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ABSTRACT

The present study examined the perceived importagasiness to overcome and
criticality of 29 barriers to productivity improveant in the Dominican Republic. It
surveyed 134 construction professionals with 5 @remyears of experience, who
provided their assessment in the dimensions of itapoe and easiness to overcome
on a Likert scale from 1 to 5. Barriers were graup&o environment driven, top-
management driven and field-management driven. Jeeondary questions explored
attitudes towards education in productivity impnoment.

Respondents gave high average grades of 4.01 fbtd.@ll questions in the
dimension of Importance. Average responses forrgéasito overcome were lower,
had a broader range, from 2.31 to 3.74 and showadra nuanced deliberation of
possibilities. The criticality of some barriers see difficult to justify using Lean
Construction principles, and need further examamatBarriers with high criticality
tended to be driven by field management, and thadelow criticality tended to be
driven by top management. Results point to an dvgrarceived need for
improvement which is not followed by optimism fartéeving it.

The present study is the first of its kind in thenlinican Republic. Its results
provide a roadmap for educational and managert@ram the immediate future. It
can also serve as a foundation for similar stuidiegher developing countries.
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INTRODUCTION

The barriers to construction productivity improverhm the Dominican Republic are
poorly understood, and have led to inaction or efastattempts to implement
management techniques. While many construction geanant issues are shared by
projects in many countries (Koskela, 1992), a ratleeffort to improve construction
productivity in this Latin American country must geounded on an objective basis
for assessing what factors are perceived as impdoialocal stakeholders and which
ones are perceived as easy to overcome.

The Dominican construction sector has enjoyed ahtetincrease in volume and
complexity in the last decade. In the resident&dtsr alone, 56% of new housing
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units in 2002 were individual residences and 44%ewesuildings with at least 4

levels. By 2010, 93% of new housing units consisteduildings of at least 4 levels

and only 7% were individual residences (ONE, 20IY)e heavy and industrial
construction sectors have experienced a compagateth.

Lean Construction is emerging as a managementattee in the Dominican
Republic. The Construction Management Innovatioaupr(Grupo de Innovacién en
la Gestion de la Construccién, GIGC) at the Insiifecnolégico de Santo Domingo
(Intec), for example, tested field management taisilar to The Last Planner
System™ (Ballard, 2000) as well as seminars fordfeidnd upper level managers.

There have been several studies addressing isslatedr to barriers to
construction quality and productivity improvement industrialized countries (e.g.
BICE, 2009, Arditi and Mochtar, 2009), as well asdeveloping countries such as
the ones discussed in this section. These stuthagemerally specific in their claimed
geographic scope, and use a wide variety of indisatnd analysis tools. Their
conclusions emphasize different aspects of thesimguand are affected by the
economic and political forces of the country. Tiowing studies provided
guidance in the development of this survey’'s methmgly, and offer insight into
typical productivity issues examined throughoutwlaeld.

* Makulsawatudom et al. (2004) surveyed 34 Thai ptojganagers and explored
productivity factors at the site level. The anayisicluded a Critical Factor Index,
found by multiplying the importance given by resgents to each factor in a
Likert scale by their potential for improvement ansimilar scale. The study
ranked and discussed the 10 main factors to impimowbe industry, including
lack of materials, incomplete drawings and incorapesupervisors.

» Alinaitwe (2009) conducted 45 interviews to Ugandaomtractors, classifying
their responses to 31 identified barriers to thecess of lean construction using a
Likert scale. Many factors were internal to the stomction production process.
For example, he found that the factor with higleedtulated strength was having
inputs exactly when required, and the easiest &ramme was keeping needed
items in the right places.

» Serpell et al. (2002) conducted a total of 45 waws to a mix of stakeholders in
the Chilean construction industry, including ownedesigners, contractors,
unions, inspectors and suppliers. With an extensse of Ishikawa diagrams,
they showed that improvements required the cootelthaffort of all stakeholders,
including educational institutions and the governtne

* Other studies include Abdel-Razek (1998), who syede 159 construction
professional representing owners, consultants, aadiemicians using multiple
rounds of questionnaires to reach consensus fornthan factors affecting
construction quality in Egypt. Enshassi (2009) ergpdl the problems of
construction projects and the construction indusirgeneral in the Gaza Strip
using a questionnaire distributed to owners, caastd and contractors. They
found that industry problems, although stronghatedl to the political situation of
the area, also had local components such as qudlityaterials and project
leadership skills. Al-Momani (2000) surveyed 138nstouction owners and
contractors in Jordan, emphasizing overall satigfadssues. He found, among
other high-level issues, that local contractors wid give enough emphasis to
owner satisfaction.
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OBJECTIVES

The study reported in this article had the objectof identifying the perceived
relative importance of a group of barriers to corgdton productivity improvement
identified by experienced Dominican constructioakeholders, and identifying the
perceived easiness with which these barriers doelldvercome.

As a secondary objective, this study sought to tiiyathe local interest for formal
instruction about productivity improvement.

HYPOTHESES

The following hypotheses formulate in testable faha objectives of this study. The

Methodology section offers details on how theseotlypses were investigated

1. There are significant differences in the perceivagportance of barriers to
construction productivity by Dominican constructiprofessionals.

2. There are significant differences in the perceigadiness to overcome barriers to
construction productivity by Dominican constructiprofessionals.

3. There are significant differences in the criticaldf barriers to construction
productivity by Dominican construction professianaCriticality is defined for
this study as an indirect property derived from tegponses to each question’s
importance and easiness to overcome.

4. There are differences in the criticality of drivintpategories for barriers to
productivity. Driving categories were defined asvismnment, Top Management
and Field Management. A driving category was aszgigto each question,
according to the main locus of its underlying berri

METHODOLOGY

Data for this study was provided by a survey adstémed in 2010 to construction-
related individuals sponsored by Intec, and adrenesl by graduate student
members of the GIGC. It was geared to experiencetibican construction
professionals with 5 or more years of field expece Participants were a
convenience sample selected from the registry @ Brominican Professional
Engineers, Architects and Surveyors. Preliminargividual interviews were
performed to a small group of potential particigaloy graduate students to refine the
survey guestions. A total of 149 professionals veemrgtacted, of which 134 answered
the questionnaire. Participants were initially emtéd by email. The survey was
administered by hand-delivering a printed copyhaf uestions. Completed surveys
were collected directly from each participant. Timsthod allowed a turnaround time
of 2 months from the start of the distribution he £nd of the start of data processing.

A preliminary list of questions was refined througkerviews with an opportunity
sample of 5 construction professionals, who pravigelvice on the scope and
wording of the questions included in the final vemsof the questionnaire. A survey
similar in objectives and administered in Uganddin@itwe, 2009) was used as a
point of reference for structuring the questiongair

The final version consisted of 29 questions. A tilgeale from 1 to 5 was used
for the responses. A 5 in the Importance dimensignified that the factor was a
very significant barrier. A 5 in the Easiness disien meant that the factor was very
easy to overcome. Participants were offered thioif providing their responses in
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anonymity. Seventy-one of the 134 participants.,(i®3%) chose to remain
anonymous. This article discusses the responsas 134 participants.

Respondents rank each question in two aspectshwdddressed the first two
hypotheses tested by this study:

* The Importance of the factor as a barrier to the improvement objgrt
productivity, and

* The Easiness to overcontbe barrier to productivity improvement posed bg t
factor.

The third hypothesis of this study tested the aality of each barrier. The
Criticality of each barrier was computed as thedpmt of its scores for the
Importance and Easiness to Overcome. It was nazawiinto a 1-5 scale by dividing
by 5 the product of the two scores, thus making tiemputed score fall in the same
range (1 to 5) of its two combined factors. In susmyn

Criticality = Importance score * Easiness scorg / 5

An item’s criticality is defined in general by g&gnificance relative to a given aspect
(e.g.,VM-1997). The above formula indicates thathighly critical barrier to
productivity for this study would be one combiniaghigh importance and a high
easiness to overcome. Criticality in this case nsimdication of opportunity for
change.

The fourth hypothesis tested by this study requitesl grouping of questions into

three categories according to their driving factors

* Environment driven (EV).This category included factors external to the
participants’ ability for influencing significantlysuch as the quality of materials,
worker skills and the price of commodities.

* Top-management driven (TMYhese questions addressed factors difficult to
control by mid and lower level managers in a carctsion company. Examples of
factors in this category include reward systemsetha®n team goals,
organizational culture supporting teamwork and fgiown of benchmarks.

* Field-management driven (FM)Communication within teams, well-defined
focus of teams, defect prevention and similar dqoestin this category were
considered to be realistic targets for improvenmnthe middle and lower level
personnel in the field.

The Appendix contains the 29 barriers to produstiwincluded in the survey,
along with their respective driving category.

The questionnaire also included two additional toes addressing the
respondents’ interest in investing time and monayaohypothetical method that
could prove effective in improving project prodwdly. These two questions are
briefly considered here because they further glahé rationale and contribution of
the present study.

DATA ANALYSIS AND DISCUSSION

Results for the average Importance, Easiness tocowe and Criticality of each
barrier to productivity are summarized in Table Aofl the Appendix, and are
examined in detail in this section.
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Table 1 shows the top five and bottom five barriensked by Importance. The
top ranking barriers would be expectable to manyeernced construction
professionals, such as alignment among projectdesmmd quality materials. The top
bottom, includes barriers such as component stdimdion and group culture,
shared vision and consensus. In the experiendeeduthors, most Lean construction
practitioners in industrialized countries would kanuch higher these factors. Their
average could indicate that project managemertarDiominican Republic is subject
to a substantially different context from the comtencountered in industrialized
countries, or that there is a misperception of significance of factors among
experienced construction professionals.

The importance dimension showed a narrow rangeafes. Respondents gave
high marks in the Likert scale to virtually all cpti®ns in this dimension. The average
mark for all 29 questions was 4.36 of 5.00, witbhhagreement in assigning these
scores reflected in a standard deviation for th#eesample was just 0.73 points.

Table 1: Top 5 and bottom 5 barriers by Importance

Q Description Cate- Importance
gory | |Average|Std Dev| Rank

2 |Alignment among project teams FM 4.69 0.53 1
24 |Quality materials EV 4.66 055 ] 2
19 |Keeping needed items in the right places FM 4.62 059 3
25 |Steady work engagement ™ 4.60 054 | 4
29 |Complete designs EV 4.60 072 | 4
12 |Reward systems based on team goals ™ 4.13 0.73 | 24
8 |Good pre-planning ™ 4.09 0.86 | 25
18 |Transportation and communication infrastructure EV 4.08 0.76 | 26
22 [Provision of performance benchmarks ™ 4.07 0.78 | 27
17|Group culture, shared vision and consensus ™ 4.05 0.73 | 28
27 |Component standardization ™ 4.01 0.82 | 29

In contrast to the Importance dimension, there mash less agreement in assessing
the Easiness for overcoming each barrier. The dvavarage was 3.31, a full point
below the Importance dimension, with a standardadiew of 1.06 points. Table 2
shows the top 5 and bottom 5 barriers ranked bynEss to overcome, varying from
2.31 to 3.74.
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Table 2: Top 5 and bottom 5 barriers by Easiness¢éocome

a# Description Cate- | | Easiness to overcome
gory | |Average|Std Dev| Rank
16 |Documenting agreements and procedures FM 3.74 109 1
27 [Component standardization ™ 3.69 099 | 2
28| Well-defined team focus FM 3.63 091 3
4 |Ability to measure performance FM 3.63 089 | 3
7 |Constructability of design EV 3.60 106 | 5
12 |Reward systems based on team goals ™ 3.14 1.01| 25
9 [Certainty in the supply chain EV 297 1.07 | 26
1 [Organizational culture and teamwork ™ 2.96 1.01 | 27
8 |Good pre-planning ™ 261 1.12 | 28
10|Stable commodity prices EV 231 1.07 | 29

Well-defined team focus ranked near the top in terms of Easiness tocovee. As
with the Importance dimension, it is difficult tesess with the available data whether
respondents were aware of the available alterreativeovercome these barriers, and
particularly with the options offered by Lean Cauostion.

The top 5 and bottom 5 barriers ranked by critigadire shown in Table 3. This
ranking shows a combination of Importance and Essitto overcome, and therefore,
barriers ranked 1 to 5 are the best candidatesnfprovement. Responses varied
from 1.94 to 3.30, with an average of 2.91. Theyeaand average are affected by the
formula used to compute this dimension, and cartmtdirectly numerically
compared to the averages for the other two dimessiResults are much aligned
with the expectations of a construction profesdicmaare of Lean Construction
principles, in the opinion of the authors. In ttable, key terms to Lean Construction
such as communication, customers and needs atalettin the top ranked barriers.
The bottommost factor iStable commodity pricesvhich very likely reflects the
perception that an individual contractor has littiltuence over this point. Still, there
are seemingly illogical rankings, such as pladdapd pre-planninghear the bottom
of the list. As with the previously discussed dimsiens, this result may be due to
unique circumstances or lack of information abdtegraatives. Further research is
required to clarify this point.

The termsImportance and Criticality are relatively close in meaning. As
previously discussed, while each barrier's Imparéarwas directly assessed by
respondents, Criticality was computed from thespanses. Both terms, in turn, are
close to key words for Lean Constructiomalue and waste From a Lean
Construction perspective, the importance of eachdraeflects its built-in waste; its
criticality reflects its relative value for improwveent.
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Table 3: Top 5 and bottom 5 barriers by Criticality

ot Description Cate- Criticality
gory | |Average|Std Dev| Rank

24 [Quality materials EV 3.30 1.12 1
16 |Documenting agreements and procedures FM 3.29 1.26 2
26 |Understanding needs of internal, external customers ™ 3.27 1.16 3
28 |Well-defined team focus FM 3.24 1.06 4
14 |Communication within teams FM 3.19 1.11 5
12 |Reward systems based on team goals ™ 2.63 112 25
1 |Organizational culture and teamwork ™ 2.60 1.11 26
9 |Certainty in the supply chain EV 2.52 1.05 27
8 |Good pre-planning ™ 2.15 1.11 28
10|Stable commodity prices EV 1.94 1.02 29

Figure 1 shows the average Criticality scored byiée in each driving category:
Top-management driven (TM), Field-management driEN), and environment
driven (EV). The differences in average shown iguFé 1 point to the validation of
the fourth hypothesis tested in this study, nantleat there were differences in the
average criticality of factors depending on theividg category. It can be seen that
barriers in the EV category averaged the lowedidaftity score, while FM barriers
scored the highest. Three out of the top 5 fadigrsriticality are field management
driven, and none of the bottom 5 is field managenaeiven. These results suggest
that respondents were aware of the importance obl@ms concerning field
management, and the relative easiness with whiofesaf them could be addressed
from the viewpoint of traditional construction magement. A more troubling
possibility is that individuals at the top managemkevel cannot (or will not) see
their own contribution to the barriers.

Criticality

3.20
3.10
3.00
2.90
2.80
2.70
2.60
2.50
2.40

™ FM EV

W Categories 2.82 3.07 2.68

Figure 1. Average criticality by category

ATTITUDES TOWARDS A HYPOTHETICAL IMPROVEMENT METHOD

Two secondary questions included in the survey Isbtige stance of participants to
the possibility of investing time and money to ioye the barriers identified in the
survey using a hypothetical management method. Ceanstruction deliberately was
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not mentioned to avoid bias from previous knowledg®ut this management
approach.

The first question’s wording was: “Would you be limij to invest time and
money in a methodology for reducing the hindrartoegroductivity improvement?”
112 respondents (85%) stated that they were willmgommit resources into this
unnamed methodology, while 20 (15%) responded nezjat

The second question was: “If you answered yes ¢opttevious question, how
much time would you be willing to commit for thisigpose? The responses were as
follows:

2 to 4 hours: 29 respondents (26%)
4 to 16 hours: 44 respondents (39%)
16 to 24 hours: 16 respondents (14%)
24 to 40 hours: 23 respondents (21%)

These results show a definite willingness for inwimng the current state of
construction productivity in the Dominican Republidis willingness in in line with
the high marks given to each barrier's importarared points to the potential for
introducing Lean Construction techniques in ther hetare.

CONCLUSIONS

The understanding of a problem is an important st@@rds its solution. This study
contributes to the enhancement of the constructimustry in the Dominican
Republic by offering insight into the barriers tonstruction productivity in three
crucial dimensions: importance, easiness to oveeca@nd criticality. The Data
Analysis and Discussion section addresses in dedalh of these dimensions. In brief,
results point to an overall perceived need for meprg productivity, which is not
followed by optimism to achieve this improvemenpeSific issues are briefly
recapitulated below, addressing each hypothesithi®istudy.

» The Importance of all barriers was consistentlyhhjigated by respondents,
which could reflect the urgency for improvementtttiee authors have
anecdotally recognized in many Dominican constacpirofessionals.

» The Easiness of overcoming scores were lower orageeand more spread
across the various barriers, pointing to a nuaneaa of the effort required by
each barrier.

* There was a wide range of Criticality scores coragdor each barrier’s
Importance and Easiness to overcome. Some of tikedabarriers seem illogical
from a Lean Construction perspective. Further stadyeeded to elucidate
whether these results reveal unique characteristit®®e Dominican market.

» The driving categories showed a tendency to ranterhmhly the criticality of
barriers driven by field management, and to plaeectiticality of barriers driven
by top management near the bottom of the rankings& tendencies could
originate in the characteristics of Dominican camndion projects, but also could
be the result of bias from respondents.

Few of the studies in developing countries revielerke have taken into account
any Lean context (exceptions include Alinaitwe, 20ihd Serpell, 2002, both of
great utility for the structuring of this strudyljhere is a need to frame construction
management issues in a Lean context for a fullgeition of the appropriateness of
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Lean Construction to solve them. Although this gtdtl not address specific Lean
Construction solutions to the problems posed byHreus barriers to productivity,
its methodology could serve as a basis for furttesearch in other developing
countries.

Based on the results of this study, the followinticams are recommended:

» Examine solutions to the most critical barrierptoductivity identified here. For
example, the most critical identified barrier ig tjuality of materials. What
constraints prevent the overcoming of this barriéffat changes need to be
introduced to the design, contracting and execyilmases of local projects? Lean
methods such as tléve Whyde..g., Senge, 1990) can be very helpful in this
step.

* Investigate the reasons underlying the seeminiglgidal ranking received by
some barriers. For example, this study sought ¢negptions of experienced
construction professionals who, partly as a resulteir experience, are at the
top management levels of their companies or thejepts. Their success may
have introduced a bias in this study, which cowtpho explain the results
discussed in this article. There are many simdaués examined in this paper that
this investigation uncovered but did not clariadd one merits further research.

» Disseminate the information revealed by this stallgut barriers to construction
productivity, and the opportunity offered by Leaor@truction for overcoming
them.
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APPENDIX

Table A.1 Barriers to improvement, average resppase rankings

Barriers to Improvement included in survey Survey results

Cate- Criticality Importance Easiness to

Q# Description gory overcome
Average| Rank| [Average|Rank| |Average| Rank

1 |Organizational culture and teamwork ™ 2.60 26 4.24 ) 21 297 | 26
2 [Alignment among project teams FM 3.00 14 4.05| 28 337 14
3 [Worker skill and knowledge levels EV 2.95 17 440 | 14 331 17
4 |Ability to measure performance FM 3.12 7 466 | 2 354 7
5 |Management leadership ™ 3.07 13 460 | 4 340 13
6 |Commitment to continuous improvement ™ 2.95 16 462 | 3 332 16
7 |Constructability of design EV 3.08 11 458 | 6 346 | 11
8 |Good pre-planning ™ 2.15 28 409 | 25 261 | 28
9 |Certainty in the supply chain EV 2.52 27 434 | 16 296 | 27
10 |Stable commodity prices EV 1.94 29 419 | 23 231 29
11 [Client and supplier involvement EV 2.72 23 430 17 316 | 23
12 |Reward systems based on team goals ™ 263 | 25 4.13 | 24 314 25
13 [Reliability of production process EV 2.94 18 448 | 10 3.28 | 18
14 [Communication within teams FM 3.19 5 422 22 360 5
15 |Defect prevention FM 2.89 19 4.07 | 27 3.27 | 19
16 |Documenting agreements and procedures FM 3.29 2 401 29 369 2
17|Group culture, shared vision and consensus ™ 2.75 21 445 | 11 3.24 | 21
18 |Transportation and communication infrastructure EV 2.85 20 450 | 8 3.26 | 20
19 |Keeping needed items in the right places FM 3.09 10 4.08 | 26 348 | 10
20 |Working in parallel multidisciplinary teams FM 3.07 12 444 | 13 342 12
21|Project team skills FM 3.12 8 430 | 17 352 8
22 [Provision of performance benchmarks ™ 2.70 24 4.26 | 19 315| 24
23 |Provision of inputs when required ™ 273 | 22 469 1 319 | 22
24 |Quality materials EV 3.30 1 436 | 15 374 1
25 |Steady work engagement ™ 3.12 6 456 | 7 3.56
26 |Understanding needs of internal, external customers ™ 3.27 3 445 | 11 363 3
27 |Component standardization ™ 297 15 460 | 4 337 | 15
28| Well-defined team focus M 3.24 4 426 | 19 363 3
29 |Complete designs EV 3.09 9 448 | 9 349 9
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