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Abstract

This paper examined labor productivity of floor tiling works In selected construction sites. Sixty one (61)
sites were visiled for Ihe purpose of collecling data. The conslruction sites chosen lor this study were
0ngoing one starey buildings in Abuja, Nigeria, Data used lor the study were obtained using daily method
of data collection which has Ihe advantage to capture both quanlity and ime inputs. A tolal of 737 data
points were callected for the floor tiling activity In all the sites. From these dala, the sludy variables
(cumulative produclivity, baseline productivity, coelficient ol variation and project performance index)
wers compuled using conceplual (site-basad) model of labor productivity measuremenl and the results
ravealed that many of the projects studied had low performance raling while lew of projects perlormed
well. A simple regression and correlalion analyses were used o determine relationships ol Ihe research
variables. The resull showed that the coefficient of correlation belween coefficient of labor produclivity
variabllity and per'ormance index was found to be 0.588 which is significant at 0.01 confidence level. The
coefficent of delermination (R) was calculated to be 044 This showed thal 44% varialon in crew
performance is accounted far by variavilily in laber productivity. |t was suggested Ihat crew performance
in tiling work can be improves by moderaling or curtailing variability in labor productivity

Key words: labor performance, productivity, tiling, variabllity
Introduction

The low level of productivity in the building construction Industry comparad to the manufacluring industry
world-wide has resulted In calls lor improvement in performance in the conslruction industry (Lema,
1895) Drops In construction productivity have been Iracked down 1o lack of upgrading in the construction
process as 3 whole. The main performance lies in the knowledge of construcllon processes, piocess
vanzblzs and process performance indicators. Process accomplishmenl improvement can be eilected by
changing the vanable or set of variables that mosl influence the performance Indicator. The primary step
in searching tor perfarmance improvement includes the analysis ol the scope of the process performance
variability This would uncover the extant ol performance variance. One ol the major performance
indicators in the construction induslry thal can be examinad te bring te light the extent of performance
disparily 1s labor productivily (Lema and Price, 1996). Varlabllity affects project perlormgnce and exlenqs
projec! cycle time thereby causing continuing widespread under-achievemenlt ol project objectives in
many construction firms

In Nigeria, there has been no allempl lo measure the affects of variability on performance from
labor productivity studies. A crilical examinalion of previous studies (Olomolaiye et al,, 1989, Ayandele
18993 Ameh and Odusami, 2002) showed hal the analyses were based on mere ranking ol factors
atfecting ‘abor productivity.  Olher sludies showed that daia sels used were inadequale and ou! of tha
ranae of narmal distribution which may have rendered Ihe results of these sludies unreliable Against this
background. there is therefore, the need to adopl a melthod of using large productivity data sels from
puilding trades to nvestigale the effects ol variabllily on performance of local conlractors within the study
area

Performance measurament

n
Constructior |obsite performance can be measured (Alleld, 1988), Performance mgasureme;le 'rl:‘:d e/
argamisalion is based on the assumption that there is a slandard against which companson canaescrlb ed
s penchmark could be internally and exlernally based. Performance measurement has been
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35 Me process of quantlying 1he aticiency and ellachvenass of actons "'-.a m—u;”:;': -’: ;*;‘
sysiam 10 be regardec as 3 uselul managemenl process "N shoud ac! as @ e
assessment 10 be made provides uselul information and defects problems alows s rewas and
canan pradeterminea crtena o be performed and more imponantly. 1he systems snoud D8 ‘@
upaalea as an ongoing process (Benon, and Miltan, 2019) )

Regquiar gss{ssmem of performance in an organizaton helps managemant Wit ,h:::, o
mformaten tc guice in decision making The importance of regular D"‘loﬁ'.afog' .t o
sveremphas:zes The exercise makes management 10 be compatant, ranstorms average 312 TETages
10 perfarmers and supplies managemenl with the better miormabion on which right decsons NG AH0NS
are taken Accoraing 1o Allred (1988) conlractors performance has Iwo 3spects, firstly accompsnment
ana secondly method employed 1o accomphsh the 1ask

Accomplishment hare represents linished work of value 10 the joT wrile Metnog Sescroes now
the work was done for instance the 1otal member of bies laid is an accompksnment,. the numoer of iabor
man hours reprasents the method Theralore, performance can be defined as the rato of accomplesnment
10 mehocs.

This is expressed Dy Alfred (1988) as.

ASTEWD tm?

Forformawe = e oy (1.1}
Performence = r‘:_;“;_ =% (L)

The above perormance ratio reveals lo us tha! a contractor can rase fs COMO2ience Dy
increasing tne vaius of accomplishments whiie reducing the amount ol ume. energy anS money Spent on
methods. Therefore “worthy parformance occurs when the vaiue of the accomphshment gx22eCs T2 oo
of the metnoc” |Afeio. 19881 This means thal contraclars improve on thesr performance Ty mvestng
rescurcas » regucing the cos! of the labor inpul (memnods, required 10 ACCOME'ST 3 gwer 125«S re
measuremer: o accompiishmen! helps o oentity ceficencies in work methogs Consuzion
performance s mmgroved by management i such gdeficiencies are corected Tre oshnton of
performarce ners § SMiar 10 that of progductivity

Howsver perormance engineerng cefines proouclivity m 2 narrower Comisx! 23 OO0SIS 20O
mar hours Gviged Dy Juantity of work produced which is an imponant and very usefu maasursment of
jobsza petormarce Tris s @ measure of only one performance amensicn. Afaid 1888 sugoesiac &
pariormance Teasurement should be related 1o 2 baseling of erempiar performance Ths 2338 was
corroporatea oy Tromat ana Zavrsk (1999a) 19690) and Enshass ef al 12007) mar performance shoud
D2 measured ~ ceEhor 15 G2selng proguctivity

Lzzr oncept aerttes project management index (PMI) or proact wast2 ingex as usefu ool 1o
measure oos%e pertormance According o Thomas and Zavrski (1993a) and Aboel Hamd ef al (2004),
PMI (Pertormance) s expressed mathemancally thus
PM! Parformarce = S oee PacLIRAY AR A Sared) 13

Lr3e s i "2 b ST

Tres is defined 25 e ratc of e difference belween the cumulative productivity and Baseine

Productivily over 2xpecisd Baselne Productivity

Project Management Index (PMI)

The project management inder somelime ralerred 10 as project waste iIndes (PWI) s a3 dmensoniess
parameter that refiects the influance (hal project managemant has on the cumulative ‘abor operatons It
5 exgrassed 35 tha ralw of the difference between the cumylatve PIOduCinty anc basehne orosuct vy
over eapecied paseline productivity (Thomas and Zavisk 1999, 19900 Accorging to Abosl — Rarsa ef
al 2007 PMI s a measure of the dillerence betwean the aclual and basenns produsinty * orovoes 3
maasyue of the impact of poor material equipment and INlorMaLnn Nows and Naocequale Dannny Thes
makes | a measure of waste which 1 one of Ihe issuns beirg sddressed by lean tonstrushon :;W
wasie can iead 1o better flow and productivily The lower the PMI value the Deller S e Drowect
management s nfiuence on ovarall operaton (Thomas and Zavrsks 19990 Mathemancaity ne PW
shvnates the productivity influence of complex design

~
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Reduce variadliity in iabor produclivity

Thomas ef 2/, 2002 stated tha! diferent sirategies for managing construction variability amerge from
lean thinking Some focus on reducing work flow vanability with the intention of improving projact
performance by increasing throughput. while others employ the strategy of capacity managemen fhat (s,
using Fexibility n raspanding 1o vanability which has the capacity lo improve operation by permiting rapid
changes as needed

Thamas ang Zavrsk (1999b) concluded in their study Inal the variability in daly labor productivity
is hignly correlatea 1o project performance Also thal varability in productivity apgears 1o be a good
determinant of good and poorly perfarming project Thus the goal of lean conslru;llon shou}d be lo
imprave performance by reducing varabliity in fabor productivity This varabllity in the daily labor
productivity was computed using the developad mathemalical equations by Thomas and Zavrski (199%a)
adopted in lciake znd Bala (2014)

Research methodology
Data coltection

The data collection for on-site productivity study was conducled on lloor liling aclvity. The research
procedures involvad the engagemen! of len research assistants, who were trained 10 observe the
WOrkmsn 2ng racora observatons in lerms of inpul and output, Data collection covers floor tling work of
81 projec's from buiging contraclors selected randomly within the study area. Daily visit method of
observancn 0! labor productivity was adopted. This involved personal observation of labar zctivities en
the seleciec ive projects Tne strategy adopled was 10 interac! with the loremen and workers in order 1o
recora tne Jaies, number of workers, slaring tme, ciosing ime and measurement of lengtn/braadih of
work core [Juantiies, of each worker Tne information golten was recorded on research instrument
coliection sreer gesignes for this purpose. The daily visil method of collecting data s = simple and
effective memod of monitonng productivity on building construction sites. It has the advaniage of being
used o measyte mupia gang 5ize I is used 1o collect productivily data on labor inputs and outpuls. The
figures colectac ware weightad and analysed 1o deiermine the research variables.

Tre popuiatien of the study was drawn from contractors hanaling building projects in 1he study
area. The bungers werz involvea in dillerent types ol conslruclion aclivities Such as mass housing
projects of bungaiow c2tegory. storey bullding housing projects and Intrastructures. In arder 1o maet tha
opjectives of In2 siugy the ressarch samples were drawn lrom contraciors construzting single storey
buiigings for 1ne purpose of homogenerly. The research 1eam was able 1o collect data trom Sixty on2 (81)
construction sies, randomly drawn from (ne available hist of buiders. A lotal of 737 data painis were
optaned for floor Liing work actvity Irom the 61 projects. This is on the average aboul 12 observations
per site Dalz were gatnerad 21 vanous slages of job execution

Conversion lactor lor liing work

During the ting operations, the crew worked with diteren! sizes ol tiing material ranging from 600 x
800mm 10 250 « 250mm. The size of tle allocted outpul rates for the gangs. The lype ol tile for which
oulputs were greates! was the 300 » 300mm Wles Therelare, 1his size of lioar tie was 1aken as the
common unit‘baseline for compuling the ling conversion tactor It should be noted that the calculation of
convering factor for lling Ilrade 15 similar 1o Ihal of concrele trade except that the dala used for
computation were nat oplained Irom exisling manual. This was due 1o the fact thal the lloor liles have
aifferent countless sizes which are not common and thus oulpu! rales were nol avaiiable in the estimaling
manuats Therefore the conversion laclors were calculaled from the data collacted as shown in Table
! ites 3ppI0ECH of cakculaling mensuralor indices may likely be susceplible 10 imprecision in insiances
when he dala sampie contains a small proportion ol data points in which work was dong with one
matenal typa (Noor 1992) Having 2 large data sel lends lo chack Inaccuracy

e ——————————————
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= 1ties al liles
Table ' Converting factor for cumputing aquivalon! guan :
SN Type and Size of Ties Aroe of Tie (M) Output '::'" :wm Conversion Factor
| 800 « 800mm D 360 277 gg
2 600 » J00mm 0180 555 o-“
3 450 » 450mm 0203 483 1.00
4 300 » 300men 0080 " by
$ 250 » 250mm 0063 15.87 :
Source; Author's analysis of dala
.‘F.. = .-;‘ '."\.- CIMRIT N4y, e? “.‘)
- 2 2° TommmIn s o
Where CF, = Conversion factor of lioor liles.

P. = Qutput of Non common tliles
P~ = Qutput of commaon liles

Analysis and discussion of results

The normal probabiiity plot of labor productivity data for floor 1lling activity used for the study is shown in
Figure 1. A sample si2e of 737 observations was used lor the Investigation as agains! 357 founad to be
aosgualts from sampie size calculalion. Normalily test was carrizd oul, the mean of the sample was found
to De T 218whr M and the median was delermined 1o be 1 13dwhr /m* which means that frequency
gistrinetan is not symmetncal. since the mean of the estimala was higher than Ihe median It Is 2 skewed
distriputon as shown n Box and Whisker's Plat Figure 1. Also the distribution is posilively skewed having
3 sk2wr2ss vaus o' 0.338 and standard dewiation of 0.443

Tme ostiouton of the sample variable was slighlly normally distribuled, The measure of
vanablit, was selsrmined from the nermal probability stalislics computed. The range was lound to be
1.70 wriom s e Ztzrence between the highes! and the lowes! scores in 1he distnbution.
The sverage coeficent of vanalion lor all the projects which is a measure of the standard deviation and

the mM==n was cacuialed as 35.43%

—

=

PSR S -

Figura 1 Bax and Whiskar'u plot lor labor productivity of floor ting aclivities

Vanabidity In daily labor productivity lor the selected slie aclivities

The variabilily in daily labor productivity of oo Wing task tar project 5 is shown in Figure 2. The vanability
compulaton was performed lor aach of the projects oxamined see Table In appendix | It was determined
fram input 16 aulput relalionship The computed values ol copllicient of vadation for floor liling activily
range rom 0108 10 0 576 tor all the six one projects examined. This is similar 1o the earlier computation
which s the product of the siandard deviation dividad by the mean ol the estimale

S— “
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Figure 2: Relationships of the research variables (daily labor productivity, baseline productivity and
performance Project 5)

The days observed for floor liling aclivity is illustrated in Table 2 which showed, the gang sizs,
work hours, daily quantity, daily labor productivity and baseline days. The fioor tiing task observed in tne
project was done for sixteen days. The lotal crew size utilized 1o accomplish 587.55 square metra of fioor
liling work was S4wark men wilh a lotal work hours of 673hrs. This indicates thal the constructon firm
used one site warker lo achieve approximately 6 25m” of lioor liling. The daily proguctivites ranged frem
0.506 10 2 107whr/m*. The floor liling work has a cumulative praductivity of 1.158whr'm* This indicarss
thal labar input was fairly low since this cumulative productivity is greater than unity The following days S,
7.9, 10, and 14 were seleclad because of their high productivily scores as basalina days for fioar tiling
lask. These are the Mighest produclivily scores Ihal were considered to define the basaiine sutset for
floor tling activity The average of these five fligures (0.525, 0.506. 0.508, 0 533, and 0.800whr'm")
represents Ihe expecied benchmark for Ine project which is calculated 1o be 0.534whr. m*~

The project waste index which provides a measure of labor performance was founa 1o be 0.708
which Is the wers! pwi of all projects invesligalec. The pwi figure is high therstore showing 3 poor labor
perlormance lor project 5 A close look al Figure 2 alse shawed some level of gap between caily labor
productivities and the baseline produclivily which was lound lo be 45.20% coafficient of vanation. This
level ol vanation shows some level of improvemant on labor parformance. Thera s aisparity in the values
of dally labar produchivity and the baseline produclivily resulling In poor labor performance. Project 54 in
Figure 3 lor floor tiling aclivity shows a beller parlormance wilh daily productivily close 10 the basaline
productivity value The baseline productivity for the project was calculated 10 be 1 011 whr. m*

Also Il was observed that the gap betwaen the dally productivities and Ihe baseline productivity
provided 3 coefficient of varlation ol 10.80% which produced a beter labor performance (pwi) of 0.122
compared 1o 0 708 lound for project . This goes lo support the lean theory which says that reducing
variabllity enhances labor performance.

Table 2. Data presaniation and analysis of sila lloor tiling work collected from Project 5

Day Work hours Onlly Quantitios Labot Daily Baseline days and
CrevBm n (m’) productivity productivity
[whim')
1 [} a2 17.34 1.845
2 6 48 2878 1 668
4 7 a0 2167 1 846
4 7 56 29 08 | BE8
s 3 21 40.00 0 528 .
6 ] 32 17 45 1 B34
v 5 a0 7900 0506 :
M 7 -} 2787 2024
T —————————————————————
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9 L] 40 79.00 0.506 -
0 6 a8 90.00 0533 b
) 7 56 29 45 1.902
12 ? / 56 26.67 2100
13 7 56 27.89 2008
14 7 8 30.00 0600 2
15 5 40 18,98 2107
15 7 40 2367 1630
SuM o4 679 587.55 1156 0.534
Source. Researcher s data analysis, * Used in Ihe compulalion ol baselina productivity
1400
Baveline Productiviry = 101 Iwhe'm? |
- 1.200 Profect \Waste Indes= 0,122 ‘
E : Caefficient of Vowdunon = 1050
£
2 1000 =
2 —
§ 0.800
& 0600
5 = =
2 0.400 ] ? =
5 ? = :
= = ] 3
= [ o
8 o0.200 ! = :
| == =
| =
0.000 - = — -
1 2 3 4 5 6 7 a 9 19 11 l
Wark Days

Figure 3: Relationships of the research variables (daily labor productivity, baseline productivity and
performance Projecl 54)

Findings

1) Correlalion resull shows that there is a sirong association between dependent variable project waste
index (performance) and coellicien! of variablity lor labor productivity which (s the independent
variable. The analysis yielded R value of 0.588. Therefore, he independent variable is thus lound 1o
be significan! predictor of perlormance ol site labor crew lor lloor liling aclivity investigated.

It was found thzl the effect of labor preductvity vaniability on performance of liling aclivity is 44%,

2]
This means thal varialion in crew performance in floor tile laying is accounted for by variability in
labar productivity.

Conclusions

The objective of this research is to delermine (he relg!lonshlp belwsen variability in job-site labor crew
productivity and performance in the floor Tiling aclivily on selecled sites. The alfects of variability on
jobsite performance were delarmined. The mean variability lor each of the site aclivilies for floor liling
was found Io be 36.43%. The result is slightly higher than thal of the previous sludy which was
discovered 10 be 20% for lloor thing, This varialion could be due lo analytical approach and method of
data collection. The level ol variations In dally produclivilies of all site activities examined showed ample
rooms lor labor performance Improvement. This means thal the extenl of gaps belwsen the dally
oraduciivitles and the baseling produclivity wera depandent on lhe level of the cozlficient of variability It
wias also lound oul that the closer Ihe values ol daily labor productivity (o the baseline productivily the

N
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oetler the iabor performance this was evident with some of the projects that performed well which had low
project waste index (pwi) values. Which means reducing varlabliity improves labor performance,
Therelore, 1nis supports the lean theory of improving performance by reducing variability in labor

productivity ; ‘
Il Is therefore recommended that the impact ol variabllity on performance of lilers on site be

measurad using labor productivily data. Also the effect of labor productivity variability on performance of

tling crew can be reduced by adopling any ol the following.
I Where Output decreases, Ihe decrease in Input should be proportionately greater (han the

decrease in oulpul 4
fi For greater etficiency maintain same output with ewer inpuls lo reduce outpul variability.

i It labor input must be kep! stable 1o increase output incentives plan must be in place.
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| research variables
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Table1. Computation o
Total Averngo Cumulalive Baseline P::::'
i Profect Couttician! of ﬁ?.":.::.'. work  dally oulpu! on:’:f‘;:g"v Productivity Lo
pumbey __ Veration Oty Lo deys T 10573 06598 g4
1 Project 1 06173 0420 . 362420 10237 0.7722 0.2867
2 Project 2 0.49%62 0410 10 - &7 11074 0.6265 n.5482
3 Project 3 05483 0434 14 39 34 y'037s 0.5381 0 5691
: Projest 4 07417 0461 14 333286 11556 0.5342 0 7084
s Project 5 06425 0452 16 36,7219 11129 0.7204 04474
& Project 0 5504 0.384 18 504444 11158 o 0.2075
7 Projec! 7 0.1459 0.150 13 23,7623 v+t 09981 01751
& Projec: & 0.3025 0.241 10 61,5760 1 0798 0.9085 0.1953
g Projec! & 03842 0220 10 56.1200 05587 0.3523
10 Project 10 05248 0576 10 68.2300 03028 ol s
" Project 11 02697 0142 10 651730 1.067¢ 11517 01594
12 Project 12 02841 0229 9 642678 1.2015 > 01403
13 Proect 13 03445 0174 10 553920 1.1704 1.0473 02490
14 Project 13 0.5458 0476 10 79 5320 08590 0.6405 0
1€ Praject 15 03919 0.253 10 633270 1.0511 08832 0.191
18 Prosct 16 03373 0.164 " §7.7555 1.0050 08572 0.1684
7 Project 17 0.2828 0124 10 653550 1,0267 09021 0.1420
18 Sroject 18 0 5805 0453 10 810250 0,908 07101 ¢.2252
8 Project 18 03518 0.534 10 31.5000 08073 06119 0.3374
20 Project 20 0588 0567 14 37.1429 0.8769 0.5574 0.3186
21 Project 21 0.2674 0.148 10 19,1780 1.6529 14782 01992
22 Project 22 0.3861 0.133 10 10.7950 1.5841 14497 01532
g Project 23 0.5830 0497 10 20,1620 o.:ass 0 g::: g.gtes
Sroject 24 03002 0,256 [ 225589 1.2609 1. rrv
25 Project 25 02626 0213 " 10,3081 14815 1.2902 0.2181
2% Project 26 05815 0.497 n 21.7273 1.0167 0.8915 0.1427
24 Project 27 0.62:4 0.324 10 21.8360 1.1632 1.0151 0.168%
28 Project 28 03827 0.185 21 27,4504 1.3097 1.1066 02315
2 Project 20 04370 0535 13 29,7273 1.0336 0.8282 02342
e Frojoct 30 04203 0.235 20 26 6600 1.2847 0.8822 0.4580
31 Projest 31 0.4181 0.205 20 252270 12982 09531 0,3866
32 Project 32 03187 0338 " 17 2400 12332 0.8581 04344
13 Project 23 0.6581 0256 10 38 4450 12745 1.0730 02288
N Project 3¢ 03287 0.481 12 £3 9067 1.0510 0.7454 03484
s Peoject 33 05448 0.494 10 58,3000 1,0257 08819 0.3920
36 Project 36 0.2340 03 10 537920 1.1008 09744 01438
3 Project 37 0 2084 0228 10 56,2260 11240 0.9850 1588
38 Project 33 03967 0.150 10 56.5020 1.0814 0.9586 01285
38 Project 33 03363 0.462 10 58 5840 10858 0.7520 03920
o Project 40 05285 0457 10 56,4580 1.0386 07733 0.3002
a Project 41 02881 0.136 10 51.0370 10272 09102 €.1334
@ Pmjen 4z 03702 0.485 10 565450 10187 07078 035
a3 Projsct 43 02201 0130 10 59,3960 1.0304 0.9050 .
a Project 44 04220 0479 10 59.0200 0.9337 ; i
: 0 0.7058 0.335¢
45 Project 45 0.1802 0,155 10 58,3040 1.1955 1
45 Project 46 02813 0.137 13 19.4277 16273 g i
47 Project 47 08384 0342 20 269470 12526 1':395 QeasH
48 Praject 48 0.7280 0.545 9 4H B0 07931 e oo
49 Project 43 023522 0397 9 41421 11144 e e
50 Project 50 0.9933 0162 20 38 7000 08 e Q408
51 Frojec! 51 0.2257 01 2 43 5009 0 ugos e i
52 Projsct 52 02399 0173 8 A8 §750 g 0.7276 0.1667
S5 Project 53 03441 0388 4 40 5000 ¢ “Zo 0.7307 01554
5 Projoct 54 0.3951 0.108 " 40 9700 e 0.5200 0.3158
55 Projact 55 nzraz 017 10 41,1540 1.1183 1.0115 01218
5¢ Project 56 0.4260 0211 10 40,8240 0.9953 0.8740 0.1394
= Proiect 57 bevion i o Qe 0.9651 08498 01315
56 Proyect 58 0.2508 0.1€3 10 s 0.9196 07110 0.2379
56 Projec) 59 0.3887 0.198 10 %1 0 0.9825 C 8538 01338
80 Projes! 60 03718 0.230 8 = 2.330 1.0406 09234 0.1267
3 Proect 61 04073 0224 15 il 10727 0 9453 0.1446
57,6220 0.9785 0 8389 0.1568
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