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(Table 1) Factors Affecting Team Productivity

Type of| Effect on Effect on individual .
. .. .. Effect on team productivity
Effect | Productivity productivity
Increase in marginal productivity of other
Synergy . N team members due to positive externality
one .. .
effect arising from experience, knowledge,
capability, and complementarity.
Moral Moral hazard present. Moral hazard due to free-riding on
Hazard (eg. laziness, carelessness)| partner’s effort.
. Convergence to low productivity level
O-ring . .
ffect - None when there is a productivity gap among
effec
team members.

ANk o] Z52 ol APl Folshs PAA Aolof] Hgo] o
ofb BAE @iole ek AAl AP F7)E AU ETS el
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¥+, Lazear, and Rosen (1981) o] “Hezt MFAAS F23l7] ¢lal G
TH7F F AR T =2 MEANY SHEY 9 oW RS AFeh A

T 52 A 9 9ke] ARl o]7]7] Yt i‘?—:‘.t‘?}ﬂl gozHn =E4
Hol= ke HAEY
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Aol ZgH =894 sfolE =< + Utk

(Table 2) O-Ring and Synergy Effect Detection Using Rank Difference Between
Team Productivity and Individual Productivity

. Rank .
Rank difference:| Comparison of
difference: e
team vs individual | Presence
Lo team vs . . .
individual o productivities: |of O-ring Presence of Synergy effect
. individual
productivity of . P vs P Effect
sk productivity of ’
as
J task k
P> B :
Yes There is large Synergy effect
+ =+ Pk > ‘P]
P,=P, No There is Synergy effect
P.> P, _ \
Yes There is no Synergy effect
- - B> P
P,=P, No There is no Synergy effect
+ - Yes These cases cannot arise
P> B -
- + Yes | There is low level of Synergy effect
- + Yes These cases cannot arise
P, > P7- -
+ - : Yes | There is low level of Synergy effect
=z Yy =y ¢
V. AZEA A G 2

AN BYe B 2R 5 Sl 200] ¥l (non-delivery) AJH] 22k
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(Table 3) Summary Statistics of Variables!2)

Variables Avg. S.D. Variables Avg. S.D.

Total patients treated (log) 12.59 0.94 Doctor*Nurse 51,550 173, 090
Total patients treated (persons) | 425, 669 | 371, 812 Doctor*PM 15, 288 | 57, 645
No. of bed (log) 5.87 0.69 Doctor*QW 10,422 | 30, 283

No. of bed 443.13 | 298.92 Nurse*PM 34,592 1101, 046

No. of doctors (log) 3.63 1.19 Nurse*QW 23,412 | 56,932

No. of doctors (persons) 84.79 | 142.43 OW=PM 6,753 | 16,531
No. of nurses (log) 4.92 0.96 Population (log) 12.32 | 0.72

No. of nurses (persons) 224.91 | 264.82 | Population (persons)  |284, 146|194, 523
No. of paramedics (log) 3.65 1 Distance (log) 0.85 | 0.89
No. of paramedics (persons) | 64.99 | 78.85 Distance (km) 3.45 | 3.53
No. of office workers (log) 3.51 0.87 | Technological progress | 3.72 1.82

No. of office workers (persons) | 50.11 | 55.49 - - -

Note: PM=paramedic, OW=office workers.
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(Table 4) Correlation Coefficient Among Independent Variables

. | Docx | Doc* | Doc* | Nur# | Nurs | OWs= .
Bed | Doc | Nur | PM | OW Pop | Dist | Tech
Nur | PM | OW | PM | OW | PM

Bed 1

Doc 0.69%| 1

Nur 0.84%10.92*| 1

PM 0.70% 1 0.88*0.91%| 1

oW 0.78% 1 0.86% 0.88%|0.84| 1

Doc#Nur | 0.45% | 0.58% 0. 54*{0. 53%(0. 50% 1
Doc#PM | 0.41% | 0.53% 0. 49%|0. 49*(0. 45%0. 98*| 1
DocxOW | 0. 49% | 0. 64% |0. 58| 0. 57*(0. 62¥0. 88*|0. 84| 1
Nur+PM | 0.49% | 0. 58" |0. 60*|0. 59*(0. 54¥0. 95| 0. 93*|0. 82*| 1
Nur+OW | 0.55% | 0. 66™ |0. 67| 0. 64*(0. 67%0. 83*|0. 77*|0. 89*|0. 90*| 1
OW=PM | 0.55 | 0.66% |0.66"|0.65(0. 66%0. 88%|0. 84*|0. 91*|0. 94*]0. 98| 1
Pop 0.38% | 0.39% 0. 43%(0. 40*(0. 34% 0.10 | 0.08 [0.12* 0.09 | 0.12 ] 0.11 | 1
Dist 0.27* [-0.05%| 0.03 [-0.06[0.11] 0.03 | 0.03 |-0.01|-0.01[-0.04|-0.04[0. 19| 1
Tech 0.36% | 0.30% 0. 36%|0. 30*(0. 25¥0. 16| 0. 14*|0. 18%|0. 18*|0. 21*|0. 20*|0. 21*| 0.11 | 1

Note: Doc=doctor, Nur=nurse, PM=paramedic, OW=office worker, Pop=population, Dist=
Distance, Tech=technology; * significant at 5%.
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(Table b) Results of WG (Columns 1 & 2) and GLS (Columns 3 & 4) Estimations

Cobb-Douclas Cobb-Douglas | Team production
Variables Cobb-Douglas . techg + demand |+ tech + demand
N constraint constraint
. (Bed) 0. 225%** 0. 258*** 0.215*** 0. 225***
o0 (3.27) (4.01) (3.50) (3. 66)
a. (Doctor) 0.162%** 0.078 0.276*** 0.282%**
e (3.03) (1. 48) (6.33) (6.12)
a, (Nurse) 0.087** 0.062* 0.115%** 0.110***
2 i (2.23) (1.69) (3.04) (2.66)
a.. (PM) 0.096** 0. 040 0.098*** 0.129%**
» (2.50) (1.08) (2. 64) 2.72)
0.118** 0. 065 0. 111%* 0.091*
, (OW
i (OW) (2.43) (1.39) (2.56) (1.78)
ay, (Doctor*Nurse) - - - (7%.091(;
, 0.107*
a5 (Doctor<PM) - - - 080
; -0. 092**
ay, (Doctor*OW) - - - (1.99)
. -0. 042**
oy (NursexOW) - - 197
; 0.084*
tyy (NursexOW) - - 07
-0. 057
2, (OW*PM - _
ag, ( ) (-0.32)
. 0.161%* 0.157**
Populat -
& (Population) (2.39) (2.24)
. -0. 107** -0.101*
Dist: ) -
A, (Distance) (-1.98) (-1.83)
2.636*** 1.394%** 1.476%**
p (Technology) (5. 14) (2.82) (2.95)
. 0.187* 0.186*
Regional Dummy (1.73) (1.70)
8. 053*** 7. 727 6. 338%** 6. 403%**
Constant,
By (Constan) (68.19) (60.93) (10.04) 9.71)
R? 0. 764 0. 695 0. 808 0. 816
Prob. Chi2(x?) 13.08*** 17.01*** 509. 63*** 512.17***
Hausman fest 50, 37*** 52, 27*** 3.80 4,17
ausmar fest (FE) (FE) (RE) (RE)
Number of Groups 86 86 86 86
Obs. 254 254 254 254

Note: Numbers in ( ) are t-values.

*significant at 10%, **significant at 5%,

¥k %

significant at 1%.
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Productivity of Doctor-Nurse Team Production
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Nur-OW
20.8
52.0
72.9
64.6
26.9
52.2

7.5

Nur-PM
11.7
99.D
74.3
63.2
27.8
50.0
20,7

15.3
52.5
74.7
65. 4
27.5
49.4
10.5

Doc-OW

RRPy (%) |RRPy (%) |RRPi (%) |RRPjx (%) |RRPy (%) |RRPy (%) |RRPy (%) |RRPy (%)

Doc-PM
7.7
53.9
75.9
28.4
48.6
22.2

oW

35.1
54.5
68.6
62.9
27.3
50.6

3.2

8.0

PM
61.0
73.0
61.8
28.9
47.6
34.0

by Hospital Types and Tasks

28.0
53.0
71.8
66. 2
24.5
19.5

Nurse

Doctor
10.0
52.0
77.0
65.4
28.2
42.8

(Table 6) Average Relative Productivities of Team and Individual Production

Hospital
Type

National
Hospital
National
Medical
Center
National
University
Hospital
Private
University
Hospital
Regional
Public
Hospital
Veterans
Hospital
Red Cross
Hospital

=2 (Figure 19 ¢
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(Table 7) O-Ring and Synergy Effect

Regional Public Hospitals University Hospitals
O-ring effect Synergy effect O-ring effect Synergy effect
11 Yes | 4(11.8%) 4 Yes | 1(2.9%)
N Doc=PM e - N Doc=PM
op Hoe (32.4%) [ No | 720.6%) | | ~°° (11.8%) | No | 3(8.8%)
boespy | 10 [ Yes | 9(26.5%) boespyy | 16 [ Yes [1265.3%)
oc ' oc '
Doc - v (29.4%) | No 12.9%) | (47.1%) | No | 4(11.8%)
e €S|
PM 13 Ves | 10(29.4%) 14 Ves | 12(35.3%)
PM>D PM > Doc
% 138.22%) [ No | 38.8%) % 1.2%) [ No | 26.9%)
o (32.4%), Yes (67.6%), No (11.8%), Yes(73.5%),
Yes (67.6%) No (32.4%) Yes (88.2%) No (26.5%)
- 9 Yes - P 2 Yes -
No| Doc=OW 26.5%) [ No - No| Doc=OW (5.9%) No -
. 13 Yes - - 17 Yes -
D(())iv. . Doc> OW | ge 5 0 . DoOOW | i s -
1 owsp 12 e — | owsp B e -
P (35.39%) | No - Y a.1%) [ No -
No (26.5%), Yes(73.5%) - No(5.9%), Yes(94.1%) -
No| Nur=PM 12 | Yes —No| Nur=PM 2 | Yes -
op A (35.3%) | No E o~ (35.3%) | No E
11 Yes - 11 Yes -
N;;I' . Nur >PM (32.4%) [ No - y Nur >PM (39.4%) No .
V. €S eS|
11 Yes - 11 Yes -
PM > Nur (32.4%) [ No - PM > Nur (39.4%) No .
No (35.3%), Yes (64.7%) - No (35.3%), Yes (64.7%) -
6 Yes | 4(11.8%) 7 Yes | 2(5.9%)
No| Nur=OW . No| Nur=OW | . '
op (17.6%) [ No | 26.9%) | | (20.6%) | No | 504.7%)
17 Yes | 14(41.2%) 14 Yes | 10(29.4%)
Nur > OW Nur > OW
Nur - | o 50%) [ No | 3(8.8%) | . (41.2%) [ No | 4(11.8%)
 |Ye e
oW OW>N 11 Yes 8(23.5%) N OW>N 13 Yes | 10(29.4%)
1r ur
1 32.4%) [ No | 3(8.8%) (38.2%) | No | 3(8.8%)
No (17.6%), Yes (76.5%) , No (20.6%), Yes (64.7%) ,
Yes (82. 4%) No(23.5%) Yes (79. 4%) No(35.3%)
- 5 Yes | 4(11.8%) - 3 Yes 00%)
No| Doc=Nur 14.7%) [ No 1(2.9%) No| Doc=Nur (8.8%) No 3(8.8%)
13 Yes | 10(29.4%) 19 Yes |12(35.3%)
Doc>N Doc>N
Doc - |, 07N (38.2%) | No | 3(8.8%) ¢ 0N (55.9%) [ No | 7(20.6%)
e es
Nur | oD 16 Yes | 12(35.3%) Nur>D 12 Yes | 12(35.3%)
ur > Doc ur>Doc | ., .
(47.1%) | No | 4(11.8%) (35.3%) | No 0(0%)
No(14.7%), Yes (76.5%) , No (8.8%), Yes (70.6%) ,
Yes (85.3%) No (23.5%) Yes (91. 2%) N() (29.4%)
Total No(25.3%), es(83.5%), No(28.2%), es (67. 1/),
Yes (74.7%) N()(lé). 5%) Yes (71. 8%) No( 32.9%)

Note: Values in the table refer to the number of cases where O-ring and Synergy effects are
found. Numbers in () refers to the proportion of such cases out of total number of
hospitals subject to study.
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(Table 8) Relative Productivity (RRP;;,) by Hospital Types

Hospital Type |No*|Doctor | Nurse | PM | OW | Doc*PM | Doc*OW | Nur*PM | Nur*OW
3 3 7 3 7 4 5 5 6

6 5 3 5 4 5 4 6 5

National J 6 2 2 > 6 6 L 4
Hospital 10 4 4 1 2 3 3 2 2
19 1 5 6 6 1 2 4 3

20 7 6 7 3 7 7 7 7

23 2 1 4 1 2 1 3 1

National Medical| 4 1 1 1 2 1 2 1 2
Center 24 2 2 2 1 2 1 2 1
18 1 2 2 4 2 2 2 2

26 4 8 8 8 7 7 8 8

27 9 9 9 7 9 9 9 9

National 28 7 3 5 3 6 5 4 5
University 29 6 4 4 9 5 6 5 6
Hospital 30 b 6 3 5 4 4 3 4
31 8 7 7 6 8 7 7 7

32 3 1 1 1 1 1 1 1

75 2 5 6 2 3 3 6 3

37 8 11 9 20 5 6 4 6

38 21 24 24 19 21 19 24 23

39 19 14 18 21 17 18 15 16

40 12 16 14 16 12 12 12 12

41 15 23 23 3 15 5 19 5

42 13 22 21 11 20 8 23 13

43 16 21 o 7 11 10 14 11

44 9 20 7 10 8 8 11 13

45 2 3 10 4 4 3 5 3

46 23 25 25 23 25 24 25 25

Private 47 20 7 12 12 14 14 9 8
University 48 5 10 8 14 13 14 13 17
Hospital 49 7 8 20 15 18 14 17 15
50 3 6 16 8 6 4 7 4

h1 11 12 13 13 16 17 16 18

52 17 18 15 17 19 20 21 21

53 6 15 11 22 9 13 10 19

54 25 13 17 25 24 25 18 24

90 10 4 4 24 7 22 6 21

76 24 9 19 18 23 23 20 20

7 4 2 2 2 2 2 2 2

78 14 5 3 6 3 7 3 7

79 1 1 1 1 1 1 1 1
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80 22 19 22 5 22 21 22 10

81 18 17 6 9 10 11 8 9

1 23 12 12 6 20 16 17 15

2 29 32 32 25 25 29 25 29

5 30 28 29 28 29 27 29 27

7 4 11 18 10 14 11 15 12

8 25 20 25 23 24 18 24 18

11 27 30 28 29 28 28 28 28

12 26 18 23 26 21 21 20 22

13 22 24 17 27 18 24 21 23

14 21 10 21 5 15 6 8 5

15 9 7 16 14 13 13 10 10

16 11 9 10 17 11 14 9 14

17 16 16 22 18 12 15 13 13

21 15 21 20 13 19 17 19 16

22 8 6 1 8 2 4 2 7

25 18 22 15 16 23 22 23 21

56 34 34 34 34 34 34 34 34

Regional Public 57 32 33 33 30 33 31 33 31
Hospital 58 33 31 31 33 32 33 31 32
59 13 5 9 22 7 12 6 9

60 10 8 6 21 4 10 7 11

61 12 3 7 7 10 9 4 4

62 17 25 14 24 17 23 22 24

63 3 4 3 9 5 5 5 6

64 19 15 8 19 15 20 14 19

65 28 26 26 12 30 26 30 26

66 31 19 30 31 31 32 32 33

67 7 17 13 2 8 3 12 8

68 2 1 2 3 1 2 1 1

69 5 14 11 11 6 7 16 20

70 13 19 15 22 19 18 17

71 14 1 4 4 9 8 3 2

72 24 29 24 32 27 30 27 30

73 1 23 5 1 3 1 11 3

74 20 27 27 20 26 25 26 25

82 5 5 5 5 5 5 5 5

Veterans 83 4 3 2 1 2 3 2 3
Hospital 84 3 4 3 3 3 2 4 4
85 2 2 4 4 4 4 3 2

86 1 1 1 2 1 1 1 1

33 4 4 3 4 4 4 4 4

Red Cross 34 3 2 1 2 1 3 1 3
Hospital 35 2 3 2 1 3 2 3 2
36 1 1 4 3 2 1 2 1

Note: * Index number for hospitals.



Measuring Relative Productivity of Team Production:

Evidence from Hospital Service Industry*
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Abstract

This paper investigates the problem of measuring productivity of team
production. A team production function is developed, and a new, relative
productivity index that not only enables measuring but also comparing the
productivity of each cooperating team, is devised. Utilizing this innovative
method to measure relative productivity of 86 hospitals with more than 100
beds, the following empirical results are obtained. Estimation of the team
production function shows that: @ coefficients for labor is significantly
different from the ordinary production function; @ team production function
displays sub additivity, confirming that there is synergy effect; and @ demand
constraint, technology, and hospital heterogeneity all affect productivity.
Analysis of the relative productivity index shows that: @ it is possible to
compare individual labor and team productivities of individual hospitals; @
O-ring effect is relatively low in nurses-laboratory staff team cooperation while
it is high in doctor-nurse team cooperation; @ synergy effect is similar across
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cooperation between various teams, except those between doctor-office staff
and nurse-laboratory staff; @ synergy effect is likely to be greater, the greater
the productivity differences between participants in a team. These results show
that for greater accuracy of measurement, the relative productivity method is
essential and that such a method also widens the scope of productivity
analysis. This study thus fills the gap in team production and team productivity
measurement literature.

Key Words: team production function, relative (labor) productivity, medical service
industry
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