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Subsurface Damage Zone of the Calico Fault Viewed by
Fault-Zone Trapped Waves from Teleseismic Earthquakes

Yong-Gang Li

Department of Earth Science, University of Southern California

Abstract. The fault-zone trapped waves (FZTWSs) are first-time observed at a square seismic array
consisting of 40 intermediate-period stations and 60 short-period stations deployed in a 1.5 km by 5.5 km
grid adjacent to the Calico Fault (CF) in Mojave Desert, California for teleseismic earthquakes. In the
previous study, FZTWSs generated by explosions and local earthquakes, traveltimes inverse and INSAR
observations have imaged a low-velocity compliant zone along the CF within which seismic velocities
are reduced to the maximum of ~40-50% in the center of a ~1-km-wide fault core zone extending to at
least 5-6 km depth (Cochran, et al., 2009). In order to obtain further constraints on the deep portion of the
CF below the depth coverage of local earthquakes, we innovatively use the FZTWs recorded at this
seismic array atop the CF compliant zone for teleseismic earthquakes. This type of FZTWs has not been
used before, but they appear to have great promise for providing unprecedented constrains of the depth
extension of fault-zone damage structure because these FZTWs arise from seismic waves incident at the
fault bottom at deep level. We examined the data from 26 M>6 teleseismic earthquakes occurring at
distances of ~40°-80° great circles to the Calico array site during 2006. We identify this type of FZTWs
at dominant frequencies 0.5-2 Hz, which show much larger amplitudes and longer wavetrains (~6-8s)
starting ~5-s after the first-arrival P-waves at stations located within the ~1-km-wide CF compliant zone
than those registered at farther stations out of the zone for teleseismic earthquakes. We synthesize these
FZTWs formed by S-waves converted from the first-arrival P waves at the Moho (~30-km depth beneath
Mojave Desert) and entering the bottom of the CF compliant zone. Combined with the previous velocity
model of the CF, the results from observations and simulations of these FZTWs indicate that the
compliant zone with velocity reduction of 40-50% along the CF likely extends to ~8-km depth.

1. Introduction

The Calico fault is located midway between the 1992 Mw?7.3 Landers and 1999 Mw7.1 Hector Mine
ruptures where fault-zone trapped waves (FZTWSs) generated by explosions and aftershocks were
observed (Li et al., 1994, 2000, 2002, 2003). Some geodetic estimates suggest that the CF has as much
as 7 mm/yr dextral slip rates within the eastern California shear zone (Peltzer et al., 2001). Recent trench
data indicate that the last earthquake occurred on it at least several hundred years ago (Ganev et al.,
2008). Coseismic interferograms for both the Landers and Hector Mine earthquakes showed strain
localized on the CF and other nearby faults (Fialko et al.,, 2002; Fialko, 2004). Line-of-sight
displacements with amplitudes of a few centimeters and wavelengths of a few kilometers are clearly
associated with the CF (Fig. 1a). Observed interferometric synthetic aperture radar (INSAR) anomalies
for the CF are best explained with a 1-2-km-wide zone around the fault with a shear modulus reduced by
~50% extending to at least 5 km depth.

Cochran, et al. (2009) conducted a seismic investigation of the compliant zone along the Calico Fault
(CF) in the Mojave Desert in 2006 (Fig. 1a, b). Using seismic travel times, FZTWSs generated by
explosions and local earthquakes as well as interferometric Synthetic Aperture Radar observations, they
document seismic velocities within the ~1-km-wide CF compliant core zone reduced by up to ~40%, and
shear moduli reduced by up to 60% compared with wall-rock (Fig. 1c). This low-velocity compliant
zone extends to at least 5-6 km depth. The velocity reductions observed along the CF compliant zone are
likely due to the cumulative mechanical damage from past earthquake ruptures on it and also indicate that
faults can affect rock properties at substantial distances from the primary fault slip surfaces and
throughout much of the seismogenic zone. This result has implications for the portion of energy
expended during rupture to drive cracking and the development of fault systems. Permanent damage



zones may, thus, play a critical role in development and dynamics of faults, intensity of ground motion,
and earthquake hazards along the low-velocity fault zone resulting from its waveguide effect. However,
the deep portion of the fault damage zone is still less constrained by the FZTWSs used in the previous
study because those FZTWSs generated by near-surface explosions and local earthquakes mostly travel
along the fault zone at shallow depths.

Recently, we identified a new type of FZTWSs in seismograms recorded in the 2006 experiment at the
dense square array atop the Calico Fault for teleseismic earthquakes. Since these FZTWs arise from S-
wave converted from P-wave at the Moho discontinuity and sub-vertically incident at the bottom of CF
compliant zone. These FZTWs are capable to provide unprecedented constraints on the depth extension
of fault damage structure beneath the depth that those FZTWSs generated by explosions and local
earthquakes can approach. In this article, we demonstrate the new type of FZTWs recorded at the dense
array atop the CF from the teleseismic earthquakes (Fig. 1d) and use these FZTWSs to image the
subsurface fault rock damage structure at deep depth.

2. The Data and Waveform Analyses

Cochran et al. (2009) installed a dense array of 40 intermediate-period (40T) stations and 60 short-
period (L22) stations in a 1.5 km x 5.5 km square adjacent to the Calico fault (CF) to record three shots
detonated within and out of the Calico Fault zone, and then to record earthquakes for six months starting
from June in 2006. This square array consists of 4 seismic lines (Line A, Line B, Line C and Line D in
Fig. 1a) nearly perpendicularly across the CF with 1-km line spacing. The geometry of the array and
station intervals is shown in Fig. 1b. Each station has a short-period sensor (L22 2Hz) and/or an
intermediate-period sensor (40T 0.025Hz) buried in a 0.5-1-m deep dig hole with three components in the
vertical, parallel and perpendicular to the fault strike. The seismometers worked in continuous mode at
100 samples per second, and were synchronized by internal GPS clocks. The data recorded at four cross-
fault lines A, B, C and D for 3 explosions and 5 local on-fault earthquakes have been used for FZTWs
analysis, and 20 local and 8 teleseismic earthquakes have been used for travel time tomography (Cochran
et al., 2009), showing a ~1-km-wide compliant core zone along the CF extending to at least 5-6 km depth,
within which seismic velocities are reduced by up to ~40% and shear moduli reduced by up to 60%
compared to wall-rock (Fig. 1c).

In the present study, we examine the data recorded at 4 Lines A, B, C and D for 72 teleseismic
earthquakes with magnitudes M>6 and occurring at distances of ~40°-80° great circles (approximate
5,000-11,000 km) to the Calico seismic array site during June-November of 2006 (Fig. 1d). We use 26
teleseismic earthquakes at depths deeper than 28 km, for which we identify FZTWs closely after the first
P-arrivals in teleseisms recorded at 4 cross-fault Lines A, B, C and D (Fig. 1b). These FZTWs likely arise
from S-waves that are converted from the first-arrival P-waves at the Moho discontinuity (at ~30-km
depth beneath Mojave Desert) and entering the bottom of the low-velocity compliant zone along the CF.
Seismograms recorded for shallow teleseismic earthquakes are in general dominated by strong surface
waves so that they are not suitable used in this study. In the present article, we show the FZTWs
identified in teleseisms from 7 teleseismic earthquakes which locations and magnitudes are listed in
Table 1.

Table 1. Teleseismic earthquakes and local earthquakes recorded at the seismic array atop the Calico
fault, which waveforms are shown in this article

EventID  Type Magnitude Latitude Longitude Depth (km) Distance
TE162 Teleseism 6.3 33.130 131.150 140.0 72.2°
TE244 Teleseism 6.7 -6.780 155.540 38.0 69.5°
TE271 Teleseism 6.9 -16.613 -172.035 28.0 73.5°
TE272 Teleseism 6.1 10.910 -61.650 53.0 55.0°
TE276 Teleseism 6.3 -18.860 169.090 161.0 65.7°
TE288 Teleseism 6.7 19.878 -155.935 38.9 37.8°
TE317 Teleseism 6.8 -26.038 -63.243 547.5 78.9°
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Fig. 1 (a) Map shows locations of 40 (40T, 0.025Hz) stations (black triangles) and 60 (L22, 2Hz) stations (red
circles) along 4 seismic lines A, B, C and D deployed across the Calico Fault in 2006 (Cochran et al., 2009).. Colors
in high-pass-filtered co-seismic interferogram from the 10/16/1999 Hector Mine earthquake during 01/13-
10/20/1999 denote variations in line of sight (LOS) displacements (Fialko et al., 2002). (b) Map shows locations of
intermediate- (triangles) and short-period (dots) stations along seismic lines A, B, C and D deployed across the CF
compliant zone (marked by grey color) with the 1-km-wide fault core zone (dark grey). Station spacings are not even,
but with denser stations within the compliant zone. (c) Model of P-wave low-velocity zone along Calico fault with
40% reduction in velocity obtained by Cochran et al. (2009). The fault compliant zone is ~1.5 km wide at the
surface. The lateral velocity profile across the fault is approximated as a Hanning taper, and the velocity reduction
tapers linearly to zero between 0 and 10 km depth. The damage zone is modeled to extend to 10 km depth, but with
small relative velocity reductions below ~5-6 km. (d) Map shows locations of 71 teleseismic earthquakes (white
circles) with M>6 recorded at 4 seismic lines in the square array atop the CF. Red circles marked by labels with T
followed by Julian date, M followed by magnitude and D followed by depth, denote seven teleseismic earthquakes
for which FZTWs are identified in teleseisms and shown in this article.

Fig. 2a shows seismograms recorded at five 40T stations of seismic Line D across the CF for a M6.7
teleseismic earthquake (TE288 in Table 1) occurring at 39-km depth beneath Hawaii Islands and ~4200
km (37.8°) west from the CF seismic array site in Southern California (see Table 1 and Fig. 1d). Because
of the low level of noise at the array site, the primary P-wave and S-wave are visible in teleseisms while
strong surface waves appear after 1000-s from the event origin time. We apply a band-pass (0.5-2.0 Hz)
filter on teleseisms to suppress the surface waves, and cut seismograms from 430-s to 470-s, including
the first-arrival P-wave (P”) and the wavetrain closely following it. Fig. 2b exhibits the band-pass filtered
seismograms at seismic Line D. We observe a wavetrain with large amplitude and ~8-s duration, in
which the waveform amplitudes are twice above the background level, staring from ~5.5 s after the first-
arrival P’ at stations D9 and D15 located within the CF compliant zone (see Fig. 1b). We also observe
this wavetrain at stations A9, A15 and A21 of Line A, and at stations C9, C15 and C20 of Line C located
within the ~1-km wide CF complaint core zone for this teleseismic earthquake (Fig. 2c and Fig. 2d). In
contrast, such waveforms do not appear at stations located out of the CF complaint zone. We interpret
these long wavetrains with large amplitudes as being fault-zone trapped waves (FZTWSs) formed by S-
waves that are converted from first-arrival P waves at the Moho discontinuity (~30-km depth beneath



Mojave Desert) and sub-vertically enter the bottom of the low-velocity CF compliant zone at certain
depth. We call P’ for the first-arrival refracted P-wave and S’ for the S-wave converted from P at the
Moho discontinuity. The time difference between P’ and S’ is ~5.5 s Corresponding to the distance of
waves traveling sub-vertically between the Moho at depth of ~30- km and seismic array at the surface.
When the S” wave enters the bottom of the vertical fault zone at certain depth, S-type FZTWs are produced
due to constructive interference of multiple reflected waves at the boundary between the low-velocity
compliant zone and high-velocity surrounding rocks, and recorded at stations located within the CF compliant
zone. We notice P-type FZTWSs in the P coda before the S’ in perpendicular-component seismograms recorded
at stations located within the CF compliant zone for this teleseismic earthquake from which the ray path is
nearly perpendicular to the CF strike.
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Fig. 2 (a) Seismograms in the fault-perpendicular component recorded at six 40T stations along Line D for a M6.7
teleseismic earthquake (TE288 in Table 1). Its location is shown by a red circle labeled with T288 in Fig. 1d. Station
D15 is located on the fault trace. Station names and distance with respect to D15, and event date are shown in plot.
Surface waves are dominant in raw seismograms, but primary P- and S-waves are visible too. The time scale in plot
is 0-2000 s. (b) Band-pass (0.5-2.0 Hz) filtered seismograms recorded at Line D show prominent FZTWs (in
brackets) with large amplitudes and long wavetrains (~8-s post-S duration marked by a horizontal bar) at stations D9
and D15 located within the ~1-km-wide compliant core zone (denoted by a vertical black bar). Note that the time
scale in plot is 40 s starting before the first-P arrival. Seismograms are plotted using a fixed amplitude scale for all
stations in each panel. P* and S’ are P-waves and P-S converted waves from the Moho discontinuity between the
lower crust and the upper mantle. (c) and (d) Same as in (b) but for seismograms at Line A and Line C, respectively.
Stations A15 and C15 are located on the fault trace. Prominent FZTWs with large amplitudes and ~8-s post-S
duration recorded at stations between A9 and A21, C9 and C20 located within the ~1-km-wide compliant core zone.

Fig. 3a shows three-component seismograms recorded at 15 stations equipped with intermediate-
period 40T sensors and 25 stations equipped with short-period L22 sensors for a M6.3 teleseismic
earthquake (TE162 in Table 1) occurring at 140-km depth in Honshu Prefecture of Japan, approximately
9500-km (72.2°) west of the CF array site in California (see Fig. 1d). The first-arrival P> waves with its
coda are dominant around 810-815-s on seismograms in vertical component, weaker in perpendicular-
component, but weakest in parallel-component, because the waves come to surface stations near-
vertically and are perpendicular to the CF strike. We observe large-amplitude and long-duration (~7-5)
wavetrains arriving about 5-s after the P’ in two horizontal-component teleseisms at stations between B9
and B21 located within the ~1-km-wide CF compliant core zone. In contrast, shorter wavetrains with
much lower amplitudes are registered at stations out of the compliant zone, indicating abundance of
seismic energy trapped within the CF compliant zone. We interpret that the observed wavetrains with
long duration and large amplitudes in horizontal-component teleseisms are S-type FZTWs arising from



the S waves converted from P waves at the Moho (~30-km depth) and nearly vertically entering the
bottom of the low-velocity compliant zone along the CF at the certain depth. These wavetrains are similar
to the FZTWs generated by explosions and local earthquakes, and recorded at the same stations atop the
CF (Cochran et al., 2009), but they are recorded for teleseismic earthquakes.
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Fig.3a Left: Three-component seismograms recorded at fifteen intermediate-period 40T stations and twenty-six L22
2-Hz stations along Line B for a M6.3 teleseismic earthquake (TE162 in Table 1 and Fig. 1d). Station B15 is located
on the fault trace. Seismograms have been band-pass (0.5-2 Hz) filtered and are plotted using a fixed amplitude
scales for all trace in each plot, showing prominent FZTWs with ~7-s post-S duration (in red brackets) in two
horizontal seismograms recorded at stations B9-B21 located within a ~1-km-wide compliant zone (marked by a
vertical grey bar). P’ and S’ are P-waves and P-S converted waves at the Moho discontinuity. Right: Normalized
spectral amplitude contours of teleseisms show large-amplitude (red color) FZTWs at 1-3 Hz with ~7-s duration at
on-fault station B15, but lower amplitude with shorter duration (<2-s) at stations B1 and B26 out of the compliant
zone. The same amplitude scale is used for three plots. P denotes multiple P-waves between the surface and Moho.

We notice (1) the large-amplitude FZTWs following S’-waves on two horizontal-component
seismograms at stations between B9 and B17 equipped with short-period 2-Hz sensors, indicating that the
more seismic energy at higher frequency is trapped within a narrower (~500-600-m wide) fault core zone;
(2) the long-duration wavetrains of FZTWs including multiple peaks (starting from P”) like ripple,
probably due to waves rebounded between the free surface and Moho; (3) the wavetrains in P coda
immediately following the P’ in vertical- and perpendicular-component seismograms likely being P-type
FZTWs arising from P-waves entering at the bottom of compliant zone. In this article, we are interested
in the S-type FZTWs following the S’ converted from P at the Moho.

Fig. 3b shows this type of FZTWSs with ~7-s durations following S’ recorded at stations of seismic
Lines A, B and C equipped with intermediate-period 40-T sensors located within the CF compliant zone
for teleseismic earthquake TE162. These S-type FZTWSs are dominant in horizontal-component
seismograms, but not clear in vertical-component seismograms. The durations of FZTWSs recorded for
teleseismic earthquakes are longer than those generated by local earthquakes occurring near the seismic
array atop the CF (Cochran et al., 2009; also see Fig. 9 in this article). Observations of these FZTWs
suggest the existence of a 1--km-wide remarkable waveguide along the CF compliant zone likely
extending from the ground surface through seismogenic depths.

We analyze P-to-S converted waves observed for the Moho discontinuity in teleseisms using the
receiver function to obtain valuable constraints on the subsurface structure of the CF compliant zone
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beneath Mojave Desert. The receiver function analysis is helpful to equalize near-source effects in three-
component seismograms and isolate the receiver effects from the observed waveforms. We compute
receiver functions by waveform deconvolution between the radial-component and vertical-component
teleseisms for isolating the local response. Fig. 3c shows receiver functions computed for teleseisms
recorded at five stations of Line B for teleseismic earthquake TE162. We interpret that the peak
amplitudes of first-arrival P-wave (P’) and P-to-S converted wave (S’) from the Moho discontinuity in
receiver functions appear at 0 s and ~5 s, respectively, as well as the multiple-phase P” at 14-15 s,
according to the Moho depth of ~30-km and Vp in the upper crust beneath Mojave Desert is in average
~6-km/s. The large-amplitudes between ~5 s and 12 s in receiver functions at stations (B13, B14 and
B15) located within the CF compliant zone likely correspond S-type FZTWs arising from S’ wave
entering at the bottom of the CF compliant zone at certain depth. In contrast, much lower amplitudes
following S’ in receiver functions at stations (B03 and B24) located outside the compliant zone. We note
that high amplitudes following the P’-arrivals at stations (B13, B14 and B15) located within the CF
compliant zone are likely P-type FZTWs. In contrast, there is no such amplitude peak in P coda at
stations (B03 and B24) out of the CF compliant zone. Receiver functions suggest the existence of
subsurface low-velocity structure along the CF compliant zone.
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Fig.3b Left: Same as in Fig.4a, but showing teleseisms recorded at 40T stations along Lines A, C and D. Prominent
FZTWs with large amplitudes and long post-S durations (~7-s) at stations located within the ~1-km wide compliant
zone. Right: Normalized spectral amplitude contours of teleseisms show large-amplitude FZTWs with ~7-s duration at
on-fault stations A15, C15 and D15. P” denotes multiple P-waves between the surface and Moho.
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Fig.3c Receiver functions computed by deconvolution between the radial- and vertical-component seismograms
recorded at 5 stations of Line B. P’-arrivals are aligned at time 0 s. P-to-S converted waves (S’) arrive at ~5 s. The S-
type fault-zone trapped waves (FZTWs) following S’ show large amplitudes and ~7-s duration (in grey box) at
stations (B-13, B14 and B15) located within the CF compliant zone while much lower amplitudes at stations (B03
and B24) outside the compliant zone. The multiple P” arrives at ~14-15 s. To emphasize the converted waves that
reverberate between the surface and Moho, computed receive function curves have been smoothed to relieve the
ripples from multiple fine layers. Note large amplitudes following P’ and P” related to the P-type FZTWs.

In the next example, Fig. 4 exhibits three-component seismograms recorded at four lines A, B, C and
D for a M6.3 teleseismic earthquake (TE276 in Table 1) occurring at 161-km depth beneath Solomon
Islands, approximately 10,000 km (65.7°) west of the CF seismic array in California (see Fig. 1d). We
observe consistent large-amplitude wavetrains with long wavetrains (~7-s) after the P-S converted S’-
wave at ~5-s after the first P-arrive, in two horizontal-component seismograms and spectral contours at
stations located within the ~1-km-wide CF compliant core zone, but not at stations out of the compliant
zone. These wavetrains are weaker in vertical-component teleseisms than those in horizontal components
because waves from this deep teleseismic event propagate nearly-vertically from the Moho at ~30-km
depth beneath the seismic array.
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Fig.4 (a) Three-component seismograms recorded at seventeen 40T stations along Line B for a M6.3 teleseismic
earthquake (TE276 in Table 1 and T276 in Fig. 1d). Teleseisms have been band-pass (0.5-2 Hz) filtered, and show
prominent FZTWs with ~7-s post-S duration in two horizontal seismograms recorded at stations B9—B21 located
within a ~1-km-wide CF compliant core zone. (b) Normalized spectral amplitude contours of teleseisms show large-
amplitude FZTWs at 1-3 Hz with 6-s duration at on-fault station B15, but lower amplitude with shorter duration (~3-s)
at stations B1 and B26 out of the compliant zone. (c), (d) and (e) Same as in (a), but at Lines A, C and D. Prominent
FZTWs with ~7-s post-S duration in two horizontal seismograms recorded at stations located within the compliant
zone. (f) Normalized spectral amplitude contours of teleseisms show large-amplitude FZTWs with ~7-s duration at
on-fault stations A15, C15 and D15. We note multiple phases starting from P” in late coda of teleseisms.

Our observations indicate these wavetrains more likely to be the S-type FZTW arising from the S’-
wave converted from P-wave at the Moho and then entering the bottom of the CF compliant zone at
certain depth in the upper crust. We notice the P-type FZTWSs immediately following the first P-arrivals
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in vertical- and fault-perpendicular-component seismograms for this telemetry earthquake from which the
ray path is nearly perpendicular to the fault strike. We notice multiple phases starting from P”” and other
phases in the late coda of teleseisms.

Then, we examine the data recorded at 40T stations along Line B for a M6.7 teleseismic earthquake
(TE244 in Table 1) occurring at 38-km depth beneath Papua New Guinea Islands ~11,000 km (69.5°)
west from the CF seismic array site in California (see Fig. 1d). P-waves arrive at ~848-s in the vertical-
component seismograms. In teleseisms and spectral amplitude contours (Fig. 5a, b), we observe large-
amplitude and long-duration (~7.5-s) wavetrains starting from ~5.5 s after the first-P arrivals at stations
between B9 and B21 located within the ~1-km-wide CF compliant core zone but not at stations out of the
zone, suggesting that these wavetrains are S-type FZTWs arising from the S’-wave converted from P-
wave at the Moho and sub-vertically entering the bottom of the CF compliant zone at certain depth in the
upper crust. These FZTWs are also observed on teleseisms recorded at stations of Lines A, B and C
within the CF complaint zone (Figs. 5¢, 6d). We notice the P-type FZTWs following the first P-arrival
appearing in the vertical- and perpendicular-component seismograms from this shallow telemetry event
from which waves propagate nearly perpendicular to the fault strike. We also notice multiple phases in
the late coda on teleseisms. Fig. 5e shows receiver functions computed for teleseisms recorded at stations
of Line B, Line A and Line C for this teleseismic earthquake. The peak amplitudes of P’ and P-to-S
converted wave S’ from the Moho in receiver functions arrive at 0 s and ~5 s; the multiple-phase P”
arrives at ~15 s. Large-amplitudes between 5 s and 12 s in receiver functions at stations B12, B13, A15
and C15) located within the CF compliant zone are likely related to S-type FZTWs arising from S’ wave.
In contrast, much lower amplitudes following S’ in receiver functions at stations (B01, B26, A04 and
CO04) outside the compliant zone. We note that amplitude peaks following the P-arrivals registered at
stations located within the CF compliant zone are likely P-type FZTWs.
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Fig.5 (a) and (b) Three-component teleseisms recorded at sixteen 40T stations along Line B for a M6.7 teleseismic
earthquake occurring at 38-km depth (TE244 in Table 1 and Fig. 1d), showing prominent FZTWs with large
amplitudes and ~7.5-s post-S duration starting at ~5.5-s after the first-P arrivals (in red brackets) on seismograms at
stations B9-B21 located within a 1-km-wide compliant zone. Normalized spectral amplitude contours of teleseisms
show large-amplitude (red color) FZTWs at 1-3 Hz with ~7.5-s duration at on-fault station B15, but lower amplitude
with much shorter duration (2-s) at stations B1 and B26 out of the compliant zone. (¢) Perpendicular-component
teleseisms recorded at seismic Lines A, C and D. (d) Normalized spectral amplitude contours of teleseisms show
large-amplitude FZTWs at 1-2 Hz with ~7.5-s duration at stations A15, C15 and D15 located on the CF surface trace.
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Fig.5 (e) Receiver functions computed by deconvolution between the radial- and vertical-component seismograms
recorded at 4 stations of Line B and 2 stations of Line A and Line C for each. P’-arrivals are aligned at time 0 s. P-
to-S converted waves (S’) appear at ~5 s. The S-type FZTWs following S’ show large amplitudes and ~7-s duration
(in grey box) at stations (B-12, B13, A15 and C15) within the CF compliant zone while lower amplitudes at stations
(B01, B26, A04 and C04) outside the compliant zone. The multiple P arrives at ~15 s. Note that large amplitudes
following P’ and P” might relate to the P-type FZTWs.

Fig. 6 shows another example of this type of FZTWs recorded at both intermediate- and short-period
stations along Line B for a M6.8 teleseismic earthquake (TE317 in Table 1 and Fig. 1d) occurring at 548-
km depth in Bolivia, approximate 7900-km (78.9°) southeast of the CF seismic array in California.
Surface waves are invisible in teleseisms for this deepest earthquake in our study (see Fig.2). We observe
FZTWs with ~5-6-s duration after the P-S converted S’ waves on two horizontal-components of
teleseisms recorded at stations within the ~1-km-wide CF compliant zone between B9 and B21 (Figs. 6a,
b). FZTWs do not appear on the vertical-component seismograms because the ray path from this deep
teleseismic earthquake to the CF array is nearly vertical. Normalized spectral amplitude contours of
teleseisms show large-amplitude FZTWs at 1-3 Hz with ~6-s duration at on-fault station B15, but much
weaker and shorter (2-s) post-S’ wavetrains at stations B1 and B26 out of the compliant zone (Fig. 6c).
We notice the P-type FZTW following the first P-arrival in teleseisms because waves from this deep
teleseismic earthquake are nearly-vertical incident to the surface array. We notice that the durations (5-6
s) of FZTWs for this deep teleseismic event are shorter than those (7-8 s) for shallow events because the
ray path from the deep event enters the bottom of the CF compliant zone more steeply than that from the
shallow event, and thus FZTWs travel shorter distance within the compliant zone to arrive at the CF
seismic array.
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Fig.6 (a) and (b) Three-component seismograms recorded at sixteen 40T stations and twenty-six L22 2-Hz stations
along Line B for a M6.8 teleseismic earthquake (TE317 in Table 1 and Fig. 1d). Teleseisms show prominent FZTWSs
with ~5-6-s post-S’ duration in two horizontal seismograms recorded at stations B9-B21 located within a ~1-km-
wide compliant zone. (c) Normalized spectral amplitude contours of teleseisms show large-amplitude FZTWs at 1-3
Hz with ~5.5-s duration at on-fault station B15, but lower amplitude with shorter duration (<2-s) at stations B1 and
B26 out of the compliant zone.

Fig. 6d shows receiver functions computed for teleseisms recorded at stations of Line B, Line C and
Line D for this teleseismic earthquake. The peak amplitudes of P” and P-to-S converted wave S’ from the
Moho in receiver functions arrive at 0 s and ~5 s, and the multiple-phase P” arrives at ~14-15s. The
large-amplitudes between ~5 s and 11.5 s in receiver functions at stations (B11, B13, B15, C15 and D15)
located within the CF compliant zone are likely related to S-type FZTWs arising from S’ wave. In
contrast, much lower amplitudes following S’ in receiver functions at stations (B03, B26, C03 and D03)
outside the compliant zone. We note that amplitude peaks following the P-arrivals registered at stations
located within the CF compliant zone are likely P-type FZTWs.

Receiver Function at Stations Along Line B
for Teleseismic Earthquake M6.8 on2006.317

P’ SFZTW P

Time (s) Time (s)
Fig.6 (d) Receiver functions computed by deconvolution between the radial- and vertical-component seismograms
recorded at 5 stations of Line B and 2 stations of Line A and Line C for each. P’-arrivals are aligned at time 0 s. P-to-
S converted waves (S’) appear at ~4.5 s. The S-type FZTWs following S’ show large amplitudes and ~6.5-s duration
(in grey box) at stations (B11, B13, B15, C15 and D15) within the CF compliant zone while lower amplitudes at
stations (B03, B26, C03 and D03) outside the compliant zone. The multiple P” arrives at ~15 s. Note that large

amplitudes following P’ and P”” might relate to the P-type FZTWs.

Finally, we examine such type of FZTWs recorded at four seismic Lines A, B, C and D for two
teleseismic earthquakes (TE272 and TE271 in Fig. 1d and Table 1) with magnitudes of M6.1 and M6.9,
occurring at 53-km depth in South America, and 28-km depth beneath Tonga Islands in Pacific Ocean,
~6,200-km (55°) southeast and ~8,700-km (73.5°) southwest of the CF, respectively. Fig. 7A shows large-
amplitude FZTWSs with ~6-7-s post-S” duration in teleseisms recorded at stations with either 40T or L22
sensors located within the ~1-km-wide CF compliant zone, but not at farther stations out of the zone for
teleseismic earthquake TE272. Fig. 7B shows large-amplitude FZTWSs with ~7-8-s post-S’ duration
recorded at stations with either 40T or L22 sensors located within the ~1-km-wide CF compliant zone,
but not at farther stations out of the zone for the shallow teleseismic earthquake TE271. The longer
duration of FZTWs for this shallow event is probably because the ray path from the shallow event enters
the bottom of the CF compliant zone less steeply than that from the deep event, and thus FZTWs travel
longer distance within the compliant zone to arrive at the CF seismic array. We notice that P-type
FZTWs following the first P-arrivals are obvious in parallel-component teleseisms for teleseismic event
TE272 in Fig. 7A (c) because the ray path to the seismic array is sub-parallel to the CF strike. We also
notice the multiples in the later coda, probably due to waves rebounded between the free surface and
Moho discontinuity. We shall confirm this mechanism using receiver-function method.
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Fig.7A (a) and (b) Parallel-component seismograms recorded at seventeen 40T stations and twenty-six L22 stations
along Line B for a M6.1 teleseismic earthquake (TE272 in Fig. 1d) occurring at 53-km depth. Teleseisms have been
band-pass (0.5-2 Hz) filtered, showing prominent FZTWs with ~6-7-s post-S’ duration in teleseisms recorded at
stations located within the ~1-km-wide CF compliant zone. (c) Parallel-component teleseisms recorded at Lines A, C
and D for this teleseismic event, showing prominent FZTWSs with ~6-s post-S duration at stations within the
compliant zone.
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Fig.7B (a) Perpendicular-component seismograms at Line B with 40T sensors, (b) parallel-component and (c)
vertical-component seismograms recorded at Line B with L22 sensors for a M6.9 teleseismic earthquake (TE271 in
Fig. 1d) occurring at 28-km depth. Teleseisms have been band-pass (0.5-2 Hz) filtered, showing prominent FZTWs
with ~8-s post-S’ duration in teleseisms recorded at stations located within the ~1-km-wide compliant zone. (d)
Perpendicular-component teleseisms recorded at Lines A, C and D, showing prominent FZTWs with ~8-s post-S
duration at stations within the compliant zone.

In above-mentioned examples, seismograms recorded at the seismic array atop the Calico Fault show
the consistent wavetrains with large amplitudes and approximate 5-8-s duration appearing in a time
window starting from ~5-6 s after the P-wave first-arrival for teleseismic earthquakes (Fig. 3 to Fig. 7).
We interpret these large-amplitude long-duration wavetrains arising from cohesive interference of
seismic waves within the low-velocity waveguide along the CF compliant zone when seismic waves from
teleseismic earthquakes enter the bottom of the compliant zone at certain depth. Since these wavetrains
start at ~5-s after the first-arrival of P-wave (denoted by P’ in figures), we tentatively interpret that the
seismic waves entering the bottom of the CF low-velocity compliant zone are the P-S waves (denoted by
S’) converted at the Moho discontinuity at approximate 30-km depth (corresponding to the travel-time
difference of ~5-s between P’ and S’). Because these wavetrains are mostly apparent in horizontal-
component teleseisms, they are likely the S-type of FZTWs with horizontal polarization. Their
waveforms are similar to the fault-zone trapped waves generated by explosions and local earthquakes,
and recorded at the same seismic array in the previous study [Cochran et al., 2009], but observed for
teleseismic earthquakes.

3. 3-D Finite-Simulation of Observed FZTWs for Teleseismic Earthquake

We test a model of the Calico fault compliant zone from the surface to ~8-km depth on the basis of
the previous model Cochran et al. (2009) combined with observations of FZTWs for teleseismic
earthquakes. We use a 3-D finite-difference code (Graves, 1996; Vidale et al., 1985) to compute
synthetic seismograms that fits teleseisms recorded at Line B across the CF. The finite-difference
computer code is second order in time and fourth order in space, and it propagates the complete wave-
field through an elastic media with a free surface boundary and spatially variable anelastic damping (an
approximate Q). Our calculation used a 160-160-160 element grid in x—y—z coordinates, with a grid
spacing of 62.5 m to simulate a volume of 10 km in width, 10 km in length, and 10 km in depth. The low-
velocity waveguide, composed of a 1.5-km-wide fault zone of maximum velocity reduction of 50%
sandwiched embedded in the higher-velocity surrounding rocks with a free surface. The receiver array
was placed across the waveguide along the fault strike. In the first stage of our error-and trial forward
modeling approach, we used 125-m grid spacing in a 10x10x10 km® volume to obtain coarse model
parameters at low frequency to save computer memory space and computation time. We then used 62.5-
m grid spacing to increase the resolution of fault-zone structure in the model at higher frequency. Fig. 8a
shows the schematic diagram to illustrate the ray path of first-arrival P wave from a teleseismic event
hitting the Moho discontinuity at 30-km depth, and transmitting P’ and converted P-to-S (S’) waves,
which sub-vertically enter the bottom of low-velocity fault zone at 10-km depth to produce FZTWs
within the fault zone. Fig. 8b exhibits finite-difference seismograms for a double couple source at the
Moho with its epicenter 10-km with respect to the cross-fault array using the velocity model in Fig. 10c,
in which the velocities within the fault-zone are reduced by 50% from wall-rock velocities. The low-
velocity fault zone extends from the surface to the depth of ~8- km. Synthetic seismic waves are
received at the array across the fault zone at surface, showing FZTWSs characterized by large amplitudes
and long durations arriving at stations located within a 1.5-km-wide low-velocity waveguide. Fig. 8b
shows synthetic seismograms to compare with observed teleseisms recorded at Line B for a teleseismic
earthquake TE272. The CF compliant zone with velocity reduction of 50% extends from the surface to 8-
km depth. Synthetic waveforms developed from our inferred velocity model are in general comparable
with observations for this teleseismic earthquake, suggesting that the depth extension of the CF
compliant core zone with velocity reduction of 40-50% is approximately 8 km. The value is likely 2-3 km
greater than the depth extension (5-6 km) of the Calico fault compliant core zone imaged by Cochran et
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al. (2009). However, since the depth extension and the velocity reduction within the compliant zone are
negotiable in the trial-and-error forward modeling, a systematic simulation of teleseisms recorded at the
seismic array atop the CF for more teleseismic events with different incident angles to the CF seismic
array will provide further constraints on the true depth extension of the CF compliant zone.
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Fig. 8 (a) Schematic diagram illustrates the first-arrival P wave from teleseismic event hitting the Moho discontinuity
between the lower crust and the upper mantle and transmitting P’ and S’ waves, which sub-vertically enter the
bottom of low-velocity fault zone to produce P-type and S-type fault-zone trapped waves (P-FZTW and S-FZTW).
They are recorded at stations (triangles) atop the CF compliant zone (marked by brawn color). (b) Observed (black
lines) and synthetic (blue lines) perpendicular-component seismograms at Line B for a teleseismic earthquake TE272
in Table 1. The CF compliant zone with velocity reduction of 50% extends from the surface to 8-km depth. A
double-couple source is put on the Moho at 30-km depth and with 10-km epicentral distance from the receiver array.
(c) The model of P-wave velocities across the Calico fault with a low-velocity waveguide along the CF compliant
zone to ~8-km depth, within which velocities are reduced to the maximum of ~40-50% in the center of a ~1-km-wide
fault core zone at shallow depth (Cochran, et al., 2009). The fault zone is ~1.5 km wide at the surface. The lateral
velocity profile across the fault is approximated as a Hanning taper, and the velocity reduction tapers linearly to zero
between 0 and 10 km depth.

5. Discussion

An outstanding question is the depth extent of the low-velocity damage zone along the fault. Some
researchers argue that the low-velocity damage zone on faults is a near-surface feature that reaches only
down to the top of seismogenic zone at the depth less than 2-3 km (e.g. Ben-Zion et al. 2003; Lewis et al.
2010). Others argue that it extends across seismogenic zone at depths to ~10-km depth (e.g. Korneev et al.
2003; Li et al., 2000; Li and Malin 2008). Wu et al. (2010) showed that the low-velocity waveguide on
the SAF at Parkfield extends to the depth of 10 km or more using SAFOD borehole data. Recently,
Ellsworth and Malin (2011) document a profound zone of rock damage on the Parkfield San Andreas
fault downwards to at least half way (>5-6 km) through the seismogenic crust using both P-type and S-
type of FZTWs recorded at the SAFOD mainhole seismograph. FZTWs recorded at Parkfield surface and
borehole stations shows that the LVZ on the Parkfield SAF extends to the depth of at least ~7-8 km
although the velocity reduction within the damage zone decreases with depth due to the increasing
confining pressures. Although FZTWs generated by explosions and local earthquakes have been used for
characterization of the subsurface fault damage structure, the wave propagation coverage is lake of
resolution for the deep fault zone structure because these seismic sources are located at shallow depths.
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In this article, we introduce a new-type of FZTWSs recorded at the dense seismic array atop the Calico
fault zone for teleseismic earthquakes. We interpret the observed FZTWs arise from S-wave converted
from P-wave at the Moho discontinuity and sub-vertically incident at the bottom of CF compliant zone.
Therefore, these waves are capable to provide more unprecedented constraints on the depth extension of
fault damage structure at seismogenic depth where there is lack of approach of waves generated by
explosions and local earthquakes.

The data recorded at the dense array of 100 three-component seismographs deployed atop the Calico
fault in the central Mojave Desert, Southern California, provide us a good opportunity to detect the
seismic phases closely following the first-arrival P wave. The seismic array worked in continuous
recording mode at an extremely quiet site for six months and recorded 72 teleseismic earthquakes with
magnitudes M>6 and occurring at distances of ~40°-80° great circles (approximate 5,000-11,000 km) to
the Calico seismic array site. In order to further confirm our observation of this new type of FZTWs, We
shall simulate this new type of FZTWs using a full waveform modeling technique with inverse, such as
the FD3D tomography method (Chen, 2012). We shall also identify the FZTWSs from teleseismic
earthquakes recorded at seismic arrays deployed atop other active faults such as San Andreas Fault near
Parkfield (Li et al., 2004; 2012) and at the rupture zone of the 2010 M7.1 and 2011 M6.3 Canterbury
earthquakes in New Zealand (Li et al., 2014).
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ASSESSING STUDENT LRARNING IN
ARITHMETIC AND NUMBER SYSTEMS

Shuhua An

California State University, Long Beach, USA
This paper analyzes trends in assessing student learning arithmetic and number systems by discussing
two different types of assessments, followed by addressing new trends in assessments in arithmetic and
number systems. The paper reviewed and highlighed examples of studies in assessment in conceptual
undersanding, procedual fluency, reasoning, and problem sovling, and the paper also reviewed examples
of assesment in combined mulitple areas and classroom assessment.
Introduction
One of the key instructional components for effective elementary mathematics instruction is assessment.
National Research Council (1993) specifies mathematics assessment as “a way of measuring what
students know and of expressing what students should learn” (p.1). Assessment is not only “a fact-
finding activity” that describes conditions that exist at a particular time (Best & Kahn, 2006), but also
should support the learning of important mathematics and furnish useful information to both teachers and
students (NCTM, 1995). This important role of assessment requires educators to consider assesment as
“the process of gathering evidence about a student’s knowledge of, ability to use, and disposition towards
mathematics and of making inferences from the evidence for a variety of purposes” (NCTM, 1995, p.3).
The purpose of assessment as a process of gathering evidence and making inferences from that evidence
for a variety of goals has played a vital role in mathematics assessment in the last two decades. Recent
developments in the new Common Core State Standards for Mathematics (CCSSM) the US have futher
heightened the clear purpose of assessment as to support and enhance student learning and called for
focusing on mathematics instruction that provide. The three the key shifts are called for by the Common
Core: (1) Foucs: Greater focus on fewer topics, (2) Coherence: Linking topics and thinking across
grades, and (3) Rigor: Pursue conceptual understanding, procedural skills and fluency, and
application with equal intensity (National Governors Association Center for Best Practices, & Council
of Chief State School Officers, 2010). The key shift of rigor provided a clear direction in mathematics
instruction as well as assessment that requires students to achieve a balance in mathematics learning in
conceptual understanding, procedural skill and fluency, and the ability to apply mathematics to solve
problems (Wu, 2008; An & Wu, 2014), which is supported by research that effective classroom teachers
always use multiple forms of assessments that are meaningful and applicable in classroom to support
student learning (An & Wu, 2014; McMillan, 2011).
The purpose of this article is to identify and describe examples of the central themes in order to illustrate
key aspects of the assessments in arithmetic and number systems. This article provides the overall review
on traditional and alternative assessments and addresses new trends and chellenges in assessments in
arithmetic and number systems, followed by discussing some specific assesment studies based on a
review of related literature on assessing student matheamtical conceptual understanding, procedural skill
and fluency, and problem solving teacher in arithmetic and number systems in the recent decades. The
article also show an examples of combination of the three areas, and discussion of the classroom
assessment.
Traditional and alternative assessments in arithmetic and number systems
Two main types of assessments have been used in assessing student learning in arithmetic and number
systems, traditional and alternative. Traditional assessments, such as standardized tests are mainly
multiple-choice tests. According to Thornberg (2001), standardized testing has become a large part of
shaping the educational system and its improvements. They measure test-taking skills and a certain
degree of what students know, and they cover knowledge-based questions, which students can answer by
memorization of factual information, or comprehension, simple problem solving, or even good guessing
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(Fuchs et al. 1999). However, because of their accountability, educators often feel pressured to teach to
the test with the hopes that students will score high (Lewis, 2001). The results of standardized tests, such
as NAEP mathematics from 1990-2013 show an improving trend of elementary childrens’ learning
ourcome, but still no more than 42% percentage of fourth-graders were at or above Proficient level (The
Nation’s Report Card, 2013). Researchers (Suurtamm, Koch, & Arden 2010) have called that assessment
must go beyond focusing on memorization of algorithm and procedures by responding and assessing
students’ mathematical understanding. Therefore, standardized testing should not be the only form of
assessment used in schools (NCTM, 2000).

In recent decades, the other types of assessments - alternative assessment is becoming an increasingly
Important area in mathematics education because they are authentic assessments, performance-based
(Sweet, 1993), or formative assessments, providing a more reflective evaluation of what students are
learning in the classroom, as opposed to a general overview which standardized testing measures.
According to Wu and An (2007), alternative assessments offer a wider range of student choice, and allow
teachers to monitor their students’ progress in a much more detailed manner. They offer a more student-
centered approach to learning, and measure students’ ongoing progress in multiple forms. For example,
mathematics portfolios of students’ work throughout the year are used to mark growth and improvement,
while mathematics journals promote students to use their thinking skills and write about their learning
(Micklo, 1997).

One of the most significant discussions in assessments, no matter what forms of assessments, whether
traditional or alternative, concerns which characteristics of assessments work for the students and which
characteristics hurt the students. After all, students are at the center of education and their progress marks
the quality of education (Wu & An, 2007). In order to appropriately assess student learning in arithmetic
and number systems, it is important to know what the assessment entails and what the assessments are
actually measuring.

New trends and chellenges in assessments in arithmetic and number systems

Smarter balanced assessment and four claims. Recent developments and impletementations in the
common core standards for mathematics (CCSSM) in the United States have led to a renewed interest in
assessing students’ higher-order thinking with deep understanding and reasoning in mathematics in
various froms. For examples, the new Smarter Balanced Assessments, alinged CCSSM, require students
to think critically, solve problems, and show a greater depth of knowledge (Smarter Balanced Assessment
Consortium, 2012). The Smarter Balanced Assessment has four claims: (1) Concepts and Procedures:
Students can explain and apply mathematical concepts and interpret and carry out mathematical
procedures with precision and fluency. (2) Problem Solving: Students can solve a range of complex, well-
posed problems in pure and applied mathematics, making productive use of knowledge and problem-
solving strategies. (3) Communicating Reasoning: Students can clearly and precisely construct viable
arguments to support their own reasoning and to critique the reasoning of others. (4) Modeling and Data
Analysis: Students can analyze complex, real-world scenarios and can construct and use mathematical
models to interpret and solve problems (The Smarter Balanced Assessment Consortium, 2012) The
unique feature of the Smarter Balanced summative assessments is that it goes beyond multiple-choice
questions to include four types of items: 1) Selected-response items, 2) Technology-enhanced items, 3)
Constructed-response items, and 4) Performance tasks. However, It is a chellenging task for elementary
teachers to support deeper learning and the development of 21st century competencies essential for
students’ future success (Pellegrino & Hilton, 2012). Drawing on Norman Webb’s depth of knowledge
(DOK) (Webb, 1997), Herman and Linn (2013) define deep learning in four DOK levels: DOK1- Recall
and Reproduction; DOK?2 - Basic Application of Skills/Concepts; DOKS - Strategic Thinking; DOK4 -
Extended Thinking. These four levels of DOK now is widely used by classroom teachers in assessing
and supporting deep learning in mathematics for their students in the United States.

Assessing four claims based on CCSSMPs. The new Common Core State Standards for Mathematical
Practice (CCSSMPs) in the US describe a variety of expertise that mathematics educators at all levels
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should seek to develop in their students (National Governors Association Center for Best Practices, &
Council of Chief State School Officers, 2010). These CCSSMPs require the development of deep
understanding and reasoning in mathematics with a high level of mathematics thinking, reasoning,
arguments, communication, and modeling skills. However, these CCSSMPs have posed challenges to
classroom teachers on how to forster students’ deep understanding, sound reasoning and argument skills
in math classrooms. In recent released 2015 Smarter Balanced Assement results in California show that
more than 40% of elementary students in grades 3-5 scored below standards in the areas of concepts and
procedures, followed by more than 38% below standards in problem solving /Modeling and Data
Analysis. The area of Communicating Reasoning had more than 39% of students who did not met
standards at grades 4 and 5.

Areas Below Standard S’r ﬁt ﬁt
Concepts and | The student does not demonstrate the ability to explain and
. : 40 | 47 |51
Procedures apply mathematical concepts and interpret and carry out
. : - % | %| %
mathematical procedures with precision and fluency.
Problem The student does not demonstrate the ability to solve a range of
Solving/Model | complex, well-posed problems in pure and applied mathematics,
ing and Data | making productive use of knowledge and problem-solving 38 | 39 | 46
Analysis strategies. The student does not demonstrate the ability to % | % | %
analyze complex, real-world scenarios and construct and use
mathematical models to interpret and solve problems.
Communicati | The student does not demonstrate the ability to clearly and
X : . : 28 |39 |41
ng Reasoning | precisely construct viable arguments to support the student's own
. g ) % | % | %
reasoning and to critique the reasoning of others.

Table 1: California Elementary Student Smarter Balanced Assessment Results
These data show an urgent need to develop an effective approach to support elementary children in
improving their learning in arithmetic and number systems as they are the major standards in CCSSM in
the US.
Performance task and Smarter balanced assessment
Another challenge faced by many classroom teachers is supporting students in communicating reasoning
and doing performance tasks bescasue Smarter Balanced Assesements include performance task items in
its tests at every grade level. Performance- assessments are alternative or authentic assessments (Sweet,
1993). The aim of the authentic assessments is determine what students have learned, and how they are
to apply their knowledge to a variety of tasks (Adamson & Darling Hammond, 2010; Caffrey, 2009).
According to the Smarter Balanced Assessment Consortium (2012), the performance tasks of Smarter
Balanced Assesements measure a student’s ability to demonstrate critical-thinking and problem-solving
skills. They challenge students to apply their knowledge and skills to respond to complex real-world
problems. The forms of the performance tasks can be best described as collections of questions and
activities that are coherently connected to a single theme or scenario. Therefore the goals of performance
tasks are to measure students® capacities of deep learning, understanding, research and writing skills,
critical thinking and reasoing, and complex analysis. To support students’ learning and success in
performance tasks, students should be given meaningful and real world related tasks with authentic
products to show their understanding of the material in performance tasks (McBee & Barnes, 1998). It
provides teachers with the opportunity to promote students’ interests and engage them in active learning
through reflection and demonstration of the thinking processes (Tung, 2010). These student-centered
assessments evaluate students at a direct level (Wright, 2001).
Examples of assessments in conceptual understanding, compuation, and problem solving
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This section provides examples of asessments focusing conceptul understanding, procedual fluencey, and
problem solving, and their impact on teaching and learning mathematics in arithmetic and number
systems. The samples of studies were selected and catergorized based on themes and internatioal
representation to show trends in assessments in the specific foucses. These samples are orgnized based
on five themes: understanding, procedual fluencey, problem solving, combination of the three areas, and
classroom assessment.

Assessment in conceptual understanding arithmetic and number systems

Berman’s study (2011) aimed to help teachers assess students’ understanding of place value, so teachers
can ensure what conceptual learning and teaching in arithmetic are needed. The study described how to
assess students’ understanding and manipulation of number system by using the sixTasksofPlaceValue
(SToPV), which takes about five minutes to do, and can be used to explore students from third grade.
The tasks were a combination of doing some hands-on activities and giving responses to the teacher’s
questions. There were three stages of conceptual understanding in place value in the assessment,
understanding, construction, and emergent. Each task gave the rubric of the four different levels of
conceptual understanding. According to student’s response levels in each task, teachers could determine
which stage the student was demonstrating by referring to the definition of the three stages. The author
conclused that the SToPV can be administered in daily classroom, and it gives clear definition of where
the student is in conceptual understanding of the number system, which helps classroom teachers in their
math teaching.

The study of Baglici, Codding, and Tryon (2010) followed a cohort of the first grade students for a whole
school year, which was an extension of a previous study of the Tests of Early Numeracy (TEN; Chard et
al., 2005; Clarke & Shinn, 2002, 2004). The purpose of the study was to determine which TEN measures
demonstrate sensitivity to growth from kindergarten to first grade, ascertain whether TEN performance in
kindergarten is correlated with first-grade TEN performance, and examine whether TEN performance in
kindergarten predicts first-grade mathematics computation skills, year-end mathematics report card
grades, and teacher ratings of mathematics skills. The participants were 61 students from three suburban
public schools near New York City. The study assessed the student performance from kindergarten to
first grade. The assessment used four 1- minute TEN measures to collect students’ response in arithmetic.
The four measures were oral counting, number identification, quantity discrimination, and missing
number. Responses for the four measures ranged from 0 to 10 for kindergarten and up to 20 for first
grade. Findings showed that “In nearly all the analyses, performance on the kindergarten MN measure
was a significant predictor of first-grade computation and teacher-determined outcome measures (i.e.,
ACES-M); it also yielded accept- able reliability coefficients” (p. 100).

Bailey, Hoard, Nugent, and Geary’s study (2012) was designed to determine “whether measures of
conceptual knowledge of fractions and computational fractions skills concurrently predict mathematics
achievement, controlling for other factors” (p. 448) by providing a cross-lagged assessment to connect
fractions and mathematics achievement across sixth and seventh grades. The study analyzed 212 children
who completed at least two tasks given by the researchers. The standardized measures consist of
intelligence, achievement, working memory, and mathematical tasks (number sets and number line
estimation). The psychometric measures consisted of computational arithmetic, computational fractions,
and fractions comparison test. The cross-lagged effects showed that performance on the sixth grade
fractions concepts measure predicted 1-year gains in mathematics achievement (R = .14, p <.01),
controlling for the central executive component of working memory and intelligence, but sixth grade
mathematics achievement does not predict gains on the fractions concepts measure (3 = .03, p > .50). The
research also demonstrated that measures of fluency with computational fractions significantly predicted
seventh grade mathematics achievement above and beyond the influence of fluency in computational
whole number arithmetic, performance on number fluency and number line tasks, central executive span,
and intelligence. The findings indicated the importance of fraction competence for mathematics
achievement beyond the elementary school years (Siegler et al., 2011, 2012) and supported the hypothesis
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that improving children’s competence with fractions is likely to facilitate gains in mathematics
achievement.

Assessment in computation and procedural fluency in arithmetic and number systems

Liu’s study (2009) aimed at collecting baseline data for computational estimation by Chinese students.
About 403 third graders and fifth graders participted in the study from four different types of elementary
schools in different areas in China. The instrument of the study was based on the Multiplication
Estimation Test (MET) with some revisions to the original one. The revised MET had 32 items with an
equal number of problems on all the dimensions. The author concluded that students often will not
estimate simply at the request to estimate if an exact answer is within their mental computation capability,
and a two-step process is suggested for helping students decide what route to take when given arithmetic
problems.

The longitudinal study by Muldoon, Towse, Simms, Perra, and Menzies (2013) aimed at assessing the
relationships between number line estimation, counting, and mathematical abilities, in response to claims
that the quality (and in particular linearity) of children’s mental representation of number acts as a
constraint on number development. The pariticipants were 99 five-year-old students from four primary
schools in Edinburg, Scotland. They were tested individually using the three tasks in number estimation,
counting, and math ability in four testing sessions with varied focuses in each session 3 monthly intervals.
For all analyses the researchers used the ability score. The finding showed that there were correlations
between the three types of ability, but while the quality of children’s estimations changed over time and
performance on the mathematical tasks improved over the same period, changes in one were not
associated with changes in the other. The findings suggested that the linearity of number representation is
not significantly privileged in its impact over and above simple procedural number skills. The authors
proposed that both early arithmetic success and estimating skill are bound closely to developments in
counting ability.

Assessment in problem solving in arithmetic and number systems

Kalyuga (2006) described an alternative schema-based rapid assessment technique and investigated how
to apply it in arithmetic word problem solving in the study. Fifity five eighth graders from a Sydney
school participatec in the assessment. The students were asked to finish two different tests, the traditional
test and the first-step diagnosis test. In the first-step diagnosis test, 20 arithmetic problems were given,
and students only needed to write their first solution in 30s. If a response to a task was an immediate next
step expected in the fully worked out, detailed fine-grained solution procedure according to the first
schema for that task, the response was allocated a score 1. If an answer was not an immediate next but
one of the following steps towards the solution (or even the final step of the solution), it was al- located
an additional score for each skipped step. The study showed that a rapid measure of learners’ schematic
knowledge structures based on monitoring immediate traces of cognitive processes in working memory
can be constructed and used for valid diagnostic inferences in a relatively complex instructional domain.

A case study by Mundia (2012) aimed at identifying the degree and nature of problems in math for fifth
graders, finding and recommending ways the child’s math problems could be investigated further to gain
additional insights. The participants were 29 Grade 4 children. The data for this case study were collected
through observations, school assessment reports and documents, an in-take interview with one of the
parents, a researcher constructed 16- item diagnostic test covering contents (addition, subtraction,
multiplication, division); an error analysis of the child’s mistakes in mathematics from the diagnostic
class wide test; and a think-aloud diagnostic interview based on the error analyses. The survey data were
analyzed quantitatively while observational and interview data were analyzed qualitatively. The study
identified some learning difficulties of the fourth graders. The difficulties were “inability to use the four
arithmetic operations (addition, subtraction, multiplication, and division) efficiently; not understanding
the relationship between units, tens and hundreds; using any two of the four arithmetic processes (+, -, X,
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+) in combination within one operation; treating each column as a separate problem; place value
problems or wrong alignment of numbers; poor eye-hand coordination leading to dysgraphia; and short-
term memory / memory lapses” (p. 361).

Assessing student learning in muliple areas and forms in arithmetic and number systems

The effective assessment task should be an open-ended task, and it should include the three components
(NRC, 1993): 1) Involving significant mathematics; 2) Enhancing mathematics learning and supporting
good instructional practice; 3) Supporting every student’s opportunity to learn important mathematics.
Various studies suggest using rich mathematical tasks to develop students’ capacity in reasoning and
argument (Mok & Kaur, 2006; Shimizu, Kaur, Huang, & Clarke, 2010). Mathematics tasks are important
vehicles for classroom instruction that aims to enhance students’ learning. To achieve quality
mathematics instruction, then, the role of mathematical tasks to stimulate students’ cognitive processes is
crucial (Hiebert & Wearne, 1993). Current research evidence indicates that students who are given
opportunities to work on their problem solving skills in rich mathematical tasks enjoy the subject more,
are more confident and are more likely to continue studying mathematics, or mathematics-related subjects
(Hewson, 2015). One example of rich mathematical tasks in arithmetic and number systems
demonstrated in Wu and An’s study (2015) is using the Model-Strategy-Application with Reasoning
(MSAR) in assessing the effects of children learning in diverse classrooms. The results shows that
applying the MSAR approach in teaching and assessing student learning helped diverse students at grades
2, 3, and 5 understand arithmetic and number systems from drawing visual models, developing
procedural fluency using various strategies, and building competence in problem solving in real world
applications. The findings of Wu and An’s support Hopkins’s (2011) idea of combining concepts and
procedures and problem solving together. Hopkins (2011) indicated that students will have mathematical
learning difficulties when some students’ conceptual understanding and procedural learning of arithmetic
becomes less integrated. For example, various research studies showed the effects of integral nature of
understanding place value numeration with applying it in arithmetic and problem solving on children’s
learning place value acknowledged (Steffe & Cobb, 1988; Wright, 1996; Hopkins; 2011).

Seethaler and Fuchs® study (2006) aimed at examining the relations of various cognitive abilities and
aspects of math performance with computational estimation skill of third graders. Students (n = 315) were
assessed on language, nonverbal reasoning, concept formation, processing speed, long-term memory,
working memory, inattentive behavior, basic reading skill, arithmetic number combination skill, double-
digit computation skill, and computational estimation ability. The researchers conducted a one-way
analysis of variance (ANOVA) on estimation skill, using computation performance status as the between-
groups factor. Then, correlation and multiple regression were used to explore the extent to which the
predictor variables under examination correlated with, and accounted for variance in, estimation skill.
The conclusion of the study was that skills in arithmetic number combinations, nonverbal reasoning,
concept formation, working memory, and inattentive behavior may play significant roles in the prediction
of estimation outcome.

Classroom Assessment

According to Callingham (2010), “The classroom is the powerhouse of learning” (p.2). Teachers play a
major role in making student learning successful (Hattie, 2009). Sandra Horn, and William Sanders
(1997) have corroborated the conclusions and indicated that the most important factor affecting student
learning is the teacher. It is important to provide a varity of assesments in classroom to support student
mathematics learning. These type of assessments include preassessent that address a student readiness to
learn to support planning for achieving maximally effectiveness in student learning, and formative
assessment that occurrs during teaching (McMillan, 2011). Formative assessment is an interactive and
ongoing process (Airasian, 1994) and focuses on active feedback by teachers to support learning
(Marzano, 2006; Shavelson, 2006). According to Marzano (2006), research on effective classroom
assessment lead to the following four gereralizations:
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« Feedback from classroom assessments should give students a clear picture of their progress and
how they might improve.

« Feedback on classroom assessments should encourage students to improve their learning.

« Classroom assessment should be formative in nature.

« Formative classroom assessments should be frequent.
A study on formative classroom assessment conducted by An and Wu (2011) showed that teachers can
provide more and better feedback to students when they use the sampling strategy addressed in the study
for assessing and analyzing student work. Their study engaged ten classroom teachers in an inquiry
process of the four steps of identifying errors, analyzing reasons for the errors, designing approaches for
correction, and taking action for correction. The teachers, include a 5™ grade teacher, made obvious
progress in their knowledge of assessing students’ thinking, understanding the difficulties and challenges
their students had in learning mathematics through analyzing their daily homework.
Summary and reflection
In summary, the list of studies reviewed in this artilce is not intended to be exhaustive. The purpose of
this article was to address and highlight some examples of studies related to assessment in student
learning in arithmetic and number systems.
The results of these studies demenstrated recent trends in assesments in arithmetic and number systems,
focusing the process of assessing student learning in conceptual undersanding, procedual fluency,
reasoning, and problem sovling in real world application with mulitple forms. These studies showed that
classroom teachers are the key in assessing and supporting studnet learning, and effective classroom
teachers should use multiple forms of assessments that are interactive and meaningful in classroom to
support student learning in arithmetic and number systems.
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Abstract

The reductionism and Manichaean view of the microbe—human host relationship are the two major
limitations in the conventional theories of microbial infection. Three focal point theory-based game models
(pure cooperative, dilemma and pure conflict) are proposed for resolving those problems. There exists a
dynamic duality relationship (DDR) between symbiosis (Sym) and pathogenesis (Pat) in microbial infection,
which is the most fundamental problem in infectomics. Our health is associated with the dynamic interactions
of three microbial communities [nonpathogenic microbiota (NP) (Cooperation), conditional pathogens (CP)
(Dilemma), and unconditional pathogens (UP) (Conflict)] with the hosts at three different health statuses
[nonsusceptibility (NS), conditional susceptibility (CS), and unconditional susceptibility (US)]. Sym and Pat
can be quantitated by measuring symbiotic index (SI), which is quantitative fitness for the symbiotic
partnership, and pathogenic index (PI), which is quantitative damage to the symbiotic partnership,
respectively. The values of SI and PI can be used for calculation of the symbiotic point (SP).

1. Introduction

Infectious diseases caused by bacterial, viral, fungal or parasitic pathogens continue to be the leading cause
of morbidity and mortality worldwide despite the availability of effective anti-microbial agents and vaccines
over the last fifty years [1]. The continual emergence of previously undescribed new pathogens, reemergence
of old pathogens, and the rising crisis of antibiotics resistance will certainly heighten the global impact of
microbial infections in the 21st century. These problems are mainly due to inadequate knowledge of the
dynamic duality relationships (DDR) between symbiosis (Sym) and pathogenesis (Pat) in microbial
infections [2]. The term symbiosis, which may have many variations on its definition, in this paper refers to
living together through a close and prolonged association between two or more organisms of different species
[3, 4]. Duality is defined as different ways of looking at the same thing [5]. There are two major limitations
inherent in the conventional theories of microbial infection. On the one hand, in the past century biology and
medicine including infectious diseases have been dominated by the reductionistic approaches. Focusing
research on individual virulence genes and the important pathogens has been the traditional approach to
human infectious diseases. On the other hand, as Joshua Lederberg pointed out [6, 7], medical science is
imbued with the Manichaean view of the microbe—human host relationship: “we good; they evil.” Almost
all broad-spectrum antimicrobial agents, which are in the best interest of pharmaceutical industries, kill both
the good microbes as well as the bad germs. Even though narrow-spectrum anti-infective agents are not
“narrow” for pathogens, they also target both the good and bad microorganisms with a limited range of
species.

2. Research Questions
Animals and plants are continually infected by an extensive diversity of symbiotic or invading organisms
including bacteria, virus, fungus or parasites. Infection of bacteria by phages started long before the

emergence of animals and plants [8]. Microbial infection is an evolutionary paradigm which is associated
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with co-evolution between hosts and microbes [6, 7, 9]. This co-evolution can be defined as the process of
reciprocal and dynamic genetic changes in two or more species [2]. The conventional wisdom in medicine
holds that microbial infection is a pathogenic process in which a pathogen enters, establishes itself and
multiplies in the host [10]. The emphasis is on the antagonism or conflict, not the mutualism. This
represents “zero-sum thinking” — the belief that if one player gains, other player must inevitably lose.
Methods and concepts of the zero-sum game theory have proved successful in studying the strategy of pure
conflict. The most challenging issue in infectious diseases is how to dissect the dynamic Sym/Pat duality
relationships in microbial infections using infectomics and mathematics such as game theory. Game theory,
defined in the broadest sense, is the study of the strategies of conflict, cooperation and mixed situations in
which both coexist. This article attempts to enlarge the scope and application of game theory in infectious
diseases, extending from the zero-sum games to the nonzero-sum games.

CP
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Communit
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health

Infect.
Disease
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“. —
Non-susceptible
(NS) Host
< B

) 4 v

Non-Pathogenic (NP)
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Fig.1 Schematic representation of interactions of three microbial communities [non-pathogenic (NP),
conditional pathogenic (CP) and unconditional pathogenic (UP)] with with the hosts at three
different health statuses [non-susceptibility (NS), conditional susceptibility (CS), and unconditional
susceptibility (US)].

3. Research Evidence and Methods

3.1. Three Community Principles of Microbial Infections

Our health is associated with the dynamic interactions of three microbial communities [2] [nonpathogenic
microbiota (NP), conditional pathogens (CP), and unconditional pathogens (UP)] with the hosts at three
different health statuses [nonsusceptibility (NS), conditional susceptibility (CS), and unconditional
susceptibility (US)] (Fig.1). NP is the major microbial community which forms a healthy symbiotic
‘superorganism’ with the hosts. The ecology and evolution of NP-NS interaction is essential and fundamental
for health. From birth to death, we share a benign coexistence with a vast, complex, and dynamic consortium
of microbes. Most of our microbial commensals reside in our gastrointestinal (Gl) track packed with up to
100 trillion (10'*) microbes [1, 11]. The Gl tract harbors a rich microbiota of >600 different bacterial species.
Some of these microorganisms have important health functions. These include stimulating the immune
system, protecting the host from invading bacteria and viruses, and aiding digestion. The gut microbiota,
which is essential for human homeostasis, is established rapidly after birth and remains relatively stable
throughout the life [1]. The Gl mucosa provides a protective interface between the internal environment and
the constant external challenge from food-derived antigens and microbes. CP and UP are minor microbial
communities that mainly contribute to the pathogenesis of microbial diseases. The distinction between the
commensal and the pathogen in the CP community can be blurred because they may cause diseases under
certain sub-health conditions of the hosts, or in immunocompromised hosts. For example, pneumococcus,
meningococcus and Haemophilus bacteria regularly exist as part of the normal microbiota of the host
respiratory track and are mostly carried asymptomatically despite the fact that they can cause well-defined
diseases [12, 13]. Microbes in the CP community dynamically evolve in two opposite directions, which are
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toward either the NP (more cooperative or mutualistic) or UP (more pathogenic) microbial community.
Microbes with high pathogenicity belong to the UP microbial community. The three microbial communities
and three statuses of the hosts are subjected to dynamic reciprocal changes driven by intraspecies, cross-
species or cross-kingdom transfer of genetic materials.

SP=f(SI, PI)
Maximum < » Minimum

GO CCP

Non-Zero Sum Zero Sum
Cooperation Dilemma Noncooperation
A 4 A 4
Ecologic ) Immunoinfectomics &
Infectomics Chemical Infectomics

Fig.2. A continuum model of host-microbe interactions coupling with infectomic approaches to
dissect the problems in microbial infections.

3.2. Duality Representations of Microbial Infections: Sym and Pat.

Extending along the dynamic continuum from conflict to cooperation, microbial infections always
involve symbiosis and pathogenesis, which are two fundamental components of the host-microbe
interactions (Fig.2). There exists a Sym-Pat dynamic duality relationship (DDR) in microbial infection,
which is the most fundamental issue of infectomics [2]. DDR is reflected in the genotypic and phenotypic
infectomes, which are encoded by both host and microbial genomes. The opposition and unity of Sym and
Pat are indispensable, and the academic viewpoint that the unity of opposites of Sym and Pat gives
impetus to the development of microbial infection is considered as the core idea and radical principle of
the duality representations of microbial infections. In certain circumstances and at a certain stage of the
development of microbial infection, each of the two aspects of Sym and Pat will transform from
antagonism into mutualism or from mutualism into antagonism. Sym and Pat can be quantitated by
measuring symbiotic index (SI), which is quantitative fitness for the symbiotic partnership, and pathogenic
index (PI), which is quantitative damage to the symbiotic partnership, respectively. The most crucial
experiments are to identify infectomic signatures specific for Sl and PI. The set of symbiotic or pathogenic
parameters is defined as a function SI(x) or PI(x*). SI(x) and P1(x*) are continuous functions ranging from
0 to 1 to admit different degrees of Sym and Pat, respectively (Fig.3). SI(x)=0 and PI(x*)=0 indicate that x
and x* are perceived to be zero-symbiotic and zero-pathogenic, respectively. SI(x)=1 and PI(x*) =1
indicate that x and x* are perceived to be completely symbiotic and completely pathogenic, respectively.
Intermediate values of SI(x) and PI(x*) indicate that x and x* are perceived to be partially symbiotic and
partially pathogenic, respectively. The hosts have large influences on Sl and PI. For example,
polydnaviruses have evolved complex life cycles in which they interact as symbionts with one host and
pathogens with another. Their genomes reflect the dual roles as mutualists and pathogens [14]. Symbiotic
points (SP) are used to determine the DDR between Sym and Pat. The values of Sl and PI can be used for
calculation of the symbiotic point (SP), which is a function of Sl and PI.

SP=f (SI, PI)

The focus of the DDR research is to examine the ability of SP to transform situations of potential conflict
(UP-US & CP-CS) into situations of cooperation (NP-NS). SP bears analogy to Schelling’s focal point,
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which is any feature of such a game that provides a focus of convergence [15]. In the games with multiple
Nash equilibria, one equilibrium usually stands out from the others (salient). Such an equilibrium is a focal
point which can be easily recognized by all the players [16]. Thomas Schelling’s Strategy of Conflict
(1960) has been recognized as one of the most important works of game theory [17]. There is no doubt that
focal points play a central role in Schelling’s game theory. Schelling has made a significant contribution to
a reorientation of game theory. Understanding focal points is not only a key to improving game theory but
also a key to dissecting SPs.
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Fig.3. A relationship between Sl (o) ahd Pl (Bib. fx’c pkrative relationship (NP-NS: health and
mutualism) (1) occurs between the host and the,KP micrgbial cgmmunity. A competitive relationship (CP-
CS) (11 and 1) exists between the hosf ad thel CP micrdb munity. There are two types of
competitions, better (1) and worse (111). An antagergstic relatio|nship (UP-US) (IV) between the host and
the UP microbial community. '

3.3. Game Theoretical Models (GTMs) of Microbial Infections.

In this paper, three types of GTMs are proposed for studies on NP-NS interactions (cooperative game),
UP-US interactions (noncooperative games), and CP-CS interactions (dilemma or bargaining game). First,
the NS-NS interactions are dissected with pure cooperative games in which each player chooses the
strategy corresponding with the focal point in the expectation that the others will do the same. The
significance of focal points can be shown most clearly in the pure cooperative games (Fig.4(a)). As there is
no conflict of interests in these games, all the players merely want to cooperate and they do not choose the
alternative ways. Analysis of the cooperative game issues is to focus on coalition formation and
distribution of the gains through cooperation. The SP in the NP-NS games tends to be maximal (Fig.2).
Secondly, noncooperative GTMs are used for analysis of the UP-US interactions. In contrast to cooperative
games which focus on collective rationality and common interest, noncooperative games emphasize
individual rationality and individual optimal strategy. The SP in the UP-US games tends to be minimal
(Fig.2). In games of pure conflict, defection is the equilibrium strategy and the total benefit to all players in
the game, for every combination of strategies, always adds to zero (zero-sum). This situation is depicted in
Fig.4(b) as a two-player game. In the antagonistic UP-US interaction model, the surviving strategies of the
UP community conflict with that of the US host. The UP evolves to exploit the host as much as possible,
and the host adapts to exclude or limit the damage caused by the UP. Thirdly, we consider the strategic use
of focal point theory in mixed situations to analyze the CP-CS interactions in which there is both conflict
and mutual dependence. The most well-known example is the Prisoner’s Dilemma game (a two player
game) in which each player chooses between a cooperating and defecting strategy. As shown in Fig.4(c),
each player receives a higher playoff by defecting than by cooperating, no matter what the other player
chooses. However, they receive a higher playoff if both cooperate than both defect. The two player game
can be extended to the N-player Prisoner’s Dilemma game with arbitrary numbers of players. The CP-CS
interactions can co-evolve toward two different directions, increasing or decreasing the SP.
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4, Outcome

In this paper, focal point theory-based game models are proposed for analysis of the dynamic duality
relationships (DDR) of Sym-Pat in microbial infections. DDR is the most fundamental problem in
infectomics, which is the integration of omics and mathematical/computational approaches. There are
three types of infectomic approaches that can be used for the control of microbial infections: ecological
infectoimcs, immunoinfectomics and chemoinfectomics [2]. Ecological infectomics will explore symbiotic
solutions to microbial infections. Developing novel immunological intervention strategies for the
prevention and treatment of microbial infections using infectomic signatures and immunomic approaches
falls within the field of immunoinfectomics. Chemoinfectomics represents the most powerful approach to
the development of a new generation of drugs for antimicrobial chemotherapy.

Host Host

11|00 00 | 00 H H C D

00 |11 (00 |00 M |22 |-1,1 Cc 33 |14

Microbes
Microbes

00 | 00 11|00 M -1,1 | 3,-3 D 4,1 242

00 | 00 00 (11 Pure Conflict Game Dilemma Game

(a) (b) (c)
Fig.4. (a) Pure cooperative game. (b) Pure conflict game. H: host; M: microbes. (c) Dilemma game. The
number in the left of each pair indicates the payoff for Microbes; the right, Host. Higher numbers represent
greater payoff for the individual. Two strategies [Cooperation (C) and Defection (D) ] are used.

4.1. Symbiosis Point Converting (SPC): Ecological infectomics-based approaches for rational control
of microbial infections. As microbial infection is an ecological and evolutionary paradigm which is
associated with co-evolution between hosts and microbes (such as human host and microorganisms,
phages and bacteria) in dynamic ecosystems, two ecological infectomics-based SPC approaches
(increasing and decreasing SP) can be used for rational control of infectious diseases [2]. The focus in SP
increasing approaches is how to transform situations of potential conflict (pathogenesis) into cooperation
(symbiosis) by dissecting the dynamic duality relationships (DDR) between Sym and Pat in microbial
infections and developing symbiotic agents (symbiotics) that favor a healthy symbiosis [2]. Symbiotics are
defined as products that are beneficial to symbiotic ecology of the super-organisms consisting of microbes
and their human hosts. These include microbial (e.g., probiotic bacteria) and nonmicrobial agents (e.g.,
prebiotics) [2]. The introduction of beneficial symbiotics with higher SP in our body should be a very
attractive rationale for modulating the microbiota, improving the symbiotic homeostasis of the
superorganism and providing a microbial stimulus to the host immune system against pathogens.
Decreasing SP is another rational strategy for control of microbial infections. As phages, which
specifically kill bacteria, play an important role in the ecology, evolution and virulence of a number of
pathogens, there is a rational use of phages for treatment and prevention of bacterial infections. The use of
phages to treat bacterial infections has a long history dating back to mid 1910’s [2]. Due to the availability
of effective broad spectrum antibiotics in the early 1940’s, phage therapy was discarded in Western
medicine at that time. The rising crisis of antibiotic resistance has recently increased great interest in
phages and their use as natural antimicrobial agents to fight microbial infections [2]. Compared with
commonly used antibiotics, a great advantage of phages is their narrow host range. Recent studies showed
that co-infection with GB virus C (GBV-C) is associated with a decreased mortality in HIV-infected
patients [18]. Therefore, reducing SP between microbial agents (such as phages and GBV-C) and targeted
pathogens is another excellent ecological approach for the development of novel antimicrobial agents.

4.2. Specific Pathogen-Targeting (SPT): Immunoinfectomics- and chemoinfectomics-based

approaches for prevention and treatment of infectious diseases. In contrast to the ecological
infectomics-based SPC approaches that focus on the symbiotic relationships (such as NP-NS and CP-CS
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interactions) between the hosts and microbial communities, immunoinfectomics- and chemoinfectomics-
based SPT approaches emphasize the use of antagonistic relationships (such as UP-US interactions)
between the hosts and microorganisms. It is important to point out that the SPT approaches are intrinsically
different from the conventional pathogen-targeting antimicrobial agents, which kill both pathogens and
nonpathogens [2]. The availability of the genomic information from both microbes and their hosts has
resulted in exciting new progress in the field of immunoinfectomics. Nanobody-based technologies and
immune epitope mapping have emerged as the very powerful tools for the discovery and development of
novel antimicrobial agents. Concurrent advances in both high-throughput chemistry and infectomics have
given rise to the field of chemoinfectomics for elucidating and validating drug targets, and generating

novel therapeutics. Chemoinfectomics refers to the use of small synthetic molecules that are highly specific
for defined infectomic targets, for biological function analysis and to discover new drug leads. The
progress towards understanding the DDR of Sym-Pat in microbial infections using focal point theory-based
game models will greatly facilitate the use of ecological infectomics, immunoinfectomics and
chemoinfectomics for the rational control of infectious diseases.
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ABSTRACT

BACKGROUND: The clinical course for chronic hepatitis B (CHB) patients with normal ALT and with
or without minimal histologic activity remains unclear.

GOAL: We assessed frequency, amplitude, disease activities, and associated factors of ALT and/or AST
flares in this subpopulation.

STUDY: 47 consecutive treatment naive Asian CHB patients were enrolled from two liver clinics
between December 2003 and January 2013, who had normal baseline ALT by routine clinical
biochemical testing done 6 weeks before or after the liver biopsy (LB). Flare is defined as elevation of
ALT/AST above ULN of ALT/AST.

RESULTS: The mean post-LB follow-up was 37.6 (C.I. = 12, 88) months. The mean age at the LB was
43.3 (C.l. = 19, 65); 22/47 (46.8%) were males; 15/45 (33.3%), HBeAg+; 68.1% had

stage 0-1 fibrosis; 63.8% had grade 0-1 inflammation. During follow-up, 13/47 (27.7%) cases developed
ALT flare at least once in a mean of 13.5 (C.l. = 2, 43) months after LB; ALT flare was not associated
with baseline ALT level, fibrosis stage, inflammation grade, hepatitis B virus (HBV) DNA load, HBeAg
status, HBV genotype, HBV pre-core, and basal core promoter mutations. 11/13 (84/6%) of ALT flares
resolved during follow-up. 13/13 (100%) of ALT flares met AASLD treatment criteria but only 6/13
(46.2%) were on HBV treatment.

CONCLUSIONS: Serum ALT and/or AST flares occur frequently in CHB carriers who initially
presented with normal ALT during pre-treatment period. Thus, regular follow-up is warranted despite
status of ALT/AST. No clinical factors were found to be associated with ALT flares.

Key Words: Chronic hepatitis B; Normal ALT; Liver biopsy; ALT flare; AST flare

INTRODUCTION

Chronic hepatitis B virus (HBV) infection affects more than 400 million people worldwide.

Vast majority of chronic hepatitis B (CHB) patients are located in Asia. 1) CHB causes ongoing liver
injury that can be associated with cirrhosis and hepatocellular carcinoma (HCC). Compared to people

without HBV infection, HBV carriers have a 100 fold higher relative risk of developing HCC. @) Itis
estimated that 15-40% of CHB patients will progress to cirrhosis that can be complicated by hepatic

decompensation and end stage liver disease, while 25% of these patients will develop HCC. (2-5) The
rate of developing cirrhosis in patients with chronic HBV infection at tertiary centers ranges from 2-7%
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annually. (6-10) In order to evaluate the severity of liver injury, liver biopsy remains the gold standard

modality to accurately evaluate fibrosis/cirrhosis in patients with CHB. (11)
Serum ALT level has been used as one of the parameters in determining clinical phases of HBV
infection and serum ALT elevation, also called ALT flare, is an indication of hepatic

necroinflammation. (12-13) Acute exacerbation, manifested with ALT flare, occurs in patients with

CHB, especially in those with elevated ALT levels at presentation. (14) Most of these exacerbations
were associated with reactivation of HBV replication and ended with spontaneous resolution and ALT
normalization, though the exacerbation could recur.

Although CHB patients with persistently normal ALT are thought to have mild hepatic

necroinflammatory activity on liver biopsy and have good prognosis, (15-16) several studies have
demonstrated that CHB patients with significant inflammation and fibrosis on liver biopsy can present
with normal or minimally elevated ALT, questioning the accuracy of current standard ALT criteria in

reflecting HBV-related liver injury. (17-25)
Serum ALT is an important parameter used in all major guidelines for HBV treatment from different

organizations. (26-29) In general, the decision to initiate HBV treatment is based on CHB natural history
and possible risks for disease progression. Both Asian Pacific Association for the Study of the Liver
(APASL) and American Association for the Study of Liver Diseases
(AASLD) recommend treatment once the patients” ALT is above 2 x Upper Limit of Normal (ULN),
while European Association for the Study of the Liver (EASL) and Keffee and Tong’s algorithms

recommend to consider treatment once ALT is more than 1 x ULN (12, 26-29) as studies have shown
that when ALT gets close to ULN, the patients may potentially have increased liver related mortality.

(30-31) On the other hand, it is well known that single elevations of ALT level might not indicate

significant severe histologic disease. (22-23,32) However, it is still unclear about the clinical course of
CHB patients with normal ALT with or without minimal histologic activity. A good understanding about
disease progression will facilitate the discussion when it is appropriate to start treatment for CHB
patients with normal ALT and AST at baseline.

In the present study, we evaluate CHB patients with normal ALT and AST at baseline for
frequency of HBV infection flare, specifically ALT and AST flare from the time of liver biopsy. We also
assess risk factors of ALT flare in these Asian American patients with CHB.

PATIENTS AND METHODS

Patients and Enrollment Criteria. This study was conducted via a consecutive and
retrospective chart review of patients with CHB who were regularly followed in 2 outpatient liver
clinics at University of California, Irvine medical center and EImhurst Hospital of Mount Sinai School
of Medicine between December 2003 and January 2013. The Institutional Review Board at both centers
approved this study and the informed consent was exempt. Patients were
enrolled if they met the following inclusion criteria: Asian American patients who carried diagnosis of
CHB with detectable serum HBV DNA; underwent a liver biopsy with report of normal or mild liver
histology i.e. METAVIR Staging <2 and Fibrosis < 2; regular follow-up every 6 months at minimum
with liver function tests and HBV DNA for minimal 12 months; and serum ALT level < ULN. The ULN
of ALT is 60 IU/L at University of California, Irvine liver clinic while the ULN is 40 1U/L at Mount
Sinai clinic. Exclusion criteria include coinfection with HIV, Hepatitis C or D, or HCC. A total of 47
patients who met above inclusion criteria were included in the present study.

Clinical Data Collection. Chart review was performed to collect clinical information that
includes date of birth, age, gender, ethnicity, date of clinic entrance, date of biopsy, date of treatment

38



initiation if applied. Follow up time started from the time the patient had entered the clinic till January
2013 or the time that treatment was started. Once a patient received treatment for hepatitis B, that
patient’s clinical data will no longer be followed by our study.

Laboratory Data Collection. The following laboratorial data were collected at the time of liver
biopsy as the baseline results, then every 3-6 months with a two-week variation. Biologic and
hematologic laboratory data included ALT, AST, total bilirubin, albumin, protime/INR, and platelet
count. HBV serological and virological test results included HBsAg, HBeAg, HBeAb, HBV DNA level,
HBV genotype, pre-core (PC) mutations (G1896A and C1858T), and basal core promoter (BCP)
mutations (A1762T and G1764A). ALT < 60 IU/L is considered within normal limit (WNL) at
University of California, Irvine liver clinic whereas ALT <40 IU/L is the reference for WNL at Mount
Sinai clinic. AST <40 IU/L is WNL at both clinics.

Pathology Data Collection. All percutaneous liver biopsies were performed at our centers.
Liver histology was assessed by pathologists specialized in liver diseases without any
knowledge of the clinical data. A liver sample was considered adequate if it was longer than 15 mm and
contained six portal tracts or more. The METAVIR scoring system was used to evaluate histologic

grades and stages of the liver biopsy. (33-35) The severity of necroinflammation was graded from AO
(no activity) to A3 (severe activity) and the stage of fibrosis was graded from FO (no fibrosis) to F4

(cirrhosis). (35)

Statistical Analysis. The descriptive data were shown as whole numbers and percentages. Chi-
square tests were performed in order to evaluate univariate analysis of predictive risk factors for ALT
flare. Student t-tests were also performed. A p-value of less than 0.05 is considered statistically
significant. The primary endpoints were frequency of ALT/AST flares and associated factors with ALT
flare in this subpopulation of patients with mild histologic disease activity and normal liver enzymes at
the time of biopsy.

RESULTS
Baseline Characteristics of the Patients. As summarized in Table 1, of 47 patients in the study,
all were of Asian American background and had biopsy with ALT < ULN, specific for each institution’s
laboratory reference. Mean follow-up was 37.6 £ 19.0 months with the range of 12-88 months. Mean
age was 43.3 + 13.5 years with 22/47 (46.8%) being male. Mean ALT at biopsy was 26.5 + 10.3 IU/L,

while mean AST at biopsy was 24.6 £ 6.7 IU/L. Mean HBV DNA level at biopsy was 2.0x108 +

1.0x109 IU/mL. All patients with liver biopsy reported histologic stage and grade < 2, 68.1% and 63.8%
had fibrosis stage < 1 and inflammatory grade < 1, respectively. Of 45 patients, 33.3% were HBeAg
positive, 71.1% developed HBeAb; 2 cases were positive for both HBeAg and HBeAb. Ninety-eight
percent of the participants had genotype B or C, 66.7% had genotype B infection. HBV PC mutations
accounted for 62.8% of all cases, HBV BCP mutations accounted for 32.6% of cases, while 20.9% of all
cases had both PC and BCP mutations, i.e. at least one PC mutation (G1896A or C1858T) and one BCP
mutation (A1762T and G1764A).

Frequency and Clinical Features of CHB Flares. Of 47 participants, 13/47 (27.7%) were
found to have ALT flares defined as ALT > ULN (Figure 1), 10/13 (76.9%) had a single flare; 2/13
(15.4%), 2 flares; and 1/13 (7.7%), 5 flares during follow-up. In these ALT flare events, 10/13 (76.9%)
were associated with AST flares. The first episodes of ALT flare occurred between 2 and 43 months
after liver biopsy with a mean interval of 13.5 £+ 13.3 months. The mean ALT of these flares was 114.5 +
107.3 IU/L. Only 1/13 (7.7%) case with first ALT flare was associated with further HBV DNA increase
by more than 1 log of 10. In 11/13 (84.6%) patients, the first episodes of ALT flare resolved eventually,
in 19.7 £ 20.0 weeks. However, only 5/13 of those cases experienced spontaneous resolution of ALT
flare i.e. resolving within 12 weeks. The episodes of ALT flare achieved the highest ALT at a mean
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value of 148 + 116.1 IU/L, after a mean interval of 21.2 + 15.7 months since biopsy, and resolved after a
mean interval of 17.8 + 16.4 weeks, ranging from 2 to 52 months. (Table 2)

Among 12 (25.5%) cases with first episode of AST flare, 2/12 (16.7 %) were AST flare only and
not accompanied with ALT flare. The first episode of AST flare reached a mean AST of 79.0 + 86.2
IU/L, ranging from 39 to 344 IU/L. These episodes occurred at a mean interval of
17.2 + 16.2 months and resolved within 19.7 + 20.0 weeks. The AST flares with the highest AST level
were obtained at a mean AST of 95.4 £+ 85.7 IU/L, varying from 41 to 344 IU/L. They occurred after an
interval of 24.5 £ 17.1 months since liver biopsy, and resolved in 15.7 £ 15.9 weeks, ranging between 2-
52 weeks. (Table 2)

Outcomes and Factors Associated with CHB Flares. During the followup, none of these 13
cases with ALT flare or 12 cases with AST flare experienced hyperbilirubinemia, hepatic
decompensation, or required hospitalization. As shown in Figure 1, in 13 patients with ALT flare, 6

(6/13, 46.2%) met criteria of AASLD recommendations (27) and were started on HBV treatment, and 7
(7/13, 53.8%) met the criteria of AASLD recommendations, but chose not
to undergo HBV treatment. In these 7 non-treated patients, 3 cases (42.9%) had spontaneous
resolution of ALT flare, defined as ALT returning to normal range within 12 weeks. However, 2/7
(28.6%) non-treated cases with ALT flare experienced recurrent ALT flare after a mean period of 17.5
months since resolution of the first flare.
As shown in Table 4, the univariate analysis has shown no significant association between ALT
flare and all assessed clinical factors, including age > 50, gender, ALT at biopsy >
Y% ULN, fibrosis stage > 1, inflammation grade > 1, HBV DNA > 100,000 IU/mL or > 20,000 IU/mL,
HBeAg positivity, HBV PC mutation, HBV BCP mutation, any combination of PC and BCP
mutations, and genotype B or C.
DISCUSSION

Although biochemical flare is well known as part of natural history of CHB, the outcomes of
ALT flare remains to be determined in patients with normal baseline ALT and AST and mild histologic
disease activity on liver biopsy. In the present study, a good number of patients developed flares,
especially ALT flares (27.7%). Amongst patients with ALT flares, most (76.9%) have both ALT and
AST flares. Most episodes of ALT flare are single flares, except one case with five flares, which was the
highest among all flares. Although most of these flares resolved eventually, 2/13 (15.4%) cases of ALT
flares did not show flare resolution in a mean follow-up of 24 (0-48) months since the flares occurred
and probably due to lack of closer and longer follow-up.

HBV-related biochemical flare can be classified as either host induced, virus induced, or
indeterminate. A host induced flare could be a signal of HBeAg seroconversion, whereas a virus
induced flare means either the virus is replicating rapidly and causing liver damage or reactivation of

HBYV or reversion from anti-HBe to HBeAg. (36-42) An ALT flare with elevated HBV DNA level
indicates significant infectivity with potential liver damage, prompting immediate hepatitis B treatment.
Biochemical flares in our study are mostly not associated with elevations in HBV DNA levels, which
deemed most of the flares in our patient population as host-induced. It should be noted, as a
retrospective study, we could not rule out other possible non-HBV causes for ALT flare, such as alcohol
use, other virus infection, medications, or even herbal supplements.

Is HBV DNA a better marker than ALT for liver injury? As mentioned by lloeje et al. in the
REVEAL HBYV study, risk for cirrhosis increases significantly with increasing HBV DNA levels and is

independent of HBeAg status and serum ALT. (43) Most of the flares in our study were not associated
with more than one log increase in HBV DNA level. Only one flare was
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observed to have an increase by three logs of 10 in HBV DNA viral load. This observation shows there
Is no clear association between HBV DNA elevation and biochemical flares in CHB patients in our
cases. As long-term changes in serum levels of HBV DNA and ALT are independent predictors for
HCC, regular monitoring of HBV DNA levels and ALT is important in clinical management of chronic

carriers of HBV. (44)

Currently, no simple and readily available markers were able to predict biochemical

flares accurately in CHB patients. We assessed potential risk factors for ALT flares, including
gender, age, ALT and HBV DNA levels at biopsy, histology of liver biopsy, HBeAg status, HBV PC
and/or BCP mutations, and genotypes. However, we found no significant correlation between these
factors and ALT flares. A larger patient population study will be needed to confirm our findings.
Although no flare associated factor was identified, this study has shown that CHB patients with significant
viremia, even with normal ALT and minimal or normal liver histology, will have significant risk of
disease activity during the follow-up period. Thus, close monitoring is needed for this population of
patients.

In this cohort of patients, only 46.2% of patients with ALT flare were treated with antiviral
therapy. The continuous follow-up on the natural history of ALT/AST flare had to be interrupted to
comply with the good clinical practice. However, majority of patients reviewed in this study with
ALT/AST flare did not enter into the treatment. Our observation pointed to the direction of a treatment
barrier from both physicians and patients due to the lack of recognition on the impact of ALT flare.
Therefore, further physician and patient education is needed on HBV monitoring for treatment candidate
selection.

One of the main reasons that patients met criteria for treatment, but not receiving treatment is
due to patient’s refusal. It is difficult to have patients convinced on starting HBV treatment when most

of patients with flares are asymptomatic. (12-13, 45) In addition, most of the patients with flares had
one flare only and their ALT elevation resolved quickly, evidenced by normal follow-up liver function
tests. This creates a false alarm that the disease rarely

exacerbates and even if it flares up, it will become quiescent quickly so that close monitor is an
acceptable option.

Of all 12 cases of AST flare, 6 (50%) cases received HBV treatment. 2/12 AST flares were AST
flare without ALT flare and only one of these two cases underwent HBV treatment due to significant
high HBV DNA level in the billion IU/mL range. AST has not been used as one of the criteria
considered for HBV treatment. However, all of the cases of AST flare have met AASLD treatment
criteria, based on ALT and HBV DNA viral load. Therefore, the utility of AST as one of the treatment
criteria is still questionable.

According to findings of our study, patients with CHB, regardless HBeAg status i.e. HBeAg-
negative or HBeAg-positive, are at risk for ALT flares. With the emergence of more updated, less
stringent guidelines for HBV treatment, we are anticipating more patients will receive early
treatments. In the mean time, frequent and close follow-ups are very important.

Regarding surveillance for HCC in Asian Americans with hepatitis B, the common guideline consists

of alpha fetoprotein (AFP) and abdominal ultrasound every 6 months. (12) Surveillance candidates are
high-risk patients who are at advanced stages of liver disease such as cirrhosis, HCC in blood relatives,
or low to moderate risk patients such as inactive carriers, immune tolerant patients, HBsAg positive

males < 40 years old, HBsAg positive females < 50 years old or patients with HBsAg loss. (12)
Patients in our clinic are routinely seen every 3-6 months and we would recommend these frequent
follow-ups.

HBeAg seroconversion indicates immune clearance, which reduces risk of hepatic

decompensation and improves survival. (46-47) However, there is a concern that up to 30% of CHB
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patients continue to have elevated ALTs and high HBV DNA levels after HBeAg seroconversion, (37,

48-49) making them more prone to develop complications of liver cirrhosis. (6,39, 50) 66.7% of our
study participants are HBeAg negative. Of 12 patients with ALT flares and known HBeAg status, 8
(66.7%) patients were tested as HBeAg negative and 6/7 (85.7%) of them had high level of HBV DNA
(i.e. more than 100,000 IU/mL). This finding is critical as the association between HBV DNA and HCC
is greater in the subset of patients with HBeAg negative with normal ALT levels and no cirrhosis at

entry. (51) Therefore, these patients should be highly considered for HBV treatment as well as
continuing close follow-ups.

There are a few limitations in this study. We were not able to identify any clinical factors
associated with ALT flare in our study, possibly due to a low power effect. A larger patient population
might be able to show a statistically significant correlation between some of these factors and ALT flare.
Despite a negative result, our study has established a foundation for future studies to look into the natural
disease progression of CHB as well as risk factors for serologic flares. According to Prati et al, ULN for
ALT should be 30 IU/L for men and 19 1U/L for women as patients with higher levels of ALT than the
above suggested values and less than 40 IU/L, which was traditionally the common ULN, were found to

have histologic disease activities. (30)

Our study includes patients from 2 different clinics where the reference ranges for ALT and AST are not
the same. Therefore, a subset analysis for ALTs lower than the common ULN by Prati standard was not
performed.

In conclusion, our study has shown a significant proportion of CHB patients with ALT/AST <
ULN developed flares during follow-up after biopsy. These biochemical flares were not associated with
worsening HBV DNA level and were not associated with seroconversion.
The fact that many of these patients with flares did not receive treatment brought attention to closer
follow-ups on these patients. Threshold for treatment in CHB patients should be lower than it is now
and early treatment for these patients is highly recommended. So far, no risk factors have been
identified as being associated with ALT flare.
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Table 1. Baseline Clinical Presentation

Variables Cases Percentage or Mean + SD
Age (years old) 47147 43.3+£135
Gender (male) 22147 46.8%
Post-Biopsy follow up (months) 47147 37.6£19.0
ALT at biopsy (IU/L) 47/47 26.5+10.3
AST at biopsy (1U/L) 47147 24.6 £ 6.7
HBV DNA (1U/mL) 45/47 276 -1 1 w109
HBV DNA log at biopsy 45/47 50 £2.0
Histologic stage < 1 32/47 68.1%
Histologic grade < 1 30/47 63.8%
No fatty liver on histology 39/44 88.6%
Genotype B 28/42 66.7%
Genotype C 13/42 31.0%
HBeAg+ at biopsy 15/45 33.3%
HBeAb+ at biopsy 32/45 71.1%
Precore mutation (G1896A or C1858T) 27143 62.8%
HBeAg+ 3/26 11.5%
HBeAg- 23/26 88.5%
BCP mutation (A1762T or G1764A) 14/43 32.6%
HBeAg+ 5/14 35.7%
HBeAg- 9/14 64.3%
Pre-core AND BCP mutations 9/43 20.9%
HBeAg+ 1/9 11.1%
HBeAg- 8/9 88.9%
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Table 2. Clinical Presentation and Clinical Course after Liver Biopsy

Variables Cases Percentage or Mean = SD
Patterns of ALT flares

All with ALT flares 13/47 27.7%

Cases of single ALT flares 9/13 69.2%

Cases of 2 ALT flares 3/13 23.1%

Cases of 5 ALT flares 1/13 7.7%

All cases of AST flares 12/47 25.5%

Cases with only AST flares 2/12 4.3%

Cases of ALT flares associated AST flares 10/13 76.9%

Presentation of ALT flares
ALT flares and HBeAg status

HBeAg-positive 4/12 33.3%

HBeAg negative 8/12 66.7%
First ALT flare (IU/L) 13/47 1145+ 107.3
Biopsy to first ALT flare (months) 13/47 135+ 133
Recovery from first ALT flare (weeks) 11/13 21.3+19.1
HBV DNA at first ALT flare (1U/mL) 11/47 7 Ex107+ 2 2x108
Flare with highest ALT (1U/L) 13/47 148 + 116.1
Biopsy to flare with highest ALT (months) 13/47 21.2+15.7
Flare with highest ALT resolves in (weeks) 10/47 178+ 16.4
First AST flare (1U/L) 12/47 79.0 £86.2
HBV DNA at first AST flare (IU/mL) 11/47 16107 + 2 1x107
Biopsy to first AST flare (months) 12/47 17.2 £16.2
First AST flare resolves in (weeks) 11/47 19.7 £ 20.0
Flare with highest AST (IU/L) 12/47 95.4 +£85.7
Biopsy to flare with highest AST (months) 12/47 245+£17.1
Flare with highest AST resolves in (weeks) 10/47 15.7+15.9
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Table 3. Summary of the Outcomes from CHB Biochemical Flares

Outcomes Cases Percentage
HBV Tx started in general 15/47 31.9%
HBV Tx started with ALT or ALT/AST flares 6/15 40.0%
HBV Tx started with AST flares only 1/15 6.7%
% of ALT flares that met Rx criteria 13/13 80.0%
% of ALT flares, meeting Rx criteria and started on Rx 6/13 46.2%
% of ALT flares without treatment 7/13 53.8%

Table 4. Univariate Analysis of Possible Risk Factors for CHB Biochemical Flares

Variables Cases/Total ALT flares (%0) P-
value

Age>50 17/47 (36.2%) 0.3
Male gender 8/13 (61.5%) 0.3
ALT at biopsy > %> ULN 10/13 (76.9%) 0.3
Fibrosis stage > 1 9/13 (69.2%) 1.0
Inflammation grade > 1 8/13 (61.5%) 1.0
HBV DNA > 20,000 TU/mL 12/12 (100.0%) 0.2
HBV DNA > 100,000 TU/mL 10/12 (83.3%) 0.2
HBeAg positivity 4/12 (33.3%) 1.0
Any combined precore/BCP mutations 2/12 (16.6%) 1.0
Genotype B 10/12 (83.3%) 0.3
Genotype C 2/12 (16.7%) 0.3
Genotype B or C 12/12 (100.0%) 1.0
Precore mutation G1896A only 4/12 (57.1%) 1.0
Any precore mutation (G1896A or C1858T) 6/12 (50.0%) 0.5
BCP mutations (both A1762T AND G1764A) 3/7 (42.9%) 0.1
Any BCP mutation (A1762T OR G1764A) 3/12 (25.0%) 0.7
G1896A with both A1762T and G1764A mutations 2/7 (28.6%) 0.2
Any combination of precore and BCP mutations 2/12 (16.7%) 1.0
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Many-to-One in Blended Learning : Imperial

Learning in the Cloud Age
BAEHFE, BERFH—A: ZWAFHFE

Ming Yang (Ph.D.)
University of Califonia, Rioverside

Introduction
1. Refletions on Imperial Learning

Imperial Learning for the prince described in the following Chinese classical passage summarizes
the best Chinese imperial way in teaching a little prince to become an emperor. When the prince was
a little toddler, the emperor assigned his best martial to train and protect him, his best experienced
premier to be his coach, and his wisest scholar to be the teacher. The emperor created these three
highest teaching positions of the country to ensure the prince to develop a strong and healthy body by
learning from his lead martial, to acquire high virtues and honor from the best premier, and to learn
valuable lessons from the best scholar.

As if this is not enough, the emperor created three more assistant teaching positions from his best
young royal officials: best young warrior, best young experienced tutor, and best young scholar to
accompany the prince during his daily life, and banquet meetings. The pupose is for the prince to
learn knowledge, principles, filial piety, benevolence, propriety, righteousness conducts with best
learning approach from the best men young and old. In this way, the prince is guarded against
meeting bad people and shielded from seeing evil things.

(XH) FHEF 26 F: THERIYERAZF, BAHKRRK, AARE, KKK,
’, REHEK, &, #2ER; W, BZ2H): R=nZBRb. TEHAE=D, #LAX
o, BOR, VE. DI, BREATFEFH, AOBERAR, =0 ZDEFAEZELCALNUE
Jz, BFAMA, THERLEFT. TEFERTZmEFRFEAAEAZUTEZ, F5KT
BARMN. aATIAEMMLIESE, HEE, TEH, ZF#EEEAH. (Gu Ban)

As if this is still not enough, the emperor selected many more people from his country with all

necessary knowledge and skills as assistants, helpers, and guards for the little prince , such as the

people with virtuous conduct, filial piety, best learned, and approved theory. These people serve as
peers surrounding the little prince. Therefore, the prince will see right things, listen to right words,
grow up in right ways, because people around him are all good influences.

Teaching the prince to gain the imperial quality requires even more quality and valuable resources.
From the classical passage below, Confucius, our best imperial sage and teacher, professed that
formal learning for the prince should start immediately after he develops his sexual orientation. Then
from the imperial School East, he learns love and care, there he understands what to love and what not
to love, how and who to care as well as what to guard against. From the imperial School South, he
learns trust worthiness and propriety, and there he understands what to say and what not to say, how
to respect elders and how to set example for the younger ones. The prince then goes to the imperial
School West, the imperial School North and finally reaches the the imperial School Center to learn
the best governing theories and practices. The five imperial schools together bring the prince to his
royalty and he is prepared as the best leader to govern the country.

LFH: DaRE, IRWER. 7 (Confucius) AAFHK, MiLE, MATH. ¥
#, IFZEHL. FAH: “FARFE, LEWHRC, WERAFOEMER; FAHFHF,
EHEmRfE, WKHFZMRABER; FATEF, ERATMRE, WEEECTATER; &
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ANLF, ERMER, MRBAEmM TR, FAAF, AWNHAE, EI0EFTAE, K
HRELNMERLSE, NWEFKMEEFR, WAFZFERT L, WEEERAWETT
£, (Gu Ban)

After the prince graduates from the formal imperial school learning, he still needs many resources

to better himself as a great emperor. From the classical passage below, we see that he is provided with
many top assistants, collaborators, and educational services to maintain his highest imperial values as
the future emperor ready for governing the country.
BATBRERAN, £THREZ™, NWHICEZ ®, M2, #F32HE, FFIAR, HRZ
o BHIEF, TIRAR, AXx#iE, tERIE. I5HK, #um A, 50k, &F
wEM, ZRZA: AHHAE, RESA, FUARHL; ZRAFE, LEEX, HETFER
Z, AR Z4; TUEM, PHXF, BFEE, FUATEL;, ET&E, LEAT
BHI, MEFTRAAN, HmEF, TUKE, EFA{CH. (Gu Ban)

How can every common kid be taught today in the same best way as the little price? Traditional
teaching in a traditional school obviously seems impossible to fill in the role. However, in the Cloud
Age with advances of educational technology, best knowledge, skills and practices from best teachers
can be selected. WIth advanced approach they can be collectively blended into the best learning
methodology to serve each individual learner in the efficient way. This is what | propose below as a
unique teaching methodology: “Many to one in Blended Learning.”

2. Reflections on Cloud-Based Blended Learning

With the advancement of educational technology, Net-Gen learners start to enter colleges and they
brought in fresh needs and expectations to Higher Education. By carefully analyzing their needs and
expectations, we propose here the project of “Scaling the Blended Learning for Net-Gen Learners”.
We designed a working model of Blended Learning (BL) to reposition higher education in its fast
tracks. We emphasize scaling as a way to power up the engine of blended learning so that it will shift
forward the heavy load of educational paradigm.

The learner-centered learning model supported by our technology infrastructure will achieve
significant increases in learning efficiency and effectiveness. This is because with this model
professors can reduce their lecture preparation and presentation time from 70% to 30% to better
render their lectures. So an efficiency teaching equation of 7 + 3 = 10 for F2F (Face to Face) teaching
becomes a magical one: 3 + 3 = 10 for BL. Furthermore, when the 40% professor’s saved time from
F2F is appropriated to a better learning for students, their success and satisfaction will increase
significantly. And the BL efficiency equation will also be a magical one: 3 + 3 = 10.

?\’@ Magic of Blended Learning (BL)

F2F: C - Noise - Interruptions:

BL: C + Web 2.0 + 24/7 Access + BL
Courseware: C=C+1

Figure 1. Content enhancement in Cloud-based Blended Learning Model
In addition to the magical increase of efficiency and effectiveness, we envision that technology

innovation in BL will enhance the quality of instructional content from C=C —1to C = C + 1 where
C stands for intended content input. With F2F teaching in a big lecture hall, part of instructional
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content gets lost into noises and interruptions. So the result is expressed as C = C — 1. In BL, through
content optimization, presentation concentration, and noise filtering enhancements, we have designed
enhancements for the instructional content so that the formula is achieved through Content = Content
+ Multimedia Enhancement + Multichannel Access + Anytime/Anywhere availability. This results in
an optimized content for BL that can be expressed as C = C + 1.

Cost reduction is a big advantage favoring BL. While the cost to attend a college is rising sharply
and the financial support for incoming students is falling quickly, the big scissors formed by these
differences will cut off many students from completing a quality education. Our BL model will
significantly reduce the expected educational fees and costs from a fraction of +30% to -50%,
resulting in a total of 80% reduction of educational expenses for students. The significance of
reducing costs for higher education on the whole is that BL will save the public education from either
becoming noncompetitive or going bankruptcy. For learners, the low BL educational costs will enable
our kids from low income families to complete their quality education.

Part I: Blended Learning Framework with Updated Learning Theories

Blended learning uses a methodology to blend instructions with online delivery so that students
will be able to access the content online; and they can choose the desired content modules anywhere
and anytime. With blended learning, the instructional and learning paradigm shifts from instructor-
centered to student-centered. The instructor more often takes a directing or coaching role, rather than
the acting and teaching role. As such, educators need to harness technology and take creative
approaches to address the learning needs of these Net-gen learners; understand their new learning
behavior; and provide assistance and solutions around their preferences.

Instructors should also understand that while technology and online delivery free them from these
routine tasks of preparing, teaching, and testing, they should spend more time creating individualized
intervention plans, increasing the timeliness and frequency of direct instruction for the students who
need it most.

Without specialized training in blended learning course design and methodology, instructors may
not take advantage of technology and online delivery in their traditional approach. Furthermore,
without spending more time helping students individually, Blended learning processes only make
teaching easy and convenient for the instructor, without increasing effectiveness in student-centered
learning.

Blending with Advanced Technology
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Figure 2. Advantages of Cloud-based Blended Learning Model
With the advancement of educational technology, Net-Gen learners start to enter colleges and they
bring new challenges and expectations to Higher Education. Higher education in the technology era
can not afford to ignore the social and economic changes driven forward by technology. The teaching
paradigm has to embrace technology advancement so as to satisfy expectations of net-gen learners. As
technology doubles its advancement almost every two years, education should not continue its way of
teaching as it had been without it for 150 years.
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Our vision is that teaching paradigm is bound to be shifted by technology advancement as well as
the net-gen college learners. The power and energy of technology has been so vast and far-reaching to
net-gen learners that higher education should be repositioned to make a sea change to embrace them.
The new paradigm shifted by blended learning will be one that is student-centered, community-
embraced, and with finger-tip access of content. The enclosed classroom becomes open in 24/7 in the
new learning environment. Quality education is no longer enclosed within a campus but available
anytime and anywhere. Students can reach their destination through their preferred paths, not just one
pre-defined path that requires students to follow, with success or failure, as described in the following
4 dilemmas.

Dilemma 1: Learning at a Shifted Teaching Paradigm

Blended learning is a technology enhanced learning framework that shifts conventional teaching to
a learner-centered approach by mixing class instructions and learning activities with multimedia
presentation and online multichannel delivery. Students in a blended learning program will be able to
access course instructions and content at their finger tips, choose the desired content modules
anytime, and interact with peers and the instructor anywhere.

With blended learning, the instructional and learning paradigm shifts from instructor-centered,
class-based, and textbook-dependent framework to a student-centered, community-based, and media
dependent framework. In a blended course, the instructor often takes a role of a coach, rather than that
of a presenter. As such, educators need to be savvy in technology and develop creative approaches to
address learning needs of the Net-gen learners; understand the new learner-centered learning
behavior; and provide assistance and solutions around their preferences.

However, instructors also need to understand that, they should be prepared that while multimedia
technology and online delivery can free 30-70% of their time from routine tasks in preparing,
teaching, and testing their classes, they will also need to spend more time creating individualized
intervention plans, lead class discussions and group interactions, and increase the timeliness and
frequency of specialized instructions for the students who need them most.

Without training instructors in appropriate course design and methodology in blended learning, the
purpose of blended learning may not be well served in that instructors may simply apply technology
and online delivery to their traditional teaching methods. Without spending more time with students
individually, technology can only make the instructors’ teaching easier and more convenient at most,
without substantially increasing learning effectiveness in the students’ learning process.

Recent findings show an increasing trend in online learning and a declining trend in faceto-face
learning gradually moves away from each other. Furthermore, online learning is gaining momentum.
For example, companies similar to the University of Phoenix (UOP, under Apollo Group) increase in
value, while the poor economy has reduced the value of most other companies. This situation may
have resulted from the University of Phoenix increasing their online programs and the access of
higher education online became a much favored approach for students who had to work while earning
a degree.

53



Learning Space for Net-Gen...

Where are we in their space? How'd we embrace them?
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Figure 3. Simulation of learning space for Net-Generation in Cloud-based learning

The teaching paradigm also shifts with wide acceptance of new technologies on campuses.
Education has been influenced by continued expansion of personal learning devices such as laptops,
smart phones, iPods, and iPads among learners. Institutions have adopted course management systems
for academic content, Internet networking tools, collaboration tools, and community building tools for
interactivity. Here are some key technology drivers that influence changes in education: Ubiquity of
Internet access, gig-byte connectivity, and Web 2.0 functionality. Advances in graphics, multimedia
and interactivity: authoring, publishing, lecture capturing, and content delivery in multiple modes and
channels.

Dilemma 2: Large Courses with Less Individual Attention

Either an online or a face-to-face learning model alone may not maximize student success in
today’s learning environment. With classroom teaching serving as the norm in colleges and
universities, online teaching is often undervalued and mostly used to supplement or fill the void of
direct teaching. On the other hand, classroom teaching itself has limitations. The most notable factor
is that classes become much larger. Faculty members and students feel that teaching, discussion, and
interactions become unmanageable and ineffective.

This circumstance causes students to watch presentations passively, with little interaction,
Instructor do not have enough time to give enough direct guidance and individualized attention to
students.

Let’s take UC Riverside as an example. In general, undergraduate classes at University of California
Riverside are generally big. Each quarter there are about 200 courses with enrollment over 100
students.

Quarter Courses over 100 Total # Enrollments
Enrollments Enrollments per Course
Winter 2010 196 46,000 235
Spring 2010 186 45,000 242
Fall 2009 216 49,000 227

Table 1. Undergraduate currilum full of large classes in a typical university

Let’s take a UCR first-year business student, Cole Brian, as an example. Out of 10 courses he has
taken so far, six out of 10 had a class size of more than 200 students, averaging 230 students per class.
When each course accounts for about 1/3 of an instructor's total work time in a quarter, how much
time would Cole Brian be allowed to speak to his instructors? Well, here is the data:
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BUS_100_001_09F 335 BUS_100_022_09F 59

BUS_101_001_O09F 342 BUS_101_023 09F 61
BUS 103 001 09F 346 BUS 103 023 09F 59
BUS 106 001 10W 262 BUS 104 122 10U 57
BUS 109 001 10S 278 BUS_106 022 10W 12
BUS 112 001 10S 87  BUS 109 022 10S 69
CS 008 002 _10W 169 CS_008 024 10W 35

ECON_103_001_10W 346 ECON_103 023_10W 39

Table 2. Large classes in a undergraduate currilum
With such big classes, one can reckon why C instructor may not be able to help him individually
for a half hour during the whole quarter.
Cole’s TA sections are also alarmingly large, averaging 45 students per discussion section. Maybe
a TA can afford to help him individually for one hour during the whole quarter.

BUS_100_022_09F 59
BUS 101 023 O9F 61
BUS_103_023_09F 59
BUS 104 122 10U 57
BUS 106 022 10W 12
BUS 109 022 10S 69
CS_008_024_10W 35

ECON 103 023 10W 39
MATH 004 002_10W 32
MATH 022 014 _10S 34

Figure 3. Discussion sections are too large in a ndergraduate currilum

For students in this dilemma, blended learning offers a solution. When class teaching is
supplemented with online lecture captures, communication tools, and interactive functions, a
student’s access to course content becomes frequent and instant. With a virtual community where a
student’s classmates, peers, group members, TAs and the instructor are instantly available, the
student’s learning process becomes authentic, manageable, and effective.

Time and space can be simulated to make teaching an amazing art. For example, if Albert
Einstein’s lectures had been captured, students would not have to depend upon anecdotes, stories, and
readings to learn from him. They would have learned with the great master by simply repeating the
lectures as comfortably, as conveniently, and as frequently as they would like.

Dilemma 3: Learning at Higher Costs and Less Resources

Low-income young adults who need to combine work with learning may benefit substantially
from blended learning programs. Under the pressure of the economic downturn, college students face
the dilemma of learning at a record level of expenses which further pressures their personal lives.
Recent headline news at the LA Times revealed that some UCLA students became homeless. They
could not afford rent for a dorm and had to sleep in their cars at night. They had to either skip meals
or depend upon donated meals to stay out of hunger.

Let’s take an UCR MBA student, Jayanti Dash, as an example. She came from India last year to
attend the UCR MBA program. She was married and her loved ones were left behind in India. In
2009, the annual fees and costs for an international MBA student at UCR amounted to about $48,000.
And tuition is still on a sharp rise. She had to spend all savings from her family; ask help from her
uncle’s family in the US; and work part time at UCR to make ends meet. Jayanti would have to quit

55



her studies if she failed to compete and win the International scholarship from her business school,
AGSM.

Let’s see what it means for her if AGSM had offered MBA courses online with authentic lecture
captures through our course management system. She could view the same lectures by the same
instructors as others who attended the classes. With the virtual classroom and video conferencing, she
could meet online and interact with the professors and other fellow MBA students, and complete the
courses without leaving her home country. She would complete the MBA program while spending
much less money, getting more individualized instruction, staying home with loved ones, keeping
herself free from oversea anxieties and barriers, and excelling with a better learning outcome in the
end. Isn't this a better way for education to help fulfill a student's dream and shape a person’'s life?

Students learn better when they are motivated, inspired, and individually taught. Their learning
outcome is better when they have abundant learning opportunities and redundant resources. Learning
is more fun and effective when it becomes student centered. These claims are supported by research,
experiments, psychological testing, and learner surveys. Here, | want to point out that our blended
learning model is deeply rooted in these mature learning theories. The benefits that the model offers
to students go beyond just the learning outcome. The model helps the low income students reach their
dreams.

Dilemma 4: More New Challenges against Quality Education

While more universities are considering the commencement of online programs, some faculty are
offended and complain that online teaching is moving away from their traditional teaching and
leaving them behind. A notable example is that, quite recently, Christopher Edley, dean of Berkley
law school, proposed a Berkley online program, which immediately incurred criticisms from faculty
as a degradation in education. This response is expected since currently education is defined and
decided mostly by educators, not by learners, or by technology innovators.

However, the paradigm shift is obvious and it really does not take an evolution to bring some
educational programs online. With the Net-gen learners reaching traditional college and university
age, they will be the tipping point in favor of blended learning. For them, libraries can be online;
lectures can be fully captured and accessed online; and class activities can be conducted online; as all
students are already online. So it makes perfect sense for them to take their courses and complete their
educational programs online.

Additionally, aligning the finances to facilitate the implementation of effective blended learning
may require new thinking about course scheduling, faculty compensation, institutional budgeting and
revenue-sharing. Online courses have to be scheduled and completed with high academic standards.
Intellectual property needs to be honored even when it is online. Faculty work and effort have to be
duly compensated. Online programs need to be in line with the university budget. Only when online
programs are wellintegrated into the university’s infrastructure, will they gradually improve in quality
and recognition.

However, making online programs widely available on a cost-effective basis with a high level of
consistency remains an obstacle. Recently, several online programs have failed at some high profile
universities. The failures were not necessarily caused by lack of insight or desire to start online
programs but by poor design and an inappropriate approach. There are three lessons to learn: First,
using online programs to just drastically reduce the number of instructors and educational budget is
bound to fail. Second, degrading education by putting low quality courses or deserted courses online
is another major factor in the failure of online education. Third, courses posted on line without
involvement of the instructors may cause the course content to suffer. Finally, poorly designed online
courses with insufficient or ineffective technology would add barriers between instructors and
students so as to block them from success.

Part 11: Designing Principles and Methodology in Blended Learning
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Our model will integrate a wide range of instructional functions into a technology enabled
framework. It is designed to empower learners with self-controlled content access, community based
participation, individualized interaction, as well as up to 70-30 percent ratio in informal vs. formal
learning activities. The informal learning activities will guide learners to “navigate from informational
to instructional content, from skills assessment to supportive tools, and from coaching to collaborative
environments.”

Our pioneering belief is that blended learning will be the mainstream in higher education for the Net-
Gen learners. We believe that magic will happen in a blended learning environment when we serve
authentic lecture captures, open content sources, and multimedia input with redundancy and
multiplicity. This approach streamlines upscale technology in blended learning in ways that have been
shown to propel learning, not to inhibit it. It uses technology to orchestrate learning functions and
virtual communities so that students are less dependent on physical participation and campus
resources.

BL Efficiency (E) Escalation

* F2F Efficiency (F2F):
One = Many: E = T/InS where 1<n <500
Result: E<1 S =
Efficiency Escalation (F2F - BL): 'é
One > One:E=T/S where n= 1’/Q‘-;_—
Result: E=1 5
Efficiency Escalation: (BL) ‘.;ygig
Many - One: E = nT/S where 1<n<5
Result: E> 1
Figure 4. Efficiency escalation in Cloud-based Blended Learning Model

We propose to extend online network and connectivity in blended learning to cultivate virtual
participation, collaboration, peer support, and other social learning styles. We intend to design
learner-centered and performance-based courseware to encompass individualized learning needs, and
combine formal and informal learning. The following five design principles of blended learning for
"net generation™ learners are deemed most effective in the student learning success.

1. Make magic happen in blended learning where authentic lecture captures, open content
sources, and multimedia input are served with redundancy and multiplicity.

Teaching is where magic happens. Let’s take Albert Einstein as an example both as a teacher and a
learner. We used to hear the story about Albert Einstein's driver being able to deliver his lecture
flawlessly. But the driver had to refer to a disguised Einstein to answer a student’s question. Now,
let’s replace Albert Einstein’s driver with authentic lecture captures. | assure you that lecture captures
can deliver the lecture better than the driver, because every bit of the capture matches the authentic
lecture.

This would enable the professor to be freed from mundane lecture constraints and to interact more
effectively with the audience. Imagine if Albert Einstein's lecture had been captured and played to our
students, and students saw Einstein sitting at the coffee table, putting a biscuit on the right, a bagel in
the middle and then his coffee cup to the left. He then drew a line with his finger in between. Voila,
the famous atomic energy formula came into being. The atomic era started thereafter. If Einstein’s
greatest ideas could be replayed and illustrated in the lecture capture, don't you think that it would
capture the brilliance of his lecture, inspire the students, and spark their minds?

Now let’s capture Albert Einstein’s learning as a student. He was not brilliant in his early years. He
took tests and tried to get into an elite college (somewhat comparable to Stanford University), but he
failed. Instead, he was admitted to a less elite college. However, he was fortunate to have a professor
there who spent a lot individual time with him. Einstein was inspired by him; became more confident;
and acquired the mindset of a scientist. There Einstein shined brilliantly, and a new star was formed.

57



What is the moral of this story to our current professors and students? For professors, their lectures
are the great assets of their wisdom and knowledge. Some of them have worked their whole life to
collect these assets. Don’t they want them to be saved and continued to educate students in the future?
When great masters of knowledge pass away, they fade into history, like stars falling from the sky.

However, with captured lectures, this reservoir of instructional content with enhanced media will
surely be a legacy for the instructor and will also contribute to the intellectual wealth of the university.
For students, course captures served through a learning management system enables an instructor’s
lectures to be reviewed, re-deployed, transferred and re-used. With course captures, students will have
access to a huge wealth of intellectual assets that are collected, built upon, and refined by great
teachers. When students can follow and learn directly from great masters of their time, there will be
chances that the students can be brought up as masters of knowledge in the future.

2. Upgrade upscale technology in blended learning used in ways that have been shown to propel
learning, not inhibit it.

There are a few situations where technology may not help learning. First, if the learning costs are
increased due to technology intervention, student from low income families will suffer. Also, when
the financial resources of a learning institution are scarce or bleak, it does not make sense and is not
the right time to switch to innovative methods like blended teaching.

Second, political determinants often come into play and certain technology may not be allowed
freely in some countries. For example, Internet usage, social networking, as well as freedom of
opinion are tightly checked in China. Blended learning will not work if free online access is not
granted. Blended learning may not be effective when political heavy hands intervene.

Third, learners’ resistance to innovation must also be considered if a certain technology creates a
steep learning curve. Oftentimes teachers oppose technology in their courses because they are not sure
how to use it.

Fourth, learning styles may also be affected by technology. Without proper consideration of how
the student is going to learn, an implementation of technology may adversely affect a student’s
learning ability.

'§ Magic of Blended Learning (BL)

F2F: 7+3=10 (70% prep 30%
lecture)

BL: 3+3=10 (save 40% prep
time)

BL: 3+3=10 (add 40% to
Student-Centered BL)

Figure 5. Efficienct content preparaton in Cloud-based Blended Learning

Finally, other factors such as student demography, institutional and organizational structures,
human resources, and communication should be also considered to ensure that technology is scaled
properly to promote learning. The learner-centered learning model supported by our technology
infrastructure will achieve significant increases in learning efficiency and effectiveness. This is
because with this model professors can reduce their lecture preparation and presentation time from
70% to 30% to better render their lectures. So an efficiency teaching equation of 7 + 3 = 10 for F2F
(Face to Face) teaching becomes a magical one: 3 + 3 = 10 for BL.
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Furthermore, when the 40% professor’s saved time from F2F is appropriated to a better learning
for students, their success and satisfaction will increase significantly. And the BL efficiency equation
will also be a magical one: 3 + 3 = 10.

3. Design an effective framework in blended learning to decrease costs

Blended Learning Framework orchestrates learning functions and virtual communities so that
students are less dependent on physical participation and campus resources. The technology-based
framework will be one that is system-based, supportive, transparent, and easy to use. It should not
create barriers or learning curve which may increase learning burden and impede the success of
technically- disadvantaged students.

If students are learning and networking on their computers, they should not be required to attend a
class in order to pass it. Technology should be used to extend classroom teaching into homes, offices,
public areas, and the general community. Technology should be used to extend the learner’s access to
course content, interaction, participation, and discussion at any time during the day and the week.
When all these opportunities are provided to students as options to reduce their learning cost, many
students will take advantage of it. When students find that being technology savvy really benefits
their learning and contributes to their success, blended learning will enter a new era and will become
the norm for the net gen learners. We are not just hoping for it, | see this era is indeed coming.

oy Magic of BL....

80% Cost
reduction from
+30% without
BL to -50% with
BL, with

Figure 6. Learner cost reduction in Cloud-based Blended Learning

Cost reduction is a big advantage favoring BL. While the cost to attend a college is rising sharply
and the financial support for incoming students is falling quickly, the big scissors formed by these
differences will cut off many students from completing a quality education. Our BL model will
significantly reduce the expected educational fees and costs from a fraction of +30% to -50%,
resulting in a total of 80% reduction of educational expenses for students.

The significance of reducing costs for higher education on the whole is that BL will save the public
education from either becoming non-competitive or going bankruptcy. For learners, the low BL
educational costs will enable our kids from low income families to complete their quality education.
4. Extend connectivity in blended learning via online network to cultivate virtual participation,
collaboration, peer support, and other social learning styles.

When a virtual learning environment is created, expenses to attend classes and use other shared
resources can be greatly reduced. The significance of blended learning means a lot more to students
than to instructors. While a learning management system such as Blackboard Learn System is a great
system for instructors to present and deliver coursework, a lecture capturing system will serve as a
scaffold for students to reach higher, access more, learn more effectively, and achieve a better
learning outcome. This is especially true when students now endure large class sizes with separate
sections taught by teaching assistants.

The adverse learning factors for low income learners include time conflict, scarce resources, lack
of access, and low incentives. While being learner-centered can help them to resolve time conflict,
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and motivate them to learn better, a home-based learning system will provide them with more
resources and better access to content, with facilitated by technology.

5. Design learner centered and performance based courseware to encompass individualized
learning needs in blended learning.

When learning is instructor-centered, all learners have to come to the instructor and compete for
his time in the lecture and discussions. When learning is in reception mode, students’ learning mostly
begins after the teacher is done with his lecture. Many instructors consider that their teaching is
completed when the lecture is presented. Actually, instruction should be present while the learning in
happening. This is why individual attention given to students by the instructor is vital in the student’s
learning process.

In blended learning with technology, authentic lectures can be captured and replayed in multimedia
and multiple channels while the learning is happening. An instructor will be able to extend his or her
help to students in a way that only individual attention can achieve. Authentic lecture captures do not
just a replace or supplement class presentations. They help instructors in three ways to maintain
higher standards in their lecture presentations.

e First, instructors who use lecture captures would have strong consciousness of self image.
Thus they should appear better before students.

e Second, instructors can review the lecture captures to see where they do best and where
they should improve. They become more careful with the content and the time to present it.
So the lectures are captured with positive result. And with more practice over time the
lectures would be improved dramatically. By the way, all the capturing technology lies in
the background so no one can notice it or be interfered by it.

e Finally, the instructor has the ultimate control over whether to post the lecture captures to
students or not.

Unless the instructor wants to take the lecture capture to the department administrators for positive
uses, administrators would generally have to obtain the instructor's permission to go into the course to
view the captures.

Conclusion :

The use of cloud-based Blended Learning technology to improve the learner experience at points of
transition is reflective of wider research that identifies key components of effective transition and
approaches. This includes pre-entry support, social and academic integration and skills development,
timely information provision, student support and offering students choice and control/empowerment
(Whittaker).

The intended outcomes of this Many-to-One Blended Learning model are very significant and far
reaching. We will excel and realize all 5 outcomes outlined by the NGLC foundations. This project
will establish as an entity a BL R&D infrastructure in the form of a cloud-based institute in an 8-year
cycle with four phases:

1. Establishing a working BL Framework by proving concept, developing, testing, and
evaluating its intended outcomes at 5 selected universities or programs;

2. Setting up BL technology infrastructure and system network including program expansion
at designated colleges and universities, establishing top level technology grid with servers
and managing systems, establishing a formal BL model and framework, and setting up a
BL center of research;

3. Centralizing the BL infrastructure and its programs, including building up basic
infrastructure for the BL Institute, starting accreditation of BL programs, and sponsoring
selected BL programs at some designated learning institutions;

4. Completing cloud-based Institute of Blended Learning by establishing learning centers and
running BL programs at national and global level. (NGLC 2013
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Microstructure based evaluation of material

fracture toughness

.k
Yan Li

*Department of Mechanical and Aerospace Engineering, California State University, Long
Beach, CA 90840, USA

Summary A cohesive finite element method (CFEM) based multi-scale framework for analyzing
the effects of microstructural heterogeneity, phase morphology, constituent behavior and
interfacial bonding strength on the fracture toughness of materials is developed. The
computational framework allows the fracture toughness to be predicted as functions of
microstructural attributes and constituent behavior. The method uses the J-integral and the
linear elastic relation between Jand K.

INTRODUCTION

The evaluation of material fracture toughness as functions of microstructure attributes is a
fundamental issue in material science. It requires proper characterization of microstructures and
quantitative correlation of microstructural attributes with overall material response.
Experimental approaches allow systematic studies of microstructure-fracture toughness relations
but fail to explore material configurations not yet in existence. Besides, the trial-and-error
process is usually associated with high cost and long cycles. To overcome the above
shortcomings, a cohesive finite element method (CFEM) based multi-scale framework for
analysing the effect of microstructural heterogeneity, phase morphology, constituent behavior
and interfacial bonding strength on the fracture toughness is developed as shown in Fig. 1. This
framework allows explicit representation of microstructures and allows explicit representation
of microstructures and account of microstructural level of deformation, damage and failure
mechanisms, while allowing macroscopic conditions such as controlled loading and structural
response to be considered at the same time. This framework provides a means for calibrating
model parameters at the microscale through macroscale responses which can be easily measured
in experiments. More importantly, it allows macroscopic response measures such as Kic to be
evaluated as functions of microstructure by calculating the J-integral along an arbitrary contour
within the homogenized region. Although the framework developed here can be applied to any
material system in principle, computations in this paper concern Al203/TiB2 ceramic
composites. These two-phase materials consist of an AI203 matrix and a TiB2 reinforcement
phase. Microstructures with more than two phases can also be analyzed. Based on the numerical
results, relations between microstrucutral parameters and fracture toughness are established.
These relations can be used for the selection of materials and the design of new materials with
tailored properties.

J-INTEGRAL BASED FRACTURE TOUGHNESS EVALUATION

For the model shown in Fig. 1, contours for J evaluation are solely within the homogenized
part of the specimen where no cohesive elements are used. For brittle materials, the J-
integral is equivalent to the energy release rate G and can be related to the stress intensity
factor K [1]. The generalized path-independent J-integral for dynamic conditions is used in
this analysis as [2-4]
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Fig. 1 The multi-scale CFEM framework for material design.

(D)

Fig. 2 shows six snap shots of the crack propagation process in a microstructure with circular

TiB2 reinforcement at a loading velocity of v [1 5 mm/s . The corresponding histories of J
and K are shown inthe center. Fracture initiates inthe AI203 matrix at 105.0 ps [Fig.

2(a)], this event defines the initiation toughness K|

particle and pauses at the AlI203/TiB2 interface
for approximately 42.5 us [Fig. 2(b)]. During the pause, J increases rapidly. At approximately
149.2 ps [Fig. 2(c)], as a result of the higher level of driving force J, the crack penetrates the

TiB2 particle. Subsequently, the crack propagates rapidly, causing J (and therefore K) to

. The crack is arrested by a TiB2

plateau for the remainder of the analysis. The average value of K during this period is taken

as the propagation toughness K|C

[5, 6].

a)
b)
c)
d)
e)
f)
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Fig. 2 Crack propagation in a microstructure with circular reinforcement and the evolution of

J and

63



K during this process.
RESULTS AND DISCUSSION

Calculations carried out concern Al203/TiB2 two-phase ceramic composites and focus on the
fundamental fracture mechanisms during crack initiation and propagation. Results of CFEM
calculations show that both microstructure and constituent properties can significantly influence
fracture behavior and combine to determine the overall fracture toughness through the
activation of different fracture. As shown in Fig. 3, microstructure affects K.c much;more than
Kc. The finest reinforcements give rise to the highest propagation toughness, but have the
least influence on the initiation toughness. The opposite trends in influence have to do with
how cracks interact with particles. If a large particle happens to be at the tip of the pre-crack,
a higher level of stress is required to initiate the crack and, consequently, the initiation
toughness is higher. Such events are less frequent, as shown in Fig. 3. On the other hand, a
propagating crack is more likely to penetrate a large particle, causing immediate catastrophic
failure of the material and limited improvement of the propagation toughness.
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Particle Volume Fraction

Fig. 3 Propagation toughness as a function of reinforcement size and volume fraction.
The error bars indicate scatter of results obtained from twenty random instantiations
(samples) of each microstructure.

The CFEM results in Fig. 4 show that the strongly bonded (stiff) interface (Q =10) leads to extensive
particle cracking and a 14.7% decrease in K. relative to the baseline case (Q =1). As the bondmg

strength decreases (or interfacial compliance increases), more crack deflection into the
matrix/reinforcement interfaces occurs, causing K, to mcrease initially. but ultimately decrease

between Q=107 and 10~ . The highest K_ occurs at approximately Q =10~ which

corresponds to T” =0.6 and A_=A _=0.068 pm. Particle cracking can be effectively avoided

max
when the interfaces are weak or quite compliant (Q <1). As Q decreases, interface debonding
gradually outweighs matrix cracking and becomes the dominant fracture mode. However, excessively
compliant interfaces (Q <107 ) provide easy pathways for crack growth and lead to lower X,
values. This scenario is consistent with what has been reported for porous ceramic materials whose
fracture toughness values are lower than two-phase or even single phase ceramics.
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Fig. 4 Effect of the compliance or bonding strength of the reinforcement-matrix interface as
measured by the strength ratio Q on K. . The error bars indicate scatter of results obtained from

twenty random instantiations (samples) of each microstructure.

Interface debonding is the most beneficial fracture mechanism and is primarily promoted by small
reinforcement size, rounded particle shapes and appropriately bonded and compliant
einforcementmatrix interfaces. In contrast, particle cracking, which triggers catastrophic material
failure, usually occurs in microstructure with large reinforcement particles, lower particle roundness
and overbonded/stiff interfaces. Important constituent parameters are the fracture toughness of the
matrix phase and the toughness of the interface between the matrix and the reinforcement phases.

CONCLUSIONS
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CFEM calculations show that microstructure and constituent properties can significantly
influence fracture behavior. Microstructure size scale refinement, attainment of more rounded
reinforcement morphology and appropriately balanced interfacial bonding strength can lead to
enhanced material fracture toughness. The CFEM framework is useful tools for the design of
failure-resistant materials.
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To maximize the value of human capital
- An Empirical Study of Human Capital Configuration

Abstract: Achieving value maximization of human capital is an important research topic. This
paper argues that the value of enterprise human capital depends on the configuration. Based on
the survey data in 500 companies during 2008 to 2012, the paper uses the yijing(Book of
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between five-element , with the human capital performance evaluation, to give a measurement
and guantitative analysis onthe configuration status of the various categories of human
capital .A optimalconfiguration model is established between three kinds of human capital : core,
critical and general. This research manifests that proper configuration to maximize the value of
human capital can play a decisive role while being the main reason andan important way for
companies to maximize revenue.
Keywords: Human Capital Allocation Empirical Analysis Model
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AT R ERRER T RERANERAN A ARWEEHRTT 2, MERKENWNE L
REEFEADTR, REFHH—POHE, FERASHATAENZUEAR.

MEFRRARZLERY, EXLHZW, ERXHANEEZZHZT L KN TIE
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REER, RANREZE, ARWAFF, AR AT AR FR RS
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Z) BFWNAR. BRFMI: THAEAETAFLARZKE 85 HRmG: 212310 E
#Hl: 0511—86922555
¥ 4. 576864026@qq. comn  FAHL: 13806108398,
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T+ HMAZAXMREAESXELRE (BEFAFBIELER) UREWAHEXH
PRk, 4%, FE. ER AT AEMRREERRL G| R R LR RRFLEASTARE
AREENEEARENERTENERZL —. BT ERFERGRBETEI LM LA EF4M
BA—TERAE, Tz, AKERTEYHERANAEZ SRR ARERNEHEMT &%, &
KA RBFEAREEEZRE R LAWK 7, ElaKRETFAERATIOTER
EKFAF®, EERRBEFRERXBTREATHE S, KRS T a5 HR L
E, ELRAWENHZEBRAAS K, EWAWE TR BRI SE, i &9
Rt 2 B ERN TR A, Hib, REFORBREFENA I RAFAAFI., W
HRRTOFRERELRAAREFHNLEZ 2,

EMAAREFA TR ERALRERARD G, HLHXFRoLFRAY, EaAFH
YEHFE “H¥ (omics) ” TWIRI, HAFFEAZEXA “EAEN” (holism) HFAE
GHEZHATR. FRBTXEHAFRAEFTEL LES, A AR ERPKRET
Meo. BEHF (Infectomics) & —[1FHFH, CEANREEMEDNREHN “HF”
Ko BERNZTETE: FHHARFMAEART N FHE. B 2002 FFFHZE LR
R ¥ (Infectomics) HIBEALIE, X—BMWHAREER &% XE, B4 Nature

(AXEFATHR2H) FINKEFHFZ —,

R4 (infectome) 245 UM A X B R LA RWEFA M RAW “HF” KL,
MX BT RHFRBENE EFNERARL, FHEETRERRIRENE EERAWN
AFZS (DNA | #F @RNA) . #F (Rah) MEE BB (i tmami) &
KFEFLEHWET, EAREFFR, REHWFERBRFEERFfE EZAWHELZER, HHR
MENZRINE, REIGRERRFNFT TR ERITATMENIURETRELFE
PR =R 0h

B, ERFURFHNESR, AF—NEAR. ENHAMLEEGHMHARERMAE
MR Ef e XA A E O RAY, BNREHAFA T . #FH77%E (W DNA fiZk G
FWIES) faftg ik (g FRBE, PCR. ZHEBGAM#E) WESBEFHT ZRS
REE M, REHF A ERARNEFTH AR EDZORINSG B 7, T H 7 DLEIHT A R G
FRMAE, MRaFERAIMVR, MEER A ZERN I, ¥ A& % &4 F
FlEAENERE AN LY. R EM AT R0 R G & m e TR Ay 8 &
BN R TN 5 AN AL AC 2R B B AR

FEEMINAFERAZZZBWER IR P AEFHRANEK, HEKEEHE Nature) H
W CAREHEFTR2H) —F “RPEdAF” HopmwERA, BB K Journal of
Molecular Biology and Biotechnology (JMBAB) 4% Z, #u Cell Microbiology. FEBS
Journal (Eur J Biochem). Drug Discovery Today. Clin Infect Dis. J Infect Dis.
Microb Pathogenesis. Mol Microbiology LA Nucleic Acid Research %% By [ 4%
AN, SEHERAFEMENFHAEMETETAFZEKBANSGETRT KL, 2010 &
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RN ELLEESEEREATRT HIV/AIDS O R EZEEZR AT EL X, KT
EHEH (MREAY) X F%RT REHY¥ (Infectomics) FRA4FT] o £ ZA&FFIF,
BR R H LA £ & (Endosymbiosis) 544k 4 (Exosymbiosis) “F#7 (EESB) 4 £ A&l 8y 4 &
R R EFER,
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RERELRFEFL, ERFEFTHNIRNEFEE, FINFEEFNFNBRNKE, &%
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FETI, WEEKRNE, X UAZXEEFRATEN. ffRARLESFNE E
%M F1a4F « EL % (Robert Hormats) AR EALSELHE FOFETH LA LRE
WS, BEEFERFAXIAREENTH, EZ 02 I A BERFE 5 AN #HAT E H
%=, D “GAUAAHEFLFANTERIEEFSVAELYNTFEEHHRE” ;
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KNRBERRFFTIAIZF SRR, EREBFRRAE—RERATEHEFERAL LT KT
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K HR7, BIEEHEAALIAATHREA ZEHN (W0 EE TEMAN R A A ERE
BREHUESFFIFALEAZRF. TR R 5 U B, ELER, EELE
HENYZAMBFEZGHFARNETETEZ —. ERAESFINFEHEEREER UE
M, REKHUAEZNFENELCRGEANANZFRNHLLREESL . ZEHEFH TPP
b e P IELREE “95” WOECD TESWE S P I HIKILFE LHE W T4
MERRBEWEERE, RERZABWARFEERNAGXANAEE, IS EHRKX “W
W” sFERT D “HE” MBHEAAANERFEZHFLENFTET AL —. XEFF

VR Z (EEEFEAMT P ERR e EEG S ST, (AR ) 2011411 H 24 H.
QZENEAY - WA CEERE S, b E ARG, (hE SR R) 2011 4F 11 H 28 H.
3B, CHSEHE SRR “E P BasA), (hEMLEE) 201262 A6 H.
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FRABEEBH SR, MEFHTRONHMFHRRITEEHER R .
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BEFERFTIL AN, HEMAGE. BFEK BAENSTHEAREE ALK,
FEFIROCRTEHANEAERNFTEREEMBEL KA —NEEE 0.
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GBI B TSP LR ANAERAMNT, F4£ 1996 F, BAF TR AAHT (A%
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HARXT S F LA, WBABLES AN YRNELAEITIMARMERTG TAE
WIEEFHFREME. V2004 F, BAFTEHEHN M RHIHA LA T QRAF LK
X EE AN ES Fr455]) (Australian Government Competitive Neutrality
Guidelines for Managers) ; HiZIE7I X, BAMIAAEH: BRREATAAE
M. ZRWNATRERM AL T RNEAWESERN, TALAFN—NEEZELRZNK
RN ESEATRFFILBER, BEEEHK. B7F. BUFESR . RAER. kR5HE,
W RE S L MIEE, 7

EEMETHEF AR KN, REPILEAES REERE E R ERFAEH—A
FEEEM. NP LRE, BN EFFLAANXERE=1TER: F—, FHAKY
AE, wxlE. BRBABEEL MY eRAAF T LA, FEEMEEZEEMKRT
R L #HivE /49t TPP A #HAE . “TPP AR ERBERIERM, EEENLCER
&R A EWEERE, PloETemERNSRmRRT. efKcE. HRANERESF—
oM IR ERRBANECRFET AR, BITREFIHE. ” "8, K
BHERER, wkH., "HTEXELER AR (ATEREE LR RN = H)
(Statement of the European Union and the United States on Shared Principles
for International Investment) , F®if X% OECD &% % & L AUE B # il T1E4; Y K
BAEARXBEEEAC TR FFLEBET — L MEAE, m (KEREHN) &
86 %% 1 HME, RAETHEXNEHRMSLULFAFNEET AR L RIE S S E R
ALY, BARFAF125FURFE I £EH 89 FMEMEK. =, 2KHEERAE
%, 4n OECD. OECD 2 FHI A7 4 L F A 23k EFRA R, £ 2001 £—2010 F4%

‘4 Australian, Commonwealth Competitive Neutrality Policy Statement, http://archive.treasury.gov.au, 2013.08.17.

‘s’ Australian, Australian Government Competitive Neutrality Guidelines for Managers, http://www.finance.gov.au, 2013.08.17
O X T (BRETE G P BU R E E A A7), (rdbikaE) 2013 425 1 .

7 RBRME S VR BUASE S TH R AR, ARSCHYZE IR G X 4 RRLE R L ), A
CEZR” B TR R A N A

8/ EU&USA, Statement of the European Union and the United States on Shared Principles for International Investment,
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Ja & A — Z 5|t (OBCD X T UM B M A ZHE HZESL %) (OECD Best Practices for
Budget Transparency) . {OECD x T E& 4l &6E 51D (0ECD Guidelines on
Corporate Governance of State—owned Enterprises) 2 X ¥ /&, OECD T 2012 &£ X
T (FEFx: £#HFELAAELVERAFL NV ZEFEAF) (Competitive Neutrality:
Maintaining a level playing field between public and private business) , iZX{
HEAMEAMEEAVIZE TN, HESEHURAZE., FEFLERE, £EL LK
F. BB FaL. BFEHFL., FRELEATHE. AXXEENANTEHE S T L
FET EH,
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—EMNEATZEFEAT R FFTALAAMENRE NS ETAE R FEEFENT
WL, BREFFIRANMERMAFEESRIKE., 5. XUE# L TENKE,
ERTHEFNEENEFEARF T LA ANCEEER EAZE THEREN. A
FEFIMNERE, BAFTAEZSF T LEANEZRERE (BXAFBK) (HWELNWA
RERE) PERE: “G—NARTHEFEAFT —EANHAREFINF TS0 E T
AHRBREETHREFATAMNE., ~EERAF T, XLHNEEE (1974 BRFE LAT A
%) (Commonwealth Trade Practices Act 1974) % Wi, - Y 5y &8 04 7] #LAL &
FRXEANEE AL BT FENTGBREAFE A LU S VEERE— I 2B L —
WEEER., 7 A TRAREME AL T RS RNE S AT, ®AF L
HEFEBRREN., BEZNENDHFTERETT (F£FENHILY (Competition
Principles Agreement) , #H#& (BxHAZEFFIHKFEH) FEILT —EUALAFHE RS
N E B HOEANAG B 9 E R AR

ERERMEETHEFENTREFILFAANKRERRERE, TERNERLHACHE
By kB AR W AR ARG e, Bk, £E. OBCD. MAAERF T # A
THAERENWNER TN RZ RSB 2= BRCRINNBIESR B. =EEFH TPP 3% #|
HBRERSFLAAARETHPRE, IEFFEERSTLIAA LEYFEMTRE AN
Hif T Fr, T OECD AnBk BN ZF A A, OECD & R By H I 2 AR W E s £ S HF
3 OECD A X tH B FHaH 2R emmWERRT A, EEACIEETMEREFEE TN
FE B AT 4R FA A OECD Myl &, X5t & OECD U1 4 5k I W7 & i (OECD < T W B il
HEFAERELS) . (OECD A TEAA LA EENIFT) . (FFFIL: EFLF
S ERELYZEFEEKT) FENEREZBETAUXHNEERRRE., AL KR
AHNUMER, BARBAREEXERRART (ATERKALRRENNEH) , EZ
ARAT N2k EERFMREANNEEN, RAERSFPLHALLHESH T —EE
EHNHERZ 7 TEERTRS T INAMHREEEAERITIENEEREREN. HK, *
B DA “ora A oy Bl R & 5 AN A RIEER A FofAE kAT 7 S0 aeiG” 4 0 g
HETEFFPIRBERZNBERAR. B#HAN_ T ALK, #EAETE. EH. &
. HEFERWCELE, WERFIFHNFLERANZOHNE R T AEZ XERZH T
RREZEROREHZS RABREGEH LR 2 (INCTAD) WEENAZ —. BX%
AEXEAWREXRARTERME EHRAENERELREF RN E LM, T

‘9’ OECD, Competitive Neutrality: Maintaining a level playing field between public and private business, http://www.oecd.org,
2013.08.20
‘10’ australian, National Competition Policy, http://ncp.ncc.gov.au, 2013.08.24.
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B, i REEHHERPERTITER, WEREX LV EDERBETHENZA
HWETERMABERNTINEMBER N2, Elt, BFEZNETH LLTARESEH
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BEFEFRIE, PTUATIEGEH BIEAT LGB &M B AR AN 28 HE, &
TR GRS REEEET. VT ETREETHEFORA, Hik, FENLYELAER
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B, YV wREREFERRAAABAXBEFRRBEMNEFERFE, PESVEE
BEAEE A CRREEHAEZUHRIR. FFURE AN SR FE5 5% 4 TPP Z KW E IR 7
G ERA, MENYEFHHETESANAEFRAN “LAHERN” . EANEFHRE. £
RV RESFENTHLEROLAFRREAFRAENL A AFEANE A RA
ZIX LA ER T 2 e R AN L RIES .

(=) wExhil 7

EEXMN, MEHBREATTIREFN— R BAN A, LA FEESRERNE
fro P ENTI RAELERNEANAT RS 5L ETF L EERER T ER
HEEFEEZNIZEN, ZETEFREM.

L RENEZIHNCERNAESAMNEANEERFENRLE, WY « HTFIL
N CEMBERFMER”, MALEY - EAHARST “REEAREE N RENE
87, TRFAGWNEEENERFERAMINEESWEEEL LT, HERAIAES
BERRAHBRFL2 A HARKECEN . “TF MU B A A
BN RERAEFERENINE, WD EF . RIFTFOANETER. BIFEL I RERK
THEHEFERGNZTEFTY, EEFSRAMREF LR, HARFEFE— R —R
R, EENARMER. 7 Y HNK, “HALFNELEL HENELXFERIEES, #
REHETNZEHNHE. 7 W AULEENERES TR EHE A ERN, T8 Y 0ARE
8% (FHEFEHA) T, cEENABESF XUNARE. REHNREEF XUARER
BREBFENNTET S 5F 2N et EF SR RMHEEEF, IHEFEHEBF
CEHRNWTET 5 552 0 R # X EFEGNTNESN £,

ZfEgR “FREM” BR, TAFRTAEREFHEYH, “H5REWELEN
A A, FETGAREF RS CMABANEAL AN TE. 7 " e XMW ER

34 [SEIERYE - AR (ERREES: . WS AERL), WRERSEE, VAR H ARG 2012 SRR, 5 6 T

35 ST ET . Stk ChEBHERAY “EH 7 BRSEBUREBD, (ERRZ5FE1E) 2012 5 5 .
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International Comparisons of the Service Industry—
What China Can Learn from Other Countries
Yueyunn (Bill ) Chen, University of the West, Los Angeles
Abstract

This paper focuses on analyses of the service industry in different countries over the
years. Through this comprehensive study and international comparisons, developing countries
like China can learn from others and better develop its service industry.

When an economy advances, its service industry will be increasingly important in terms
of shares of GDPs and employment. But fast-shrinking of the manufacturing industry and rapid
expansion of the service industry may cause serious problems such as being weightless, lowering
productivity and suffering from the mid-income trap.

To sustain its economic growth, China needs to better expand and develop its service
industry, particularly improve and develop social, professional and manufacturing/production
services and improve and increase its service export.

Keywords: Service Industry, Economic Structure, Economic Development, and China’s
Economy

l. Introduction

The development of the service industry is crucial to a country’s economy. The level of a
country’s service industry, particularly its ratio of the service industry added-value to the gross
domestic product (GDP), indicates the country’s economic development stage. In other words,
when a country advances from an underdeveloped to developing and then developed economy,
its service industry will be increasingly important and its percentage of the GDP and percentage
of employment in the service sector will rise.

Many developing economies rely on its manufacturing industry. This is particularly true
for export-oriented countries. When a country is underdeveloped or is at the beginning of its
development, the total demand for service is low. The priority of the economy is to feed people
and provide necessary products—mainly agricultural and manufacturing products. Also, in order
to maintain its rapid economic growth, such a country needs to export manufacturing products
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since it does not have any competitive advantages in its service products. The fact that 70 percent
of the world trade is in manufacturing products further confirms that an export-oriented
developing economy needs to rely on its manufacturing industry.

After a country has experienced economic development for many years, particularly rapid
growth, the country’s living standard is raised significantly; then the cost of producing these
manufacturing products rises very fast. As a result, their manufacturing products will be less
competitive in the world market. When combined with a retrenching world economy, then this
kind of manufacturing and export-oriented country will be faced with economic trouble. That
is what China has experienced in recent years. In order to stabilize its economy, a country like
China must grow its service industry.

China’s experience is not unique. Many rapidly growing developing countries such as
South Korea and Japan have had similar experiences decades ago. But expanding the service
industry and over-shrinking the manufacturing industry may cause new problems to these
developing countries. For example, its economy becomes weightless and less productive and
competitive. Therefore, it will be valuable to conduct a comprehensive and dynamic study of
the service industry’s developments in different countries and provide international
comparisons. From this, emerging countries like China can learn from the others’ similar
experiences.

Each country is different in terms of its available natural resources, population and other
factors that will affect and decide its economic structure and international competitive
advantages. Both Germany and the US are developed countries, but the ratio of the service
GDP to its total GDP is about 70% in Germany and 80% in the US. Therefore, one can learn
from other countries’ relevant experiences, but each country needs to develop and implement
its economic strategy based on its unique conditions. Particularly an economic strategy needs
not only to be based on long-term clear objectives and goals and sound execution, but also to
be stable and well balanced. Dramatic changes in economic policies and strategies will cause
more troubles than the solutions.

The rest of this paper is organized as follows: Section Il reviews relevant literature
related to the service industry; Section 11l analyzes relevant data; Section IV discusses what
China can learn from other countries and what it should do; and the last section concludes the

paper.
1. Review of Literature on the Service Industry

An economy consists of three sectors--agriculture, industry and service. The
development of the service industry will change a country’s economic structure. Such a
development is always directly related to a country’s economic growth. Therefore, the
literature on the service industry development is included in both the economic structure and
economic growth. In addition, a country’s development of its service industry is related to its
industrialization and modernization. Thus there are studies on the service industry from
perspectives of the industrialization/modernization. One can also study the service industry in
terms of international trade, particularly globalization.

Economic Structure Theory
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Silva and Teixeira (2008) and Kruger (2008) conducted comprehensive surveys of
literature on economic structural change. The root of the study on the economic structure can be
traced back to Turgot (1766) and Smith (1776). Fisher (1939, 1952) defined the economic
sectors and indicated that economic structure change occurs when the consumer’s preference
changes and/or the productivity of the specific sector gains. Kuznet (1966) gave arguments on
why a country’s economic structure changes and emphasized the four factors that will lead to
the structural change--increasing demand for non-agricultural products, higher incomes and
demand for importing products, international trade with less developed countries, and
technological progress.

Baumol (1967) raised a serious issue on economic structural change called ‘cost disease.’
It involves a rise of salaries in jobs that have not experienced any labor productivity increase.
Although the productivity in the service is not increased, firms in this industry need to pay more
in order to retain and attract workers because the productivity in other sectors (industry sector)
has risen and therefore salaries rise there. The associated outcome from this cost disease is that
productivity growth in the whole economy will slow down when resources shift to service
industry. Oulton (2001) showed that the above outcome is true only for service industries which
provide final goods but not true for the ones providing intermediate goods.

Economic Growth Theory

What is the relationship between economic growth and structure change? According to
neoclassical growth theory (Solow (1956, 1957)) and new growth theory (Lucas, 1988)
(Romer,1986, 1990), technological progress is the only main factor contributing to economic
growth. Economic growth warrants transfer of resources from low-productivity primary
production to high-productivity secondary sectors. At the mature stage, resources then are
transferred from secondary to tertiary sectors (Clark 1958, Rostow 1960, Lewis 1972). That is
what the world economy has generally experienced, i.e. when the economy advances, more
resources will be shifted from the agricultural sector to the industry sector, and then to the
service sector.

Pelka (2005) developed theoretical models and found that only the economic growth
process promotes structural change. However, Dietrick (2009) used OECD data from 1960-2004
and found evidence that economic structure change causes aggregate economic growth, and
conversely aggregate growth leads to economic structure change. In other words, the
relationship between economic growth and structure change is dynamic and interactive.
Industrialization/Modernization and Service Industry

Industrialization accelerates technological progress and improves productivity. That
further leads to rapid shifts in production and labor from primary/agriculture to the
secondary/industry sector. Consequently, the service sector rises as supported arguments stated
by Kuznet (1966). Hansen and Prescott (2002) showed the importance of technology to growth
after industrial revolution.

Modern economic growth depends on the shift from a pre-industrial land-intensive
Malthusian technology with decreasing return to labor, to a Solowian constant returns-to-scale
technology, with both capital and labor as inputs. Post-industrial theory (Touraine,1969, Bell,
1973), Castells and Aoyama, 1994)) states that the more advanced an economy, the more its
employment and production would be focused on services. The one main source of such shifts is
the information and its technology. Knowledge and information are the main sources of
productivity and growth, and so the modern economy has become the information economy
(Porat, 1977, Nelson, 1981, Monk, 1989, Denison, 1985, Sautter, 1976, Baumol et al, 1989).
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Castells and Aoyama (1994) conducted an empirical study of employment structure in G-
7 countries from 1920-1990 and concluded that the post-industrialization led to:

“the phasing out of agricultural employment, the steady decline of manufacturing
employment, the rise of both producer services and social services, the increasing diversification
of service activities as sources of jobs, the rapid rise of managerial, professional and technical
jobs, the formation of a white-collar proletariat of semi-skilled clerical and sales workers, a
substantial and relatively stable share of employment in the retail trade, and the overall
upgrading of the occupational structure over time, with an increasing share going to occupations
that require higher skills and advanced education.”

The authors further proposed two different informational models: (1) a “service economy
model” represented by the US, UK and Canada. These countries have had rapid decline of
manufacturing employment after 1970s and (2) an “info-industrial model” represented by Japan
and Germany. In these two countries, the share of manufacturing employment has reduced
significantly, but it has maintained at a relatively high level (about 25%). Other G-7 countries fill
in between these two models.

Although the service industry becomes increasingly important in a developed economy,
many services and its jobs are directly related with the manufacturing industry. Cohen and
Zysman (1987) argued that the post-industrial US economy is not the service economy but is a
“myth”. They estimated that 24% of the US GDP comes from the value added by manufacturing
firms and another 25% of GDP comes from the contribution of services directly linked to
manufacturing.

There are different types of services, including finance, real estate, health, and education.
Stiglitz (2012) emphasized that the US needs to develop a creative economy and transfer jobs
from manufacturing to services that people want—into productive activities that increase living
standards, not those that increase risk and inequality. He particularly suggested that governments
should invest in education and support basic research. Potts and Mandeville (2007) emphasized
the importance of innovation in services, and they argued that services firms should better use
information and communication technologies to coordinate service production and delivery.
International Trade and Service Industry

As Kuznet (1966) argued, increasing income will raise demand for importing products,
and also trade with less developed countries will affect a country’s economic structure. As we
have witnessed, developed countries produce less and less manufacturing products and they buy
these products from developing or underdeveloped countries. The service industry becomes
increasingly significant and important in developed countries along with rapid increase in
international trade and globalization.

International trade in service has been increasing in the past decades. Some services must
be localized such as haircuts and facility maintenance. But others can be traded. Financial
services now has been highly internationalized and globalized. Western banks and insurers are
successfully expanding their businesses in developing countries. Productivity and
competitiveness are the keys to the service trade.

Globalization has made the world more flat. Besides the significant increase of the world
commodity trade, globalization brings more foreign direct investments and makes financial
services more important.

I11.  Data Analyses and Implications

1. The World Total GDP and Service GDP

102



Table 1. World Total GDP and Service GDP

% of % of
World Total GDP | Industry Total World Service | World Total Service
(Current US$3) GDP Industry GDP GDP GDP

1995 | 30,332,592,675,000 32.8 | 9,949,090,397,400 60.8 | 18,442,216,346,400
2000 | 32,981,132,788,000 29.3| 9,663,471,906,884 66.7 | 21,998,415,569,596
2005 | 46,468,942,222,000 28.3 | 13,150,710,648,826 68.3 | 31,738,287,537,626
2006 | 50,334,896,708,000 28.6 | 14,395,780,458,488 68.2 | 34,328,399,554,856
2007 | 56,696,185,105,000 28.4 | 16,101,716,569,820 68.4 | 38,780,190,611,820
2008 | 62,170,569,711,000 28.1| 17,469,930,088,791 68.9 | 42,835,522,530,879
2009 | 58,885,873,283,000 26.4 | 15,545,870,546,712 70.6 | 41,573,426,537,798
2010 | 64,552,742,595,000 27 | 17,429,240,500,650 70 | 45,186,919,816,500
2011 | 71,448,828,400,000 27.2 | 19,434,081,324,800 69.7 | 49,799,833,394,800
2012 | 72,908,414,851,000 26.9 | 19,612,363,594,919 70.1 | 51,108,798,810,551

The above table shows the world total GDP, world total service GDP, and percentage of
the service GDP to its total GDP since 1995.
The world total service GDP was about 70% of the world’s total GDP in 2012; it was

about 67% in 2000 and about 60% in 1995. Overall, the service industry has been increasingly
important.

2. The World Total Trade and Total Service Trade

Table 2. World Total Trade and Service Trade

% of Total % of Service % of Service % of Service
World Total GDP Trade to Tradeto | World Total Service [ Tradeto Total World Export | Total World Service| Exportto

(Current USS) GDP World Total Trade | Total GDP Trade Total Trade (Current USS) Export (Current SUS)| Total Export

2005| 46,468,942,222,000 55.12| 25,613,680,952,766 10.87| 5,051,174,019,531 19.72 | 12,781,517,318,000 | 2,583,043,928,860 20.21
2006( 50,334,896,708,000 57.92| 29,153,972,173,274 11.29| 5,682,809,838,333 19.49 | 14,706,110,101,000 | 2,922,293,893,454 19.87
2007| 56,696,185,105,000 58.70| 33,280,660,656,635 11.92| 6,758,185,264,516 20.31 | 17,149,064,383,000 | 3,486,259,004,445 20.33
2008| 62,170,569,711,000 60.83| 37,818,357,555,201 12.29| 7,640,763,017,482 20.20 | 19,650,654,712,000 | 3,914,341,409,167 19.92
2009| 58,885,873,283,000 52.38| 30,844,420,425,635 11.69| 6,883,758,586,783 22.32 | 15,755,009,644,000 | 3,523,647,209,987 22.37
2010( 64,552,742,595,000 57.42| 37,066,184,798,049 11.66( 7,526,849,786,577 20.31 | 18,773,432,137,000 | 3,852,938,794,679 20.52
2011| 71,448,828,400,000 61.11| 43,662,379,035,240 11.80( 8,430,961,751,200 19.31 | 22,180,434,646,000 | 4,328,262,400,301 19.51
2012| 72,908,414,851,000 60.66| 44,226,244,448,617 11.80| 8,603,192,952,418 19.45 | 22,433,853,716,000 | 4,470,515,252,879 19.93

Table 2 provides the world total trade, world total service trade, and service export as
well as the relevant percentage of the service trade and service export.
The world total trade has been increasing over the years. It was about 61% of the world’s
total GDP in 2012 while it was about 55% in 2005. According to the World Bank data, the
world’s total service trade was about 20% of the total trade, and the service export was also
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about 20% of the world’s total export in 2012. However, based on the analysis by McKinsey
(2012), the world’s service export composes about 30% of the world’s total export.
3. GDP per capital in China and other countries

Table 3. GDP and GDP per capital in China and Other Countries (Data from IMF)

China Us Germany Japan United Kingdom South Korea India Singapore Russia Brazil
GDP-Bil US§ Per Capita$ | GDP-Bil US$| Per Capita $|GDP-Bil US{ Per Capita §GDP-Bil USJPer Capita §GDP-Bil USY Per Capita $| GDP-Bil US Per Capita $| GDP-Bil US$| Per Capita § GDP-Bil US§Per Capita { GDP-Bil US Per Capita $|GDP-Bil US Per Capita
1980 303.37 307.35 286248 | 1257557 | 826.14 | 10699.04 | 108699 | 931179 | 54245 9629.89 64.39 1688.84 181.42 265.91 1205 | 4990.19 148.92 1256.01
1985 307.02 290.05 4346.75 18231.83 639.70 8358.02 1384.53 | 11464.24 468.96 8292.22 98.50 2413.94 237.62 313.07 18.46 6748.29 231.76 1742.55
1990 390.28 341.35 597955 | 23913.66 | 1547.03 | 19500.58 | 3103.70 [ 25139.58 | 102456 | 17900.27 | 27041 6307.66 326.61 385.41 38.84 | 12745.06 465.01 3172.10
1995 721.95 601.01 7664.05 | 28762.68 | 2525.02 | 30861.58 | 5333.93 | 4251646 | 118101 | 2035345 | 53114 | 1177876 | 366.60 391.25 87.06 | 24702.00 | 31345 2113.63 769.74 | 4844.95

2000 1198.48 945.60 10289.73 | 36450.14 | 1891.93 | 22999.57 | 4731.20 | 37303.81 | 1496.61 | 2541532 533.39 11346.66 476.64 463.12 94.31 2341377 | 258.70 1775.13 644.73 3764.21
2005 2256.92 1726.05 1309543 | 44224.13 | 2771.06 | 33613.84 | 4571.87 | 35780.57 | 2324.18 | 38585.28 844.87 17550.88 834.22 748.85 12543 | 2940339 | 763.70 5310.88 882.04 4809.85
2006 2712.92 2063.87 13857.90 | 4635836 | 290545 | 35296.70 | 4356.75 | 34076.75 | 2486.60 | 41043.81 951.77 19676.11 949.12 839.93 146.01 | 3317449 | 989.93 6912.93 1089.26 5869.97
2007 3494.24 2644.56 1448035 | 47963.56 | 3328.59 | 40484.99 | 4356.35 | 3403835 | 2858.18 | 46866.10 1049.24 21590.17 1238.48 1080.70 178.26 | 38848.26 | 1299.70 9101.56 1366.85 7284.37
2008 4519.95 3403.53 1472025 | 48307.78 | 3640.73 | 44397.84 | 4849.19 | 37865.07 | 2709.57 | 44131.29 931.41 19028.07 1223.21 1052.67 19032 | 39326.78 | 1660.85 11630.58 1653.54 8720.60
2009 4990.53 3739.62 14417.95 | 46906.90 | 3306.78 | 40424.06 | 5035.14 | 39321.22 | 2217.43 | 35885.34 834.06 16958.65 1365.34 1158.91 190.16 | 38127.43 | 1222.65 8567.94 1622.31 8472.44
2010 5930.39 4422.66 1495830 | 48294.15 | 3310.60 | 40495.85 | 549539 | 4291674 | 2296.93 | 36891.36 1014.89 20540.18 1708.54 1430.19 23329 | 4595353 | 1524.92 10671.21 214291 | 11088.60
2011 7321.99 5434.36 15533.83 | 49797.25 | 363144 | 45207.64 | 5905.63 | 4617536 | 2464.64 | 38945.08 1114.47 22388.40 1880.10 1552.55 27232 | 52533.15| 1893.79 13252.56 2474.64 | 12693.89
2012 8229.38 6077.65 1624458 | 51708.98 | 3427.85 | 42569.47 | 5937.77 | 46530.38 | 2484.45 | 38999.21 1129.60 22590.16 1858.75 1514.63 28430 | 53516.04 | 2004.25 14015.75 2247.75 | 11437.39
2013 9181.38 6747.23 16799.70 | 53101.01 | 3635.96 | 44999.50 | 4901.53 | 3849135 | 2535.76 | 39567.41 1221.80 24328.98 1870.65 1504.54 295.74 | 54775.53 | 2118.01 14818.64 2242.85 | 11310.88
% change 30.27 21.95 5.87 4.22 4.40 4.21 4.51 4.13 4.67 4.11 18.98 14.41 10.31 5.66) 24.55 10.98 6.76 7.01 15.06 9.01

A country’s economic development level will affect its economic structure, particularly
its service sector’s GDP and employment shares. Table 3 shows the total GDP and GDP per
capita of selected countries from 1980-2013.

During 1980-2013, China’s GDP was increased by 30.27 times and its GDP per capita by
21.95 times; US total GDP increased by 5.87 times and per capita by 4.22; Germany total GDP
by 4.40 times and per capita by 4.21; Japan’s increases were 4.51 and 4.13; UK was 4.67 and
4.11; Korea was 18.98 and 14.41, and Singapore was 24.55 and 10.98. At the same time, other
BRIC countries experienced the following rates: India’s GDP increased by 10.31 and per capita
by 5.66; Russian increased by 6.76 and 7.01 (from 1995 to 2012) and Brazil increased by 15.06
and 9.01, respectively.

Based on the above statistics, China had the highest percentage increases in total GDP
and GDP per capita during these years. UK had the lowest GDP per capita increase and Germany
had the lowest GDP increase during the time period.

Also, among all of these countries, in 2013 Singapore and the US had the highest GDP
per capita (above $50,000); Germany, UK and Japan were the next group, each with about
$40,000 GDP per capita; Russia and Brazil were above $10,000 GDP per capita; China was
about $7,000 GDP per capita; and India had the lowest with about $1,500 per capita.

4. China and Other Countries’ Service GDP and Service Employment
Table 4 shows the percentage of service GDP to its total GDP and percentage of service
employment to its total employment in China, US, UK, Japan, South Korea, Singapore, India,
Russia, and Brazil.
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Table 4. GDP and Employment in Service Industry

| China | UsS Germany Japan |nited Kingdo[South Korea| India Singapore Russia Brazil
9% GDAbe Jobshs GDAY Jobse GDFYs Jobd GDRYe Jobsve GDPe Jobshe GDFoe Jobs| GDPe Jobdve GDH Jobsl% GDPPs Jobdve GDPPe Jobs
1980 |Agriculturd 30.17| 68.69| 2.90| 359 240| 5.20| 3.08| 10.39] 2.10[ 2.59| 15.11] 34.00| 35.38 156 1.29 11.01
Industry | 48.22| 18.20| 33.50| 30.79| 41.10[ 42.90| 39.06| 35.29| 40.70| 37.20| 34.16] 29.00| 24.28 36.22| 35.70 43.82
Service | 21.60| 13.10| 63.60 65.69| 56.50| 51.90| 57.86| 54.00| 57.20| 58.90| 50.72| 37.00| 40.32 62.20| 62.59 45.16
1985 |Agriculturd 28.44| 62.40| 2.40| 3.09] 190 450 2.69| 8.80] 170 2.50| 12.51| 24.89| 30.89 0.95| 0.69 11.54| 28.60
Industry | 42.88| 20.79| 30.90| 28.29| 39.00 40.10| 38.22| 34.90| 38.30| 31.20| 36.10| 30.79| 25.69 33.44| 35.20 4531| 22.10
Service | 28.67| 16.79] 66.70| 68.59| 59.00| 55.40| 59.07| 56.00| 60.00| 64.90| 51.38| 44.29| 43.40 65.59| 64.09 43.14| 49.29
1990 |Agriculturd 27.11| 60.09| 2.10| 2.90| 150| 350| 2.12| 7.19| 1.44| 209 821| 17.89| 29.02 0.33 16.81| 13.89| 8.10| 22.79
Industry | 41.34| 21.39| 27.90| 26.39| 37.30[ 39.00| 38.05| 34.09| 31.41| 32.29| 38.18| 35.40| 26.49 32.34 48.35| 40.00| 38.69| 22.70
Service | 31.54| 18.50 70.10| 70.69| 61.20| 57.60| 59.82| 58.20| 67.14| 64.90| 53.59| 46.70| 44.48 67.32 35.03| 45.59| 53.21| 54.50
1995 |Agriculturd 19.96| 5220 1.61| 290| 1.09| 320 173| 570 157| 200| 5.82| 1240 26.26 016/ 0.20| 7.16| 15.70| 9.85| 26.10
Industry | 47.18| 23.00| 26.31| 24.30| 32.34| 36.00| 32.71| 33.60| 30.28 27.30| 38.38| 33.30| 27.40 33.75| 31.00| 36.96| 34.00| 40.00( 19.60
Service | 32.86| 24.80| 72.08| 72.90| 66.56| 60.80| 65.56| 60.40| 68.15| 70.20| 55.80| 54.30| 46.34 66.09| 68.80| 55.88| 50.00| 50.15| 54.30
2000 |Agriculturd 15.06| 50.00( 1.19| 260 111 2.60| 159 510/ 090 1.50| 4.39| 10.60| 23.02|59.90| 0.10 6.43| 14.50| 5.60
Industry | 45.92| 22.50| 23.44| 23.20| 30.51| 33.50| 31.00| 31.20| 26.80| 25.10| 38.09| 28.10| 26.00| 16.00| 34.83 37.95| 28.40| 27.73
Service | 39.02| 27.50| 75.37| 74.30| 68.38| 63.80| 67.42| 63.10| 72.30| 73.10| 57.51| 61.20| 50.98| 24.00| 65.07 55.62| 57.10| 66.67

2005 [Agriculturd 12.12( 44.80| 1.21| 1.60( 0.80| 240 122 4.40( 0.63| 130( 3.15| 7.90| 18.81|55.80| 0.06| 1.10| 4.97| 10.20| 5.71| 20.50
Industry | 47.37| 23.80| 22.19| 20.60| 29.30| 29.80( 28.05| 27.90| 23.62| 22.20( 37.50| 26.80( 28.13| 19.00( 32.36| 21.70| 38.08| 29.80| 29.27| 21.40
Service 40.51| 31.40( 76.60| 77.80| 69.90( 67.80( 70.73| 66.40( 75.75| 76.30| 59.36| 65.20( 53.06( 25.20 67.58| 77.30| 56.96| 60.00| 65.02| 57.90

2006 [Agriculturd 11.11| 42.60| 1.04| 150( 082 230( 118 4.30| 059 130| 299| 7.70( 18.29 0.05| 1.30f 4.52| 10.00| 5.48( 19.30
Industry | 47.95 25.20| 22.24| 20.80| 30.14| 29.70( 28.06| 28.00| 23.62| 22.00| 36.86| 26.30( 28.84 31.71| 22.10| 37.23| 29.30| 28.75| 21.40
Service 40.94| 32.20( 76.72| 77.70| 69.04| 68.10( 70.76( 66.60( 75.78| 76.40| 60.15| 66.00( 52.87 68.24| 76.70| 58.25| 60.70| 65.76| 59.10

2007 [Agriculturd 10.77( 40.80| 1.13| 1.40( 087 220 115 3.90| 0.63| 140| 271 7.60 18.26 0.05| 1.10{ 4.41| 9.00| 5.56( 18.30
Industry | 47.34| 26.80| 21.99| 20.60| 30.50( 29.90( 28.15 27.40| 23.01| 22.30| 37.01| 25.50( 29.03 29.35| 22.50| 36.44| 29.20| 27.81| 22.00
Service 41.89| 32.40( 76.88| 78.00| 68.63| 67.80( 70.70( 67.20 76.36| 76.00| 60.28| 66.90( 52.71 70.61| 76.40| 59.15| 61.80| 66.63| 59.50

2008 |Agriculturd 10.73| 39.60( 1.22( 1.50( 0.96( 1.80| 1.14| 3.80| 0.69| 1.10| 251 7.20| 17.78 0.04| 1.20| 4.40( 860 591| 17.40
Industry | 47.45 27.20| 21.13| 19.90| 30.13| 29.30( 27.43| 26.90| 22.63| 21.90| 36.28| 25.00( 28.29 27.33| 22.50| 36.12| 28.90( 27.90| 22.60
Service 41.82| 33.20( 77.65| 78.60| 68.91| 68.90( 71.43| 67.80( 76.68| 76.60| 61.21| 67.90( 53.93 72.63| 76.20| 59.48| 62.40| 66.18| 59.70

2009 |Agriculturd 10.33| 38.10( 1.12[ 1.50( 0.75( 1.70| 1.16| 3.90[ 058 1.10| 259 7.00| 17.74|52.00| 0.04| 1.10| 4.69| 9.70| 5.63| 17.00
Industry | 46.24| 27.80| 19.58| 17.10( 27.82| 28.80( 25.94 25.90| 21.26| 19.50( 36.68| 16.40| 27.76( 14.00| 27.87| 21.80| 33.64| 27.90| 26.83| 22.10
Service 43.43| 34.10( 79.30| 80.90| 71.43| 69.50( 72.90| 69.00( 78.17| 78.70| 60.73| 76.60( 54.50( 34.00 72.09| 77.10| 61.67| 62.30| 67.54| 60.70

2010 |Agriculturd 10.10| 36.70( 1.19| 1.60( 0.80( 1.60| 1.18| 3.70[ 0.68| 1.20| 247 6.60| 18.21|51.10| 0.04 3.87 5.30
Industry | 46.67| 28.70| 19.79| 16.70( 30.23| 28.40( 27.46( 25.30| 21.52| 19.10( 38.27| 17.00| 27.16(22.40| 27.63 3470 28.07
Service 43.24| 34.60( 79.02| 81.20| 68.97( 70.00( 71.36| 69.70( 77.80| 78.90| 59.26| 76.40( 54.64(26.60| 72.33 61.44 66.63

From 1980 to 2010, the US service GDP share increased from 63.60% to 79% and its
employment share increased from about 65.69% to 81.20%.

China’s relevant share of service GDP was 21.60% in 1980 to 43.24% in 2010 and
employment share increased from 13.10% in 1980 to 34.60% in 2010.

In Germany, service GDP was 56.50% in 1980 and 68.97% in 2010; and service
employment increased from 51.90% in 1980 to 70.00% in 2010.

In Japan, the service GDP was 57.86% in 1980 and 71.36% in 2010; the service
employment was 54.00% in 1980 and 69.70% in 2010.

In UK, it was 57.20% of service GDP in 1980 and 77.80% in 2010; and it was 58.90% of
service employment in 1980 and 78.90% in 2010.

In South Korea, the service GDP was 50.72% in 1980 and 59.26% in 2010; the service
employment was 37.00% in 1980 and 76.40% in 2010.

In Singapore, the service GDP was 62.20% in 1980 and 72.09% in 2010; and the service
employment was 62.59% in 1980 and 77.10% in 2009.

In India, the service GDP was 40.32% in 1980 and 54.64% in 2010; the service
employment was 24.00% in 2005 and 26.60% in 2010.

In Russia, the service GDP was 35.03% in 1990 and 61.67% in 2009; the service
employment was 45.59% in 1990 and 62.30%.
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In Brazil, the service GDP was 45.16% in 1980 and 67.01% in 2011; the service
employment was 49.29% in 1985 and 62.70% in 2011.
Table 4b. Percentage Changes of GDPs and Jobs in Service Industry in Different Time Periods

German Japa Kore Singapor Russi
China | US y n UK a India | e a Brazil

1980-90
Agricultur - - R
e -3.06 | 0.80 | -0.90|-0.96| 0.66 | -6.90 | 6.36 -1.23 | 16.81 | -2.91

GDP % - -

A Industry -6.88 | 5,60 | -3.80|-1.01|9.29| 4.02| 2.21 -3.88 | 48.35 | -5.13
Service 9.94 | 6.50 470 | 196|994 | 2.87| 4.16 5.12 | 35.03 | 8.05
Agricultur - - -

Job% A | e -8.60 | 0.69 -1.70 | -3.20 | 0.50 | 16.11 | 0.00 13.89 | 22.79
Industry 319|440 | -390|-1.20| 491 | 6.40| 0.00 40.00 | 22.70
Service 5.40 | 5.00 570 | 4.20| 6.00 | 9.70 | 0.00 45.59 | 54.50

1990-2000

GDP % Agricultur - - - - -

A e 12.05 | 0.91 -0.39 | -0.53 | 0.54 | -3.82 | 6.00 -0.23 | 10.38 | -2.50
Industry 458 | 446 | -6.79|-7.05| 4.61| -0.09 | 0.49 2.49 | 10.40 | 10.96
Service 7.48 | 5.27 7.18 | 7.60| 5.16 | 3.92 | 6.50 -2.25 | 20.59 | 13.46
Agricultur - - - 59.9

Job% A | e 10.09 | 0.30 | -0.90 | -2.09 | 0.59 | -7.29 0 0.61

- - 16.0 -

Industry 1.11 | 3.19 -5.50 | -2.89 | 7.19 | -7.30 0 11.60
24.0

Service 9.00 | 3.61 6.20 | 4.90 | 8.20 | 14.50 0 11.51

2000-2010

GDP % Agricultur - -

A e -497 | 0.00 | -0.31|-041| 0.22| -1.92 | 4.82 -0.06 | -2.57 | -0.30
Industry 0.75 | 3.65 -0.28 | -3.54 | 5.28 | 0.18 | 1.16 -7.20 | -3.25| 0.34
Service 4.22 | 3.65 0.59 | 3.95| 550 | 1.74| 3.66 7.26 | 5.82 | -0.04
Agricultur - - - -

Job% A | e 13.30 | 1.00 | -1.00| -1.40| 0.30| -4.00 | 8.80
Industry 6.20 | 6.50 | -5.10 | -5.90 | 6.00 | 11.10 | 6.40
Service 7.10 | 6.90 6.20 | 6.60 | 5.80 | 15.20 | 2.60

Table 4b gives the percentage changes of GDP and Jobs between 1980-1990, 1990-2000
and 2000-2010 in three sectors in these selected countries. The data show how jobs and
associated GDPs are shifted from other sectors to the service sector.

The above analyses indicate that in around 30 years, in each of these selected counties, its
service sector GDP and employment were increased significantly. In developing countries, the
percentage increase of the GDP during the time period surpassed its percentage increase of the
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service employment. That means the whole economy’s productivity was improved when the
labor was shifted to the service sector (mostly from the agricultural sector). However, in
developed countries, the percentage increase of the service GDP was slowed down clearly while
the service employment increased significantly. That indicates that with the maturity of the
economy, the shift of labor to the service sector (mostly from manufacturing) lowered a
country’s productivity.

As many other countries have experienced, such as China and India with their continued
fast economic growth, more jobs will be shifted into the service sector. Currently, service
employment is about 36% in China and 28% in India. In other well developed countries, this
figure is between 70-80%. Even in Brazil, it is above 60%.

However, one needs to consider that both China and India are large populous countries
and both are still under the industrialization stage; therefore their agriculture and industry sectors
and its developments will remain to be essential to them. As a result, the shifts of labors to the
service sector in these two countries in the coming decade will not be so dramatic as happened in
western countries. The reasonable expectation will be about 45% of employment in the service
sector in China and 38% in India by 2025.

5. China and Others Countries’ Service Sector Distribution

Table 5. Service Distributions in Different Countries

China UsS Germany Japan United Kingdom South Korea Brazil
Type of Service/Year 2000 2005 2012 2000 2005, 2012|2000 2005 2012) 2000 2005|2012 2000| 2005|  2012| 2000] 2005| 2012]  2000] 2005,
Distributive trade, repairs; ransport, accommod., food se| 1,646,580 | 2,882,806 | 8,481,840 | 1,651,480 | 2,002,675 | 2,385,914 | 306,593 | 376,905 | 438,731 596,584 | 765,666 | 872,843 | 183,097 | 229,458 | 267,462 | 124,637 | 152,479 | 197,519 | 139,866 | 285,671
0.43 038 037 0.23 021 0.20 0.24 023 0.21 0.27 0.28 027 0.28 0.25 0.23 0.30 0.27 0.26 0.20 0.24
tion and i 545,176 729,989 920,463 79,995 91,951 121,236 163,637 | 202,767 | 250,010 | 61,084 [ 78,772 92,214 | 32,215| 45956 | 51,879 | 44,580 84,399
0.07 0.08 0.08 0.06 0.06 0.06 0.07 0.07 0.08 0.09 0.09 0.08 0.08 0.08 0.07 0.06 0.07
Financial and insurance activities 408,669 | 608,683 | 2,872,268 | 722,739 | 952,102 | 1,074,935 | 83,205| 113534 | 119215| 163520 | 237,654 | 204,989 | 51,065 | 95456 | 119,761| 41,759 | 67,681 | 87,984 70,590 [ 131,399
0.11 0.08 0.12 0.10 0.10 0.09 0.06 0.07 0.06 0.07 0.09 0.06 0.08 0.11 0.10 0.10 0.12 0.12 0.10 0.11
Real estate activities 414,906 851,643 [ 2,900,549 | 983,658 | 1,339,263 | 1,705,411 | 208,075 | 265,102 | 365,260 351,486 | 417,143 | 540,746 | 77,835 | 103,728 167,285 | 66,192 | 80,129 [ 93,483 | 126,160 [ 171,758
0.11 011 0.13 0.14 0.14 0.14 0.16 0.16 0.18 0.16 0.15 0.16 0.12 0.11 0.14 0.16 0.14 0.12 0.18 0.14
Prof,, scientific, techn.; admin., support serv. activities 1,074,308 | 1,361,572 | 1,768,531 | 208,509 | 254,489 | 333,972 98,549 | 132,720 175,777 | 31,516 | 48,031 71,572 58,213 99,979
0.15 0.14 0.15 0.16 0.16 0.16 - - - 0.15 0.15 0.15 0.08 0.08 0.09 0.08 0.08
Public admin.; compulsorys.s.; education; human health 1,939,589 | 2,601,615 [ 3,460,375 | 332,385 | 410,832 | 553,161 354,661 | 424,118 | 519,444 | 152,871 | 221,559 | 281,877 | 97,644 | 156,240 | 227,996 | 160,787 | 291,761
0.27 0.28 0.29 0.25 0.25 0.27 0.16 0.16 0.16 0.23 0.24 0.24 0.24 0.27 0.30 0.23 0.24
Other senvice activities 1,401,241 | 3,148,796 | 8,885,992 | 358,419 406,548 476,115 84,975 [ 105,032 137,271 577,461 | 682,609 | 891,767 | 33,115| 46,058 59,653 | 16,357 | 24,001 | 33,208 | 103,308 | 150,408
0.36 0.42 0.38 0.05 0.04 0.04 0.07 0.06 0.06 0.15 0.25 0.27 0.05 0.05 0.05 0.04 0.04 0.04 0.15 0.12
Total service output 3,871,395 | 7,491,927 | 23,140,649 | 7,275,369 | 9,393,764 | 11,791,744 | 1,303,738 | 1,617,845 | 2,068,845 | 2,207,350 | 2,729,956 | 3,279,798 | 657,616 | 907,751 | 1,164,029 | 410,320 | 574,517 | 763,641 | 703,504 | 1,215,375

Table 5 lists the GDP in each service sector in these selected countries in 2000, 2005 and
2012. In China, percentage of GDP in “Distributive trade, repairs, transport, accommodation and
food service” to its total service GDP was about 40%; the GDP in “Financial and insurance
activities” was about 10%; it was about 10% in “Real estate activities” and 36% in “Other
services”. China does not have relevant statistics in “Information and communication”,
“Professional scientific, technology, administrative, support service activities”, and “Public
administration, compulsory social service, education, human health”. The lack of GDPs in these
three sectors could be due to the differences in classifications. Most likely, these missed services
should be included in “Other services”. In the US, “Distributive trade, repairs, transport,
accommodation and food service” composed about 20% of the total service GDP, and the share
of “Public administration, compulsory social service, education, human health” was about 28%.
In South Korea, it was about 27% each in “Distributive trade, repairs, transport, accommodation
and food service” and “Public administration, compulsory social service, education, human
health”. Compared with other countries, China’s GDP shares in “Information and
communication” , “Professional scientific, technology, administrative, support service
activities”, and “Public administration, compulsory social service, education, human health”
were too low.

6. China and Other Countries’ Service Exports
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Table 6. Service Exports in Different Countries (current USS)

Country/Year 2005 2006 2007 2008 2009 2010 2011 2012 Average
China $89,149,912,936 | $113,851,040,171 | $147,510,687,295 | $165,990,031,386 | $144,184,537,444 | $171,489,835,442 | $184,763,043,713 | $196,301,948,474 ($151,655,129,608
United States | $376,499,000,000 | $419,502,000,000 | $489,540,000,000 | $534,030,000,000 | $510,623,000,000 | $556,987,000,000 | $618,317,000,000 | $650,564,000,000 |$519,507,750,000
Germany $176,698,839,227 | $200,017,774,620 | $233,132,519,160 | $265,305,258,177 | $248,696,914,882 | $253,555,322,669 | $274,113,958,546 | $268,497,877,829 |$240,002,308,139
Japan $101,960,758,643 | $109,345,586,363 | $121,579,391,059 | $141,040,143,456 | $120,914,193,843 | $131,215,197,969 | $137,348,837,476 | $134,185,896,985 |$124,698,750,724
UK $207,673,909,145 | $236,552,860,391 | $288,285,959,581 | $287,956,159,705 | $239,563,934,300 | $256,705,249,989 | $294,344,975,105 | $292,646,867,763 |$262,966,239,497,
Korea $49,744,800,000 | $56,842,400,000 | $72,994,800,000 | $90,634,300,000 | $73,580,400,000 | $87,282,400,000 | $95,257,200,000 | $110,853,800,000 | $79,648,762,500
Singapore $46,241,297,527 | $58,951,246,119 | $73,853,809,907 | $89,298,464,572 | $81,611,343,566 | $100,687,833,469 | $116,160,281,533 | $119,075,324,919 | $85,734,950,201
India $52,178,951,919 | $69,439,848,438 | $86,552,459,544 | $106,054,239,105 [ $92,889,486,182 | $117,068,311,674 | $138,527,915,665 | $145,524,596,558 |$101,029,476,136
Russia $28,845,410,000 | $35,718,534,250 | $43,860,061,000 | $57,135,949,289 | $45,796,501,700 | $49,158,958,000 | $58,039,060,000 | $62,340,015,000 | $47,611,811,155
Brazil $14,975,857,163 | $18,495,034,407 | $23,954,250,578 | $30,450,526,537 | $27,728,347,800 | $31,598,901,061 | $38,209,117,260 | $39,863,624,582 | $28,159,457,423
Table 6 provides the total service exports of selected countries during 2005-2012. The US

is ranked as #1 in total exports in each of these years, UK #2, and Germany # 3. Although China
is #1 exporter in the world, its total service export was only ranked #4, with the average annual
service export of $151,655,129,608, which was less than 30% that of the US (average annual
service export of $519,507,750,000).

Table 6a. Information, Communication and Technology Service Exports (current US$)
Country/Year | 2005 2006 2007 2008 2009 2010 2011 2012 |Average
China 22,202,966,679 | 27,731,770,927 | 39,111,105,584 | 47,031,906,970 | 45,867,524,462 | 53,641,608,808 | 60,690,749,652 | 68,540,636,096 45,602,283,647
us 78,376,000,000 | 94,572,000,000 |105,185,000,000{ 107,753,000,000 | 117,313,000,000 | 131,949,000,000 |143,962,000,000 | 111,301,428,571
Germany 52,439,660,632 | 59,743,463,711 | 71,879,241,797 | 84,268,513,759 | 80,110,465,631 | 82,212,168,371 | 90,128,275,179 | 90,529,118,463 76,413,863,443
Japan 20,238,044,590 | 23,691,376,650 | 26,364,949,708 | 34,388,465,303 | 36,030,158,696 | 33,492,592,579 | 38,588,091,031 | 27,794,782,335 30,073,557,612
UK 77,986,547,674 | 87,793,954,826 (104,612,379,236(103,817,519,347| 90,528,498,865 | 106,863,708,028 | 115,778,917,690 [114,080,870,961 | 100,182,799,578
Korea 9,922,400,000 | 11,422,600,000 | 15,308,000,000 | 13,818,700,000 | 12,860,800,000 | 17,667,700,000 | 19,471,000,000 | 23,929,600,000 15,550,100,000
Singapore | 10.292,072,657 | 15,568,809,264 | 17,587,466,451 | 21,130,064,029 | 20,397,593593 | 23,018,927,888 | 27,529,467,394 | 28,532,110,873 | ~ 20,507,064,019
India 35,073,974,538 | 47,423,914,835 | 58,985,122,161 | 73,484,502,821 | 61,624,368,553 | 75,037,123,007 | 85662,135486 | 95,891,807,671 | 66,647,879,884
Russia 6,833,560,000 | 8,919,170,000 | 12,366,658,000 | 16,712,923,441 | 14,005980,410 | 14,965290,000 | 17,844,080,000 | 19,901,820,000 | 13,943,685,231
Brazil 6,435,168,000 | 7,891,540,000 | 11,483,100,000 | 14,971,477,000 [ 14,404566,000 | 16,422,484,742 | 20,198,895,520 | 22,222,660,386 | 14,253,736,456,

Table 6a is the exports in Information, Communications and Technology during

2005-2012. China’s annual ICT export was ranked as # 5, less than that of India.

Table 6b. Insurance and Financial Services Exports (% of service exports)
Country/Year 2005 |2006 |2007 |2008 |2009 |2010 |2011 |2012 | Average
China 0.78 |0.62 |0.77 1.02 | 1.36 1.78 |209 |2.66 1.38
U.S 12.01 |13.67 |14.75 |14.31 |15.48 |15.57 |15.07 | 14.22 | 14.38
Germany 495 621 |764 |683 |742 |737 |771 |742 |6.94
Japan 580 |7.07 |621 |453 [468 |[372 |418 |316 |[4.92
U.K 21,92 | 2485 |2851 |29.11 |27.18 |23.39 |27.88 |28.54 |26.42
Korea 366 |49 |6.05 |[469 356 |372 |410 |333 |4.26
Singapore 1256 |13.62 |1599 |14.20 |15.94 | 1555 |15.32 |14.97 |14.77
India 399 |500 |564 |552 |552 |650 [6.38 |523 |547
Russia 247 | 270 |354 312 [3.07 [302 (248 |280 |[290
Brazil 428 |574 |682 |678 |701 |7.88 [829 |8.09 |6.86

Table 6b is the percentage of Insurance and Finance export to the country’s total service
export during 2005-2012 for these selected countries. China has the lowest percentage with only
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1.38% among all of these selected countries. UK is ranked as #1 with 26.42%, Singapore #2 with
14.77%, and US # 3 with 14.38%. Even other BRIC countries--Russia with 2.90%, India with
5.47% and Brazil with 6.86 % -- were much higher than China’s percentage.

Through the above analyses, it’s clear that China needs to improve its service industry’s
competitiveness so that it can export more services. In particular, China needs to strengthen its
services in sectors of Information and Communications and Insurance and Finance. More
Chinese companies are doing business in other countries, and China’s FDI outwards have been
increasing over the years. There should be more demand for relevant services in overseas from
Chinese companies, especially in the areas of insurance, finance and professional services such
as legal and accounting.

V. What China Can Learn from Other Countries and What it Should Do

China is at the crucial stage of its economic development. It needs to identify new
sources and engines to sustain its stable growth since previous approaches using mass exports
and government investments have reached their limit. Stimulating domestic consumption and
better developing its service industry have become China’s new directions.

As outlined in my paper (Chen, 2014)), currently manufacturing exports comprise 93% of
China’s total exports. Worldwide, that number is about 70% of total exports. Given China’s
development stage and employment needs, China still needs to continuously improve its
manufacturing industry and export enough such products. In particular, China needs to become
the strongest manufacturing country to sustain its economic growth. Interestingly, Prime
Minister Li Kegiang used the same words to emphasize the importance and improvements of
China’s manufacturing industry in its annual report to China’s Congress in March this year. He
further outlined China’s Manufacturing Industry 2025 similar to Germany’s Manufacturing 4.0.

Besides stabilizing and improving its manufacturing industry, China certainly needs to
expand and strengthen its service sector. As discussed in the previous sections, increasing
importance and particular growing shares of employment and GDPs in services have been the
worldwide trend that many developed countries have experienced. The issues germane to China
are: how fast the service sector development can be and what will be potential problems, and
how to solve them if service development is too fast.

Currently, China’s service GDP is about 40% of its total GDP and employment is about
30% of total employment. In the past 12 years, China’s annual GDP share in service rose by
0.47% and job share by 0.61%. By 2025, China should expect about 50% GDP and 45% jobs in
its service. By 2035, service GDP should be around 55% and employment around 52%.
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China's Expected GDP and Jobs in 2025 and 2035

2012 2025 2035
GDP % | Job % | GDP % | Job % | GDP % | Job %
Agriculture | 10.08 336 |8 25 5 20
Industry 45.27 30.3 |42 30 40 28
Service 44.65 36.1 |50 45 55 52

There will be some serious outcomes and problems if China grows its service sector too
fast, i.e. its GDP and employment shares in services are too high, compared with the above

proposed ranges.

1.

Weightless. As some western countries have experienced, manufacturing
outsourcing led to their economies to be weightless. The US government has
called for manufacturers to come back to the US. If its GDP share in
manufacturing becomes too low (less than 40%, or even lower than 35%),
China’ economy will face the weightless problem. Many better paid jobs in
manufacturing will be lost and outsourced to other developing countries.

Cost Crises. As Baumol (1967) stated that shifting jobs from manufacturing to
service may cause the cost crisis. The productivity in service is not rising but
the average salary must be raised because of job market competition and the
productivity’s improvement in manufacturing, so the salary rises there. If such
a crisis occurs, service firms will suffer and that will further negatively affect
the whole economy.

Overall Productivity. When jobs shift from agriculture to manufacturing, the
whole economy’s productivity improves significantly. When too many jobs
shift from manufacturing to service, the average productivity will be lower.
Low Salary. Usually, average salary in service is lower than in manufacturing.
When many people move from manufacturing to service, their salary and
income will be lower. That has been the case in many developed countries.
Competitiveness. The competitiveness is essential to an economy’s strength.
Globalization makes a country’s competitiveness more important.
Overdevelopment and shrinking of manufacturing sector will lead China to lose
its competitiveness in the world. What are China’s competitive advantages?
More in manufacturing or in service?

Exports. Given China’s large population and economic development stage,
having enough exports will still be crucial to China’s economy in coming
decades, although contributions of the exports to China’s GDP should be
gradually lower. For more than two decades, China relied on increasing exports
to support its rapid economic growths. In some years, the ratio of export to its
GDP was above 40%. In the future, China needs to rely more and more on its
domestic consumption. But China still needs to maintain its fair share of the
world’s exports. If China cannot develop and implement an appropriate
economic structure strategy and improve and strengthen both manufacturing
and service sectors, it then will lose more world market share.

Mid-income trap. When a country uses its competitive advantages to advance
its economy and reaches a certain income level, it may get stuck at that level
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because these previous competitive advantages have become obsolete and new
ones could not be created. That is called the ‘mid-income trap’ as some newly
industrialized countries like South Africa and Brazil have experienced. Their
per capita GDP has remained around $10,000 for more than a decade. These
countries have suffered from low investment, slow growth in manufacturing,
limited industrial diversification and poor labor market conditions. China’s
GDP per capita at present is around $7,000 and will reach $10,000 in about 6
years. To avoid such a mid-income trap will be a big challenge to China. Too
rapid an expansion in service and shrinking in manufacturing will lead to such
a trap, not solving the potential problem.

What should China do in order to maintain balanced, stable and sustainable economic
development? As Chen (2014) has emphasized, China must continuously strengthen and improve
its manufacturing industry and make it the strongest sector. It needs to diversify its
manufacturing industry and particularly develop sectors that consume less natural resources and
emit less pollution. Also, it should develop more manufacturing products that can be used to
directly substitute current mass imports and the ones representing future trends.

Expanding and developing the service industry will be an irreversible trend. Eventually,
the GDP in service will surpass 50% of its total GDP and jobs in service will be above 50% of
the total employment. But the issues facing China will be how soon that will be, what types of
services will be needed, and what types of jobs will be necessary to sustain this growth.

As discussed in the previous sections, growing of the service sector and especially
shrinking of manufacturing should be gradual, not dramatic. Social services and
insurance/financial service should be given the highest priority. China now has more than 200
million seniors. Providing more and better services to these seniors should be the government’s
and the society’s responsibilities and that also creates large business opportunities. Insurance
and financial service is quite underdeveloped in China and lags greatly when compared with
other developed countries. Professional services, including legal, accounting, medical and
psychological services, has huge potential for growth. Also, China needs to expand and improve
its manufacturing services.

Another area is service export. As pointed out in the previous discussions, China’s
service export is far behind many other countries. Currently only about 7% of its total export is
in service. Raising this ratio to 12-15% of its total export in the future should be reasonable and
achievable.

V. Conclusions

This paper provides a comprehensive study and international comparisons of the service
industry throughout the world. The data of the economic structure changes over the years for
different countries, particularly the changes of the percentages of service GDPs and service
employments in these countries show that the path of service industry development is based on
each country’s economic development level as well as its unique conditions. But generally
speaking, the service industry becomes increasingly important when an economy advances.

In order to avoid the potential mid-income trap, a country needs to continuously improve
its manufacturing industry and particularly its competitiveness and diversity. It needs to develop
and expand the service sectors which are not only highly needed but also productive and skill-
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intensive. Otherwise, the low average productivity and low average wage will slow the aggregate
demand and with it the whole economy.

China is facing huge challenges and its economy is at a turning point. In order to
maintain stable and sustainable economic growth, China needs to adjust its economic structure
and better develop the service industry. It especially needs to expand and develop its
professional, social and manufacturing services to better support its development.

China needs to adjust its economic development strategy and rely more on domestic
consumption. It needs to focus more on innovations and institutional reforms to sustain economic
growth. Sustaining and improving international trade and particularly exports will still be
essential to China’s economy and its future developments. Creating competitive advantages of its
service industry and exporting more services will be crucial to China’s future success.
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