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Supplement Readings

(1) M16; S9. !

(2) Efb3#R: Loyalka, P. et al. 2021. Skill levels and gains in university STEM
education in China, India, Russia and the United States. Nature Human Behaviour
5, 892-904.

(3) EAfth3Z#ii: CAPITAL ACCUMULATION AS A SOURCE OF GROWTH
(4) Eftb3Z#t: PoruLATION GROWTH AND TECHNOLOGICAL PROGRESS
(5) Efb3#t: GrowrH EMPIRICS AND POLICY
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(1) ERRHEREIRIZNA.

(2) EREESHS, DieSHISES.
(3) ERWERRSWENRE.,

(4) THAIBKIZER Solow FEX,
(5) EREDIIESMBEE.
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(2)

AR BRI (2024 5 03 A 12 B % 5 #R): # 4> 7/ (new productive forces)
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PUAEAE H ) 3 1A 69 B OR, AR OE KRAGARIL 12 89 A8 B3t LA i B AT IS
RUF LB TR E], AHHAIATRRBE AN =L, X, Fahe, RAREH;
REF s T F . RNFMES e K, LMo s2 A )37 4 7] 2R 4]
Py B A AT, AR RIS KA A £ 5%, AT RERCHEHAR LR,
R, BRI AR EARL. R, LARELBELKE, HD
MGz &g AE XA,

AR (2023 452 A 28 H): PELZHFAALIT—HRESTERY “Wh” F
o, 1. BORSEMSRE LR 2. ERFBNE RGN /; 3. BLBHE LTSS,
4. BTG FFARREE S .
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PESFIEKAISAIZENA?

(3) ARFEER (2021 5 04 A 26 B): HEFRARGBEFERYHZAFHK.

(4)

F—NBREFELEHAIBH N, BTN E 2T AT ETRL, 4845
kA H G, HEAEMERETIRE KA E ZEERAMGEK, &
RAEFRIMEXERZONKR, METEZFWH—F AR, 2ERNEER
HiHk, PEREAEORGRANBFEKGIH ), AL TREXERS
HRHRZETHOR T Aoldd, FZNBRAFIBAHGG K. MEZETHHY
BEFRE, BEREREFUMRIE, X0, RABARTRERAIIE LA
A%,

BAT, PEHZFEKGE-—MBRIRCELER, MAEAARZFHRERER,
B@ilsty 255 SR A, WL BEE &HEEAMG T, THILAN
B L EAVRK B F N B A =B, RS ARBE _NBEE=ZNET ),
B ) B gt N AL E 2R R = M B A ] 37 3R A B B

AR (1988 59 A 5 B A N4 FZIEKR LA Litadikas, (R F k)
% =%, p274-275): B R DG, HAFHRKREAS N, FRIEWAXEFFR,
REFE, HPEHRRE—EFHo oo TR F B AR AT o
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(1) PEARBIT CRNERAIETHMAAE) (2022 4F 9 A 20 B): FER2FL0
Ht, REZWENZFLE, ARETEWNAR®, TEAEFHERTREZE
HEZF@EL. it l, ARARREULFEE KRB HH G AR A EK
Fo PRYE, EAELLWAEFHERFEEARMNEL KT, FEHFP MK
KR “EEFNT REEEEOANENRFE, PEAKAEKBHARAE r g E5R
R FBKkE g Kk, TAFARHEZTHAER, 2FHALBTRE
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Outline

1 Definition of Economic Growth
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Definition of Economic Growth

O TFEMA (M, 2019, p.249)

—., EFEKMEFER

MARBE IR, AT, EANASE (GDP) BERMR
—AER (SHK) AFENNEER, WRERMWEE (REHKX)
A P R R I BB . I, NERNEEE, AT MR m—4
Zyeih (ERSG0K) WU 5 s A, R ARBBER B CDP FR
(7= F AR o

i, ERMATRE S, ZURHK R SO R N, B, e
AR N A AR (CDP i), WiTLIERHN AL & (N GDP),
zﬁ%ii&mﬂgﬂ DL RO o G b R w0 AR
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Jones's (2020, p.12) Macroeconomics, 5th ed.

Per Capita GDP in the United States

Per capita GDP
(2017 dollars)
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Outline

2 Capital Accumulation
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Capital Accumulation
in the Solow (1956)-Swan (1956) Model

Assumption 1

The production function is neoclassical.

Assumption 2

L and A are constant.

Lety:Y/L,k:K/L. ';i’i’ 'i;f/é
Y =F(K,L)=y=f(k) by >0,
Soving = nvestment
With the assumption of Sﬁz 1, the fundamental equation is

K(t)=s-Y(t)-5-K(t), Vt=0or
k=s-f(k)-=6-k, Vt>0
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Balanced Growth Path

Definition 1 #4518 5¢1%

A balanced growth path is defined as a situation in which various quantities grow at
constant rates. It is also called the long run state or steady state.
+t>oa

Yy 0k Break-Even Line

f(k\ __________ --=Production Function
ok, =

e (s
V’ Actual Investment Curve
=0k | sf (k) 5 il
St %
ﬂ*: flk') = Fl/z,*, p)
Ok Y*= L-Fh* D= FK” L)
f"*)|*=‘= +o0 kl > k* <« k2 k
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Effects of Raising Saving Rate s
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ky > k
Jian LI Il Growth

k=sfiks-Stkr = o
> sfik® = Sik*

' ok~
JebD +sfik?) %ks—’_—s =1

*
fik = 2 (5-sfum)

o fhs
s~ S-sfi)

kRt

13/38



k=o s sfik”)z SK*
c* = FilS- ¢ b
= f5-56*
e Sl e *
Definition 2 ol =mav ¥ &= (i )-5) % =0
The policymaker chooses the saving rate s such that the steady state value of c is

maximized. The optimal saving rate is called the golden rule level of the saving rate,
and is denoted by s,1q. The steady state value of capital corresponding to sgq4 is called

Golden Rule Steady State HZ#0l42%

the golden rule level of capital, and is denoted by k. gold A 4k, M)-
y Sk
- P g
G
iR
D i
C;old:maxsc*
: /) s
aving Rate s
i’ ; ﬁ/&—mé;{ 1 . where a=.7.
ol Golden Rule Level of Consumption per Capital
k;n/d k
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The Transition to the Golden Rule Steady State :
Starting with Too Much Capital

Output,y _\ ................

FANRBRA LS F #3718
tobfi), sV, i), T BABGIn £
vy, IRk, Y bA

I\ Shil T<sk, i ylelil

Mankiw, Macroeconomics, 11e, © 2022 Worth Publishers

Consumption, ¢

Investment,i j ......................
I=sfbs !

¢y, 1)

The saving rate
is reduced.
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The Transition to the Golden Rule Steady State

Starting with Too Little Capital

Mankiw, Macroeconomics, 11e, © 2022 Worth Publishers

Output, y |
Consumption, c |

Investment, / | ;
1= .‘flﬁ) t Time
«f.1?

The saving rate
is increased.
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Outline

3 Population Growth
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Effects of Raising Population Growth n

Suppose L/L = n. The fundamental equation is LA BT 7
k=sf(ky=(n+8)k nTk*| =y*)

y
n,+90)k - o=
(. +) ANTIBFH 1y
» n,+0)k Break-Even Line
\ E.lz— Actual Investment Curve
E, Sf(k)
RAREARE AR
k, €¢——— k1 k
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Outline

4 Technological Progess
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Technological Progress ###

Suppose A/A = g. The production function is Y = F(K, AL) where AL is called the
effective labor/worker. 2 The fundamental equation is

k=sf(k)-(n+5+g)k

where k= K/(AL),y = f(k) = Y/(AL).

P ¥
bx% » Break-Even Line
X E
" \ . - Actual Investment Curve
E, s f (k)
%\\’\g lad o1 M;wuw(a,{ proguess
\MX Y=Flk, AL) Gt Foe, ikt
Y=FiAk, L) BFiHY.
Y= APtk BRI
Hicks - neutrat
k < kr k

2
Effective: Actual. // Effective demand. (Merriam-Webster).
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Y = F(XK, AL).
A= A(]egl, L= LLe"', X = XLe“, K — K[;e7'.
K=s5Y — 6K

F is neo-classical.
If the economy has a steady state, then F can be written as Y = F(K, BL).

K Yy . Y

T - X 0= X

Y — F(XK,AL) = % - F(X, A—KL) - X FQ, %)

us %,A = Age? L = Lee™, X = X¢e"', K = Kge™

u = :—L = %e(gﬂ—z—v}t. u 'uue(y+7' z F(%) S f(uUe(g+n z -7)1]
¥

= _ X(eﬂf(’u(e(gw z 7)1) = (_)A _ (Xneztf(uoe{g+'n z 7)4))‘

x|~

0= Xc(ze" f(u) + " f'(u)ug(g+n —z —7) 9" N = _gf(u) = f'(u)u(g+n—z —1).

A
if(g+n—z—7)=0=z=0= X = Constant. Béy=>Y_F(K,BL).

) 1 z A ATTY—g—u
zf(g+n—w—7)7é0=>;z+7_g_n—f(u) BE——



“ 1) | ( flu)
/m @) du = /u‘ ﬂ;du = In f(u) — In f(ug) = Bf(Inu — Inug) = In = ]n(_C

f(uo)
flu) U s _ (% N AL
:f('uu}i('u() = f(u) (u()f(u()' ufﬁ
ﬂéz-f-'y;g—n aé’y—z—n =>ﬁ=1—7ﬁf:ﬁ"=1—(14
_ flu) s flud) s AL s f(uo)
= f(u) = ué (ﬁ) u_é’K (7) C uS

Y=XK-F(lu) = XKC( )” C(XK)' #(AC)? = CK P (axF)L

B2 AX'7 =Y 2 KK, BL)



SDTREW (M, 2019, p.265)
164 BEFARED R EEEKERNRSHRKE

WAEAS R (=) TSR
R fe i 7%
HATMT P VA LT
A e e
HA 5 -3 1 YEan Tk b 0
gfnf,g
K K I
NIGEA W:kA k=7 Tt 8a
L i = AL k
Ai&]f’:§ 7V——}’A Y= 1 I =g 8a
BA K=hAN 'E’ gt gntes
B Y=yAN Tg= b 8xtea
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The Golden Rule

7 .
7k
i (B goa) P
// ; 8'}30’(1 —————
% i (n+&+0)k
< k;gald 2 0 Seold ;
9-13 HRMEERNHE
Example 1 (MIZR5E®)
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Sources of A 1: Intentional Technological Change

Joseph A. Schumpeter (1942, p.83), Capitalism, Socialism and Democracy:

“The fundamental impulse that sets and keeps the capitalist engine
in motion comes from the new consumers’ goods, the new methods of
production or transportation, the new markets, the new forms of
industrial organization that capitalist enterprise creates. ...... [This
process] incessantly revolutionizes the economic structure from within,
incessantly destroying the old one, incessantly creating a new one. This
process of Creative Destruction is the essential fact about capitalism."

DI ML
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Outline

5 Convergence
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Convergence in the Solow Model %%%5iraaiss.

£= s-ftz)—tﬁ'f}*n)l_
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Conditional Convergence

ntx+o
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A=-)-nit)

2y a0 E . :

The Speed of Convergence 4y5vaREjs TS |
The speed of convergence A is measured by how much the capital growth

rate declines as the capital stock increases in a proportional sense. It is
given by A(k) = d(k/k)

In the neighborhood of k*,

k- s (k)

-(n+g+9)

>\~>

=—(1-a)(n+5+g)-(Ink-Ink*)+o(Ink—Ink*)

=\ (Ink=Ink*) +o(Ink —Ink*),
1 * A BRY

fer AT
where aj =

* AtH
) and A* = (1-aj)(n+J+g). Intuitively, A* can be
interpreted as

s I Y AV
T (nkr-ink)At §% = VB vk
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gt - ($4910) < hixy A=l £,

e

Am = hia®>+ hix" (X—2) +o(x?)

X %
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(ex) ¥
f(k*) b pky
= %*
sP D ks
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6 Growth Accountmdf?ﬂ) L S b i
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Y: F(“/LlA}

Growth Accounting InY = InFik, L, A>
_f_ Fek+ 6L+ Fah
g3 g Fik, ¢, A)

Suppose the pro uctlgn function is Y = F(K, L, A). In growth accounting, A is often
called the' total factor productivity (TFP) which captures effects on output level caused
by factors other than K and L.

Y _KFcK LFLL AFaA _
Y v kK'Y LTy AT %R A

KFK

Let ay = Bz LF‘ denote the factor income shares. Let x1pp = A\’;—A A denote the
contrlbut|on of TFP i‘c Wy NGfak

’k}*f‘y?ﬂlﬁ‘f‘ﬂTﬁTFP: XTFP = 8y —AK&K — BLEL.

If F is homogeneous of degree one in K and L, then ax + B, =1

ﬁ’* Growth

[ Labor ] [Capital]

[Technology] [Institution] [Culture] [Geography] [Environmena [ Energy ]

total foctor pmd’uc#/w‘-éy (TFP)
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The Slowdown in Productivity Growth $7#8« Fp3.

TABLE 10-1 Accounting for Economic Growth in the United States

SOURCES OF GROWTH
Years Output Growth — Capital + Labor + Total Factor
AY/Y aAK/K (1—a)AL/L Productivity A A/A

(average percentage increase per year)

1948- 3.4 13 1.0 11
2019
1948- 4.2 13 1.0 1.9
1973
1973- 3.0 13 11 0.7
2019

Data from: U.S. Department of Labor. Data are for the nonfarm business sector. Parts may not add to
total due to rounding.
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Growth in Output and the Solow Residual E#k

Percent per 10 —
year

8 Output growth

Mankiw, Macroeconomics, 11e, © 2022 Worth Publishers

Solow residual

—4

—6 | | | | | | | | | | | J
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 20152019
Year
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Growth Accounting for China
k. TBE (2022), (EMEFFRE—FEMA)

#33 HEZFEKEZE A . %
s FEhE K FHRAEK EARAMEK AERAEPERMK

AY/Y (1 = a)AL/L aAK/K AA/A
19782015 9.4 2.7 4.7 2.0
1978—1981 4.2 1.8 2.7 -0.3
19821986 9.5 2.6 3.6 3.3
1987—1990 4.8 5.3 2.6 133
1991—1999 9.6 1.6 3.4 4.6
2000—2008 9.5] 1.4[ 4.4} 3.7]
2009—2015 Tl 0.7 4.9 1.5

BRI AR E R A TFEAR T,

Example 2 (WMIZR5E®)
FEESFIERKNSNDRHA? HARHRES~1I?
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Outline

7 Policies to Promote Growth
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Policies to Promote Growth

(1) Evaluating and changing the rate of saving: s § SGold

(2) Allocating the economy'’s investment: Human capital, physical capital
with spillovers, and public capital.

(3) Establishing the right institutions.

(4) Supporting a pro-growth culture: treatment of women; attitudes
toward children; the degree of openness to new ideas; and@

(5) Encouraging technological progress.

(I EH i3 e FA
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Example: Human Capital (Loyalka, P. et al., 2021)

ARTICLES nature .
https://doi.org/10.1038/541562-021-01062-3 human behﬂVlour

M) Check for updates

Skill levels and gains in university STEM education
in China, India, Russia and the United States

Prashant Loyalka®"2%, Ou Lydia Liu®3, Guirong Li*, Elena Kardanova®5, Igor Chirikov®>6<,
Shangfeng Hu’, Ningning Yu®58, Liping Ma®, Fei Guo®°, Tara Beteille", Namrata Tognatta", Lin Gu®?3
Guangming Ling ©3, Denis Federiakin®5, Huan Wang ®?2, Saurabh Khanna®?, Ashutosh Bhuradia®?
Zhaolei Shi®'and Yanyan Li*

r

r

Universities contribute to economic growth and national petiti by equipping students with higher-order thinking and
academic skills. Despite large investments in university science, technol gi ing and matt tics (STEM) education,
little is known about how the skills of STEM undergraduates compare across countries and by institutional selectivity. Here, we
provide direct evidence on these issues by collecting and analysing longitudinal data on tens of th ds of

and electrical engineering students in China, India, Russia and the United States. We find stark differences in skill levels and
gains among countries and by institutional selectivity. Compared with the United States, students in China, India and Russia do
not gain critical thinking skills over four years. Furthermore, while students in India and Russia gain academic skills during the
first two years, students in China do not. These gaps in skill levels and gains provide insights into the global competitiveness of
STEM university stud across nations and institutional types.
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STEHM SRR

1 (E2, p.281)

N AT PR 25T R RIRIE?

2 (E2, p.284 )
HRIED TAZSHA,

FFRE KRR ALK ER A IR A RS ?

3 (E2, p.28)

R ERFa S T F AR5 A?
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