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ABSTRACT

PURPOSES : This paper aims at the implementation of a balanced scorecard that can be widely applied to modern business management for

use in the public road management sector.

METHODS : This study applied the newly developed LOS-based balanced scorecard system instead of a traditional Key Performance Index
(KPI) for better decision making in asset management planning. As an evaluation technique, a “hierarchical alignment and cascading method”
is also suggested. Finally, the suggested system has been empirically applied to a regional government.

RESULTS : To provide stable and sustainable road services, the balanced scorecard informs the regional government of needed

improvements in its asset management plans regarding budget optimization, structural management, the development of inner-business

processes, and human resources.

CONCLUSIONS : An LOS-based balanced scorecard for managing road services and organizations in a quantitative manner has been
successfully developed and tested through a field study. The developed scorecard is a timely topic and a useful analytical tool for coping with
the new phases of an aging infrastructure, tighter budgets, and demand for greater public accountability.
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Table 1. An Interpretation of the BSC in Terms of Road Infrastructure Asset Mangaement

Perspectives

Descriptions

Evaluation points

Finance

To succeed financially, how should we
appear to road users (taxpayer)?

A gap between target LOS and current LOS
An unit cost for enhance service point (Cost—effectiveness)

Customer satisfaction

To achieve our vision, how should we
appear to road users?

A gap between provided LOSs and road users demands

Internal business
processes

(a) Service innovation process (Plan):

A process which is required for
developing, improving current service to
meet with road users’ needs

» Whether the agency measures quality of their services

« Whether the agency surveys customer s needs

* Whether the agency has normalized processes for
adopting changing customer' s needs

(b) Operational process (Do):

A process which is required for
producing and providing road services
to road users

* Whether the agency has overall asset management plan

* Whether the agency has database on owned assets for
road service

* Whether the agency has good enough engineer for
providing road service

* Whether the agency has good enough equipment for
measurement, inspection and maintenance

* Whether the agency has overall work processes that can
control service level, and their process is cost—effective

(c) Service process (Check and Act):
A process which is required for
checking road users’ satisfaction level,
and improving current procedures

» Whether the agency has LOS systems

* Whether the agency has proper measurement scheme
on changing service level considering characteristics of
road assets

* Whether the road agency conducts periodic surveys on
customer satisfaction

* Whether the road agency quantifies LOS, and evaluate
their achievement degree in quantitative manner

« Whether the road agency has solutions (or process) to
resolve failures or complains

Learning and growth

To achieve vision, how will we sustain
our ability to change and improve?

* Whether the agency defines requirement of each asset
management procedures

* Whether the agency defines and manages required
ability of every employ

* Whether the agency evaluate the gap between current
and required ability of each employ

* Whether the agency operates some programs or plans
to reduce the gap

S=e2sts =28 - Ai73 M3z 15



Table 2. An Example on Calculation of Balanced Score Card (BSC)

o Sub-index Weight" LOS _— . -
Main index . ont . Contribution to the BS? | Evaluation by indices (0~100)®
(Layer) (Main, sub—main, sub)| point
_ Achievement Wa, Pag | Sag = Wa, X Pa,
Finance w Ly = (Sa +50)/
— A = w
(A) C(,)St Wy, Pay | Sa, =Wa, X Pa, e S
effectiveness
Customer satisfaction (B) wp Py | Sp=wpXPg Lp = Py = Sp/wp
Weaay PCa(l) Sca(l) = Wegqy X Pca(l) Lo =
Process for _ n
evolution We Wea Peay | Scary = Weaey X Peay S/Ziﬂwfa(i) X SCa(i))/
Weai.m PCa(. n) SCa(...n) = Wegem X PCa(,"n) Ca L
C
z n
t:nte.mal o f Wepa) Peywy | Senmy = Wenay X Wepay Le, = - (ZZ w
usiness rocess 1or - Ca(i)
k We Wey, Wep) PCb(z) SCb(z) = Wepgy X Weyy, (Zln=1 Wepgy X Scb(i))/ a=1i=1
process operation w
(C) Wep(.m Pcb("n) SCb(...n) = Weye oy X Wep(.m ‘b X SCa(i) /we
b ; ) WCC(I) PC:u) Sfc(n = ch(n X WCc(1) LC: =
rocess for after —
service We, Wz Peyy | Seay = Weey X Weegr (Z?:l Weeqy X SCcu))/
— w,
Wee.m PCc( n) SCc( = Weem X Ween Ce
Wpa Pouy | Soey = Wogy X Pog,
Learning and Growth (D) wp Wp,, Pp,, | Sby = Wpgy X Pog, Lp = i1 Po,) /Wo
WC(»JL) PC( ) SC(...n) = WC(...n) x PC( n)
Note: 1) XWa.p=1 Wy, + W, =1, Ewca, c = 1, ZWC(L n 1
2) Final balance score BS = »S
3) LOS grade: A=100~90, B=90~80, C=80~70, D=70~60, and E=60~0
-l = 0|5 1L T
3 EEII‘* tE‘IE IOI_I' BSCM7I‘I‘"7“ 7HHEI- Development of LOS system
3.1. A-l HI¢_¢_$_7“ HH@°:|7“|:H £=3 01%?._} | Define asset types |
BSC%‘7}i{IﬁI9| 7HHE|. | Define service indices |
| Define service rating (threshold) |
B Ao A AAsH= BSCH 7 A7} LubA ¢l BSC :
=:] A X—] 0 oz M Al o] Preparation for evaluation
Q]— X]— §]— E] 7]-Z] 'LLEAH Q_' X}-(Key Normalize the service rating
. By 0.00 ~ 1.00 for position
Performance Index; KPI)7} ofd, AFAFEE|A| AH] o By 0~ 100 for scoring
/\‘] ZFG_J E?—i ZZ]'—Q—Q S LOS—— J_lﬁ\_lg 7]— %‘?"]E %]' Align and cascade the asset type ‘
as a hierarchical structure
a3t Ho z2 AHARo 7 g3
°© “]‘—q-“‘ H ]E]-' KPI7}- —]"i - ‘j ‘_'—_i J‘%a 01‘7] 01 Assign weight for each category, ‘
and asset types in the category
22 AT outcomes) & FHLE HA = HHH(VBA,
Calculate weight vector, and
2000) LOS m—‘g‘ol'ﬂl E]D:] J—]’FL]Z]—7}‘ —l—l—x] —/'k—- %}‘% | consistency coefficient ‘
I
[¢]
= 5o AFA/AH R A 27t Golsf A7) o 4 —*
Evaluation and result-Current Evaluation and result-Target
T'EIT ] EE]- ‘d}" ?—X‘“ X—] O] 1:]—*_] 7:”§] = T % —/F‘ 9\)]\7'11 % ‘ Field measurement or inspection Define target LOS level by an
of LOS indices individual asset type
3 7} = L7} 2o 2] 2~ uko A (Road users’ demand)
q—' EEC‘)‘]‘— - 7] I:]—L‘ 7] o ‘L]- aT= 7]- L]‘ L EE ] ‘ LOS Evaluation by an individual
10 - = asset type
deso disl dutske Fred= A8do=H 5

Calculate the total LOS point, and
category points in demand

category points in current time

2 B7ks 7hs st dhFig. 1 =),

d

Calculate the total LOS point, and ‘

| Current LOS point and grade | Target LOS point and grade |

S, & Aol w7l sEd A4 Ha : |
of EH‘?_ BF4 B7HE sk Hs ASFEEAA —
H(Hierarchical Alignment and Cascading; HAC) (ngEtEIv;t:\hggt:kgd[ Lo
o Jjurstelnt HACE SE@Au|A 527} 7]gke] B sse et mane 1)
E, 83 A Mol ol2= =AM BAIE Fig. 1 BSC Evaluation Process with the LOS System
AA-EF B ot BFOoRN, 7]HY HRYdE: and HAC Method
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Table 3. Development of the Customized LOS System, and Evaluation Results
(case: a part of national road #3, 50km)

Evaluation results?

Bud— Service indi LOS ratings (thresholds)
ervice indices
No|  Asset types get (LOS set)” LOS | LOS | LOS | LOS | LOS | Service | LOS
ratio(%) A B C D E index | rating
. .
1| Steetramp | 444 |® O elementsin failure / <B5% | <10% | <15% | <20%|>20%| 7.0% B
missing (2)
% of residual life of
2 Street tree 1.30 . >55% > 40% | > 25% | > 10% | <10% | 45.1% B
maintenance cycle (1)
. ) -
3|  Flowerbed p3g | ® of residual lfe of > 55% | > 40% | > 25% | > 10% | <10% | 47.6% B
maintenance cycle (1)
o)
4| Speed hump | 017 |® O elements damaged / <5% | <10% | <15% | <20% > 20%| 0.0% A
discolored (2)
o)
5|  Traffic sign 0.90 | Of elements damaged / <5% | <10%| <15% | <20%|>20%| 15% A
discolored / non-reflective (2)
o)
6 Reflector 055 |7 of element damaged / <5% | <10% | <15% | <20% > 20%| 0.0% A
non—reflective (2)
7 | Shock absorber | 0.02 |% of elements damaged (2) <5% | <10% | <15% | <20%|>20% | 21.1% E
1 o)
8 Raised pavement 021 % of eleme.nts damaged/ 5% | <10% | <15% | <20%|> 20%| 31.3% E
maker non-reflective / missing (2)
H o)
9 Chevron.allgnment 103 % of eleme.nts damaged/ 5% | <10% | <15% | < 20% | > 20% 12% A
sign non-reflective / missing (2)
10 Traffic island 0.03 |% of elements damaged (2) <5% | <10% | <15% | <20% | > 20%| 0.0% A
. X , —
11| Faling rock fence | 0.10 | Of residual lite of its lfe | 5ee | 400 | > 25% | > 10% | <10% | 47.7% B
expectancy (1)
o)
12| Road sign 073 | of elements damaged / <B5% | <10% | <15% | <20% | >20% | 2.0% A
discolored / non-reflective (2)
. .
13 |Unmanned camera| 0.2 | © lements in failure / <5% | <10% | <15% | <20% | > 20%| 12.2% C
missing (2)
) . — )
14 Skid proof 017 % of deficient elements showing 5% | <10% | < 15% | <20%|> 20%| 0.9% A
pavement wheel-paths over 50% (2)
o)
15| Soundproof wall | 0.12 | °f length damaged / 5% | >10% | >15% |>20%| (20% | 0.0% A
broken (2)
. .
16| Securiy light | 883 | O lements in failure / > 5% |>10%| > 15% | > 20%| (20% | 14.4% C
missing (1)
. ) ) o
17| Stonework apg | POl residual life ofits fite . guq | 400 |~ 25% | > 10% | (10% | 16.3% D
expectancy (1)
. .
18]  Traffic light 135 | of elements in failure/ <5% | <10% | <15% | <20% > 20%| 0.0% A
non-reflective (2)
Traffic light o L o o
19 controller 0.45 |% of elements in failure (2) <5% | <10% | <15% | <20%|>20%| 8.3% B
- % of residual life of its life o o o o o o
20 Retaining wall 29.6 expectancy (1) >b5% | >40% | >25% | >10% | <10% | 46.3% B
) . ) . o
o1 Pedestrian 074 % of residual life of its life S 55% | >40% | >25% | >10% | <10% | 55.0% A
overpass expectancy (1)
) % of residual life of its life
22 |Interchange/bridge| 0.19 >55% | >40% | > 25% | >10% | <10% | 30.0% C
expectancy (1)
23| Bicycle road | gg2 | NG number of potholes byl 15 | 5| 4| S4 0 A
unit km (2)
. % of elements in failure / 5
24 Bicycle shed - <5% | <10% | <15% | <20% |> 20% -
damaged (2)
20  International Journal of Highway Engineering - Vol.17 No.3
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25 Va”ggrf(\“f&sss)age 0.0 ?;fgcﬁfemé?ts in failure/non= |59, | 109 | <15% | <20%| > 20% | 66.7% E
26|  Cut slope - Z’X;’feéas;‘i;a('n'”e offts lite | 50|~ 40% | > 25% | > 10% | <10% | - -
27 Bus stop 0.90 ;y;)"f elements broken/missing | 5o, | 109 | < 15% | <20%| > 20%|  5.3% B
28| Snow deicer box | 0.29 :ﬁ’issfiféeg‘fms damaged / <5% | <10% | <15% | <20% >20%| 0.0% A
29| Median stip | 1.00 Z‘q’@;:;”?;:‘ damaged / <5% | <10% | <15% | <20% | > 20%| 0.2% A
30 Eﬁjgf;!irs‘ 0.04 Z’Xs;crgsri]‘i‘;a('ﬂ'”e ofits lie 1 s5e |~ 40% | > 25% | > 10% | <10% | 95.0% A
31| Underpass - Z°X§;Crgsri$a('1)'”e ofitslife 1 550 |~ 40% > 25% | > 10% | <10%| - -
32| Crash guard | 468 Z:’is‘)sfir!eg”?;;‘ damaged / <5% | <10% | <15% | <20% | >20%| 0.2% A
33 Bollard 0.05 iisgi:;eg‘;”t damaged / <5% | <10% | <15% | <20%|>20%  0.0% A
34 Tunnel 0.23 Z"Xsfe(:;s‘r:‘i‘;a('ﬂ'”e ofts lite | 50| > 40% | > 25% | > 10% | <10% | 15.0% D
35|  Height limiter - :/r‘]’isosfi:éeg‘fms damaged / <5% | <10% | <15% | <20%|>20%| - -
36| Passage box | 0.98 Z’Xsfeézsr:‘i;a('ﬂ'”e offts lite | 50| > 40% | > 25% | > 10% | <10% | 63.3% A
37| Road pavement | 20.4 I:lf :;m(g)er of potholes by | 4 | 5 | <3 | <4 | >4 | 160 B
38 Pf:)iztigzn 3.61 ;Vé’: gg;dg)" elements worn | ge | < 109% | <15% | < 20%| > 20%| 35.0% E
Note: 1) Managerial environment-based LOS set: 1*set = life span (in law) based index, 2% set = visual inspection-based index, 3" class = experts&equipment-

4.3. 7182 ExEdTe 1

oriented index.The final LOS set was composed of proper LOS indices from the LOS sets considering the agency's situation.

2) LOS evaluation results by the field survey on a part of Korean national road # 3 (50km in both way)

3) the “ — " indicates no asset element in the target section
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Table 4(a). Evaluation of Goal Achievement and User Satisfaction on Road Service Level
(Case: Road user—oriented)

Alignment and cascading of stated goal LOS target and demand Evaluation of current LOS
Minimum User ) .
Main Sub .| LOS rating | demand” [Current LOS rating Achievement | Achievement
Goal ) ) Weight ] 0 ) of the target of the user
function function (Agency's (User's & point ) )
. ; : . LOS satisfaction
viewpoint) | viewpoint)
Basic road
functions BO Achieved Satisfied
(Mobility, | 23.88% | B (>80) | B (> 80) (85.71) (+5.71, (+5.71,
driving : 107.1%) 107.1%)
quality etc.)
Fast, Safe, Vehicle BO : —
and users Structure B (85.05) | Achieved Unsatisfied
comport safet 35.82% | B (>80) A (>90) (81.62) (+1.62, (-8.38,
L v : 102.3%) 93.5%)
road
service for . Achieved Satisfied
both l;?gt'c 12.38% | B(>80) | B (>80) (93/?28) (+13.68, (+13.68,
vehicles y ) 117.1%) 117.1%)
and non= | Non-vehicle users ot Achieved Unsatisfied
vehicle | (pedestrian & bicycle | 22.29% | C (>70) | A (>90) (79.92) (+9.92, (-10.08,
users users) ) 114.2%) 88.8%)
/?fadn'gzzz'pf:”rf;‘:e‘s 5 Achieved Satisfied
convenie!nce ’ 5.62% C (>70) B (> 80) 84.17) (+14.17, (+4.17,
’ ) 120.3%) 105.2%)
enforcement etc.)
) ) Achieved Unsatisfied
+
Integrated LOS point and rating C+ (77.21) | BO (85.81) BO (83.86) (+6.65, 108,6%)| (-1.95, 97.73%)
Modified achievement degree® 100% 95.17%

Note: 1) Sum. of budget ratio of cascaded asset types 2) Assumed (to be further studies) 3) Over exceeded point yields 100% (e.g 108.6% — 100%)

Table 4(b). Evaluation of Goal Achievement and User Satisfaction on Road Service Level
(Case: Asset function—oriented)

Alignment and cascading of stated goal

LOS target and demand

Evaluation of current LOS

Minimum User Achievement | Achievement
Main Weight " LOS rating demand? Current LOS
Goal ) . , , . ) of the target of the user
functions (relative rate) | (Agency's (User's rating & point . .
) ; : ) LOS satisfaction
viewpoint) viewpoint)
Achieved Satisfied
23.88% BO
Fast, Safe, Fast (1.00) B (> 80) B (> 80) (85.71) 1(8—?.17(;,) 1(8—?.170})
and comport s e
road service 61.68% ot Unachieved Unsatisfied
for both Safe (258) B (> 80) A (>90) (79.92) (-0.08, (-10.08,
vehicles and : ) 99.9%) 88.8%)
non-vehicle Achieved Satisfied
users 14.44% BO
Comport (0.60) C (>70) B (> 80) (84.17) (+14.17, (+4.17,
) : 120.3%) 105.2%)
Achieved Unsatisfied
Averaged LOS point and rating C+ (78.56) BO (86.17) BO (83.86) (+5.3, (-2.31,
106.8%) 97.32%)
Modified achievement degree® 99.9% 93.09%

Note: 1) Sum. of budget ratio of cascaded asset types 2) Assumed (to be further studies) 3) Over exceeded points yield 100% (e.g 108.6% — 100%)
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Table 5. A consistency Analysis (A case on the asset function—oriented approach — related to Table 4(b))

Pair-wise comparison matrix . Consistency analysis
o Eigen values
& normalizing vector (refer to Eq.(1))
Contents
Averg ged Eigenvector| Max A Consistency ST Consistency
Fast Safe Comport weight () (/) index (CI) Random Ratio (CR)
vector (w) Y " Index (R/)
Fast 1.00 2.58 0.60 0.3274 0.98 3.00
Safe 0.39 1.00 0.23 0.1269 0.38 3.00
0.00 0.58 0.00
Comport 1.67 4.30 1.00 0.5457 1.64 3.00
Total 3.05 7.88 1.83 1.00 3.00 3.00
Table 6. Evaluation of the BSC on Road Service
I . Weight” Point Point
Main index | Sub index (%) (Absolute) | (Weighted) Note
Achieved, but the target LOS level of agency is
Finance 30 1007 30.00 Iower than culstomelrs demands. Agency has'to
consider applying higher degree of road service
particularly.
Achieved, but the structure safety needs to be
Customer satisfaction 40 95177 38.07 investigated, and the improvement cost can come
from the assets related to the traffic safety part.
Never considered, total management framework to
Evolution 20 0 0.00 consider users' demand must be established in
urgent
Internal Only database on asset situation was developed.
business Operation 20 50 20 2.00 Other factors essential for asset management
process should be defined and developed.
Good for resolving civil petition, but very reactive
After service 30 20 1.20 manner. Approach to preventive manner with LOS
operation should be implemented.
Never considered, requirement to serve sustainable
Leaning and growth 10 0 0 road service firstly defined, relevant education
program needs to be operated.
Moderate level, but the internal business processes
and the learning and growth part have not been
Total balanced score .27 ) )
systemized yet. Asset management framework with
LOS system should be developed.
Note: 1) Assumed
2) The modified achievement degree in Table 4(a) were applied
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