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Abstract: This s tudy is based on the :15 full-time Maternal and Child Health lMCH)
cen t res in Hong Kong. Cluster analysis is first applied to produce homogeneous
groups of MCH centres with a s im ila r level of workload by u sing hierarch ical
clustering techniques , followed by a non-hierarchical clu stering tech n ique for
verification.

Based on the results from the clustering analyses , operational performance of the
MCH centres is eva lua ted by u sing performance indicators (P is) as it is useful to
com pa re the performance of centres between and within clus ters with similar
workload sta t ist ics. The nurses ' s t rength of different ranks are a lso ta ken in to accoun t
for operational reasons . This st udy is helpful for the management in identifying area s
in need of in-depth study and possible improvement ,
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1. INTRODUCTION

1.1. Background

The Maternal and Ch ild H ealth lMCH) centres u nder the Family Health
Service of t he Department of H ealth in Hong Kong provide a comprehensive range of
promotive a nd preventive health service for children aged below six a nd women of
childbea r ing age . The :35 fu ll-time and 11 part-time MCH centres are organized into
fo u I' distinct regions, spread ing ou t in most districts in Hung Ko ng. This paper is
based on t he :35 fu ll-time MCH centres only. These centres provide four main types uf
ser vices , namely child health , antenata l, postnata l a nd fami ly plan ning services.

1.2. Operational Performance

Demand for the four ser vices varies grea t ly from centre to centre . With one
main objective being t ire grou ping of centres with a sim ila r leve l of workload, t he tota l
number of clien ts and t he to tal a t tendance divided hv t he nu m ber of sessions for each•

se rvice a re ta ken as t he workload variables . The demand patt ern of the four ser vices

is also closely related to the number of different ranks of nu rses assigned to t he
va r ious centres. The tree ranks of nu rses are Nursing Officers , Registered N urses and
Enru llcd Nurses/Mid-wives . Different types of work offe red by each MCH se rvice a re
done by different ranks of nu rses. For exa m ple , nu rses' interviews fur child health
se rvice are done by e it he r Nursing Officers or Registered Nurses .

Performance Ind ica tors (P ls) offer one aspect of operational performance .
[{esul ts from till' clu s ter analysis togethe r wi th da ta on t he s t re ngt h of differen t ran ks
of nurses are incorpora ted in to t he eva luation of the operational perforrnnnce of the
MC I-{ se rvices.

1.:"1. Relat"ed Work

Clu ste r ana lysis has became a com m on and u sefu l took in ma r ke t ing a nalysis
to ide nt ify hOll llJge neous marke ting segm e nts in order to hu ild ta ilor- made marke ting

prop'mll s m ee ting t he needs of different targe t segm ents 151. Applying cluster analy sis
in hou lth ca re organiza tion is a bo su ggested to im prove t he management and

InarlH't in g" s t ra teh'}' 161. In t h is s t udy , clu s ter analysis is firs t applied to produ ce
11I ln logPIH'OUS h'1 'OUPS of Mel -I ce n t res with a sim ila r level of workload by using

h iuru rc h icnl clu s tori ng' tech n iques su ch as in 12, 71 , based on differen t definitions of
d is tance measured between clusters . This is followed by a no n-hierarchica l clustering
tech n iqu e Ii) 1for verification conside ra t ion.

Based on t he resu lt s from this cluste r ing analysis , tho operations of Mel-!
ce-n t res a rt' eva luated by using porfunnanco indica tors , a s it is then inure meaningful
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to com pare the performance of cen tres between and within dusters with sim ila r
workload s ta t is t ics. A set of performance indicators (P is l is suggested to lwlp
management in exa m in ing the performance of these hea lth orga niza tions I I , HI . P is

•

ca n be some "t raditiona l" efficiency measures (ra t ios uf ou tput to inpu t ts l), hu t so rn «

may relate to the process (such as length of stay ). Pis do no t relate directly to
productivity bu t they do indicate performance indirectly . T he rela tive posi tion of each
hea lth organization ca n be determined based Oil each 1'1. This is helpfu l for the
management in pinpointing areas in need of fur t her study and possible improvemen t .

2. CLUSTE R ANALYSIS

2.1. Methods and Techniques

The main objective of th is first part of the study is to produ ce /:"l'OUPS of
centres with a s im ila r level of workload . T he cluster ing variables cons idered art' th u-,
the to ta l number of clien ts, as well as the tota l a t tendance, of each of the four services
divided by the tota l number of sessions for each service. Hence the re an' (]ight
char acter ising variables stem m ing from these session averages of service factors .

The determinatio n of the dista nce between centres is usuallv affected bv till'• •

range a nd the dimensions of the cluste ri ng variables used. In our case, then' is Ill)

dime nsiona l problem , bu t the ranges of the var iables a re quite different . For exa m ple.
the a ttendance of child-health clients is far greate r than that of post-na tal clie-nts .

Since giving a heavier weight to the variables of ch ild-hea lth clients is actu ally
meaningfu l, na tu ral and reflects higher exte rna l demand for the ir services , in th is
stu dy the original valu es of the variables lwith nu t ransformation or sta nda rdizutiun
of da ta l are used in carrying ou t the cluster ing analysis. Also the must commonly used
I::u clidean distance is adopted in the procedures .

F ive hierarchical techn iques are tested in this stu dy . They are the singlt'
linkage , complete linkage , centroid linkage, ave rage linkage a nd Ward 's met.huds . '1'11(>
single linkage method tends to produce long st r inglike dusters (ur 'cha in ing' ), which is
no t desirable. The cen troid linkage method is qui te sens it ive to ou tliers . Contrnry to
th is, t he results based on the com plete linkage, average linkage and Ward 's methods
a re qui te consistent, with d early observed dusters . This effect ively suggests that the
data are rather stable, and anyone of these three methods cou ld 1)(' chosen fur th«

•

subsequent analysis . We report our findings from Ward's method in the following

duster analvsis .•

2.2. Clustering Freely Across Regions

As a first a na lysis (of their na tura l gr ouping ), a ll t ill' :35 centres under study
are allowed to du ster freely (across regions ), The resulting dondrogram is shown in
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Appendix 1 and five d ear dusters can be formed. They are as given in Table 1.

Table 1.

Cluster 1 .) :3 4 5
~

MCH lA IB IB ID :2B aA :3C :2C :2D :21 l C :21" :2H 31 :2A 21:3 2G :3B

Cent re 4A 41"4G 31" :3G aJ 3L 4B 4B4D sn aB :3H aK

4H aM 4C

2.:-1 . Clustering Regionally

Cluster ing the 35 MCH centres together sim ply by their natural grouping is
not very practical, because the centres are located and managed in four distinct
regions. The management reasonably expects to duster the centres regionally.
Appendix 2 sh ows the, resulting dcndogrum in this case , in which two d ear clusters
emerge in each region resulting in eigh t dusters (wh ich are also the preferred number
of dusters from the managerial point of view). This formation into eigh t resulting
dusters is shown in Table :2 .

Table 2 .

Region Region 1 Re/:,rion :2 Region :3 Region 4

Cluster 1 :2 :3 4 5 G 7 8

MCH ic ID IA IB :2C 2D :2A 2B :31) an 3B 3A :3C 31" 4B 4C 4A 41"
Cen t re IB 21" :2J :2B 2G 3H 3J :3K :30 3J 3L 4D 4B 4G 4H

2H :3M

2.4. Reduction of Variables

The previous cluster ing analysis in Sect ions 2.2 and 2 . :~ are based un t he

eight va r ia bles of the tota l number of clients per service session and t ilt' t ota l
attenda nce pel' service session, for each of the four services. However, these t wo types
of va r iab les, namely t he session averages of the tota l number of clie n ts and t ilt' tota l
attendance, may be highly cor rela ted, One expects t he total attendance of clients for a,.
service to vary directly wi th t he to ta l number of clients. The correlation of the to tal
number of clie nts per service session and the to tal attendance per service session of

each service is thus cu lcu lnted as shown in Table :3.

The high cnr re lutiuns be tween t he t wo types uf variables of oacl: service an'
ovidcn t frum 'I'a hlo :~, Therefore t he variables uf to tal atteudance per scrvico sess ion
or the fuur se rvices a lone may be su fficient to represent ti lt' workload s ta t is t ics ( for

the purpose or clustor mg) . In su bseque nt analyses , the :35 M Cl-! centres are clustered
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regionally based only on the tota l a t tendance per service session of the fo ur services
(thus having only four instead of eight va r iables >. T he resulting dendogram is shown
in Appendix 3 a nd the formation in to eight clusters happens to be ident ical to those
shown in T able :3. More detailed com par isons of the dendugra ms in Appendices 2 and
::l show extremely minor var iations in the format ion process itse lf of, but no t ti ll'
resu lting, cluster 6 only. For simplifica t ion a nd redu ction of data requiremen ts , only
the four va r iables of total attenda nce of the clients per service session for each service
are deemed su fficient.

Table :J.

Services Correlation

Child Health Service 0.9677

Antenatal Service 0.9584

Postnatal Service 0.9998

Family Planning Ser vice 0.9597

2.5. Non-hierarchical Clustering Consideration

Sections 2.2 to 2.4 applied only hierarchical clustering methods. One
potentia l disadvantage of h ierarchical clustering methods is that subsequent
unmerging cen t res which have been merged together in to one cluster in a n ea r lier
stage are not catered for. T h is means that cor recting a ny poor in itial merging (due to
the inpu t order of data, for exa mple ) is not possible. T here fo re h iera rchical cluste ring
techniques do no t gua rantee optima l final cluste r ings. To address such a concer n , one
non-hierarchical approach , a h-mea n method 131, is adopted (for ve r ificat ion l. Under
non-hierarchical methods, the number of required resulting clusters h is pre-specified
and h centres are selected as initial singleton clusters . Centres are then moved and
included into the h clusters with the goal of optimising certa in clu stering cr iter ia .
Differences among variou s methods arise with respect to the ways of choosing the
initial clu sters and the clustering cr iter ia to optimise. Possible disadvantages of using
non-hierarchical methods are: the number h oI' required clusters has to be specified (it
may sometimes be difficult to choose a particular h) a nd the high computing tim e for
large data sets. For ou r case , the number of eight required clusters can be rather
na turally decided upon fr om the management 's point of view. And the nu mber of
MCH centres total on ly 35 so the da ta set is modest in size. Hence the I~-mean non
hierarchical clustering met hod has been su itably im plemented. To a llow for two
clu sters in each region , two clusters are init ially a nd randomly selected for e-ach of tho
four regions. Centres a re su bsequen t ly moved into those eigh t clu sters with the goa l
of minim ising the variability within clusters and maxim ising dissimilarity between
clusters. The result s based on fou r clustering va r iables are shown in Table 4.

,
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:·t PERFORMANCE INDICATORS

TI lt' pt' rfi ll 'llI a llcc 's ti l' t ill ' ;lfi Me l l 'u llt n 's a re evn luutod ill to rms o f vu r iuu s

IH' l' fo l'l ll a ll ', ' ind icato rs (\ 'I s ) ill t h is pu rt, til' the a na ly s is . ' I'hc P is u sed an' t he ra titl s of

clivu t, a lll'lIdall 't' of each surv ico to t he uuuihcr of IllII'St'S }H 'I' se rv ice sess io n. TI}('s ,!

Hl't ' s !. l'a igh tf i ll'wa n l ll lld e a s ily idcn tifinhi« 11I ('a SUl'es of pc'rfill 'lllallCt' , (' I'h« numbe rs til'

c lie n ts an ' nut cn ns idu rod li S lIolt 'd hofo re 1)(> .n us o t hey a n ' h ig hly cOI' I'e1alt'd wi th till'
all.(' IHla ll ',' o f .lion ts , a s s hown ill ' l'nhl« :l l.

:L I. Overall Itc.:rformanc.:e Lc.:vc.:1 of MCII Ccntrcs

'I'lu- Iuur I' Is 1'0 1' Llu- ind ividua l se rv ices (ru lat ivo ttl IllII'S,' s t n ' lIg'lh) an' g'i ,' II

I,.\' : C I I/N lI 1{S I': , /o'P /N I Il{SI ';, A N/N 1I 1{ S I ~ , I't li N 111{SI·;,

wlu- r« C I I - !.ota l llt!.( ' IHIII IICI' I'til' th« ch ild Ill 'al t.h sc-rv ic«,

/0'1' - to Ud allt' lHla ll cl' fill ' till' Ium ilv plallll illg sorv ico,

N - tutu l a lll' lH la ll '(' lill' t h« a uto na tnl serv ice,

1'( I - !.o ta lll l.t( ' IH la llcl' lill' t.1 H' pos t llll!.a l se-rv ice .

N 111{ S I': - !.o la l numl u-r o f 1IlI I'St'S (IH'i llg u rsi ru; ()fr ic,·l's . 1{" g is t t' l'l'd

N urse-s . II lid 1';lI l'ol lt 'd Ul's t's/Mid·\> ivvs ) O il du t v...

:1. 1. 1. Comparison hd.wc.:c.:n I·c.:~ions

' I'ho I't'I'li 'l'llIam't'S o f t. lu- t'(· II!.n 's II I'C ' fi i-st.lv cu tu p In 'd O il a I'l'gio llll l hns is IS

, how II ill AI'I'(' IH li x .1. ' I' lu : s r-rv irr --s p« 'ific I' fft' '(, o f ('lIch o f t.lu- fou l' P is is d " lll' lI lId

t'o lls i, !.I' llt. ill ('Vt' l'.\' I'('gio ll , Ti ll' ol'd( '1' 1'1'0 111 high( 'st, !. tl 10\ t'sl. I' ls is rive- n hv
•
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PUIandANIN UHSI::HSI:: .FPIU!{SI:: , I{S K The dichuuunv III'-
pe 1'1"0 rmunce can also he de t ected tu he regio ns I and 4 vo I 'SU I' I'Pg-io ns 4 and ;.1. I{t'g-io II

I invariably scores the hig-hes t in each P I, followed co nsiste nt ly hy I' "..,'; 0 11 4,

CH I

:L1.2. C o m p a ris o n betwee n c1ust.ers

The performunce uf t he centres is IIOW com pa red on a ·Iustt- I' hasi :-; (lIcCIJI'd illg

to Table 4 uhovu ) a s shown in Append ix 5. A s im ila r s r-rv ico-spoc rfi c (· l'f'·ct i:-; abo
observed, cunsistc ntly in eve-ry du s ter , except for clu ster :l . TIll' P is Al I l ll{S E a nd

POI l{."1:: u f cluster 2 arc lug-her tha n expected . Cluste rs 2 a nd H .COI'P hurhcr in a ll
four P Is than the o ther clu s ters . I'"or cluster I . t he P Is CHI I{SI~ a nd 1"1'1 U HS E
also appeal' tu be higher than expected,

:-l . l. :-l . C o m p a r iso n wit.hin clust.e rs

The performances of t he individual ce ntres wi t hin a suuu- cluste-r an'

com pared nex t . Only the rr-su lts of clustr-rs S a nd 5 a n' illu s t ra ted in API"' IH lix r, Ifia 8:

fib ). T Ilt' PI::; of centres in clustc r fi a n ' close tog-t·tlll' 1' wit h V('l'y su u ihu: paU(·1'I1.

(Appe nd ix Gh ). This implie s that the performance levels of these SLX cr-ut.re-, With a
s im ila r workluad are also co m pa ra ble. In cuntrust, c luste- r :3 exh ib its It ra t he-r ditf(' I'PII !

picture (Appen d ix Ga l. For both cen tre s 21J and 21" in duster :3. t he P I CH I U I{.<'; I~.

fall s unexpectedly low, showing a ra ther differen t pa t tern t ha n mos t ot her er- n n':-; .

:L 2. P erformance Level of Various Ranks o f Nurses

T h e next se t of P Is here re late to the cum pa riso n of nu rse-s , 1'(' l'flll'lll in g j' lll l'

"t' l'v ic,'s , the da ta un the stre ngth of t he th ree tcom hined I ran ks of nu rses It' lld til t.h«
following t welve PI::; :

CHI O. FP/NO , AN/NO . POlO. CH/I{ . FP/I{N . A /I{ N. PU/I{ . CH / I~ &ivIW.
FP/I::N &MW. AN/I:: &MW, POlE &MW.

where o
!{N

I:: &MW

- numhor of u rsing Office rs on du ty .

number of He brjstel'ed Nurses lin du ty .

number of Enrolled Nu rses/Mid-Wive-s on du tv,
•

and the se rvices CH. FP. A and PU arr : a s defined previous ly.

:-l.2.1. Comparison b etwe en r eJ.{ions

Ag-ain the com pa r ison is firs t made on a regional basis . The pt' r li' l'l nant:(·" III'
each n'bt10n wit h respect to t he t we lve Pis arc shown in Appe ndix 7. ' I'h« s.u u«
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order ing of decreasing PIs from CH to PO is clear, as in the case when all nurses are
considered together (Appendix 4 ). It can also be observed that the performances are
close except for the much higher service a t tendance to NO ratios of r egion I relative
to the other regions . Indeed all the PIs here for region I (with uther ranks of nurses
as well) a re uniformly the highest among all regiuns .

3.2.2. Comparison between clusters

T he performances uf individual ranks uf nurses on a cluster basis are shown
in Appendix 8 (Sa, 8b &. 8c). A simila r performance pattern prevails for each rank uf
nurses in every cluster except for cluster 2 (and tu a lesser exten t, cluster 3 ). Clu ster 2
shows exceptionally high PIs relating to the antenatal service (AN for each rank uf

•
nu rses , Appendices 8a, 8b &. Sc) . In addition, the fuur PIs with respect to NO of cluster
2 steer clear from and far above their counterpar ts uf the other seven regions
(Appendix Sa ). Cluster 3, un the other hand, shuws a deviation uf somewhat
unexpectedly h igh .Pls rela ting to the FP service (FP for ' each rank uf nurses ,
Appendices 8a, 8b &. Sc),

:1.2.3. Comparison within clusters

Here we fin ally exam ine m ore closely the th ree individual centres in clu ster
2, which is chosen for this illustration becau se uf its devia tions in various previous
set t ings (Appendices 5 &. 8 ) as discussed before. All twelve Pis uf the three centres
frum cluster 2 are shown in Appendix 9. The first observation here is that the Pis
re lative to RN for a ll three centres are quite close together. However, the CH a nd F P
service ratios tu the rema ining ranks uf nurses , NO and EN&.M W, uf centre I E are
significa nt ly h igher than those uf the other two centres IA &. l.B. Finally , centro IB
shows across-the-board (over all ranks of nurses ) low Pis for it s FP service . Hence
while centre IA appears typical, centres IB a nd I E together largely account for t ill'
rather atypical PI pa t terns for cluster 2 taken as a whole , as shown in Appendix 5
(and a lso Appendices 8a, 8b &. Rcl.

4. CONCLUDING REMARKS

One natural aspect of operational analysis is the comparison of cen t res (in
our case , MCH ) hy eva lua tion with respect tu meaningful benchma r ks. In practice.
th is is often achieved by calcu lating various performance indicators (P Is) such as
those we have considered in the previous sections . Detection uf relatively ineffective
(or somet imes just undosiruhlo : productivity is then feasib le, and eventually such
individual differences may lead to grouping of ce ntres from a n operational
munagoment point of view - a segmen ta t ion of opcrntionn l unit s .



'.C. K. Chu, M.P .P. li n, KK.Y. Lee I Analyses olt he Operut. ionnl Per lornlanCl' (;7

The approach we have taken may be regarded as consist ing of two phases .
Cluster analysis with workload statist ics as characterising variables is firs t applied , as
indicated in sect ion 2, to partition the centres for su bsequent performance analyses .
The actual Pis are t hen identified, calculated and results analysed in section :~, on a-
regional basis , duster basis and individual centre basis . Thus the analysis by P Is in
sect ion 3 builds on the sim ila r ity of centres within du sters and the dissimilari ty
between dusters in sect ion 2. A general picture of the conclu sion emerg-es after these
two phases of work tha t (1 ) the centres duster very na turally for the M ' 1-1 services;
and (2) the services perform ra ther consistently with respect to the chosen (service-to
sta ff ratio ) Pis , although there are individual centres exh ib iting a typical pat terns (in
cer ta in Pl s ). Such an exa m ple is nicely provided by region 1 (a lways highest in all Pi s .
see section 3. 1. 1); duster 2 of region 1 (AN and PO rela ted Pis higher tha n ex pected.
see sect ion :3 .1.2 ); and centres 1H in duster 2 of region 1 (u n iform ly low FI'/nurses
Pis, see sect ion :3 .2.3.). Such information is useful for the mnnagemen t in conside r ing
a ny future arrangements of the services and/or nursing sta ff. if. uftr-r exam ining- more
closely the pinpointed cases, more uniformly observed P Is among b'1'oups of simila r

•cen t res are appropruite .
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APPENDIX

Appendix 1 - Cluster ing 35 MCH cent res altogether by using Ward's linkage method.
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Appendix 2 - Cluster ing 35 MCH centres regionally by using Ward's linkage method.
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Appcndix :~ - Cluste r ing :15 MCH centres regionally based on v.uia hk-s or tho total
a t tcndunco or till' clien ts for four se-rv ices,
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A p pend ix 4 - Performance lines or luur regions .
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Appendix 5 - Perfor mance lines of eight d usters.
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Appendix 6a - Performance lines of duster 3.
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Appendix 6b - Performance lines of duster 5.
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Appendix 7 - Performance lines of every rank of nu rses in foul' regions.
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Appendix 8a - Performa nce lines of l O in eigh t clu sters ,
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Appendix 8h . Performanc« lines IIf!{ in pig-ht clusters.
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Appendix Be - Performance lines of t: &MW ill " ig-ht cluste r».
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Appendix 9 - Performance lilies of each rank of nu rses ill cluste r 2.
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