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A novel solution for construction on-site
communication - the information booth

Kasun N. Hewage and Janaka Y. Ruwanpura

Abstract: A recent study on construction productivity improvement at the University of Calgary revealed the direct tool
time (working time) of Alberta’s commercial construction to be about 51%. This study exposed nadequate communication
and unavailability of required information as the main causes for a relatively lower tool time. Use of information technol-
ogy (IT) to overcome widely visible communication issues was extremely limited at the construction site level. Construc-
tion companies’ hesitation to adopt new technologies was well noted whereas construction workers expressed their
willingness and ability to use IT at the site level. The objective of this paper is to discuss the concept and the application
of a novel communication tool (called an information booth) developed and pilot tested at a construction project. The con-
cept and the technology presented in this paper have been tested at an actual construction project resulting in improve-
ments in construction productivity, worker satisfaction, and efficiency. This paper also elaborates the rationale for a new
technological framework (and the information booth), barriers for technology implementation, research objectives, method-
ology, and data analysis.

Key words: information technology, construction productivity, worker satisfaction, human—technology interaction, on-site
communication.

Résumeé : Une récente ¢tude sur I'amélioration de la productivité dans le domaine de la construction menée a I'Université
de Calgary a révélé le temps d’utilisation directe des outils (temps de travail) dans le domaine de la construction commer-
ciale en Alberta; il était d’environ 51 %. Cette étude a déterminé que les principales causes du temps de travail réel relati-

vement faible sont une communication inadéquate et la non-disponibilité de 1'information requise. L utilisation des
technologies de I'information (TI) pour surmonter les problemes de communication bien évidents était extrémement limi-
tée sur les sites de construction. L'hésitation des compagnies de construction a adopter les nouvelles technologies a été
bien notée alors que les travailleurs de la construction ont exprimé leur volonté et leur capacité a utiliser les TI sur le site.
Cet article discute du concept et de I'utilisation d’un nouvel outil de communication (appelé « kiosque d’information »)
développé et testé a 1’échelle pilote sur un site de construction. Le concept et la technologie présentés dans cet article ont
eté mis a 1’épreuve sur un réel projet de construction; il en a découlé des améliorations en productivité en construction, en
satisfaction des travailleurs et en efficacité. Cet article traite également de la justification d’un nouveau cadre technolo-
gique (et du « kiosque d’information »), des obstacles a I'implantation de la technologie, des objectifs de recherche, de la

méthodologie ainsi que de 'analyse des données.

Mots-clés : technologies de I'information, productivité en construction, satisfaction des travailleurs, interaction humain—

technologie, communication sur le site.

[Traduit par la Rédaction]

Background

The construction industry faces many challenges at the
beginning of the 21st century as 1t 1s forced to change and
to incorporate new advanced technologies into the construc-
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ton process to gain a competitive edge in the market
(Abduh and Skibniewski 2003). According to FIATECH
(2007), the construction industry lags behind the manufac-
turing and transportation industries in terms of field-level
automation and the wireless and display technologies. The
exact role of information technology (IT) in the construction
industry 1s uncertain. This uncertainty springs from the con-
tinually changing nature of the technology and the numerous
attempts made by the construction industry to use technolo-
gies (Brien and Soufi 1994). Despite an explosive growth of
Internet use in many areas of business and commerce in the
late 1990s, the construction industry has not kept pace to the
same degree (Brandon 2000).

The military shares several operational characteristics
with the construction industry, such as outdoor environment,
group work, continuously changing work locations, special-
ized training, and safety priorities. The military also makes
extensive use of information technology to improve commu-
nication between field and head command. The success of
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any modern military operation is dependent on real-time ef-
ficient communication technologies (Allen 2004). When
real-time communication technologies were added to the
manufacturing industry’s work environment, they experi-
enced improved communication and productivity (Baldwin
and Sabourin 2002). Neil and Knack (1984) stated that ef-
fective communication among all project participants can
stimulate cooperation and productivity.

Many research and industry reports emphasized the rela-
tionship between technology investment and productivity
gains in manufacturing, banking, and insurance (Park 2003).
However, such credible and documented reports are rare for
the construction industry. No root level investigation has
been conducted in the construction industry to understand
the present and future potentials of technological adoptabil-
ity (Hewage and Ruwanpura 2006b). Moreover, very few
actual field tests have been conducted to identify the capa-
bilities of “technologies™ in actual construction site environ-

ments (FIATECH 2007).

Hewage and Ruwanpura (2006a) described the back-
ground and motivation to conduct research in the area of
on-site communication in the construction industry. In brief,
Hewage and Ruwanpura (2006a) conducted interviews,
questionnaire surveys, and observations in four commercial
construction projects in Alberta for a period of two years to
identify worker motivation, communication, and productivity
related issues. After interviewing 101 commercial construc-
tion workers, the researchers reported the dissatisfaction of
the construction workers on the issue of available communi-
cation systems and practices. A similar problem was identi-
fied by previous researchers such as Bowden et al. (2006)
and Mohamed and Stewart (2003). These researchers found
that only 20% of the information passes to the operational
(worker) level in a construction project. Hewage and Ruwan-
pura (2006a) also found that 45% of the interviewed con-
struction workers (the same 101 workers), from several
Alberta commercial construction sites, described their frus-
tration concerning inadequate communication at construction
sites. Workers identified inadequate communication as the
main reason for low motivation and productivity (Hewage
and Ruwanpura 2006a). Further, 51 construction site profes-
sionals and (or) managers surveyed in Alberta by the same
researchers noted inadequate communication as the third
most critical factor contributing to low productivity. One-
on-one interviews with the senior construction managers by
the same researchers revealed that they were well aware of
the communication issues in the construction projects. Man-
agers stated that they have attempted to change the commu-
nication flow through the use of existing resources in the
company. Some of the attempts made by management in-
clude morning tool box meetings (a tool box meeting is a
meeting time to instruct the workers before the work starts;
usually a foreman conducts the meeting), radios to foremen,
and fax machines and internet connections to site offices.

As outlined above, the construction industry lags behind
other industries (such as manufacturing and military) n 1ts
acquisition ol modern technologies for enhancement of pro-
ductivity (FIATECH 2007). This means the construction in-
dustry sull has the opportunity to learn from others and adapt
the wide range of options and solutions to suit their specific
needs. A combined framework of IT and existing managerial
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approaches is a solution to improve the on-site communica-
tion (Hewage and Ruwanpura 2006h; Silva et al. 2008).

The objective of this paper is to discuss the concept and
the application of a novel communication tool (called an in-
formation booth) that was developed and pilot tested at a
construction project site. This tool was first introduced to the
construction industry to improve the communication between
the site management and the workers. However, the tool has
been modified for the benefit of many other stakeholders
(Silva et al. 2008). This paper elaborates the productivity,
working efliciency, and worker satisfaction improvements
due to the implementation of the information booth. The pa-
per also describes the rationale behind the implementation of
the information booth.

Research description

As the first step of the research presented in this paper,
the communication needs of the construction industry have
been identified with the input of two major stakeholders —
workers and managers. Direct construction field observa-
tons, mnterviews, and questionnaire surveys were conducted
from January 2003 to June 2006 in Alberta (see Hewage and
Ruwanpura (2006a) for the detailed methodology). Eight
multi-storied construction projects were observed during
this period. Following i1s a summary of the stakeholders’
(workers and managers) views, some of which have been
identified in Hewage and Ruwanpura (20064, 20065).

e Many workers described the lack of clarity surrounding
the instructions and the technical details.

e Foremen could not always instruct and supervise the
workers on-demand because of their other duties.

e Almost all the interviewed foremen described difficulties
in accessing the real-time information from head offices.
Foremen spent about 15% of their total working time tra-
veling between the site office and the working area.

e The workers expressed a desire for the opportunity to
view 3D and 4D (3D drawings with time factor) draw-
ings, technical information, isometric views of the end
product, safety information, weather information, and
other information related to the outcomes of the project.

e Almost all the workers stated that they were not aware of
the end product of their efforts, sometimes even for the
daily work. They also prefer to know the expectations and
targets of the work supported by documentation or visuals.

e Workers preferred to have audio-visual presentations (like
videos) for better demonstration of safe work practices.

e Discontent with sudden changes in their working areas,
congested working areas, unavailability of the tower
crane for material movements, and lack of materials were
other concerns expressed by the construction workers.

Following are the key observations made by the researchers

on the on-site communication processes:

e A need for a mobile, real-time, rugged information
source was quite apparent. It was apparent that the lack
of content in communication and the ineffectiveness of
the available communication tools contributed to the con-
fusions in the site environment. In Alberta, Canada, the
use of IT to overcome communication barriers on con-
struction sites 1s quite limited. Two-way radios were the
only observed communication device in use on construc-
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tion sites during the observations conducted by research-
ers during the last three years (Hewage et al. 2008). None
of the construction sites taking part in the research study
used audio-visual demonstrations to teach safety prac-
tices. The workers who had serious accidents (lost time)
on site attribute the mjury to the lack of knowledge
around safe and correct workplace practices.

e During the winter seasons. workers returned to the site
trailer several times a day to change their clothes. Most of
the workers were not informed or did not bother to inquire
about the expected weather changes for any particular day.

e At large construction sites (more than 100 workers per
shift), office managers had a limited awareness about the
real-time site progress. They were dependent on the infor-
mation provided by the on-site managers such as foremen.

e At some of the observed projects, there were close to 600
workers on site during the peak periods. In these projects,
managers faced difficulties in assigning workers, machin-
ery, materials, and tools to therr working areas. This was
due to congestion and material handling problems.

e A need for a real-time information system to track mate-
rials, tools, and machinery was very apparent.

Proposed IT framework

Based on the needs outlined above, a conceptual IT-based
communication framework has been proposed by Hewage
and Ruwanpura (2006bh). A graphical representation of the
framework 1s in Fig. 1. System A of Fig. | demonstrates a
sample site office or head office communication network.
System B illustrates a possible use of I'T at the site level for
communication purposes. The contents of this framework
are explained in detail in Hewage and Ruwanpura (20065).

After considering the views of workers and managers, on-
site observations, and recommendations of previous research-
ers, the concept called an information booth has been se-
lected for further research and development. The rationale
behind the development of an information booth is described
below.

e Why: It is possible to retrieve almost all the real-time in-
formation needed for construction site operations with
this device. As mentioned, a device with real time infor-
mation and audio-visual work demonstration is urgently
needed for the construction industry.

e How: The information booth consists of a display screen
(television monitor, digital SMART Board, or hiquid crys-
tal display monitor) connected to a computer. The foremen
and authorized lead workers would be able to view 3D and
(or) 4D images, access any site-related information, send
volce messages, receive printouts of specifications and re-
quired drawings, obtain updates on work progression, and
a multitude of site-customized uses. Each user can be as-
signed an access code depending on his or her trade, occu-
pation, type of work, and level of responsibility.

e Where: It 1s possible to locate at least one information
booth on a construction site or one per floor at high rises
under construction and (or) at the site office.

e Who: The information booth is targeted to meet the
needs of the construction site management personnel and
lead workers. The booth can be used as a work demon-
stration tool for the other construction workers.
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Information flow changes with the
information booth

The information flow on construction projects was ob-
served passing through several layers from the project man-
ager down to the construction worker. It has been reported
that only 20% of the information reaches the construction
workers (from top management) because of the many layers
of information transfer (Bateman and Snell 1999). Usually
workers get information and (or) instructions only from their
foremen and the foremen were advised by an area superin-
tendent and the surveyors. Therelore, the overall information
hierarchy of a company is dependent on the foremen’s abil-
ity to communicate the required information accurately and
clearly to the workers.

Figure 2 shows the present layers and links of communi-
cation on the observed construction projects. One of the
main reasons to introduce the concept of an information
booth was to minimize the multiple layers of communication
on construction projects. Figure 3 shows the proposed infor-
mation flow after the implementation of the information
booth. With the information booth, information from all
management layers was captured to a central location (the
booth) and transferred directly to the site level. Construction
managers have to decide the content (of the information)
and access limitations of the information booth by maintain-
Ing regular contacts with the site managers.

The information booth 1s not an artificial intelligence de-
vice. There should be a responsible authority to input and
update required information. At present, project coordinators
in construction sites manually and (or) personally transfer
required information from site office to the operational
level. After the implementation of the information booth,
one of the main duties of project coordinators will be to up-
date and maintain the information booth database with the
required information. Silva et al. (2008) explained the infor-
mation updating and discrepancy handling process of the in-
formation booth in detail. Foreman and workers will be
instructed to contact the site superintendent and (or) engi-
neer immediately 1f there is a discrepancy in the information
received through the information booth and on-site instruc-
tions. The information booth provides a direct audio-visual
communication link between the site and office managers.
Project coordinators will regularly check the accuracy of
the contents in the information booth.

Rationale for the methodology development

Participants of the pilot study were carpenters and their
main construction activity during the pilot study period
was erecting a wall formwork. Figure 4 describes the re-
search process and the time duration for each research ac-
tivity. The pilot study was conducted for a period of
15 weeks.

To identify the effects of the information booth on pro-
ductivity, working efficiency and workers’ satisfaction
were measured. All possible efforts were taken to keep
other influencing factors (e.g., weather) unchanged. Obser-
vations were conducted (before and during the use of the
information booth) when the temperatures ranged from +5
to =10 “C. Dozzi and AbouRizk (1993) noted almost no ef-
ficiency losses in gross skills of construction workers up
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Fig. 1. Proposed information technology-based communication framework for construction industry.
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Fig. 3. Proposed information flow in construction projects — after the information booth.
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to =10 "C. Only the wall formwork (carpentry) was ob-
served for the comparison purposes as considerable varia-
tions in tool time was noted by Choy and Ruwanpura
(2006) and DaSilva (2006) with other types of formwork,
concreting, and re-bar. The observed project has previously
experienced a learning curve factor of 0.95 for each week
for retaining wall formwork; which means the company
was predicting an output increase of 1.05 (1/0.95) after
each week of formwork activity. Thomas et al. (1986) ana-
lysed five learning curve models and concluded that the cu-
bic model (Fig. 5) has the best coefficient of determination
[or construction activities over linear models. Further, the

same authors mentioned varying learning curve factor over
time. According to Fig. 5, the workers achieve a slow
learning rate after completing 30% of the units. No obser-
vations were made by the researchers during the first
two weeks of the wall formwork because the learning curve
could have had a considerable impact. Workers had com-
pleted the first lift and about 70% of the second lift (refer
to Fig. 6) of the formwork and concreting of the retaining
wall before the start of pilot study observations. This ap-
proach was chosen to ensure that the comparison of the
productivity, efficiency, and worker satisfaction before and
after the information booth was reliable and valid.
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Fig. 4. Pilot study research process and timelines.
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Research methodology

A briel description of research methodology is presented
below.

Initial interviews and observations

The first eight weeks of the pilot study were used to iden-
tify the needs and expectations of each party — managers
and workers — through interviews and observations (Hewage
et al. 2008). During this period, hundreds of informal obser-
vations and open-ended interviews were conducted with the
managers and the workers.

Observations

The observations were conducted on continuous 5 min in-
tervals from 0700 to 1200. Observations were stopped at
noon for lunch at which time site staff usually changed the
work assignments for the afternoon based on the progress of
the morning shift. Therefore the impact of the information
booth was limited to morning meetings and the activities of
the morning shift. There were three full-day observations,
which were conducted to verify the afternoon work assign-
ment changes.

These observations were conducted with the use of a wire-
less camera and two additional research assistants. A wireless
camera was used to minimize the observational disturbances

Fig. 6. Cross section of retaining wall (not to scale).
Ground level

.._

Retaining wal

to construction workers and to facilitate continuous observa-
tions during unfavourable weather conditions. Third party (re-
search assistants) observations were conducted to minimize
the bias of the researcher in the ‘comparison observations’
(where the working time distributions were compared before
and after the implementation of the information booth).

Interviews and questionnaire surveys

Three rounds of questionnaire surveys were conducted
with the same sample (carpenters) during the pilot study pe-
riod. The same questionnaire was given before and after (on
the last day) the use of the information booth. Additional
questions was asked in the middle of the pilot study to
understand the workers’™ expectations and suggestions for
improving the information booth. All the questions were
rated on a 1-7 Likert scale except the last question, which
was about the general opinions of the workers regarding
any issue related to communication.

Content stored in the information booth

The information booth tested during the pilot study was
an audio-visual (Microsoft PowerPoint) presentation with
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Fig. 7. Working time distribution (before the information booth).
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Fig. 8. Working time distribution (after the information booth).
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Fig. 9. Average tool time variation — before and after implementation of the information booth.
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the explanations and instructions for the day’s work. Verbal e Long-term targets and expected future construction activ-
clarifications were then provided by the foremen. The re- ities.
searcher assisted the foreman in explaining certain technical e Weather information and predictions.
and safety re:latfs:d {nfnrmatlnn+ An overhead projector, a la‘p- e Safety instructions.
top, and a projection board and (or) screen were used for : T ;
% , . : , : : e Special technical information needed.
this purpose. The information presented daily to the workers ) ‘ ‘ . ]
e Results of the previous research work at the University of

during the pilot study period included:

Daily targets with expected timelines for each task.
Work assignments for each worker (or assignments of
small group).

3D drawings of the assigned construction work.

Isometric — 3D pictures of the end product of the con-
struction.

Calgary related to working efficiencies and worker moti-
vation.

Pilot test results

The participants of the pilot study were carpenters and

their main construction activity during the pilot study period
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Fig. 10. Average idle time variation — before and after implementation of the information booth.
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Table 1. Average output — before and after the information booth.

Output — before

Qutput — after

Lift No. (m?*/(h worker)) (m3/(h worker)) Percentage increase
2 1.46 1.46 0

3 |12 1.19 6.25

4 0.84 0.99 1 7.86

5 — 1.29 -

Table 2. Output measurements with learning curve.

QOutput — before Output — after Predicted output Net %
Lift No. [m?f’{_h worker)) {mzf{h worker)) ( mzf{h worker)) Difference increase
3 1.12 1.19 .17 0.02 1.8
4 0.84 (.99 (.88 0.11 13.1

was erecting a wall formwork. These were pre-build form
structures of “EFCO — Ply faced wall formwork™. The size
of a single form was 4.0 m x 2.2 m. Carpenters replaced the
facing plywood boards of these structures from time to time
based on the usage. The wall form was done in five lifts and
Fig. 6 shows a cross section of the retaining wall (not to
scale).

Tool time

Figure 7 and 8 show the average working time distribu-
tion of the observed construction project before and after
the implementation of the mformation booth, respectively.
Hewage and Ruwanpura (2006h) explained the definitions
and detailed descriptions of the observed working time cate-
gories.

As shown in Fig. 7 and 8, a significant tool time gain was
noted after the implementation of the information booth
(45.95% to 54.96%). The average tool time (34.96%) is the
highest observed by the authors in five construction projects
from 2003 to 2007 for similar construction work. However,
Choy and Ruwanpura (2006) argued that a single factor of
influence cannot be attributed for productivity. They dis-
cussed the cumulative impact of the factors affecting pro-
ductivity.

As discussed earlier, it is noted that the learning curve
had an impact on the productivity gains. However, the learn-
ing curve did not have a considerable impact on the working
efficiency (tool time). Productivity is a function of effective-
ness and efficiency; where the learning curve has a consid-
erable impact on effectiveness, not efficiency. As discussed,
the workers were familiar with the operational sequence of
the formwork before commencing the pilot study.

The tool time was increased by 9% as a result of reduced
nontool time in certain categories: 1dling (excluding the as-
signed breaks and rest time) and moving. Some of the key
observations are:

e With the proper early instructions and knowledge, work-
ers reduced their idle time by 4%. Usually, workers were
idle when the instructions and targets were not clear.

e Moving (moving around the site) usually occurs when the
workers were not motivated and not closely supervised
(Hewage and Ruwanpura 2006a). After implementing
the information booth, the workers were provided clear

instructions with expected time lines in advance of com-
mencing the work.

e As expected, materials searching time did not change
much even though the efficiency increased. One might
expect that with improved efficiency, the worker would
need more materials to work with, yet only a slight in-
crease in material searching was noted (about 0.25% in-
creased).

e Tools searching time was reduced by about 1.5%. After
the implementation of the information booth workers
generally picked up the necessary tools before starting
the work based on the instructions given showing the lo-
calions.

e Instructions time was slightly increased because the in-
formation booth encouraged the workers to request neces-
sary technical information before commencing work, thus
improving the motivation for two-way communication
than one-way communication (foreman to workers). The
site foreman became more available and worked more
than 90% of the total working time in the actual working
area. The average instruction time noted in other con-

struction sites was about 2.8% (Hewage and Ruwanpura
2006a)

A detailed working time analysis 1s presented in Figs. 9,
10, 11, and 12 for tool time, idle time, materials searching
time, and socializing.

The most significant tool time variation noted in Fig. 9
was from 0715 to 0915 where the tool time was consider-
ably higher after implementing the information booth. Be-
fore 0715 the workers were collecting the required tools
and equipment from a central site trailer. The formal activ-
ities of the information booth had usually been completed
by 0705.

Before implementing the information booth the workers
were not exactly sure what the targets were. Much of the
first hour was spent moving around the site or idling (0700
to 0800). A sudden tool time increase was observed just be-
fore the colfee break where the workers rushed to finish cer-
tain elements of the work before the break.

Although the tool time was generally highest from 0930
to 1200 (after implementing the information booth), the ef-
fect of early instructions and (or) information was not that
influential on tool time. Before the information booth, work-
ers received on-site instructions from foremen about the
work targets during the early hours of work. Workers had
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Table 3. Workers™ views — before and after the information booth.

After

Mean

Before

Mean

Min. Median Mode

Max

Std. dev.

Mode

Median

Min.

Max

Std. dev.
.63

(Juestion

— e e ] =

W

5.21
4.9

Do you clearly know your daily work targets?

Do vou clearl

W

e

3

y know your weekly and (or) monthly work targets?

Generally, are you satisfied with the clarity of instructions?

-

T

1.28
1.33

3.36
5.07

W

5.0

L

Are you satisfied with the technical information you are getling?
Are you satisfied with the safety information you are getting?

y

T

L

5.0

1.21

07

¥

Do you have a clear idea about the final output (number of levels,

shape, and appearance) of your project?

Can. J. Civ. Eng. Vol. 36, 2009

nearly the same field instructions by 0930 in both cases: be-
fore and after the information booth. It should also be noted
that the workers had an informal discussion with their lead
workers and foremen during the coffee break — a time when
missing information/instructions are usually discussed.

Figure 10 shows the idle time variation with the imple-
mentation of the information booth. After the information
booth, 1dle time was almost zero until 0745 About 5% of
the idle time was observed during this period prior to the
use of the information booth. After the information booth,
the idle time was considerably lower throughout the day ex-
cept in a few instances. Idle time has a relationship to the
physical fatigue of construction workers. The cyclic nature
of idle time peaks is due to the physical fatigue caused by
the very nature of construction work. Before the information
booth, the idle time peaked every 10 to 15 min. These peaks
were considerably higher than the idle time peaks after us-
ing the information booth. This was attributed to the early
instructions received via the information booth.

Figure 11 shows the materials searching time comparison
before and after the implementation of the information
booth. The average time spent on material seeking did not
change significantly because of the information booth. How-
ever, high peaks of material searching can be observed in
Fig. 11 before the information booth. It seems workers
planned their material needs in advance after the implemen-
taton of the information booth. High materials searching
time leads to other nonproductive acuvities such as socializ-
ing, moving, and 1dling (Hewage and Ruwanpura 2006a).

Figure 12 shows socializing time comparison with the im-
plementation of the imformation booth. As mentioned, so-
cializing time decreased from 3.31% to 2.02% after the
implementation of the information booth. Usually, workers
tended to socialize as they were moving around the site,
looking for materials, and 1dling. When these influencing
categories were low, socializing time was also reduced.

Productivity improvements

The wall form was constructed in five lifts and the output
information was collected accordingly (Fig. 6). The com-
pany completed the construction of the first lift and a part
of the second lift before the start of the pilot project obser-
vations. Output information for the fifth lift was available
only after the implementation of the booth since the fifth
lift started during the information booth pilot test.

The most difficult position to install the formwork was lift
four. The fifth lift had access from the top of the excavation
area (workers could walk and access the form from the top
of retaining wall in hft five). The third and fourth lift oper-
ations were totally handled by a crane and workers on scal-
loldings. The easiest was the first and second lifts where the
workers could work on the ground. Table 1 shows the aver-
age output for each lift before and after the implementation
of the information booth.

As shown 1n Table 1, a significant improvement in output
can be observed after the information booth. These compa-
rable productivity figures are for the second, third, and
fourth lifts. However, the information booth had only a
slight influence on the second lift as the workers completed
the second lift 2 days after the information booth was imple-
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Fig. 13. Information booth for future construction projects.
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Speakers

Rugged LCD screen
with rugged casing

mented. The third and fourth lifts were completed during
the pilot study period. A productivity increase of 0.07 m?/
(h worker) and 0.15 m?%/(h worker) was determined for the
third and fourth lifts, respectively.

However, according to the company’s experience of a
learning curve factor of 0.95 in every week: it 1s possible to
modify Table 1 by combining the learning curve (Thomas et
al. 1986) effects (Table 2).

According to Table 2, there was a 1.8% and 13.1% in-
crease In output by considering the learning curve effect
based on the company’s previous experiences. However, the
company did not have any empirical data to prove the con-
stant rate of learning curve factor on formwork. As men-
tioned, Thomas et al. (1986) concluded that the learning
rate 1s not necessarily a constant value as predicted by the
company.

Worker satisfaction

The workers™ views regarding on-site communication, in-
structions, quality and clarity of technical information, and
their knowledge about the project (before and after the in-
formation booth) are in Table 3.

Workers satisfaction increased 1n all the categories related
to on-site information, 1.e., dailly work targets, monthly and
(or) weekly targets, clarity of instructions, technical infor-
mation, salety information, and ultimate output of the
work, after the addition of the information booth. Worker
satisfaction with the knowledge of the final output and (or)
appearance had the most significant change (0.84 ona 1l to 7
Likert scale).

Better project planning by the foreman

The researchers noted that the foreman’s efforts to get

669

Employee
ID card/RFID reader

Wireless
keyboard

Joy stick

Wireless printer

ready for the next day’s tool box meeting had considerably
improved. The foreman verbally expressed his satisfaction
with the information booth as it had enabled him to prepare,
plan, and deliver the instructions clearly to the workers. This
Is a very significant subjective improvement for productivity
and look-ahead planning although it was not possible to
quantitatively measure the impact of the foreman’s efforts
as a result of the information booth.

Both the information booth (the technology) and improve-
ments in work processes (with the information booth) such
as more supervision time, fewer accidents, and awareness of
material and tool availabilities contributed to the positive re-
sults discussed above.

Future of the information booth

Based on the views of both managers and workers, the
initial concept of the information booth was fine-tuned
with some additional items such as a rugged printer, a
camera, and many other tools (Silva et al. 2008). Figure
13 consists of the components of a proposed information
booth that could be used for future construction projects.
All the devices used in the booth need to be rugged com-
ponents, suited for the open environment of a construction
site. Silva et al. (2008) outlined the integrated technologi-
cal framework using the modified version of the informa-
tion booth.

Research limitations
The research project described in this paper has the fol-

lowing limitations.

e As explained, the researchers made the best possible ef-
forts to keep other influencing factors to construction
productivity and efficiency unchanged during the pilot
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study period. However, researchers accept a certain de-
gree of influence on the results due to factors such as
temperature, learning curve, type of work, change orders,
interruptions, material availabilities, and workers’ physi-
cal strength.

e The developed conceptual IT framework was based pri-
marily on the opinions and expectations of the construc-
tion workers in Calgary. It may be necessary to fine-tune
the proposed framework for other locations by consider-
ing the company, project, and worker needs. As outlined
by Silva et al. (2008), it is planned to extend pilot studies
with the new version of the information booth for many
construction project sites within Calgary and outside of
Calgary.

e The imformation booth is a device whose success 1s de-
pendent on continuous updates based on the specific
needs of each construction site.

Conclusion

Use of information technology to overcome communica-
tion 1ssues 1s quite limited 1n the construction industry. After
a comprehensive analysis of the communication needs of the
construction industry, an IT-based communication frame-
work was proposed. One of the key components in this
framework was the information booth. The main focus of the
information booth was to transfer all the necessary informa-
tion from all the project stakeholders to the on-site opera-
tional level.

The information booth has been pilot tested n actual con-
struction settings. The impact of the information booth on
regular site operations has been observed, documented, and
analyzed. The researchers overcame many challenges to
conduct a pilot study on information technologies in con-
struction. The construction industry is known for resistance
to technological changes. However, the pilot study was a
success. The information booth has significantly increased
efficiency, productivity, and worker satisfaction. Construc-
tion productivity on the wall formwork was increased by
0.07 m?/(h worker) and 0.15 m?/(h worker) on the third and
fourth lifts of a wall, respectively. The tool time (efficiency)
was increased by 9%. As a result of increased tool time,
idle, moving, and socializing times were reduced by 4%,
3%, and 1%, respectively. Construction workers expressed
their satisfaction over the information and communication
processes and (or) standards developed with the mformation
booth (over 12% satisfaction improvement). All the con-
struction companies participating in the research project
were positive about deploying the information booth in their
future construction projects. The information booth also
pushed the foreman to better pre-plan the construction activ-
ities and to communicate work expectations, targets, and
other work related aspects clearly and visually.

The pilot study of the information booth has proven that
the careful and rational use of information technologies in
construction projects can increase productivity, efficiency,
and worker satisfaction. Successful testing of the concept of
the information booth and its applications has also led to the
development of other integrated technological solutions for
the construction industry.
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