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.145 0.000 0.157
R-squared 0.16 . 0.18
Panel (b3) First stage Second stage First stage Second stage
1(Tax is effective) (2004) 0.51 0.08 *** 0.53 0.10 ***
ICT Investment (2004) 0.09  0.04 ** 009  0.05 *
predicted
ALN_SALES (Lagged) 0.23 0.09 *** -0.04  0.03 0.13 0.09 0.03 0.03
constant yes
Industry fixed-effect yes
Investment Type (Software ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,914 1,914 1,279 1,279
Prob > F 0.000 0.152 0.000 0.096
R-squared 0.11 . 0.12
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ICT EENAEFEMIZ G 2 DB~ 7 v T — XIS RF~

F 61T, HEHDOFERICHONWT, BHEY =7 O+ & LTHAND ICT AME L #5805
JRE SN2 ICT MM ZE W58 2 3lcHE LR TH D, ZoHE-ENS, £5

TR LT ICT BEFENFEN ICT AMORAE Y = 7125 L TEHE 2 5 ED

BN AN D |

=

IT \MMOERE Y =TI T 2B RTI4TN TWD Z LB gng,

x6 K- #HNDICT AMERR LI-H#EHSR (2003 F - 2004 £T7—4)

Second stage

Panel (c1) Second stage
A employment A employment A employment A employment
Dependent Var (2003-2004) (2002-2004) (2003-2004) (2002-2004)
Robust Robust Robust Robust
Independent Var Coef. SE. Coef. SE Coef. SE Coef. SE
ICT Investment (2004) 0.11  0.04* 010  0.06* 0.01 002 002 001
predicted
ALN SALES (Lagged) -0.04 0.03 0.02 0.02 0.00 0.01 0.00 0.00
constant yes yes
Industry fixed-effect yes yes
Investment Type (Total ICT investment / #EMP) (Total ICT investment / #EMP)
Employment Type (#In-house ICT EMP / #EMP) (#Outsourced ICT EMP / #EMP)
No. Obs 1,914 1,279 1,914 1,279
Prob > F 0.003 0.011 0.906 0.967
R-squared 0.05 0.01
Panel (c2) Second stage Second stage
ICT Investment (2004) 0.17 008 * 019  0.13 0.01  0.03 0.03  0.03
predicted
ALN_SALES (Lagged) -0.05 0.03 0.00 0.03 0.00 0.01 0.00 0.01
constant yes yes
Industry fixed-effect yes yes
(Total ICT investment / #EMP)

Investment Type

(Total ICT investment / #EMP)
(#In-house ICT EMP / #EMP)

(#Outsourced ICT EMP / #EMP)

Employment Type
No. Obs 1,914 1,279 1,914 1,279
Prob > F 0.078 0.094 0.930 0.998
R-squared 0.01
Panel (c3) Second stage Second stage
IT Investment (2004) 0.09  0.04* 008  005* 000 00 0.01 0.0l
predicted
ALN_SALES (Lagged) -0.04 0.03 0.03 0.02 0.00 0.01 0.00 0.00
constant yes yes
Industry fixed-effect yes yes
(Total ICT investment / #EMP)

Investment Type

(Total ICT investment / #EMP)
(#In-house ICT EMP / #EMP)

(#Outsourced ICT EMP / #EMP)

Employment Type
No. Obs 1,914 1,279 1,914 1,279
Prob > F 0.037 0.046 0.892 0.950
R-squared 0.0098

FTNMHFE L, FEEDSHTZ 2008 4 « 2009 4 « 2010 4o 7 /L% W TIT - 7= 5
THY, MNHEANLEG DR LEEHNTH D,
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x7 WEEBHOZEIIZHIT HIAREZR (2008 4 - 2009 F - 2010 F7—4)
Panel (d1) First stage Second stage First stage Second stage
ICT Investment A employment ICT Investment A employment
Dependent Var (2008) (2007-2008) (2008) (2006-2008)
Independent Var Coef. R;t;;st Coef. R;)‘b]; st Coef. R;t;;st Coef. R;)‘b;. st p-value
1(Tax impact 1) (2008) 0.14 0.18 0.14 0.19
1(Tax impact 2) (2008) 0.14 0.15 0.23 0.17
1(Tax impact 3) (2008) 0.05 0.10 -0.01 0.12
1(Tax impact 4) (2008) 0.09 0.23 0.09 0.25
1(Tax impact 5) (2008) 0.35 0.12 *#* 0.36 0.13
1(Tax impact 6) (2008) 0.22 0.07 *** 0.23 0.08 ***
ICT Investment (2008) 0.09  0.09 019 017 026
predicted
ALN SALES (Lagged) -0.02 0.03 0.03 0.01 *** -0.02 0.04 0.07 0.03 0.01 **
constant yes
Industry fixed-effect yes
Investment Type (Total ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,674 1,674 1,376 1,376
Prob > F 0.000 0.005 0.000 0.088
R-squared 0.24 0.23
Panel (d2) First stage Second stage First stage Second stage
1(Tax impact 1) (2008) -0.01 0.08 -0.02 0.09
1(Tax impact 2) (2008) 0.05 0.07 0.10 0.08
1(Tax impact 3) (2008) 0.06 0.05 0.03 0.06
1(Tax impact 4) (2008) 0.14 0.11 0.14 0.11
1(Tax impact 5) (2008) 0.13 0.06 ** 0.13 0.06 **
1(Tax impact 6) (2008) 0.09 0.03 ok 0.09 0.04 **
ICT Investment (2008) 015 023 039 040 0.33
predicted
ALN_SALES (Lagged) 0.00 0.01 0.03 0.01 *** 0.00 0.02 0.07 0.03 0.01 **
constant yes
Industry fixed-effect yes
Investment Type (Hardware ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,674 1,674 1,376 1,376
Prob >F 0.000 0.003 0.000 0.064
R-squared 0.21 0.20
Panel (d3) First stage Second stage First stage Second stage
1(Tax impact 1) (2008) 0.16 0.10 0.16 0.11
1(Tax impact 2) (2008) 0.04 0.09 0.07 0.10
1(Tax impact 3) (2008) 0.03 0.06 -0.01 0.07
1(Tax impact 4) (2008) -0.04 0.13 -0.04 0.14
1(Tax impact 5) (2008) 0.18 0.07 ** 0.18 0.08 **
1(Tax impact 6) (2008) 0.14 0.04 *** 0.15 0.04 ***
ICT Investment (2008) 0.18  0.16 032 03I 0.30
predicted
ALN SALES (Lagged) -0.01 0.02 0.03 0.01 *** 0.00 0.02 0.06 0.03 0.01 **
constant yes
Industry fixed-effect yes
Investment Type (Software ICT investment / #EMP)
Employment Type LN( #EMP)
No. Obs 1,674 1,674 1,376 1,376
Prob > F 0.000 0.006 0.000 0.105
R-squared 0.11 0.10
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&8 ICTAMODERHL 7ICxT HERZRE (2008 £ - 2009 £ - 2010 FT7—4)
Panel (el) First stage Second stage First stage Second stage
ICT Investment A employment ICT Investment A employment
Dependent Var (2008) (2001[7,-2%08) (2008) (20012-2y008)
Independent Var Coef. R(S)'b}; st Coef. R(S)'b}; st Coef. R(S)'b}; st Coef. R(S)'b}; st
1(Tax impact 1) (2008) 0.07 0.20 0.07 0.24
1(Tax impact 2) (2008) 0.11 0.16 0.20 0.19
1(Tax impact 3) (2008) 0.06 0.14 -0.02 0.16
1(Tax impact 4) (2008) 0.08 0.30 0.08 0.32
1(Tax impact 5) (2008) 0.28 0.14 ** 0.27 0.15 *
1(Tax impact 6) (2008) 0.18 0.07 ** 0.20 0.09 **
ICT Investn}ent (2008) 0.09 010 038 023 *
predicted
ALN_SALES (Lagged) -0.01 0.03 0.01 0.01 0.00 0.06 0.01 0.04
constant yes
Industry fixed-effect yes
Investment Type (Total ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,156 1,156 884 884
Prob > F 0.000 0.043 0.000 0.026
R-squared 0.26 0.08 0.25
Panel (e2) First stage Second stage First stage Second stage
1(Tax impact 1) (2008) -0.04 0.09 -0.06 0.11
1(Tax impact 2) (2008) 0.04 0.07 0.09 0.09
1(Tax impact 3) (2008) 0.06 0.07 0.02 0.08
1(Tax impact 4) (2008) 0.20 0.14 0.19 0.15
1(Tax impact 5) (2008) 0.12 0.06 * 0.12 0.07 *
1(Tax impact 6) (2008) 0.07 0.03 * 0.08 0.04 *
ICT Investnflent (2008) 037 025 0.76 0.43 *
predicted
ALN_SALES (Lagged) 0.01 0.02 0.00 0.01 0.02 0.03 0.00 0.04
constant yes
Industry fixed-effect yes
Investment Type (Hardware ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,156 1,156 884 884
Prob > F 0.000 0.303 0.000 0.022
R-squared 0.22 0.22
Panel (e3) First stage Second stage First stage Second stage
1(Tax impact 1) (2008) 0.13 0.11 0.16 0.14
1(Tax impact 2) (2008) 0.03 0.09 0.06 0.11
1(Tax impact 3) (2008) 0.05 0.08 0.02 0.09
1(Tax impact 4) (2008) -0.06 0.18 -0.07 0.19
1(Tax impact 5) (2008) 0.11 0.08 0.10 0.09
1(Tax impact 6) (2008) 0.14 0.04 *** 0.15 0.05 ***
ICT Investn.qent (2008) -0.01 021 0.54 031 *
predicted
ALN_SALES (Lagged) 0.00 0.02 0.01 0.01 0.01 0.03 0.00 0.03
constant yes
Industry fixed-effect yes
Investment Type (Software ICT investment / #EMP)
Employment Type (#Total ICT EMP / #EMP)
No. Obs 1,156 1,156 884 884
Prob>F 0.000 0.009 0.000 0.000
R-squared 0.11 0.10 0.10
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£O A - HHADICT AHERFI LI-HEERRR (2008 £ - 2009 £ - 2010 £7—4)

Panel (f1) Second stage Second stage
A employment A employment A employment A employment
Dependent Var (2007-2008) (2006-2008) (2007-2008) (2006-2008)
Robust Robust Robust Robust
Independent Var Coef. SE Coef. SE Coef. SE Coef. SE
ICT Investment (2008) 0.0 0.07 024  013* 001 002 0.07  0.05
predicted
ALN SALES (Lagged) 0.01 0.00 -0.01 0.02 0.00 0.00 0.01 0.02
constant yes yes
Industry fixed-effect yes yes

Investment Type

(Total ICT investment / #EMP)

(Total ICT investment / #EMP)

Employment Type (#In-house ICT EMP / #EMP) (#Outsourced ICT EMP / #EMP)
No. Obs 1,595 1,290 1,169 895
Prob > F 0.000 0.000 0.114 0.923
R-squared 0.11 0.04
Panel (£2) Second stage Second stage
ICT Investment (2008) 0.10  0.15 055 029* 005 005 0.14  0.10
predicted
ALN SALES (Lagged) 0.00  0.00 -0.01 0.02 0.00  0.00 0.01 0.02
constant yes yes
Industry fixed-effect yes yes

Investment Type

(Hardware ICT investment / #EMP)

(Hardware ICT investment / #EMP)

Employment Type (#In-house ICT EMP / #EMP) (#Outsourced ICT EMP / #EMP)
No. Obs 1,595 1,290 1,169 895
Prob > F 0.002 0.000 0.142 0.860
R-squared 0.09 0.00
Panel (3) Second stage Second stage
ICT Investment (2008) 2005 0.16 037 0.19* 0.0l  0.04 0.10  0.07
predicted
ALN SALES (Lagged) 0.00  0.00 -0.02  0.02 0.00  0.00 0.01 0.02
constant yes yes
Industry fixed-effect yes yes

Investment Type

(Software ICT investment / #EMP)

(Software ICT investment / #EMP)

Employment Type (#In-house ICT EMP / #EMP) (#Outsourced ICT EMP / #EMP)
No. Obs 1,595 1,290 1,169 895
Prob > F 0.000 0.000 0.094 0.795
R-squared 0.08 0.02 0.00 0.02

F 101X, 77 ML E L THEAEEEZ W RZ R L TWS, 2003 4 - 2004 4£4
TN TOH, BHIETIZER T 5 ICT & EHuFEN 7B A EMEDZE TS L TD
EDFEL G2 TWD Z ERg0n5, 2008 4 - 2009 4 + 2010 44 0 7L & W2 45 H7 IS
ONWTIE, V=~ va vyl REORELZ T TWDLAREMEL H D2, 2D DRERIE,
ICT & DFRENEFEMEIC G5 2 D EORB LR T 5 H DO TRV,

ZZETORMBIE, ICT BEH (Tr,) & U TRHIZEZOAKRIEL FIWVT&E 7223, Fiffi T
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LB Y | ICT BEHEOKEITITEE L NV OBERRERBEEDNER G TN TS
AREMEDS B D, B ZIR, REICENTZEBRMANEME L, £ 5 LeAREITB W TIIIERTD
SEVVKIED ICT HEMTOILTEY . 22O IT AMOEM Y = 709 @A FEMEIZ W T
DEF RNV REALTOWDHRENERETHD, 29 LIy —RIZBWTIE, KIZ ICT #
B OERMMAEHEINZIT \MOREHN Y =7 EASAEEE EAZART L T ihoTol L
Th, BIORLERENE->THELRTLE Y,

£ 10 FEEERICHTIERME

Panel (gl) Second stage Second stage
A LN(Labor ALN(Labor ALN(Labor ALN(Labor
Dependent Var productivity) productivity) productivity) productivity)
(2003-2004) (2002-2004) (2007-2008) (2006-2008)
Robust Robust Robust Robust
Independent Var Coef. SE Coef. SE Coef. SE Coef. SE.
ICT Investment (2004 0r2008) ¢ og o5+ 014  007* 005 0.8 0.00 021
predicted
ALN _SALES (Lagged) 0.08 0.05 -0.02 0.05 0.03 0.04 0.06 0.04
constant yes yes
Industry fixed-effect yes yes
Investment Type (Total ICT investment / #EMP) (Total ICT investment / #EMP)
I\Y 1(Tax is effective) (2004) 1(Tax impact 1~6) (2008)
No. Obs 1,069 702 766 690
Prob>F 0.000 0.000 0.039 0.000
R-squared 0.02 0.03
Panel (g2) Second stage Second stage
ICT Investment (2004 or 2008) -\ 07 920 .10 * 2015 0.39 023 043
predicted
ALN SALES (Lagged) 0.08 0.06 -0.03 0.06 0.04 0.04 0.06 0.04
constant yes yes
Industry fixed-effect yes yes
Investment Type (Total ICT investment / #EMP) (Total ICT investment / #EMP)
v 1(Tax is effective) (2004) 1(Tax impact 1~6) (2008)
No. Obs 1,069 702 766 690
Prob > F 0.000 0.000 0.070 0.000
R-squared 0.02 0.02
Panel (g3) Second stage Second stage
ICT Investment (2004 0r2008) o7 (04« 012 006* 000 021 006 021
predicted
ALN SALES (Lagged) 0.09 0.06 -0.01 0.04 0.03 0.04 0.06 0.04
constant yes yes
Industry fixed-effect yes yes
Investment Type (Total ICT investment / #EMP) (Total ICT investment / #EMP)
v 1(Tax is effective) (2004) 1(Tax impact 1~6) (2008)
No. Obs 1,069 702 766 690
Prob >F 0.000 0.000 0.015 0.000
R-squared 0.0275 0.0384
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ZOREREZ T R 11 KUK 12 TR, H—BPEH ORI 52 Bl £ TRt o ICT
FEDMONRE Lo 2iTo iR a2 R L T0D, TR 11 Tld, —BEMOHELZ A%
> 7L, Bl E R D ICT & DAL BUHNC R L7 AMER R b D Th D L E L
7o BT, HiffiZe OLS #EEZ 1T > TV D, BBRIEWZ LT, 20 @RoleE@R kiciE-o5<)
HEE N DI, BIRIZAERTZICONT TO ICT &E DM, OB, ICT A D%
=T bR HEAEEED FREEZH L TWD EDRERIZR > TS, Loy LEGRO®
D . BLEIZEERT O ICT 84 D2t % instrument L TV Z 0 OLS #EE Tik, ICT &%E&
DRFDREELSHEEST 2 Z LTSRN, 1213, ZORZEEZT, FEREET
ICT £ OBHIZE TR OO % (5 AL FEREFI A 1> D R L 72 2 o0 HBIAFHIG 2 [A]
w422 & T, ICTHREDHMOED 5 b, BIRIATITER L7z 2H#E L LT, £
OHEEMENAT 7 b AL E EORRICHBE L TW A0 a2 iERT 5 2 & T, BRZEHED
ICT HEHEDOMOENRET U b B A2 HREDREZHE L T D, 2 OHEE-HRNS
IHETIORLEERO D L ICT WENIT MMOREREY =TI 5 2 D EOREL | FF
WCHANDIT AMOREREY = TIZ5 2 D IEORBNHEZR SN D,

7. FEHETARDYaY

ARFFEIE, BEICL D ICT EBEM & AEENICE 2 202 8 % | [KRBIfRICHL
B LR DEFEMITHRF LD TH D, BAERIITIE, TBIHOEEN ICT HKEIZH A7
MR ZPURICHRAE L-¥EmMT T o — MERAFIA LT, BIZAEICERT 5 ICT
FEDFERD, BELVVOREEER, MEBICHD D ITFMAE L OEROHEES (IT A
M) OB =7 FENO IT AR &SNS OURE IT MM OB =7, FEEE
PRI G 2 T B HEE UTo, R C o TARR IS B 3 2 1 AL PR SR RETR A & i 3Eim Bl AR
TE D ET — & 2 N HEERE RIZUU T OM Y Th 5, 512 SdBiHPE A ISfE S ICT
BB ORI EE L~V OREEEIITEEL TR, 1T, [ ICT & O EhaidikAN
IT \MORR Y = 7 Z8nE w7, =12, ICT B& O Eh A F7 @£ eI 5 2 2 55 o
WEIIRENTH T,

INDORERIT, Bl g v 7 ITENT 5 ICT HEOFEFR & LT, fENDOIEICT A2
ICT BA L AM5EM72 ICT AM & L CHEMIMICHEE SN2 L2 RE L TRy, HFo%k
T RO EELEEHTHSD (B : Tastanetal. 2020) , — 5T, AKFFEOHETEREF ) B,
29 L ICT BEE DM & > TE U EREO ICT AM OIS, F@EENE TR
oA NRT =~ ADUEIFSLT LHER > T o2 Z E LRI TS, =
OFFATIE, ICT OFFICHERTLT L HEA L TR o2 AM, ICT E&EIZHE- T
XWTICT A& LTH R 72 EREIVIRONT-E LT, B¥EL L TOEERSES
AHBHTITIEEL 2V E W) ATREMEZ R L TV 5,

T, NHEAROEREZE U BEREDO RN~ 7 o R FO IR THEH Z4£9H T
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ICT BENDAEFEVEIC - 2 DB~ 7 a5 — 2 I1ZHS < Bt~

WHA () - R 2022), 29 L7 TRERA M=V —] X Z25I70 LT
D777 FE LT, KIFROHERIL, BESHMBOICANERZEEZBUEEBDOY R
XUV ZICMY MO EREHERT OO THD, B, ICTIEL, Xy FU—220) &L
TIESMBNTNWDEY | WHEBIRICH D EEROL S BNEOEMEFMAT 22 & T, AK
(72 AR OB AN+ 2B D E WO RE A2 LT\ b, s, ICT &0 —J7 T
WNIZZ 9 L7l 2+ IciE A TERWAMMBEET 5 &, BEART 4+ —~ U ADUEID

Lo TEMARAR ML R 7 0D, ZOEKT, ICT & M4 FEME~IE DK 52 F
ZREOTZDICIE, MR ERTHLHEICETHICT VT 7 v —0dEs, (ALK
IZOWTCHEEBTHZENHEETH D,

FEINT=Z L OMFEREND, LT, FFICHEELEZ N2 bDEE Y 7T v 745,
B2, ICTWEDOFRERE LTHLWZ A7 BWERE SN ENENROT — X 5%
EOTHRT DI ENARTH D, T2, EOLX I REEICBNTEY AL — X/ RfEZ
BT O DN Z BT 5 0ERH D, T OHHTITY - - T, B2 5 IT FHE & 15#®
RS & O IEfERXBINEE L 72D, HIC, REICE D AEFENESCREA~OREL |
OFEEE (] : TFP) CHMOBEK T 2 v 7 (B« FEECK) OFA. B BrEss
EHHE) L OZHENREEZ GO THERT D1E0, RIGRE 2 EOMoETE & OGRE
WRTHZEbEETH D, TFEOHTIEL, ICT HENEEOEAREZTHD HNEE
AT D EWORGEL (B : Pellegrinaetal. 2017) X°, ICT H#EIZ & > TERIEDOWSN R DML
ENb 7 EOMH (] - Kneller and Timmis 2016; Hagsten and Kotnik 2017; Rasel 2017) 73#&
AEENTVWD, ZHOHDOIIZENESEZ L TTND AN =R NE, ICT FE N EHEAICAE
PEDUFEE 72 b T ERERN R A =X AL 3HNC, Bz, fISh i KECH - T-HE -
TR DG AL OIS T 512 351F D learning-by-doing 72 & %18 U 7= [ 70 ZE PEME
WEDOA =R LE L THIET D AREERSH D, T DHEEOT ¥ 3V % FEIERITHRGT
5Z LT, ICT HENREDOAFEMRICH 2 HEL LV ERICEBET L Z EnHkD, 8
UL REDOICT N EDE I RI 70D A=A N %@ U CREOAESEGEICHSTH
D0k, BIEFRETEICRFT L TV ZENFIRTHSH, AROFHTHRI LIZED . K
BT — & LS T2 O @ E O TR, AV EBICBWLWTERSA TN
2. ITHEOMFE (I : Cao et al. forthcoming; Li et al. 2024; Miyakawa and Shintani 2020; = )|
1E2022022) Tl BAEX—2OFPHET ABPEEOLMT B SHHT—% Ok
MHSZEL RWER) IZBWT, AT LD TRINCE HHERE L FEBL TE WAl etz 1
WL TVD, 29 LIEfRIZ. EORIBRRUICBNTED LI X AT~ JREDICT &
ANHEAR E DRI A DTS OFIHT &), Bl &k BEERFRERETCHH L&
HKL TS,
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