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Abstract

Monitoring time and costs has been traditionally served as a basis for control of construction projects; this is because one of the
main causes of legal conflicts derived from a construction contract is the breach on delivery time of the project, and because the
main goal of a construction firm is to get a profit that it considers appropriate. In the late nineteenth century, Frederick Taylor laid
the foundations in order to ascending the management to the category of science, and through engineering techniques he chan-
ged the paradigms of productivity in industry. After several decades of research on project management the Earned Value techni-
que was developed, which allowed control the execution of a project through its budget and its schedule; and in the early
twenty-first century took another step in how to make a project assessment for performance of time, through Earned Schedule
technique. The aim of this study was to evaluate the effectiveness of two project management methods: Earned Schedule and
Earned Value; to control the time and cost in construction projects executed in Mexico. For achieving this, time and cost perfor-
mance indicators and predictors from six projects were calculated. Results showed better performance in projects using the
method of Earned Schedule to control the time; and independence between the performance indicators of time and cost.
Keywords: construction, control, earned value, predictors, earned schedule.

Resumen

El monitoreo del tiempo y de los costos ha sido tradicionalmente la base para el control de los proyectos de construccién; esto se
debe a que una de las principales causas de conflictos legales en la construccion es el incumplimiento en el tiempo de entrega, y
que la principal meta de una empresa privada es obtener las utilidades que considera adecuadas. Frederick Taylor, a finales del
siglo XIX, puso las bases para convertir la administracion en una ciencia, y por medio de técnicas de ingenieria cambi6 los para-
digmas de la productividad. Después de varias décadas de investigacion sobre la gestion de proyectos se desarrollé la técnica
Earned Value Management, la cual permitié controlar la ejecucion de los proyectos a través de su presupuesto y de su calendario;
y a principios del siglo XXI surgio la técnica Earned Schedule para evaluar el desempeiio del tiempo en los proyectos. El objetivo
de este estudio fue evaluar la efectividad de estas técnicas para el control del tiempo y costo en proyectos de construccion. Para
esto se calcularon indicadores de desempenios y sus predictores en seis proyectos. Los resultados mostraron mejor desempeio en
los proyectos que utilizaron la técnica Earned Schedule para controlar el tiempo; asi como independencia entre los indicadores
del desempeiio del tiempo y del costo.

Descriptores: construccién, control, valor ganado, predictores, programacion ganada.
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INTRODUCTION

A project is the result of a temporary effort to create a
unique product, which has an objective specified by de-
finition of its scope; for its execution, the work is orga-
nized through a set of specific tasks, which are
performed within the constraints imposed by available
time, human, material and financial resources (PMI,
2013). To ensure the successful execution of complex
projects, such as those of construction, they must be
managed effectively.

The early history of project management occurs in
the late nineteenth century when the American engi-
neer Frederick Taylor, ~who is considered as the father
of scientific administration— used the tools of his pro-
fession to perform a study for the duration time of work
and its remuneration. An important and innovative re-
sult of his research was to demonstrate that the perfor-
mance was not improved by investing more effort and/
or working hours, as it was thought at the time, but by
making work more efficient by analyzing and impro-
ving basic tasks (Shultz & Schultz, 1986).

At the beginning of the twentieth century and al-
most simultaneously, two engineers Karol Adamiecki
from Poland and Henry Gantt from United States deve-
loped graphic ways to represent the complex interde-
pendencies of production processes: Karol invented the
harmonogram and Henry Gantt the Gantt chart (Marsh,
1975; Gantt,1913); the latter first showed its effective-
ness in the construction of Hoover Dam (United States)
which was completed in less time than planned, and
later it would become the most popular chart for repre-
senting the results of planning time (Schweckendiek et
al., 2015).

Important innovations in project management were
developed early in the second half of twentieth century.
The American Association of Cost Engineers (AACE)
was established in 1956 with the aim of improving and
standardizing cost engineering best practices (Clark &
Lonrezoni, 1996); AACE currently offers six certifica-
tion programs and publishes the journal Cost Enginee-
ring.

A year later, firms Remington Rand and Dupont de-
veloped the Critical Path Method (CPM), represented by
a complex algorithm based on graphs which allowed
for the first time, to identify which processes directly
determine the duration time of project. Almost simulta-
neously, the Office of Special Projects of the Navy of the
United States of America developed the Program Eva-
luation Review Technique (PERT), whose innovation was
the treatment of the durations of the project tasks as
random variables; this same organization developed

simultaneously with the PERT method, the work break-
down structure (WBS) consisting of a hierarchical tree
structure that represents the division of the project
work for its execution (Piquera, 2013).

The International Project Management Association
(IPMA) is founded in 1965 in Switzerland, this organi-
zation was the first company specializing in project ma-
nagement. Four years later in the United States is
founded the Project Management Institute (PMI), in or-
der to bring together professionals in the project mana-
gement field. As a result of work performed in the PMI,
the Project Management Body of Knowledge (PMBOK)
is published twenty years later as a set of standard ter-
minology and project management guidelines for do-
cumenting best practices for project management;
currently the PMBOK is published in eleven languages,
and is widely accepted as the international standard for
project management (Santiago et al., 2013).

In 1966 the Secretary of Defense of the United States
of America introduced the project management Earned
Value Management (EVM) method, which allows to
control the execution of a project through its budget
and its schedule (Humphreys, 2012). This technique
consists of comparing the budgeted cost of work per-
formed (Earned Value), with the actual cost of work
performed (Actual Cost) and with the cost of work
planned at the date on which the assessment is perfor-
med (Planned Value).

This allows to know how much work has been per-
formed and how much project work needs to be finis-
hed for project completion; by means of an extrapolation
of previous data an Estimate to Complete can be ap-
praised. In the PMBOK this method has been carried
out as a standard and a complete chapter is devoted to
monitoring and control processes through the EVM
(PMLI, 2013). In Figure 1 curves representing the values
used in the EVM method are showed: Planned Value
(solid line), Actual Cost (dotted line) and progress
made according to planned costs or Earned Value (das-
hed line).

After several decades using the EVM method, pro-
ject managers recognized that indicators of EVM pro-
ved to be unhelpful to control time mainly in the last
third of the project duration, because the Planned Value
is limited to the value of Budget at Completion. At the
beginning of the twentieth-first century, an extension of
the EVM method to perform an assessment on project
time performance was developed by the American phy-
sicist Walt Lipke; today this extension is known as the
Earned Schedule (ES) method. In this method, instead of
comparing costs, time periods are compared: the actual
number of time periods that have been elapsed (Cu-
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Figure 1. Curves used with earned value

rrent Time) with the number of time periods related to
the budgeted cost of work that have been performed
(Earned Schedule) (Lipke, 2013). In Figure 2 the curves
representing the values used in (ES) method are presen-
ted as: Planned Value (solid line) and Earned Value ac-
cording to the planned cost (dashed line).

The importance of project management in construc-
tion is that this is a nomadic industry, where operating
conditions are generally being barely implemented,
and it is very difficult to reach the optimization phase;
besides the production cycle is not repeated and is ge-
nerally very long. These conditions make the construc-
tion activity tend to be more susceptible to have more
sources of uncertainty than those other industries
which operate as a regular basis in factories and imple-
ment continuous, uniform and more predictable opera-
tion cycles (Sears et al., 2008). All this makes controlling
construction projects, gain particular relevance during
the building phase.

management method: planned value,
Time actual cost and earned value

Traditionally the backbone of control during the
building phase of projects has focused on monitoring
the project duration and the costs incurred, because
they represent important performance parameters for
both the customer and the firm responsible of mana-
ging the project. Breach on project delivery time is
usually one of the main causes of lawsuits against cons-
truction firms (Solis et al., 2015); and achieving expected
profits, is but few exceptions, the main goal of builders.

It is a common practice in construction firms, a perio-
dic assessment of progress for the work performed, as
well as costs incurred; however, small and micro cons-
truction firms, which do not have an organizational
structure of enough size, specialty and maturity, usually
do not often take advantage of data collected periodica-
lly, through analysis, forecasting and implementing ac-
tions tending to make the necessary corrections to
conclude all work on time and without decreasing pro-
fit (Al-Momani, 2000).
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The aim of this study was to evaluate the effective-
ness of project management methods: Earned Schedule
and Earned Value; which are used to control time and
cost, respectively, in construction projects in southeas-
tern Mexico.

METHODOLOGY

The analysis unit was the construction project managed
in the Yucatan Peninsula, Mexico by kind of firm classi-
fied by size as micro or small. The sample consisted of
six projects, which were carried out by five construction
firms. Table 1 presents for each project: the planned du-
ration time, the direct cost originally estimated, its des-
cription, the firm that built and the firm size; it is
important to observe that all the costs mentioned in this
work are presented in US dollars. The classification for
the firm size was defined according to the criteria of the
National Institute of Statistics and Geography of Mexi-
co (INEGI, 2009). The selected firms were those which
were interested in participating in the research, and
had at least one construction project during research
period; the requirements of the projects were to have a
minimum duration of three months and a minimum es-
timated direct cost of $55,000.

The first part of the methodology was to conduct an
assessment of the control processes of time and cost, that
participating firms routinely perform during construc-
tion of their projects. For the first part, a survey was ca-
rried out to the responsible for these processes by using
a questionnaire of 32 items; 16 items for responsible of
the time control, and 16 items to the responsible of cost
control; the used instrument was designed following the
guidelines of the PMBOK Guide (PMI, 2013); specifica-
lly, on sections: 6.6 Develop schedule and 7.4 control

se that can be considered deficient; values of 3, 2 and 1,
were assigned to these categories respectively; it is im-
portant observing that when a firm said to carry out
more than one action in the same process, the assigned
value was limited to a maximum of 3 (corresponding to
good practice). In order to compare firms, a global as-
sessment was obtained for each one, it was calculated as
the total sum of values for both control processes of time
and cost control; without using any weighting that
would differentiate the questions. The variation coeffi-
cient was calculated with these values.

In the second part of methodology, the performance
indicators were measured and predictors were calcula-
ted during the construction phase of sampled projects.
All six projects were divided randomly into two groups:
the first one provided with the predictors of time and
cost during construction phase (it can be considered
that this group was manipulated experimentally); and
the second one was not provided with such predictors,
so processes for control time and cost were performed
in the usual way. The first group consisted of projects B,
C and D, and the second group consisted of projects A,
E and F. The predictors were provided to firms classi-
fied in the first group, at the time when the original
scheduled progress were of: 20%, 40 %, 60 % and 80%.
In Table 1 Italic format has been used in the three lines
corresponding to the projects that were given their pre-
dictors, action that will be hereinafter referred as the
feedback.

The Earned Schedule method was used for measu-
ring projects performance from the point of view of its
duration (Lipke, 2003). Earned Schedule Indicators: Sche-
dule Variance (SV) and Schedule Performance Index (SPI)
were calculated every week using equations 1 and 2

costs. The scale used was nominal and classified into SV=ES-AT (1)
three categories of practices: those that can be considered
good, those which can be considered acceptable and tho- SPI=ES/AT (2)
Table 1. Characteristics of firms and projects studied
Firm Project
Id Size Id cIi)LarI;EZi Estimat(e[leC]lDil)‘ect cost Description
(days)
1 Small A 111 1,137,732 Sixty houses in series
2 Small B 90 296,325 Soccer field with bleachers
C 90 173,755 Paving streets with sidewalks

3 Micro D 110 63,170 Facade 0{) ziig;;c;ominium

4 Micro E 132 429,387 Fourteen houses in series

5 Micro F 111 57,007 Two-story building
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Where AT is the Actual Time and ES is the Earned Sche-
dule which is obtained with equation 3

ES=C+1
©)

Where C is the number of complete time periods and I
is time period fraction, which is calculated with equa-
tion

_ BCWP-BCWS,

= 4)
BCWS,.,, - BCWS.

C+1

Where BCWP is the Budgeted Cost of Work Performed
and BCWS is the Budgeted Cost of Work Scheduled.
From these indicators the predictor of time Independent
Estimate at Completion (IEAC) was obtained every week
with equation 5

IEAC = PD/SPI
®)

Where Planned Duration is denoted with PD. In the
same way, measuring performance of projects, from the
point of view of its cost, was carried out with the Ear-
ned Value method (PMI, 2013).

Earned Value Indicators were calculated every
week: Cost Variance (CV) and Cost Performance Index
(CPI), with equations 6 and 7

CV=EV-AC (6)
CPI=EV/AC (7)

Where EV is the Earned Value and AC represents Ac-
tual Cost. Cost Estimate at Completion (EAC) predictor
were calculated from these indicators each week, with
equation 8

EAC=AC+ETC )

Where ETC is the Estimate to Complete, which was cal-
culated with equation 9

BAC-EV
ETC=—7=—— 9
CPI ©)

Where Budget at Completion is denoted by BAC.
According to performance indicators discussed abo-

2. The table space has been divided into an area of good
performance (unshaded), and areas where the perfor-
mance shows delays, cost overruns or both (shaded

gray).

Table 2. Interpretation of value for indicators of project
performance

Performance Anticipated On time Delayed
With savings
& SPI>1 SPI<1
On Cost CPI21
SPI<1
Overrun CPI<1 CPI<1

The relationship between the predicted values and
planned time and cost for each project were calculated
weekly. These values were charted for a better unders-
tanding of the performance of project execution. Values
with ratio less or equal to 1 mean that the project had a
good performance.

Student’s t-test was used to analyze if the mean va-
lues for performance indicators (SPI and CPI) were sig-
nificantly different between the group of projects that
received a feedback and those that not received it. The
tests were applied assuming equal variances in the two
groups and test were repeated assuming unequal va-
riances. An acceptable significance level of 1 % was con-
sidered because data were too few.

ResuLts

Tables 3 and 4 present a summary of results for the as-
sessment of time and cost control processes that partici-
pating firms performed on a regular basis during the
execution of their projects. For comparison purpose,
the last rows of these tables contain the overall as-
sessment of each construction firm.

ve, the interpretation of its values is presented in Table
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Table 3. Processes for time control that construction firms stated to perform

Firm 1 2 3 4 5
Periodically calculgtes the overall Yes 3 3 ) 3 3
progress of the project
Frequency of measuring the progress of Weekly 3 i i 3 3
work performed Beweekly - 2 - - -
Variable according to needs - - 1 - -
Activities 3 3 - 3 3
Breakdown level in measuring progress
Groups - - 2 - -
Level of accuracy in measuring progress ~ Measuring the work performed - 3 - 3 3
Estimated percentage performed 2 - 2 - -
Type of analysis of progress achieved Comparison with the programmed progress 3 - 3 3 3
Comparison with paid labor - - 2 - -
Identification and analysis of critical activities 3 - - - -
Depth of analysis
Analysis of all activities - - - - 2
Increasing labor and / or implement double shifts - 3 3 - 3
Reactions to delays Improve work supervision - - - - 3
Request an extension to the contract - - - 1 -
Variable according to cause of delay 1 - - - -
Estimation of completion forecast Yes - - - - 3
Arcblve th? 1nformat1.0n generated Digital and paper format 3 3 3 3 3
during project execution
Global assessment 21 17 14 19 26
Table 4. Processes that companies stated perform project cost control
Firm 1 2 3 4 5
Cal.cule.ite the' total exp.ended cost Yes 3 3 3 3 3
periodically in the project
Frequency of measurements of the costs Weekly 3 3 B 3 3
incurred Beweekly - - 2 - -
By type of resource - 3 3 - 3
Criteria to generate cost accounts By group 2 - - - -
By project - - - 1 -
Comparison with planned costs 3 - 3 3 3
Type analysis of the costs incurred
Comparison with cashed estimates - 2 - - -
Reviewing of labor performance - - 3 - -
Reviewing the resource costs - - 3 - 3
Reactions to the overruns
Improve job site management - - - 2 -
Variable according to the causes of cost 1 ) ) ) )
overruns
Estimation of completion forecast Yes - - - - -
Archlve the 1n.format10n generated during Digital and paper format 3 3 3 3 3
project execution
Global assessment 15 14 17 15 18
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The performance indicators of project management of
time and costs were calculated weekly from data collec-
ted in site and from accounting departments of firms,
respectively. For projects managed by firms that recei-
ved feedback, these indicators are presented in tables 5
through 7; because of space economy, only data for
weeks in which feedback was given to firms (approxi-
mately for planned progress of 20, 40, 60 and 80%) are

Table 5. Performance Indicators for Project B

included in such tables; the indicators for the week in
which project completion (100%) was planned and for
those which actually concluded (100 % real) are also in-
cluded. In tables 5 through 10, costs are in US dollars
and weeks in which projects fall out of area of good per-
formance are shaded, according to the criteria presen-
ted in Table 2.

Planned Time Cost
Progress AT ES SV SPI EV AC cv CPI
19 % 3 2.61 -0.39 0.87 $46,982 $40,507 $6,475 1.16
38 % 5 521 0.21 1.14 $122,288 $106,859 $15,428 1.14
64 % 7 6.76 0.24 1.11 $181,608 $160,159 $21,449 1.13
81 % 9 9.06 0.06 1.12 $241,906 $216,049 $25,856 1.12
100 % (real) 13 11.96 -1.04 0.92 $290,395 $260,183 $30,212 1.12
Table 6. Performance Indicators for Project C
Planned Time Cost
Progress AT ES SV SPI EV AC Ccv CPI
22 % 6 6.84 0.84 1.14 $50,783 $51,887 -$1,104 0.98
43 % 9 9.56 0.56 1.06 $98,433 $86,828 $11,606 1.13
56 % 10 10.42 0.42 1.04 $125,108 $112,967 $12,140 1.11
74 % 11 11.25 0.25 1.02 $152,599 $137,666 $14,934 1.11
100 % 13 12.72 -0.28 0.98 $189,864 $171,596 $18,268 1.11
100 % (real) 14 12.87 -1.13 0.92 $192,968 $173,755 $19,212 1.11
Table 7. Performance Indicators for Project D
Planned Time Cost
Progress AT ES SV SPI EV AC cv CPI
18 % 7 7.10 0.10 1.01 $11,968 $13,302 -$1,333 0.90
39 % 9 9.29 0.29 1.03 $26,340 $25,597 $743 1.03
61 % 11 10.63 -0.37 0.97 $35,758 $34,949 $809 1.02
84 % 14 13.25 -0.75 0.95 $49,220 $48,035 $1,185 1.02
100 % 16 15.14 —0.86 0.95 $59,829 $58,067 $1,761 1.03
100 % (real) 17 16 -1.00 0.94 $63,170 $60,896 $2,274 1.04
Table 8. Performance Indicators for Project A
Planned Time Cost
Progress AT ES SV SPI EV AC cv CPI
24 % 4 3.15 _0.85 0.79 $202,054 $178,482 $23,571 1.13
42 % 7 6.01 -0.99 0.86 $417,156 $393,908 $23,248 1.06
61 % 10 9.39 -0.61 0.94 $646,465 $613,431 $33,034 1.05
86 % 14 13.79 -0.21 0.98 $944,125 $918,322 $25,802 1.03
100 % 16 14.2 -1.80 0.89 $1,007,392 $987,324 $20,068 1.02
100 % (real) 22 16.00 —-6.01 073 $1,147,713 $1,132,602 $15,111 1.01
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Table 9. Performance Indicators for Project E

Planned Time Cost

Progress AT ES SV SPI EV AC cv CPI
18 % 3 1.63 -1.37 0.54 $35,437 $37,079 -$1,642 0.96
40 % 7 4.88 -2.12 0.70 $125,884 $120,201 $5,683 1.05
60 % 11 9.19 -1.81 0.84 $213,588 $195,695 $17,893 1.09
82 % 17 14.71 -2.29 0.87 $315,741 $289,146 $26,595 1.09
100 % 19 16.29 -2.71 0.86 $332,343 $308,263 $24,080 1.08
100 % (real) 24 19.00 -5.00 0.79 $429,387 $414,287 $15,100 1.04

Table 10. Performance Indicators for Project F

Planned Time Cost

Progress AT ES SV SPI EV AC cv CPI
24 % 6 4.05 -1.95 0.67 $6,321 $6,199 $122 1.02
44 % 8 594 -2.06 0.74 $13,264 $12,818 $445 1.03
62 % 9 7.00 -2.00 0.78 $15,775 $15,246 $528 1.03
81 % 11 8.80 -2.20 0.80 $33,612 $32,145 $1,467 1.05
100 % 16 12.07 -3.93 0.75 $48,095 $45,423 $2,671 1.06
100 % (real) 20 16 —-4.00 0.80 $57,007 $54,305 $2,702 1.05

Likewise, in tables 8 to 10 performance indicators
calculated for projects implemented by firms that have
received no feedback.

Weekly predictors for time to completion and total
cost of each project were calculated from the perfor-
mance indicators. For projects managed by firms recei-
ving feedback, the following curves are shown in
Figure 3: relationship between the predicted time to
completion and the time originally planned (solid line);
the relationship between the predicted total cost and
cost originally estimated (with dashed line); additiona-
lly, week corresponding to the Planned Duration of the
project is marked with a straight vertical line. As dis-
cussed in the methodology section, when plotted va-
lues are less or equal than 1 (predicted value less or
equal than the planned value), it means that the project
is in the area of good performance.

Similarly, for projects managed by firms that recei-
ved not feedback, the curves representing the relations-
hip between predicted time to completion and
originally planned time; and the relationship between
the total cost and originally estimated predicted cost
are presented in Figure 4.

Table 11 shows a summary of performance results
observed in the six projects. The last two columns co-
rrespond to the performance indicators calculated in
the weeks when projects concluded; gray shading

means that the project was outside the area of good per-
formance and italic font type means that the project re-
ceived a feedback.

Table 12 shows results of t-Student for testing equa-
lity of means on final indicators SPI and CPI (see Table
11); the grouping factor analyzed was the fact of recei-
ving feedback on the predictors. We can see a signifi-
cant difference (a< 0.01) for the SPI indicator (time) and
not that significant for CPI (cost) for both equal and not
equal variances.

DiscussioN

According to surveyed data on time control, firm 5 (ma-
naging project F) which stated having the best practi-
ces, that can be summarized as follows: measures
weekly performed work, compared against planned
work, forecasts time to completion date and if neces-
sary takes exceptional measures, such as increasing the
number of workers or make more emphasis on work
supervision. In the case where project is delayed, the
firm did not mention if it identifies the critical activities
that were causing delays, nor if it makes a rescheduling
for the missing work to be performed. In order of best
to worst the other four firms occupied the following po-
sitions: 1 (implementing project A), 4 (Project E), 2 (pro-
jects B and C) and 3 (Project D); see global assessment
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Figure 3. Relationship between time and cost values predicted
and planned for projects with feedback (B, C and D)

Table 11. Comparison between planned and actual times and costs
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Figure 4. Relationship between time and cost values predicted
and planned for projects without feedback (A, E, and F)

- Costo

Firm Project fme iy (USD) SPI final f—? PL
nal

Planned Real Planned Real
B 90 94 296,325 290,395 0.92 1.12
? C 90 97 173,755 173,755 0.92 1.11
3 D 110 118 63,170 60,896 0.94 1.04
1 A 111 151 1,137,732 1,132,602 0.73 1.01
4 E 132 167 429,387 414,287 0.79 1.04
5 F 111 139 57,007 54,305 0.80 1.05
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Table 12. Results of t-Student test for equality of means

Freedom Significance Mean
Indicator Variances t & Difference
degree ()
Equal variances 6.710 4 0.003 0.15333
assumed
SPIL .
Equal variances not 6.710 2369 0.010 0.15333
assumed
Equal variances 2032 4 0.112 0.05667
assumed
CPI .
Equal variances not 2032 2.867 0.139 0.05667

assumed

in Table 3. According to diagnosis on cost control, also
the firm 5 stated to have the best practices, which can be
summarized as follows: calculates the weekly cost incu-
rred, compared to the planned cost, generates cost ac-
counts by resource type, and when the project has
overruns it reviews the actual cost of resources. This
firm did not state that the forecast made for final cost
estimate of the project and its labor productivity were
reviewed; however, the importance of measuring pro-
ductivity, as a means of monitoring compliance with
the goals has been highlighted in several previous stu-
dies (Takim et al., 2003; Chan & Chan, 2012). Again, in
order of best to worst the other four firms occupied the
following positions: 3, 1 and 4 in the same position and
2; see global assessment on Table 4.

In Figure 5 is presented the global assessment of the
time and cost control processes for the five firms. It can
be observed that assessing time control processes had
greater variability than in the cost; in the first case was
obtained a variation coefficient of 0.23 and 0.10 in the
second.

The six projects were completed in more time than
originally scheduled. However, those who received fee-
dback performed better, it can be noted in two ways: in

=
=
|

'

Assessment
(28]
=]
1

20 - OCost
BT
10 | Time
0 =1 T T T T
5 1 4 2 3
Firm

Figure 5. Global assessment of the control processes for time
and cost

most of weeks, these projects were in the area of good
performance (SPI > 1); and the final values of SPI pro-
jects receiving feedback were significantly higher com-
pared to those in the other group (Table 12).

Figure 6 depicts the possible effects on time perfor-
mance indicator (SPI) having received feedback and
magnitude of project cost. It can be observed, as has
been written above, that the project group with fee-
dback (marker on black color) has performed better
than the group that did not have it (white label). For
each group, it can also be observed that lower cost pro-
jects were performed better; and that the combination
of high cost and not having feedback resulted in pro-
jects having the worst performance of the study (project
A SPIequal to 0.73 and 40 days of delay). The size of the
work in terms of cost and/or extension has an influence
in construction performance on firms; this has been
previously reported by Botero and Alvarez (2004) in
housing projects.

Similarly, in Figure 7 is showed the possible effects
of having feedback and the global assessment of time
control on performance indicator (SPI). It is expected
that projects implemented by the firms with the highest
global assessment (F, A and E) had higher SPI; howe-
ver, in this figure, such effect is not observed, so the in-
terpretation could be that the feedback effect was much

—
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Figure 6. Feedback and project cost effects on SPI
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Figure 7. Feedback and time control global assessment effects
on SPI

greater than making use of good practices for control
time stated by the firms. In a previous study in the same
region, was found moderate correlation between the
application of good management practices and perfor-
mance in project implementation; a correlation coeffi-
cient of 0.60 was reported between good practices in
monitoring and enforcement planned duration of pro-
ject (Solis et al., 2015).

Comparing Figures 3 and 4, clearly can be observed
that the projects having feedback (Figure 3) had a closer
to 1.0 relationship between project duration predicted
and planned, rather than those without feedback (Figu-
re 4); this means that those had feedback, generally
were in or nearby the good performance area.

Moreover, the six projects had a final direct cost
less than originally estimated (Table 11). In most of
weeks, all projects were in the good performance area
(CPI 2 1); and the final CPI values for projects in the
group which received feedback were not significantly
different (a< 0.01) to those belonging to the other
group (Table 12).

The above results suggest an independence bet-
ween indicators of time and cost performance, such
thing in the context of this study could have the fo-
llowing explanations:

a) No information on indirect costs was obtained, re-
gularly indirect costs are more affected by delays
because they tend to increase along with a greater
project duration.

b) All firms paid labor per unit prices or piecework,
which makes labor cost be independent of producti-
vity and duration.

c) Because of firms size (micro and small) is common
that the owners of firms be responsible of cost incu-
rred control as a way to ensure its profits.

d) The firms have practice on overestimating costs at
the planning stage, as a way to hide the client a frac-
tion of their profits.

This last point has been reported as a common practice
in the context where the study was performed (Morfin,
2015); internationally it has been reported that cons-
truction firms tend to overestimate the direct costs as a
risk management strategy generated by uncertainty es-
pecially in the labor costs (Shiner, 2013).

CONCLUSIONS

For those projects where Earned Schedule method was
applied —including calculation of indicators and fee-
dback on predictors to responsible of each firm- the
performance relative to total duration was significantly
better than those projects managed in the usual way,
without using the ES.

In projects where Earned Value Management
method was applied, —including calculation of indica-
tors and feedback on predictors to responsible of each
firm—- no significant improvement in performance rela-
tive to direct cost was observed regarding projects that
where managed in the usual way.

In the context of this study -micro and small firms,
payment of labor per unit prices and not considering
indirect costs— an independence between performance
indicators of time and cost was found.

Therefore the study results showed that construc-
tions firms need to emphasize management for project
execution time, by using modern engineering methods.
On the other hand, constructions firms’ primary goal is
obtaining a desirable profit, so the cost management re-
sults showed to be adequate by using traditional means.
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