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ABSTRACT

Alsamadani, Rayyan Mohammednour (Ph.D., Civil, Emwnental, and Architectural
Engineering)

Measuring, Modeling, and Assessing Safety Commuioican Construction Crews in the US
using Social Network Analysis

Dissertation directed by Assistant Professor MattRe Hallowell

Effective safety communication has been found asagor practice to enhance safety
performance. Open discussion from supervisors t@l&mees, immediate feedback and
corrections, and implementing a lesson-learned rarogare examples of practices that help
managers to improve on-site safety communicatioet, ¥afety communication has become
more challenging, especially for bi or multi-lindw@nstruction work crews in which Hispanic
workers account the majority of the constructiorrkf@rce in some States. Beside the language
barrier, cultural differences have also influensadety practices for Hispanic workers. This
dissertation employs social network analysis apgrda quantify and model the weaknesses and
potential points of safety communication for snvadirk crews. Additionally, it uses exploratory
interview and Photovoice techniques to study safgtgllenges for Hispanic workers. This
dissertation follows a three-journal paper formatidhe first paper is an exploratory study that
models and quantifies the five safety communicatmmues of local small construction crews; in
addition, it generates visualized networks of comitation patterns. The second paper
investigates the relationships between personabattts, communication patterns, and safety
performance of 161 participants from 14 differemirkvcrews. The third paper proposes research

to study and determine the cultural challenge &dtgeor Hispanic workers. Further, it aims to



determine theoretical and practical solutions aleusgting concerns and issues from Hispanic

workers’ perspectives.
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CHAPTER 1

INTRODUCTION



Observed Problems

A chief concern in the construction industry isesaf Although the construction industry in the
United States (US) employs 6% of all workers, tamts for more than 16% of all occupational
fatalities (Bureau of Labor Statistics 2012). Thearacteristics of the construction industry make
safety communication particularly difficult. Theselude size and complexity of the work, labor
demographics, skills and training, and the transmeture of the workforce (Loosemoet al.
2003). To address this observed problem researdtasess investigated safety communication
and found that open communication and frequentant®mn between employees and upper level
management personnel, or among employees themsateesignificant characteristics that
differentiate organizations with low accident rafesm organizations with high rates (Zohar
1980; Smith et al. 1978). For example, Smith e(1878) claimed that immediate feedback from
supervisors to employees with good safety perfonmamnd correcting unsafe behaviors increase
workplace safety performance. Other studies poiotédhat the most effective supervisors who
have the ability to discuss safety issues with waongon workers from different trades, and
provide criticism about safety behavior, issues padormance to those workers (Mattila et al.
1994; Niskanen, 1994; and Simard and Marchand, )19@dreover, clear communication has
been listed as one of the top ten management geacthat encourage safety behaviors and

performance (Bentley and Haslam, 2001; HofmannMoyeson 1999; Sawacha et al. 1999).

These prior studies have made significant contisinstto our understanding of the importance
of effective safety communication at the constauctworkplace; however, there is a dearth of
research in the area of empirical modeling of gammunication and identification of

strengths and weaknesses.



A more specific issue related to safety communocats the safety communication barriers in
multilingual work crews. Currently, Hispanic workeaccount for 23% of the construction
workforce in the US (Pew Hispanic Center 2012) dn&lpercentage of Hispanic US citizens is
expected to increase to 128 million (43%) by 20B0réau of the Census 2011). Unfortunately,
Hispanic workers are injured at significantly highates than their Caucasian counterparts. In
fact, the Center for Construction Research andningi(2013) reported that the fatality rate for
Hispanic workers is 12.4 per 100,000 workers who@-Hispanic workers’ fatality rate is 10.5.
One of the cultural factors that may contributéhte disproportionate injury rate is a barrier in

communication when more than one primary languagpoken in a crew.

Several scholars have investigated the phenomehidispanic worker safety, all of whom have

cited communication barriers as fundamental. Fangle, Jaselskis (2004) found that the
inability of Caucasian and Hispanic workers to cammate on demand is one of the main
causes of construction injuries. Additionally, Ladand Rosener (1991) found that improper
safety communication often leads to misunderstandihsafety rules and best practices and,
consequently, unintentional safety violations cottedi by Hispanic workers. Finally, Anderson

et al. (2000) noted that, because most of the nmigin safety standards and programs are
written and presented in English, Hispanic worlkaten are not capable to comprehend safety

information during training, on signs, or duringlaat presentations.

This study addresses this observed problem argl dilknowledge gap by being the first to

measure, model, and explore safety communicatitmnvnultilingual crews.



Structure and Contributions of this Dissertation

The aim of this dissertation is to present a twaageh study that investigated safety
communication in small, multilingual work crewstime US. This publication also proposes new
methods for investigating the cultural barriersgdisic workers face and impact their ability to
work safely. Theoretically, the umbrella of thisskrtation is to comprehend the dynamic of
safety communication in small work crews in the U3ws, the overall goal of the whole

dissertation is to better understand the impacthef work crew’s safety performance (e.g.

recordable injury rate RIR) and individual’s attribs on safety knowledge exchange.

The research questions and salient findings in dmsertation are presented in manuscript
format. Chapters 2 and 3 are papers that have gdished inConstruction Management and

Economicsand the Journal of Construction Engineering and Managemeespectively. These

papers contain their own abstract, introductionerditure review, research methodology,
findings, conclusion, and references. This intctddun provides a brief summary of these
manuscripts. Chapter 4 includes a research profgosalvestigate the cultural barriers that
Hispanic workers currently face using a pseudo-eghaphic approach known as Photovoice.
Figure 1 illustrates an overall structure of thissdrtation. Finally, included in this dissertation

are a glossary and guide to social network anafyrsisa complete database as appendices.
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Chapter 2 overview
Alsamadani, R., Hallowell, M.R., and Javernick-Will, A. (2013). “Measuring and
modeling safety communication in small work crewsn the US using social network

analysis.” Construction Management and Economic31(6): 568-579.

Effective safety communication is essential foriropd safety performance. To enhance safety
communication managers and supervisors must feilibopen, frequent, and clear discussion
with all individuals within an organization. Thisaper aims to model the nature of safety
communication within small project networks. Fore tfirst time, we measured the safety
communication frequency, identified the safety camioation mode (e.g., informal discussion,
toolbox talks)employed by crewmembers, and modtledcommunication patterns and trends

for each crew.

To conduct this study, we designed a survey quasdioe in both English and Spanish. In the
survey each participant was asked to: provide deapbgc information (e.g. name and position);
specify to whom they provide and from whom theyeree safety information; indicate the

frequency of communication; and identify communmatmodes used. A total of nine small

construction crews working on active constructioojgcts in Denver Metropolitan region of the
US were included in this study. The data were thealyzed using social network analysis
(SNA) modeling software called UCINET. Measuresafiety communication such as centrality,
density, and betweenness were computed and sogisgthat visually depicted communication

patterns were generated for each crew.



A cross-case comparison was made using the ordemzarecordable injury rate and a
composite safety metric known as relative safetyopmance (RSP). The results showed that
top-performing crews differentiated themselves layihg formal safety communication from
management and informal safety communication orheast a weekly basis; formal safety
training on at least a monthly basis; and progrémas involve the use of multiple modes of
safety communication from formal training to infahad-hoc conversations. The study also

revealed that safety communication is inhibited nvhrultiple languages are spoken on site.

Chapter 3 overview

Alsamadani, R., Hallowell, M.R., Javernick-Will, A., and Cabello, J. (2013). “Relationships
among language proficiency, communication patterngand safety performance in small
work crews in the US.” Journal of Construction Engineering and ManagemeraSCE,

139(9): 1125-1134.

The Center for Construction Research and Train2@T) indicates that over 40% of all U.S.
construction workers do not speak English at prafic level. To ensure optimal safety
performance, it is important to ensure every irdliil in a construction crew is involved in
safety-related communications regardless of languaoficiency. The goals of this research
study are first to determine the relationship bevepersonal attributes (e.g. language
proficiency, age, industry experience, trade expee, safety education) and position in a
dynamic safety network. Similar t8hapter2 social network analysis (SNA) was utilized to

analyze the relationship between the personabates and their centrality and betweenness in



the network. Secondly, this study aims to inveséighe role and position of bilingual workers

within multilingual work crews.

To achieve these objectives we performed intervientis 17 multilingual construction crews in
the Denver Metropolitan region of the United Sta#egotal of 161 participants (25 field-level
managers and 136 field workers) were involved. Gheedata were collected, they were coded
and imported into UCINET software that computes SNétrics and attribute-based sociograms.

The data then were aggregated and statisticallyzet

The results revealed suggestive evidence that Imglial work crews have lower safety
performance than unilingual work crews=0.10) and workers under age of 35 have a higher
degree of centrality than older workes=0.11). Furthermore, strong evidence was fount tha
indicated that bilingual workers play a criticallean the exchange of safety knowledge in
multilingual work crew pp < 0.001) and managers also play an importantirotisseminating
and exchanging safety knowledge, regardless ofulage proficiency (p<0.001). These results
highlight the strong need for bilingual workers wban serve as cultural barrier spanners. In
addition to the primary contributions, this stuagyealed the strong need for deep exploration of

the plethora of cultural barriers that Hispanic kays face in US construction crews.

Chapter 4 overview
The issue of safety for Hispanic workers is becgmmore important as the proportion of
Hispanic workers continues to increase in the USréhtly, Hispanic workers account for 23%

of the US construction workforce and 30% of Colaradnstruction workforce (Pew Hispanic



Center 2012). The percentage of Hispanic US citizerexpected to increase to 128 million by
2060 (Bureau of the Census 2011). Consequentlynuihaber of Hispanic construction workers

in construction is expected to increase proportlgnaith Hispanic workers accounting for over

25% of all workers.

The goal of this proposed project is to use Phatevto better understand the cultural barriers
facing Hispanic workers face that impact their ipito work safely. Two research phases are

proposed to achieve this goal.

Phase 1

The goal of the first phase is to identify the ¢hsaltural issues faced by Hispanic workers
through a set of exploratory interviews. An intewiprotocol has been established that starts
with bridging relationships and trust between redears and Hispanic participants. To establish
trust and confidence within the Hispanic groupsispanic student who has some construction
work experience is suggested for the research. @pdad interview questions were designed to
comply with a pseudo-ethnographic approach. Theative of these interviews is to identify the
dimensions of culture that impact Hispanic work@nstruction safety. To identify these
dimensions the interview transcripts will be contenalyzed with NVIVO. The dimensions will

then serve as prompts for the subsequent phaseh whes Photovoice.

Phase 2
Once cultural barriers are identified and discussedeep and detailed investigation will be
performed by engaging a new group of Hispanic p@adnts using Photovoice. Photovoice is a

research technique that involves asking particpantrepresent a particular community, take
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photos according to prompts related to a socialeigacing that community, and discuss the
photos as a group to obtain rich and deep infoonasibout the social issues and potential
solutions. A 7-step process suggested by Wang {188%e used to create a valid and reliable
process of collecting and analyzing the data. Teuemn alignment and high quality data, a
photography training session will also be providdaliring the photography step, each
participant will be asked to capture a maximum Dipictures and then select between 6 and 10
of the most significant. The photos will then bertratically analyzed through group interviews
using the*"SHOWeD” technique developed by Wang and Burris (1997). Qaicasignificant
pictures are analyzed a summary report will be theed as a tool for exhibition and sharing

with policy makers.
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ABSTRACT

Effective safety communication amongst all pariiesa construction project is essential for
optimal safety performance. Literature suggestsdpan safety communication across all levels
of the organization enhances safety success. Rievsiudies have found that open
communication and frequent interaction between ewygas and supervisors differentiates
construction companies that have low accident rates companies that have high rates.
Through interviews with construction crewmembersaotive construction projects in the Rocky
Mountain region of the US, the patterns of safetsnmunication were identified, modeled, and
guantified. Social Network Analysis (SNA) was wédd to obtain measures of safety
communication such as centrality, density, and betmess within small crews and to generate
sociograms that visually depicted communicationgoas within effective and ineffective safety
networks. A cross-case comparison revealed thafrédgeiency and method of communication
are important differentiators between project teamish low and high accident rates.
Specifically, top performing crews have: (1) fornsafety communication from management on
at least weekly basis; (2) informal safety commation on a weekly basis; (3) formal safety
training; and (4) use all proposed safety commumpnamethods on a monthly basis. In
addition, typical SNA metrics, including densitgntrality, and betweenness, are not significant

parameters to distinguish high from low performangws.

INTRODUCTION
Although workers in the construction industry aatiotor 8% of the US workforce, statistics
show that the industry consistently accounts f&1of work-related fatalities (Bureau of Labor

Statistics, 2011). Additionally, the National Sgf€ouncil (2001; 2002; 2003) reported over 700



15

fatal work-related injuries and over a million ings in the construction industry per year. In
2005, 55% of construction work related deaths aecliin construction establishments that

employ 20 or fewer employees (CPWR, 2007).

As a project-based industry, construction combimestiple organizations and individuals to
construct a unique project. In these project-bdseals of organizations, interdependence is
emphasized over independence (Daft and Lewin, 1988 making communication among
these teams and individuals critical. Althoughetrof construction projects in general,
communication is critically important when implenieg an effective safety program.
According to Vecchio-Sadus (2007), effective saf@iynmunication should include:

0 Clear communication and open discussion regardafgfysissues to all individuals from

different levels within one or more organizations;
o Encouraging safe behavior by providing feedbacki, an

o Implementing a lessons-learned program for safety.

To address the issue of safety communication inllswark crews, social network analysis
(SNA) was used to: (1) quantify the level of safegmmunication within small and medium-
sized construction crews, (2) model the commurocapatterns and trends within these crews;
and (3) analyze the characteristics of high and $afety performance crews with regard to
safety communication on construction worksites. SMAemployed for the first time as a
potential method to measure and analyze the conuatiom of safety information. SNA is a
relatively new research technique to the conswucgngineering and management (CEM)

domain that has recently enjoyed prolific succes€EM research to study project teams (e.g.
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Chinowsky et al. 2010, DiMarco and Taylor, 2010setaick-Will, 2011, etc.). Additionally, the

relationships between contract type, project comple and litigation concerns have been
analyzed using SNA (Pryke, 2004). SNA was emmoi@ find the unique characteristics
(Wegner, 1987) and understand collaborative workpngcesses (Son and Rojas, 2011) of

temporary project teams in large-scale construgiiofects, focusing on safety communication.

LITERATURE REVIEW
This research focuses on the communication of waférmation, including the frequency and
mode of information exchange. Thus, literatureergiewed regarding safety communication,

safety communication modes, and SNA below.

Safety communication

It has been recognized that open communicatiorfregdent interaction between employees and
supervisors and among employees distinguishes iazggaons with low incident rates from those
with high incident rates (Zohar, 1980; Smith et H0.78). For example, Smith et al. (1978)
claimed that immediate verbal feedback to employedh strong safety performance and
correction of unsafe behaviors enhances safetyoqpeance. Others showed that the most
successful supervisors tend to have open discussittnworkers from different trades about
safety issues and provide necessary advices (Mattihl. 1994; Niskanen, 1994; and Simard and
Marchand, 1994). Additionally, communication hasmésted as one of the top ten management
practices that have a direct positive impact oetyafBentley and Haslam, 2001; Hofmann and

Morgeson, 1999; Sawacha et al. 1999).
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Studies have also discussed safety communicatidhinrwvthe context of the overall safety
program. For example, Loosemore and Andonakis (R®@@7nd that organizations with in-
person safety orientations are more likely to preniehavior that prevents accidents. They also
found that high quantity and quality of safety coomcation during the project helps to
overcome language and educational barriers. Sigilatan Dyck et al. (2005), Parker et al.
(2001), and Cigularov et al. (2010) all found teabng communication about safety issues was

a critical component of total quality and error ragement.

Consistent and effective safety communication [geeked to become even more important in the
US in coming years as project teams become moersi#ivn culture and language. According to
the Occupational Safety and Health Administrati@$HA, 2008), these communication barriers
have begun to increase the proportion of citatitimat are linked to ineffective safety
communication. These expected trends make measandgnonitoring safety communication
increasingly important (Emmitt and Gorse 2003). Oamerging method of measuring
communication among project participants is Sodetiwork Analysis (SNA). This method may
be an effective strategy to rapidly and accuratebasure and model safety communication

within the various demographics of work crews.

Modes of Safety Communication

Safety communication was modeled as either formatformal. Formal safety communication
included any sharing of safety knowledge that ce¢brough channels that are pre-established
specifically for safety. Typical examples includerhal presentations from upper management,

written communication, training, and toolbox talklh contrast, informal communication
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includes ad hoc communication amongst individualwnembers. For example, informal safety
communication could occur when one worker passemnbyher crewmember and informs her of

a hazard that has been created by work in transitio

Formal communication from upper management

Upper management support for and commitment tdysé&fea vital component of a basic injury
prevention program (Jaselskis et al. 1996; Rajendtal. 2009). Such support and commitment
typically requires management to actively partitgpactively in safety activities such as toolbox
talks and site audits and to provide adequate ressufor safety staffing and prevention
activities. For example, upper-level managers msiy mdividual project sites and participate as
a team member in pre-task planning events. Managemest also send a clear verbal message
that safety is a priority, communicate expectati@m reward safe behavior (Huang and Hinze,
2006). Although previous studies have implied thahagement must provide safety information
to and receive safety information from the netwofkworkers, the volume and frequency of

such formal communications has yet to be model¢ld @mnpirical and objective data.

Formal written communication

Written safety programs are an approach for ingialluation, analysis, and control of workplace
safety. These programs include policies and praesdilhat are known to maintain safe working
environment. The ultimate benefit of this prograsrnthat it serves as a constant reference for
workers and managers (New Hampshire Departmentabbit, 2010). Other forms of written

safety communication may include memos, emailstgpesand signs (Hallowell, 2011).
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Formal safety training

Safety training refers to scheduled instructiont tfailitates the development of safe work
practices, technical skills, and knowledge of safaitocol. Safety training can also refer to
knowledge and skills that construction workers neeaffectively respond to hazards (Hale,
1984). Training can be delivered through classranstruction, video, online modules, and
hands-on simulations (U.S Department of Labor, 208 study by Sawacha et al999
confirms the safety training is vital because dreases safety awareness and reaction. Training
may be provided to the crew by an internal membethe organization or outsourced to an
external consultant (Hallowell, 2011) and is comstdl by Rajendran et al. (2007) to be the

foundation of an effective safety culture.

Formal toolbox talks

Toolbox talks are regular safety meetings thatyseally performed on site immediately before
the work takes place (Huang and Hinze, 2006). Tdrgent, frequency, and structure of these
meetings vary greatly among organizations. Somearekers suggest that these meetings should
take place before each new work task and shouldktated by formal and documented job
safety analyses (Boud et al. 2009). Based on thdtseof previous research (e.g., Jaselskis et al.
1996 and Hurst et al. 1996), these discussionsegpected to be an important element that

contributes to the successful development of agcttife safety network.

Informal communication among workers
Approximately 70% of organizational communicatiainformal (De Mare, 1989). Informal

communication typically takes the form of ad hooneersations and announcements based on
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the current exposures on worksites that may bentirged alarming. Surprisingly, informal

safety communication within crews has yet to beistl

Social Network Analysis

Social Network Analysis (SNA) was first developeg bacob Moreno to study the social
interactions of groups. Moreno (1960 pg 17) defi®dtA as, “A quantitative analytic tool used
to study the exchange of resources among diffegemtips.” Alternatively, it is defined by
Haythornthwaite (1996 pg 323) as “An approach aatl f techniques used to study the
exchange of resources among actors.” Regardlegdsfioiition, the main benefit of SNA is that
it is an analytical tool that allows a researcloeidentify patterns of social relations among many
actors with visual models and objective metricst thae grounded in scientific theory
(Wasserman and Faust 1994). SNA also facilitatesattalysis of the structure of communication
patterns that typically are latent in other obstoveal research techniques. In the past decade,
SNA has been used as research method within thal soa behavioral sciences to model the

relationships among different actors within onerare organizations (Hawe and Ghali, 2008).

At a minimum, social network data consists of axtand relationships (or links) among actors.
Additional data can be collected on attributes,cbaracteristics of each actor, as well as
additional insight into their relationship, for emple, the frequency of communication or mode
of knowledge exchange. In order to analyze a so@ddork it's essential to plot a diagram that
depicts the proximal relationships among actors §8#aman and Faust, 1994). These
‘sociograms’ model nodes as actors (e.g., crew neeshitand the links between actors as the

relationship of interest (e.g., communication abioyiry prevention). Accurate and meaningful
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network visualization depends on the underlying heatatical analysis and methods

implemented to gather input data. Once valid ahdbie input data are obtained and appropriate
and accurate mathematical models are designed, &wAproduce several metrics that may
serve as leading indicators of network performance.

SNA is an accepted analytical technique that has sedespread use. For example, SNA was
used in supply chain management (Silva et al. 20@8jorist networks (Ressler 2006), and
tracking the spread of AIDS (Morris 1993). In constion, SNA models have been used to
identify strengths and weaknesses within and anpwogects teams (e.g., Taylor and Bernstein
2009; Comu et al 2010) and organizations to impnonggect performance (e.g., Chinowsky et

al. 2008). SNA metrics will be reviewed briefly belofwor a detailed overview of SNA metrics,

the reader is encouraged to review Freeman (1997).

Network density

Density is a measurement that indicates the rdtithe actual links or relationships available
between the network actors to the maximum possibiaber links that the network could have
(Borgatti and Everett, 2006). The higher is thesitgnvalue, the more likely that actors are
connected to each other (see Equation 1). Conmsctice defined by information or knowledge
exchange that occur through formal correspondeneel doc communication that is established

to solve problems.

A= [
9G-D Equation 1
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WhereA is the network densitylL] is the number of existing connections (relatigpshin the network, ang is the

total number of actors.

Actor Centrality

Centrality can be measured for each individual raotofor the network as a whole. Given the
context of safety communication, where it is impatt that each crewmember have
communication channels to receive or provide infation pertaining to safety, our research
focused on the centrality of individual actors. Tibeel of centrality of an actor measures the
total number of direct relationships that any acdtothe network has with other actors in the
network (Freeman, 1977). Equation 2 is used to etenfhe standardized degree of centrality for

a particular individual.

Cp (actor x) :(—CDW Equation 2

Where G, (actor X) is the total number of relationship this actor x has (in or out), ang-1) is the maximum

possible number of relationship that actor x carehavhereg is the total number of network actors.

Betweenness

Betweenness measures the total humber of occusemben a specific actor is required to
connect two disparate actors in a network (Freem@@/). An actor with a high degree of
betweenness is sometimes referred to as a ‘gatekesfpinformation. These individuals may

impede information flow or greatly disrupt the netwif they are removed.
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These metrics represent the heart of the hypotiletanstructs when modeling communication
patterns. We use SNA as a tool to study the safatynunication patterns among actors in small
building construction crews with the goal of detemmg if the SNA metrics and patterns

observed may be used as leading indicators ofyspéformance.

RESEARCH METHODS

To determine safety communication patterns amorgstvmembers, the research team
administered questionnaires to nine crews on attiveling construction projects in the Denver
Metropolitan area of the US. Before surveys wereniacstered, the team discussed the
objectives of the study and the research protocdh whe safety manager or project
superintendent. Once this introduction was complidte survey was administered to a small
crew on the project. To avoid bias, the researemténsisted on administering the surveys
directly to the worker rather than allowing thevays to be distributed and described by the
project leadership. Additionally, to ensure that trew members understood the survey, both
Spanish and English versions of the questionnaies wlesigned and the survey orientation was
provided in both English and Spanish by bilinguedeaarchers. This direct communication from
the research team to the workers also allowed ékearch team to provide detailed directions
and answer questions. In addition, because theandseaimed to determine safety
communication patterns of a crew, it was of utmiogportance thaeveryoneon the crew
participated in the study. As a result, surveysensedministered and analyzed for a complete
network, or a stable crew. If even one individuakhe crew declined to participate or was not

present, the results were not analyzed.
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For the purpose of our study, a crew includedialtflevel employees and field-level managers
who (1) work for the same employer in the same ghy$ocation; (2) have worked together for
at least half of the project duration; (3) are datkd to the same project; and (4) participate in a
collaborative work environment. Thus, upper-levamagers who may visit the site occasionally
or short-service employees are not included. Thetdtions associated with these boundary

conditions are discussed in the conclusions.

Several constraints were placed on the selectiocasé crews to ensure internal and external
validity of the results. Only stable crews that een working together as one unit on a project
that was at least 50 percent complete were inclufleid constraint prevented the analysis of ad
hoc or transient crews that the team did not intendtudy. Additionally, the crew size was
limited to 5 to 12 members, including field-levelamagers. This constraint was imposed to
prevent variations that exist when networks of idiflar sizes are analyzed and compared. By
constraining the size of the networks, a cross-cam@mparison of network patterns and
calculations was more meaningful.. Table 1 showsstilient demographics of the participating
crews. Because this effort was largely exploratogy, the first known application of SNA to the
safety domain), the research team conducted tleviatvs in an iterative process as new
information was received and challenges were razedn Fortunately, the project participants
agreed to provide data during follow-up interviewsis iterative process was important for
preserving internal validity; for example, the rasd team returned to determine the frequency

of use of each mode identified to communicate gdfiebwledge.
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The English version of the questionnaire admingtelo crewmembers is shown in Figure 1.
The respondents were asked to provide demograpiiccmation such as their name and
position. These attributes were linked to nodesr(dviduals) in the network. Each individual's
name was redacted and replaced with pseudonymsotecp the worker’s identities. . In the
second component of the survey respondents wesd askrecord with whom thepgrovided
safety information and the average frequency of roamcation using each of the five
communication modes, namely formal communicationthwimanagement, written
communication, training, informal discussions andllhox talks. The third component of the
survey was identical to the second except the repus were asked to indicate whom they
receivedsafety information from and the average frequesicthis communication for each of

the five communication modes.

Although the questionnaire was administered toraptete network, we used an egocentric data
collection approach where each individual was askadentify with whom they communicated

safety information versus responding to a survey-gmpulated with crewmembers names.
Because the crew size was small and every memlesaabf crew participated, the resulting data
included all members. This is important becausengagtata from a complete crew enhances the

internal validity of the analyses.
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Your Namd:
Your Position: Company:
To whom on your crew do you PROVIDE zafety information to, how often do you
communicate, and through which means?
n B §382% Frequency of Most common mode(s) of
Hame oL Indisicua’y wio yon {:Dmfllmnicit[ﬂn cnmmun[cation( }
PROVIDE safety information to ; ; 4
{check boxes) {check all boxes that apply)
o)
p = = .
":E = = é 2 = 2 =) = E’;
sl xS |"BE|E8|&T2 |28
o EB8l¥|=|sy|EEC|2E|E|EE B|BE
First Name LastName | = |z|s|o| 23| Ea3g|F 3|58 3| 2|% 3
glilz|B|2  |2EE|ZE|E|52 5|85
e f o =
1k | 5  ft g Sl 2|5
E = =
Participant 1 * X | %
Participant 2 E b ® =
Participant 3 = ®
Participant 4 ® | = x | x

Figure 1. English version of the SNA questionnaire

The data were coded and sorted using MS Excelagatttvas compatible with the most standard
SNA modeling software: UCINET. This software systenmputes the aforementioned SNA
metrics, which are nearly impossible to calculagenbnd or through MS Excel functions once
project networks exceed 4 members. When codindgrédmriency of safety communication, the
following scheme was used: 1= once a month; 2=dekly; 3= weekly; 4= once a day; and 5=

more than once a day.

Once all data were coded and entered into UCINHEE, software system produced the

aforementioned metrics and sociograms. We plotherl dociograms using NetDraw within
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UCINET for each crew based upon metrics collectBaese data can be filtered to report,
visualize and analyze singular or combined metfos.example, direction, frequency and mode
of exchange can be analyzed individually or in coration (e.g. the receipt of safety

information on a weekly basis or written safety coamication that occurs on a weekly basis).

Composite measure of safety performance

One of the goals was to correlate SNA metrics ameclogram characteristics with lagging
indicators of safety performance. Typically, safpgrformance is measured using a company’s
OSHA recordable injury rate (RIR) or experience fficdtion rate (EMR) (Jaselskis et al.
1997). According to the Occupational Safety and [tHeAdministration (2004), RIR is the
number of recordable injuries and illnesses occuoeer certain period of time (usually one
year). This metric is usually used to compare amystruction company’s safety performance
against the national or state averages. Unfortbnad@ RIR is rarely recorded for a specific
work crew. Additionally, the actual safety perfornca may be related not only to the
organization’s RIR but also to the relative perfanmoe of the specific crew within the company
as a whole. Consequently, a composite safety mefrscused to compare the safety performance
of the case crews. Although different trades waotuded in the case studies, and the variability
in work performed may inherently lead to differenca RIR, the Center for Construction
Research and Training (2008) has reported veryistems$ injury rates for the selected trades

over the past decade.

Following the survey administration the researdmteequested that an upper-level manager

who is in a position to directly oversee a largepartion of the organization’s work crews (e.qg.,
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safety manager or program manager) provide thenagion’s RIR for the past calendar year
and a rating of the target crew’'s relative safegffgrmance within the organization (i.e.,
percentile rating). The composite safety score thiaa calculated by multiplying the inverse of
the RIR by the percentile rating. The data werenthermalized by computing a relative
performance metric by dividing each composite gafeetric by the maximum metric achieved
(‘percent of maximum’ rating). The score of 1.0responds to the highest performing crew in
the study and all other metrics are measured dagé#mes performance of this crew. These

computations can be achieved using Equations 3land

safety performance percentile

Crew safety performance Equation 3

recordable injury rate (RIR)

crew safety performance

Percent of maximum the highest safety per formance among the 8 crews

Equation 4

Once the necessary safety performance data wdeeteal and analyzed, the crews were sorted
by relative performance to identify the relativers of performance as shown in Table 1. Three
clear tiers emerged based on their percent of maxisafety performance: top three performers
and three bottom performers are the two selectedpgrin analyzing the data; the third (or the
middle) performers were analyzed but not compared.

Table 1. Relative safety performance summary (higho low)

Crew Percentile Safety Percent of Maximum
Crew | Trade . RIR :
size rating performance Performance

5 Drywall 10 2.8 85% 0.304 1.000
9 Carpentry 5 3.9 90% 0.231 0.760
6 General 12 4.1 90% 0.220 0.723
7 Drywall 5 4.4 95% 0.216 0.711
2 Glazing 7 5.4 90% 0.167 0.549
3 HVAC 5 6.8 95% 0.140 0.460

4 HVAC 7 6.8 95% 0.140 0.460

8 Carpentry 6 5.4 75% 0.139 0.458
1 Electrical 5 12.1 100% 0.083 0.272
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DATA ANALYSIS AND DISCUSSION

The results revealed interesting trends. On a nlaeed, toolbox talks were found to be the most
commonly used and most frequently used communitatiode. In fact, all nine crews used this

communication mode on at least a weekly basis.rédtévely, only three of the nine crews had

any form of written safety communication. After etailed analysis of the data was conducted,
several important trends were observed. Thesenfysdare described below along with their
supporting data. One may note that, because tlais exploratory study, the findings below can

be used as propositions for future studies.

Finding 1: Top performing crews receive formal safey communication from management
on at least a weekly basiBBased on the network density values, the three<reith the highest
relative safety performance have formal safety camoation from management at least weekly
while the bottom three performers have very litte no formal management safety
communication between workers and managers. Tabighfights these data.

Table 2. Formal communication network density (weely)

Crew Network Density
o 2 5 11%
oo 6 14%
O 9 10%
g 2 8 5%
£0 3 0
m © 1 5%

Figure 2A shows the sociogram for the crew with titye relative safety performance (Crew 5)
and Figure 2B provides the sociogram for the creth the lowest safety performance (Crew 1).
These sociograms depict the number and patterromriections that exist for management

providing safety information to workers in the netw at least weekly. As one can see, the top
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performing network contained many connections itk actor J, the upper-level manager and
the lowest performing network included only one cammication link between management,

actor B, and the workforce on a weekly basis.

The letters (A, B... etc) refer to the actor name in
the network. A “node” represented each actc @ (A)
. The line with arrow refers to the communication
link “relationship”.

Crew 1 B

(B)
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Figure 2. Selected weekly formal safety communicath sociograms
These data show that the interactions between worked managers may be important

influencing factors for safety performance. Thisding supports previous research findings that
open and frequent communication between supendsdr employees differentiates the high

from the low safety performance crews (Zohar, 138jth et al., 1978; Cigularov et al., 2010).

Finding 2: Top performing crews have informal weeky safety communication on at least a
weekly basis.Workers within high performing crews tend to shaagety information in an ad
hoc basis on a weekly basis. As shown in Table 8 Figure 3, the greater number of crew
members that are connected through informal saf@tymunication on a weekly basis, the better
the relative safety performance.

Table 3. Informal weekly safety communication netwik density

Crew Network Density

o 2 5 80%
8§35 6 23%
= =

© 9 30%
E o 8 0
£33 0
m © 1 15%

In crew 1, the foreman, actor A, is the only indiv@l who shares safety information informally
on a weekly basis; conversely, the links in crear&numerous and seemingly independent from
the crew members’ positions. This finding is alsedretically supported from previous research
that found that cohesive networks tend to haveeshattitudes and behaviors, which enhance
performance (Seashore, 1954; Wyer, 1966). Additipndarough strong and frequent informal
connections crews have increased capacity to mapagmntial errors before they lead to an

incident (Van Dyck et al. 2005).



The letters (A, B... etc) refer to the actor name in
the network. A “node” represented each actc ®

. The line with arrow refers to the communication
link “relationship”.

Crew 1

b D
(B)

Figure 3. Informal weekly safety communication socgrams selected crews
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Finding 3: High performing crews provide and receiwe formal safety training on at least a
monthly basis. The results indicate that training is an essemt@hmunication mode for high
performing crews and tend to occur on at least athtp basis. In high performing safety
networks, supervisors were responsible for progdmonthly or weekly safety training for their
workers. Figure 4 depicts the two top performingws. These crews have management-led
safety training that enhances the density of tHetaommunication network drastically. In
comparison, low performing crews had no connectiam®ng members when the data were
dichotomized for monthly communication. As a résthle sociograms for low performing crews
are not shown (see table 4 for crew metrics). Alscated in past research, regular training is an
essential component to strong safety performandesafety awareness (Rajendran et al. 2009;

Shimmin et al. 1980; Sawacha et al. 1999).

The letters (A, B... etc) refer to the actor name in
the network. A “node” represented each actc'®

. The line with arrow refers to the communication
link “relationship”.

E

Crew 5

(A)
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(B)

Figure 4. Safety training communication sociogramsan high performing crews on a
monthly basis

Table 4. Network density degrees for safety trainig on a monthly basis for high and low
performing crews

Crew | Network Density

o 2 5 20%
o o 6 16%
'_ S

© 9 20%
S 2 8 0%
28 3 0%
m © 1 0%

Finding 4: High performing crews use the all proposd safety communication modes
studied. Interestingly, one of the factors that distindgpgd high performing from low performing
crews was the variety of communication modes ussghrdless of their frequency. As shown in
Table 5, the three top performing firms used athownication modes while the low performing

crews used only a portion of the modes. This figds supported by March and Simon (1958)
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who showed that the general communication struafieesuccessful organization must includes
both formal and informal modes.

Table 5. Safety communication modes used by high dmow performing crew

Formal Written Informal Toolbox

Crew communication | communication Training discussion talk

o 2 5 X X X X X
oo 6 X X X X X
O 9 X X X X X
g 2 8 0 0 0 X X
£0 3 0 X X 0 X
o O 1 X 0 X X X

Finding 5: The general SNA metrics other than densy were not significant measures that
distinguish the high from the low performing crews.Although one of the research teams’
initial hypotheses was that the typical SNA met(eg., betweeness) would correlate with the
relative safety performance metrics on a macrosbagien all communication modes were
considered, these correlations were not supporethd data as shown in Table 6. Instead, the
findings showed that only density was significanthe analyses. Effective networks were found
to have a high degree of density for the training amanagement communication modes but
diffuse networks were shown to be more effectiveifdormal communication. These results
extend existing findings that effective communicatiof knowledge is contingent on many
factors, including type of knowledge exchanged dhe mode or method of knowledge
exchanged (Javernick-Will and Levitt 2010). Spesaifiiy, it adds to existing literature that has
shown that the frequency of exchange, in combinatigth the mode, is vital for effective
communication. The common finding for safety netwgorhowever, is that a variety of
communication modes must be used where all a [ang@ortion of crew members participate in

the safety information exchange to achieve excefiafety performance.

Table 6. SNA metrics for high and low performing cews
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Provide information Receive information

Crew Network Density Network Density

% 5 90.00% 90.00%
o 6 20.00% 35.00%
2 9 18.89% 22.22%
g g 8 16.67% 6.67%
§ 8 3 5.00% 20.00%
1 40.00% 60.00%

LIMITATIONS

Although the data support several new conclusiting, study is limited in its external and
internal validity in several ways. First, the scaganference is statistically limited to the State
of Colorado in the US because all participatingusr&orked and resided in this region. Second,
all crews were actively working on building constion projects. Therefore, the results only
extend theoretically to infrastructure and othemstaouction projects. Third, although nine crews
is a sufficient size for case study research amdork& analyses, the results were only analyzed
gualitatively. Statistical analyses would requirmach larger sample. Fourth, the risks that each
participating crew could be exposed to were notsiered. A future research study is
recommended to explore how variable risks affe@@tgacommunication behaviors. Fifth, the
size of the crews was limited to 5 to 12 membehais] the results only theoretically extend to
small crews within this size range. Sixth, all warkws were stable and short-service employees
were not included so the results do not applydadient work crews. Finally, only hierarchical
position was collected as demographic information €ach crewmember. Despite these
limitations, the findings of this study confirm passearch and provide compelling qualitative
evidence that the patterns of safety communicationsarious modes are predictive indicators

of safety performance.
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CONCLUSIONS AND RECOMMENDATIONS

Past research has revealed that safety commumadatiearious modes is important to achieve
safety success in large construction companies. edexy the frequency and structure of
effective safety communication within each mode wanithin small project teams has yet to be
investigated. To address this gap in knowledge, S8 used to model and measure safety
communication within small crews in nine constrantfirms in the Denver Metropolitan region
of the US. The results indicate that the charasties of requisite safety communication for
small firms are consistent with previous studiedanfie firms but that the actual patterns of
effective information exchange are dependent on dbemunication mode. Thus, safety

communication appears to be a much more compler it&n discussed previously.

We recommend future research that explores this togreater detail and confirms the findings
presented with a large dataset and statisticals.teddditionally, given the changing
demographics of the US workforce, future work coattend to the importance of personal
attributes on network communication structure aadnftion. Specifically, the influence of
language is likely to influence frequency and mafesafety communication for effective
performance. Employing Qualitative Comparative Amsa (QCA) to determine the
combinatorial pathways, along with necessary affiicgnt causal conditions, that lead to safety
performance could be studied to determine if midtgmmbinations of frequency and mode lead
to differing outcomes (for instance, monthly exaparof safety communication using formal
mode AND weekly exchange of safety communicationgigyformal modes). Finally, research
into inter-organizational safety communication,tigaifarly among crews representing different

employers, is suggested to model the dynamic nafiurenstruction projects.



38

It is expected that advanced knowledge of safetyirsanication networks could have the

potential to transform the structure of safety pangs. Additionally, the use of SNA metrics may

serve as a very efficient leading indicator of safgerformance that can be quickly measured
and modeled as a project commences. Such data beuldsed to evaluate actual network
patterns and compare against ideal networks totifgeronnections that should be bolstered.
Based on the observations in this study, SNA cteldh very fruitful research technique in the
safety domain because so many safety managemeesisse related to social interactions and

teamwork.
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CHAPTER 3

RELATIONSHIPS AMONG LANGUAGE PROFICIENCY, COMMUNICA TION

PATTERNS, AND SAFETY PERFORMANCE IN SMALL WORK CREW S IN THE US



a7

ABSTRACT

The construction industry employs approximately 6#@all US workers but accounts for over
16% of all occupational fatalities. Recent statsindicate that over 40% of all US construction
laborers cannot speak English at a proficient lebelensure strong safety performance it is vital
to includeeveryindividual in a construction crew in safety-relate@mmunications, regardless
of language proficiency. Considering that most tyaf@mmunication is delivered in English, it
is not surprising that Spanish-speaking constractiworkers are fatally injured at a
disproportionate rate. To conduct the first exgiora of the characteristics of strong, multi-
lingual safety networks in the Denver Metropolitaagion of the US, a multi-lingual research
team conducted interviews with the members of &mnt construction crews. Demographic
attribute data for each individual (e.g., langupg#ficiency, years of experience, position in the
company, etc.) and network data were collectedhtdyae the safety communication network for
each crew. The units of analysis included the iidial actors in the network and the networks
as a whole. The exploratory results contribute e body of knowledge by revealing that
unilingual work crews have safety performance thd&1% better than multilingual work crews
(p-value = 0.10); bilingual workers play a more tcahrole than unilingual workers when more
than one language is spoken (p-value < 0.001); everless than 35 years of age have a higher
degree of centrality than do workers who are olttem 35 years old (p-value 0.11); and
managers play an important role in the exchangedéhusion of safety knowledge regardless of
language proficiency (p-value < 0.001). Most impatly, SNA metrics show that these
language boundary spanners often form the corengfaork that connects disparate groups of
individuals. On the other hand, crews with reldiimgeak safety performance tend to have clear

and disparate sub-networks distinguished by languagd high rates of turnover. Such
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characteristics are of concern because individatdra are not able to effectively warn one

another of uncontrolled hazardous exposures or woitansition.

INTRODUCTION

Although the construction industry in the Uniteat8s (US) accounts for 6% of all workers, it
accounts for more than 16% of all occupationallitéda (Bureau of Labor Statistics, 2011).
Within this disproportionately dangerous industriyspanic workers are injured at significantly
higher rates. In fact, the Center for ConstructResearch and Training (2007) reported that in
2005 the fatality rate for Hispanic workers was4l@er 100,000 workers while non-Hispanic
workers’ fatality rate was 10.5. To add to thessués, the proportion of Hispanic workers
continues to increase in the US. Hispanic workewoant for 23% of construction workers in
the US and 30% of construction workers in the stht€olorado (Pew Hispanic Center 2012).
One of the factors that may contribute to the dipprtionate injury rate for Hispanic workers is
a barrier in communication when Hispanic workers #re minority on a worksite or within a
crew. Of these workers, 42% reported that they alospeak English even at a proficient level
(the Center for Construction Research and Train2@)7). As the proportion of Spanish-
speaking workers continues to increase in the UfStoaction industry, attention should be paid
to the impacts of language barriers on safety-edl&howledge exchange. Other factors that may
contribute to this phenomenon include the type ofkwthat Hispanic workers are required to

perform, risk tolerance, and elements of culture.

The issue of multilingual worker crews is not coefil to the US. For example, in Germany
foreign construction workers were four times makely to be killed by falling objects than their

German counterparts (Arndt et al., 2004). Finailhy,Portugal the fatality rate for foreigner
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construction workers was 4% higher for non-Portsgueorkers (EWCO 2011). The authors of
this paper believe that a potential explanatiortliese disproportionate injury rates is the lack of
safety-related knowledge exchange among workers speak different languages and the fact
that safety training and signage is typically odsfivered in the project host country’s primary

language.

Construction typically involves multiple organizats and cultures working together in the same
workplace. Cultural and linguistic diversity canvbaa negative impact on the initial
multicultural project networks performance, bulbdts a benefit on long-run performance (Comu
et al., 2011) The ability to communicate effeely among individuals with cultural diversity is
challenging, especially when attempting to effegfnimplement a safety program. According to
Vecchio-Sadus (2007), to improve safety commurocatiuring the implementation of safety

activities managers should:

0o Ensure open and clear discussion with all indivisifeom different levels regarding
safety in all languages represented,;

o Communicate in the primary language that is spakémn the crew;

o Simply and clearly describe goals and rules of \ptage safety;

o Provide immediate verbal feedback that reinforede behavior; and

o Implement an accessible lessons-learned prograsafety.
Each of these suggested strategies is linked toriegsadequate safety knowledge exchange
during planning and execution. In order to faciétaptimum knowledge exchange across crews,
it is important to understand the impacts that qeat attributes such as language proficiency,

age, and experience have on the position of anighehl within a network.
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To study the relationship between personal atteouand network position we used social
network analyses of small work crews in ColoradaisTresearch conducted exploratory analysis
of the relationship between an individual workeyé&sonal attributes (language proficiency, age,
industry experience, trade experience, tenure thiéhcompany, and safety training) and their
centrality and betweeness in the network. The rebeaso investigated the role and position of
bilingual workers within multilingual crews. As Wwibe discussed, previous literature has focused
on the communication patterns that differentiate slafety performance of comparable work
crews (Alsamadani et al. in press). We depart feora contribute to the body of knowledge by
investigating the role of personal attributes otwoeek dynamics and the relationship between
network dynamics and safety performance. Furthercentribute to the area of social network
analysis for organizations by conducting an in-sttribute-based analysis of small project-

based networks and linking this to safety perforoean

LITERATURE REVIEW

Social network analysis (SNA) is used as the pryntiata collection and analysis method for
this study accompanied by statistical analysed\# Setrics and attribute data. The theoretical

underpinnings are the research in safety commuaicand project-based network research.

Safety communication

Researchers have found that open communication gmamployees and field-level supervisors
is the cornerstone of an effective safety programi differentiates organizations with strong
safety performance from those with weak performg@odar, 1980; Smith et al. 1978). In fact,
safety communication between managers and empldyeeseen found to be one of the top five

favorable safety management practices in a largebeu of independent research studies (e.qg.,
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Bentley and Haslam, 2001; Hofmann and Morgeson919@wacha et al. 1999). Specifically,
Smith et al. (1978) showed that supervisors caramcdn safety performance by providing
consistent verbal feedback with particular attemtan positive feedback for safe behavior.
Further, Mattila et al. (1994), Niskanen (1994)d &@imard and Marchand (1994) claimed that
safety leaders must actively participate duringetsafplanning meetings by communicating
known hazards and organizational priorities in ortie achieve worker buy-in. Finally, Van
Dyck et al. (2005), Parker et al. (2001), and CagoV et al. (2010) all found that immediate
safety communication during accident investigatiamsl error management enhanced safety

performance.

Safety communication can be divided into two catiego formal and informal. Formal safety
communication includes communication among workamsl managers in scheduled safety
meetings such as toolbox talks, safety committeetimgs, and safety orientations and written
safety communication such as safety signage, mysarails, and memos (Jaselskis et al. 1996;
Rajendran et al. 2009; Hallowell 2011). Alternalyyenformal safety communication includes
all ad hoc safety conversation that is held dunm@nning or at the workface that is not

facilitated by a regular scheduled meeting (SchE965).

Network Analysis

SNA has recently been used to investigate knowledgbange within and among project-based
organizations in the Architecture, Engineering, &whstruction (AEC) industry (Loosemore,
1998). Specifically, recent researchers have udddl 16 assess construction team performance
(Chinowsky, 2008); knowledge exchange among andinvitonstruction firms (Morton et al.

2006; Katsanis, 2006; Javernick-Will, 2011); and telationships between individuals’ roles,
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procurement strategies, and team performance (PA&@4). Recently SNA was used for the
first time at the crew level to assess the relatiqps between network dynamics and safety

performance of crews on a jobsite (Alsamadani.etrapress).
When collecting data for SNA, there are two appheac

1.Egocentric Networks: where the researcher as&ls aetor to indicate with whom they
communicate. In this type of research each indafida the crew is an actor. This
approach is useful when the boundary of the netusoniot identified or the network size
is large (Haythornthwaite 1996). This strategyy@dally employed when studying large
or ill-defined networks.
2.Complete Networks: where the researcher provedess member of the network with a
list of all others in the network and asks thenmngticate with whom they communicate.
This requirement places limits on the size of tbpydation and the number of ties. The
number of possible ties is equal to the size ofpypulation “n” times “n-1". This data
collection method is feasible when the networknek or when all members have been
identified prior to data collection.
Within any network study, metrics can be obtainedha network level and individual levels.
SNA metrics of interest for this study included wetk density, actor centrality, and actor
betweenness. In this study, each individual incleev was an actor and the crew represented a
network. Network density is the ratio of the tataimber of connections existing in a network to
the total number of possible connections (Borgaitli Everett, 2006) and actor centrality is the
ratio of the total number of actual relationshipttian individual has with the total number of
possible relationships (Freeman, 1977). Individuaish high centrality typically control

knowledge exchange in a network. Actor betweeneswever, is a measure of the degree to
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which an actor serves as a bridge between otherwitte disconnected actors (Freeman, 1977).
An individual with high betweenness can also bemrefl to as a “goalkeeper.” Because SNA is
a relatively mature research method, the writefisr rdhe reader to Freeman (1977), a resource

that provides a strong background in basic SNA icgtdefinitions, and equations.

Cultural boundary spanners

With a growing proportion of Spanish and other orglish speaker construction workers in the
United States, cultural differences and languageridsa may create boundary splitting
conditions that result in fragmented work teamsaf@on and Hinds 2005). These boundaries
may pose challenges that hinder project perform#ébeeina and Vaast, 2008; Ozorhon et al.,
2008; Nayak and Taylor 2009; Chen et al., 2009)disussed by Cross and Prusak (2002) and
Levina and Vaast (2005), individuals who possessmaerstand the characteristics of multiple
cultures may be able to integrate these otherwseachte groups. Such individuals are known

as cultural boundary spanners.

According to Cross and Parker (2004), to overcomeevieaknesses in fragmented networks an
organization should identify and designate cultiralrier spanners. Some suggest that middle
managers should fill these roles because of therafchical position and social capital (Levina
and Vaast, 2005) although subsequent researchdbahown clear evidence middle managers
are effective boundary spanners (Lu, 2006). Theomapce of cultural barrier spanners has been
discussed theoretically but past research has gedviimited empirical evidence that supports
their position as critical members of a networkwdweer, in a recent experiment, Di Marco et al.
(2010) successfully used SNA to show how emergialjual barrier spanners effectively

resolve conflict in cross-cultural engineering pidg. Because of this research, we hypothesize
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that bilingual workers may serve as cultural bargpanners who link clusters of unilingual

workers in small crews.

Structural Holes

There are many features within networks that cbuate to their success or failure. A network
feature commonly observed in fragmented networks s$ructural hole, which is defined as a
non-redundant relationship between two individu@sart, 1995). Such a feature is important
because, once a tie between these two individsddsoken, a hole in the network forms and acts
as an insulator that significantly decreases nétwaensity and can result in disconnected
clusters. To reduce the potential impacts of stmattholes it is important to have frequent
communication among emotionally close non-redundadividuals (Marsden and Hurlbert,

1988) or redundant connections outside of the pynmetwork (Geletkanycz and Hambrick,

1997). The reduction of structural holes in projestworks has been tied to enhanced
organizational performance (Baum et al., 20003hiduld be noted that the term structural hole
refers to gotentialdeficiency if an actor were to be removed; itas im reference to an existing

feature of the network.

Safety and social network analysis

Only two studies in the safety domain have used SttAdata collection and analysis. First,

Fang et al. (2010) studied safety knowledge excham@hina and found that less educated and
trained workers are more likely to re-direct alfety related questions to the their supervisors.
Second, Alsamadani et al. (in press) studied s&imbyledge exchange among workers in small

work crews and identified that dense crews witlgdient informal and formal communication
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have stronger safety performance. The use of SNAmsnalytical technique represents an

opportunity for the safety research community t@suee and model safety communication.

CONTRIBUTION TO THE BODY OF KNOWLEDGE AND POINT OF DEPARTURE

This study departs from the current body of safaipwledge by objectively measuring and
modeling safety communication patterns using SNA awaluating the potential relationships
between individual attributes and network positiBast research has focused on the safety roles
of various functions within a construction compamnyt no study has attempted to model the
safety communication patterns at the crew leveid@hgactivecrews that are mainly composed
of field-level workers and managers also adds ® deneral knowledge base of network

modeling and cultural barrier spanners.

RESEARCH METHODS

This research collected and analyzed SNA data frérorews, each with less than 40 workers, in
the Denver Metro Region of the United States. Bipjgroach was used because the team was not
able to obtain the names of all crewmembers podhé SNA questionnaire development as data

were collected during a one-day visit to each mtogee.

SNA data collection protocol

The research team collected data originally froncrEivs during one-day visits to each project
site. Each crew was employed by a different ogtion. These organizations represent a
convenience sample as the research team used plsonal contacts to identify project

managers and owner representatives on local bgildonstruction projects. These project
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leaders identified five project sites to collectadtom these 17 crews. Data were collected from

the crews that were present on the day of thevsie

Every site visit followed the same protocol. Befapeestionnaires were administered to the
crewmembers, the research team met with the supedent or, on larger projects, the safety
manager to introduce the objectives of the study @iscuss the protection of human subjects’
information. Once these introductions were completiee survey was administered to the crew.
To ensure internal validity, we administered theveys directly to the workers. A bilingual

research team was vital to the validity of the gtudt enabled the creation of both Spanish and
English versions of the questionnaire and enablegl tesearch team to provide verbal
orientations to the survey in both English and $awas given to ensure that all crew members

understood the survey.

The research team was not able to obtain the nafmas crew members prior to the site visits
where the SNA questionnaires were administereda Aesult, each crew member was asked to
specify the names of other crew members with whosy £xchange knowledge. This approach
is useful when the boundary of the network is rdentified or the network size is large
(Haythornthwaite 1996). Data were collected usingegocentric approach because, at the time
that the survey was administered, the boundaridheohetwork could not be identified. This
self-identification is a typical characteristic ah ego-centric network approach. However, a
complete network of crewmembers was identified fribia complete list of responses, which

was validated with the crew leader on the day efittterview. Thus, we were able to identify
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the complete crew, or network. To ensure validggyticularly with our small crew/network

sizes, the authors analyzed complete networks whamg/ crew member completed the survey.

On the day of the site visit, the research teamaiobtl the crew size and validated the members
of each crew. Because the research team wanteoutad the crew and determine the number
of existing connections in comparison to the nunddgrossible connections (where the number
of possible connections is equal to the size ofdteav, “n”, times “n-1"), analysis was only
conducted for complete networks whereery crew member completed the survey. A total of
three crews were dismissed from the study becaliggcomplete networks. Because this is a
relatively small proportion of the overall targetngple, we favored enhancement of internal

validity to a small compromise to external validity

The crew is defined as all field-level employeed &rld-level managers who (1) work for the
same employer in the same physical location; (2ehaorked together for at least half of the
project duration; (3) are assigned full time to @neject; (4) participate in a collaborative work
environment; and (5) working together to compldie same task. This definition does not
include short-service employees, safety managethar upper-level managers, or employees
of other organizations. Additionally, we includedly crews that had been working together as
one unit on a project that was at least 50% corapietensure crew stability and to prevent
potential network disturbances from transient woskéVe also only included crews with

between 5 and 40 workers to prevent variationsekmst when performing SNA on networks of
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dissimilar sizes. Even within the sample, the slidjfferences in size can limit the power of the

comparisons that are observed.

The survey was structured to obtain demographia fikeiteach participant and the necessary data
to perform the SNA. Each participant was asked tovige the following demographic
information: name, age, language proficiency, numifeyears with the employer, number of
years in the trade, number of years in the construindustry, and any safety training that they
have received in their career. To ensure confidetyi all names were replaced with a
pseudonym. Following these demographic questicad) participant was asked to indicate with
whom theyprovided safety information on at least a daily basis, therage frequency of
communication, and the mode of communication thats wypically used (e.g., written
communication, training, informal discussions, d@odlbox talks). Please see Figure 1 for a
sample questionnaire. The third component of tlreesuwas identical to the second except the
respondents were asked to indicate from whom tbegivedsafety information and the average
frequency of this communication. We coded and inggbthe data into UCINET, a software
system that computes SNA metrics and provides n&twisualization. The data were filtered
and reported by actor attribute (e.g., the demducagata) and this data was used to perform
statistical analysis. For this analysis, connedtioere considered when safety communication

occurred at least once a month.
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Your Name: Age @‘ University of Colorado
Your Position: Company Boulder
Years of experience in: Industry With this company. in this trade

Safety education: OSHA class (1 Special training ([
Compared with cost and schedule safety is : The most important () Somewhat Important C—J Not Very importantC_—)

Fluent in: English only () Spanish only () English and Spanish ()
To whom on your crew do you PROVIDE safety information to, how often do you communicate, and through which means?
Mame of individuals who you PROVIDE safety Frequency of communication Most commaon mode(s} of communication
information to (check boxes) (check all boxes that apply)
= § g g w =
= = = e = = ™
S| 2|2 |8 |25|=8% |8 & |Es| E
First Name Last Name E g ] o 2= g Ew |25 = = g s Other {please specify)
4 z S Lt els g w £ @ “ o L
g |5 | % | 5|8 |[*EE|IFE| - |E2| 8
o E o o ="
(%] L¥]
Participant Mumber one % x
Participant Mumber two 3 x
Participant Number three x x
Participant Number four % x
Participant Number five x x
Participant MNumber six x x

***If you need additional pages, please let the researcher know

Figure 1 — English version of the questionnaire

Relative safety performance (RSP)

Since one of the aims of this study was to obsémeedifferences in network characteristics
among relatively high performing and low performicrgws, a metric of safety performance for
each crew was desired. Traditionally, safety is sunead through lagging indicators of
performance such as Occupational Safety and Hé@BHA) recordable injury rates (OSHA
RIR), the rate at which workers are injured badipwgh that they cannot return to work or are
transferred to a less physically demanding task&RD rate), and Experience Modification
Rates (EMR) (Jaselskis et al. 1996). Unfortunatéhgse metrics of safety performance are
typically measured at the organization level. Sitheeresearch team focused at the crew level, a

new safety metric was needed.



60

To be consistent with past comparative safety studi the crew level, we used a composite
safety score (Alsamadani et al.,, 2011; 2012a; ln).c@lculate this score we requested the
organization’s recordable injury rate (RIR) frone tbast calendar year and an approximation of
the subject crew's relative safety performance witthe organization (e.g., percentile).
Researchers obtained these data during the opesonference from a manager in the
organization who directly oversaw a large proportaf the organization’s work crews (e.g.,

safety manager).

With these two data points researchers were ableatoulate a composite crew safety
performance score by multiplying the inverse of RER by the percentile rating (refer to
Equation 1). After the crew safety performance wakulated for each of the 14 crews, a
relative safety performance (RSP) was calculateshdoynalizing the crew safety performance
scores. Thus, each crew composite safety metrscdiveded by the maximum metric achieved
amongst the crews studied (‘percent of maximumhgat(refer to Equation 2). A relative safety
performance (RSP) score of 1.0 corresponds to és¢ ferforming crew in the study and all
other metrics are measured against the performainites crew. Although different trades were
included in the case studies, the RIRs obtainedhi®rl4 crews showed no statistical difference
among trades. However, this is in conflict with wigareported by the Center for Construction
Research and Training (2007), which found incoesisinjury rates among construction trades.

The demographics of the case crews are includédlite 1.

Crew safety performance = Safety performance (p#ileg / organization RIR Eq. 1

Relative safety performance = crew safety perforeeditop crew safety performance  Eq. 2
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As one can see from Table 1, we sorted the datiarnguages spoken (English only, Spanish
only, and bilingual). To be considered bilingualywarker must be fluent in both English and
Spanish languages and able to communicate allysadketted information that may be required
in either language. It should be noted that somekere confirmed that they could speak a
broken version of the other language; however, ethwsrkers were not considered to be
bilingual in the analyses. A total of 161 constmmctworkers were involved in this study.
Among them twenty-five field-level managers, themeof whom are bilingual. All unilingual
managers spoke English only. The research studyimttuded a total of 136 field workers, 28

of whom were bilingual. Of the remaining worker$, gpoke only English and 63 spoke only

Spanish.

Table 1 — Crew demographics
Number of workers fluent in:

Crew Trade Size  English Spanish Bilingual Relative safety

no performance
13 Sheet metal 9 8 0 1 1.00
14 Plumbing 10 9 0 1 0.66
6 Landscaping 5 0 4 1 0.57
4* Drywall 21 11 5 5 0.54
5 Electrical 7 7 0 0 0.51
9 Cleaning 5 0 4 1 0.48
12 Electrical 6 5 0 1 0.47
3 HVAC 5 0 2 3 0.40
8 Electrical 10 8 0 2 0.36
2 Concrete 8 0 4 4 0.35
7 Concrete 10 5 0 5 0.34
1* Concrete 36 13 11 12 0.28

10* Carpentry 24 4 15 5 0.20
11 Plumbing 5 5 0 0 0.08

*Bilingual crew
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DATA ANALYSIS AND FINDINGS

The research team focused the data analysis omuatwvey the potential impacts of actor
attributes on their degree of centrality and betwess in the networks. Data from all crews
were aggregated and statistical analyses were rpggtb on the resulting dataset. Because the
data were aggregated, we do not believe that tfierelices in work type and exposure to
hazards among the work crews will influence thernmal or external validity of the subsequent
analyses. The actual statistical methods we used dependent on the characteristics (e.g.,
normality) of the dataset associated with eachibati. The specific statistical methods
employed are described and justified below. Resuttsreported based upon a threshold p-value
of 0.10. It should be noted that a p-value of d9¥ypically regarded as strong evidence for a
statistical inference. A p-value between 0.05 arid) @an be considered suggestive. The results
should be read in light of this interpretation. $&¢hresholds are appropriate for exploratory and

contextual social studies (Ramsey and Schafer 2002)

Finding 1: Suggestive evidence that multi-lingual wrk crews have safety performance that
is 51% (0.98 OSHA recordable injuries per 200,000 arker-hours) worse than crews where

only one language is spoken (p-value = 0.10).

One of the primary research questions was: Is thesttistical difference between the safety
performances of crews where all workers are flueat common language (unilingual) and those
where at least 20% of the crew members are nottfluethe predominant language (multi-
lingual)? In all crews studied, the predominanglaage was English. In fact, on all multilingual

crews, all training, signage, and safety resouraed, pre-task safety meetings were provided in
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English only. Of the 14 crews studied, three wendtifimgual (crews 1, 4, and 10) and the

remaining 11 were unilingual.

Although the sample size for the multilingual crevas small, we had enough degrees of
freedom to perform a two-sample test. Because dlesdts were normal but not of equal size or
variance, the research team used the Mann-Whitegtytd measure the difference in safety
performance between the two groups. The test redetilat the average RSP value for the
multilingual and unilingual worker crews was 0.3#a.514, respectively (p-value = .10). This
was not surprising because the two crews with thee$t RSP were multilingual crews. The
findings provide moderate evidence that languagedra in safety knowledge exchange may be
a contributing reason why Hispanic workers sustiisproportionately high rates of injuries.
Because several networks for bilingual workers wehewn (e.g., Figure 3) in subsequent
sections, a representative network for a unilinguark crew is shown in Figure 2. In
comparison, visual representations of networksnattilingual crews are provided in Figure 3.
As one can see, unilingual work crews tended todmeparatively well distributed with a higher
degree of density. Once the network analyses wemgplete, we transitioned to analyzing the

impacts of individual worker attributes on theirsgimns within the crew networks.
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Figure 2 — Network for Crew 9 (unilingual crew work)

Finding 2: Strong evidence that bilingual workers ¢ultural barrier spanners) play a
critical role in safety knowledge exchange in crewahere more than one language is

spoken (p-value < 0.001)

Literature and theory support the proposition thiihgual workers will serve as cultural barrier
spanners in the networks. If this is the case,woeld expect bilingual workers to have higher
values for their in-centrality, out-centrality, betweenness, and out-betweenness. To explore
this hypothesis, we divided the actors from alw@anto two groups: bilingual workers (i.e.,
those workers who spoke English and Spanish flyerthd unilingual workers (i.e., those
workers who could only speak English or Spanishkritly). Since a disproportionate number of
managers were bilingual as previously discussedagers were removed from the two-sample
test. Additionally, since the samples were of uméqize (108 unilingual workers and 28
bilingual workers), normally distributed, and thariances were not approximately equal, the

Mann-Whitney two-sample test was used.
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The test revealed that bilingual workers have, werage, out centrality scores that are 2.4 times
greater than unilingual workers (p-value < 0.01dl ant betweenness scores that are 1.86 times
greater (p-value = 0.10). The statistics for tlumparison are provided in Table 2. Interestingly,
these findings mean that bilingual actprevidea significant amount of the safety knowledge in
the network but do not necessatigceivea disproportionate amount of knowledge. Thus, they

fill structural holes that are known to cause deficies in networks.

Table 2 — Two-sample tests for a comparison of umlgual versus bilingual workers

Unilingual Bilingual

SNA Metric (n=108) (n=28) Difference p-value
Average out

centrality 0.132 0.312 0.180 0.006
Average out

betweenness 0.025 0.041 0.017 0.100
Average in centrality 0.084 0.127 0.043 0.428
Average in

betweenness 0.001 0.006 0.006 0.329

These findings are strongly supported by the visaradlysis of the networks of the three
multilingual work crews (Combined in Figure 3). Opan see that the highest performing
multilingual crew (Crew 4) had a core cluster dfrfgual workers who were densely connected
to one another with critical, redundant ties to thmlingual workers. Although the other two

crews have a visible core of bilingual actors, ties to the unilingual workers are not always

redundant resulting in structural holes.
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Crew 4 '

) > :
@Uw gk Crew 1

Figure 3 — Networks for multilingual crews (squaresepresent bilingual workers, diamonds
represent English-only-speaking workers, and the ttles represent Spanish-only-speaking

workers)

Finding 3 (Minor Finding)— Suggestive evidence thatvorkers less than 35 years of age have
a higher degree of centrality in the crew networkshan do workers who are older than 35

years of age (p-value 0.11)

One might presume that older workers would servaoae central role in a safety network
because of their experience and wisdom. To deterriia potential influence of actor age on

centrality and betweeness, we employed two analyfcocedures. Because managers and
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workers were both included in these analyses, vestest by creating Pearson/Spearman
correlation matrices to visually identify potentiabvariance between age and other actor

attributes. These matrices showed no relationstiiywden age and any other individual attribute.

Once the test for covariance was complete, reseergerformed a simple linear regression on
the normally distributed dataset. The regressimwsll that there was no linear, exponential, or
logarithmic relationship within the data so we penied a second test on a dichotomized
dataset. Because approximately half of the act@a®e 85 years old or younger, the data were
divided into two samples (e.g., <= 35 and > 35 yeair age). Boxplots confirmed that the

samples were normally distributed and had approtdipaequal variance, for an example see
Figure 4. Therefore, a t-test was performed foheaNA metric. The results of these statistical

tests are shown in Table 3.
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Boxplots for out-centrality degree based on years of age
(=<35 vs >35)
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Figure 4 — Box Plot of out-centrality degree basedn crew members' ages
(=<35 vs >35)

Another interesting relationship existed among #uwtors who are 25 years old or younger
(n=16) and workers who are 56 years old or olde6]nThe findings indicate that the younger
workers may have an average out centrality measfude36, which is 15 times greater than the
older workers who had an average measure of 0Q2l(® = 0.045). In fact, of all of the age
groups studied, the youngest age bracket (25 yadr®r younger) had the highest average
centrality measure (See Table 4). This suggestinding was surprising as we originally

postulated that older, more experienced workerdavioe highly central to knowledge exchange.
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Table 3 — Two-sample tests for a comparison of yoger workers and older workers for a
dichotomized dataset

Workers <= 35 Workers > 35

SNA Metric years (n=79) years (n=82) Difference p-value
Average out centrality 0.218 0.139 0.079 0.108
Average out

betweenness 0.032 0.026 0.005 0.753
Average in centrality 0.105 0.088 0.018 0.637
Average in

betweenness 0.004 0.000 0.004 0.222

Table 4 — SNA centrality scores for worker age brdeets
Age Bracket
<25 26to35 361045 46t055 >55
n 16 63 45 31 6
Average 36% 18% 10% 22% 2%
Variance 0.152 0.095 0.061 0.128 0.002

The authors depict two networks that provide samght regarding the respective roles of older
and younger workers. A relatively large and a re¢édy small network are shown in Figure 5. In

both of these networks, workers over the age 3pi€ted by squares) tended to have very few
connections to one another and were mostly condéatsmanagement. Workers under the age of
35 (depicted by circles), on the other hand, haaayrconnections with one another and account

for a large proportion of the overall network déysi
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Figure 5 — Networks showing network position dichaimized by age (Circles represent =<

35 years of age and squares represent >35 yearsage)

Finding 4: Strong evidence that managers play an iportant role in the exchange and

diffusion of safety knowledge regardless of languagproficiency (p-value < 0.001)

In this research, a ‘crew’ included only workergsl dield-level managers who work daily with
one specific crew. Thus, the dataset associatdd paisition included only two groups: laborers
and field-level managers. In order to determinedifference in SNA metrics, a two-sample test
was appropriate. Because the dataset for each S&tAcrnincluded outliers, researchers used the
Wilcoxon Rank Sum test. As indicated in Table % thanagers, on average, played a very
central role to knowledge exchange in their smativorks. In fact, the SNA metrics were 3 to
20 times higher for the managers than the laborBEngs finding is not surprising because
managers must serve the role of integrator anditédor in the crew for all forms of knowledge

and managers are often promoted based on theiretempes and leadership potential. Two
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networks are shown in Figure to visually depict thical role that managers play as central
members of a network. Typically, managers both jl@and receive safety information from a
large number of workers. As shown in crew 15, tlanager is the only member of the crew who

receives or provides safety-related information.

E

’

Crew 15

...E o *A----

.»F ‘.C

Figure 6 - Networks showing network position by pasion in the organization (squares

represent managers and circles represent field woeks)

Table 5 — Two-sample tests for a comparison of félmanagers and workers

Field worker Field Manager
SNA Metric (n=136) (n=25) Difference  p-value
Average out centrality 0.134 0.394 0.260 <0.001
Average out betweenness 0.012 0.124 0.112 <0.002
Average in centrality 0.061 0.294 0.233 <0.003

Average in betweenness 0.000 0.011 0.010 0.021
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Finding 5: No statistical evidence that the role o& worker is influenced by the number of
years of experience, years with the company, yeairsthe trade, or level of safety training

(p-value for all comparisons > 0.20).

In addition, the authors performed similar analyseshose mentioned above for all attributes
including number of years of experience in the sidy years in the trade, years with the
organization, and safety training. None of thesebaites showed any correlation or statistical
significance in the dataset. Although we origindflypothesized that more experienced and
better trained workers would serve more centratgoh the networks, these hypotheses were
found to be false. That said, more experiencedetteb trained workers may provide higher
guality or more important safety knowledge thanrthess experienced or less knowledgeable
counterparts. Future studies should investigategtradity and usefulness of safety knowledge

exchange as this data was not collected or analyzibik research.

Limitations

The research team considers this study to be extplyrbecause SNA was used for the first time
to investigate the impact of personal attributesy.(eage, language proficiency) on an
individual's safety knowledge exchange positionhiita small crew. The study includes several
limitations that must be recognized. Because thtaseéa included only small work crews on
building projects in the Denver Metropolitan regioh the US, we can only generalize the
findings to this population. Also, we assumed #laconnections resulted in the same level of
quality of safety knowledge exchange regardlessooimunication mode. In other words, we

did not request information on the content or usefss of the knowledge exchanged among
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connections. A further study is suggested thatuohe$ such data as it would elucidate the

potential impacts on both quality and quantityelationships.

In addition to those limitations to the study awlaole, there are two limitations to Finding 1
because of the nature of crew comparisons. Fhstfihdings are based on the Relative Safety
Performance (RSP) metric, which in its calculattapends on an approximation of the subject
crew’s relative performance within the organizatigxithough we are confident that project
managers are capable of estimating this valueHheir trews, the RSP values are, inherently,
approximations. Thus, the findings are limited he &xtent to which the approximations are
accurate. Second, we included 14 crews that wer&ingpin different projects and aggregated
all data from all crews to perform analyses on @eas attributes. Consequently, most findings
relate to the sample as a whole and not to anycpkat trade or organization. Differences in
trade safety performance on a national scale repdyy the Center for Construction Research
and Training (2007) is important because it posethraat to the external validity of the
comparisons made among networks. We strongly stigtped Finding 1 be considered
suggestive only and that future research is coedudd determine its validity in a more

consistent dataset.

Conclusions and Recommendations

The major contribution of this study was the inigegion of safety knowledge exchange at the
crew level using social network analyses. Pastarebers have focused a great deal of attention
on knowledge exchange and cooperation in largepgr¢Morton et al. 2006; Katsanis, 2006;

Comu et al. 2011; Javernick-Will, 2011) but verwfeave studied small networks (e.g., crews).
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Additionally, only two other studies attempted todel safety knowledge exchange using SNA

(Fang et al. 2010; Alsamadani et al., 2012).

The findings of the present study indicate thatréhare strong relationships between actor
attributes and their SNA metrics. In fact, workergler the age of 35, bilingual workers, and
those in management roles tend to have centraiityleetweenness scores that are statistically
higher than their counterparts. Although theseifigd may be intuitive, the magnitudes of the

relationships are surprising.

Another suggestive finding was that unilingual workws have safety performance that is 51%
better than multilingual work crews. This can beportant because the number of Hispanic
workers is expected to increase (BLS, 2012) and observed that all training, hazard
communication, and safety signage was providednigliEh only on all projects observed. The
authors believe that action is necessary to bettegrate workers within bilingual work crews
by employing, recognizing, and rewarding culturairier spanners and that employers must take

steps to provide safety training and other commatioaos in all languages that are represented.

The research team suggests future research onrwciist safety knowledge exchange in
several areas. First, safety knowledge exchangengrdiferent trades is warranted given the
fact that most building construction projects inlconcurrent work performed by multiple
trades. Second, it is important to understand #fietys knowledge exchange among the project
owner’s representatives, the design team, the gkgentractor, trades, and vendors because
many past researchers (e.g., Gambatese et al. h89€)shown the preconstruction decisions

impacts on construction safety. Such networks cdwdlp identify strength, weaknesses, and
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potential areas for improvement. Finally, we sugdjest the safety research community consider
using SNA as a method to empirically measure sdfebyvledge exchange because it provides
useful output and visual depictions of crew safégymamics with data that are reasonable to

obtain.
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CHAPTER 4

Understanding the Safety Challenges Faced by HispanConstruction Workers: An
Exploratory Study using Photovoice

OBSERVED PROBLEM

Although the construction industry in the Uniteat8s (US) accounts for 6% of all workers, it
accounts for more than 16% of all occupationallif&#a (Bureau of Labor Statistics 2012).

Within this disproportionately dangerous industriyspanic workers are injured at significantly
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higher rates. In fact, the Center for Construciesearch and Training (2013) reported that the
fatality rate for Hispanic workers is 12.4 per 1) workers while the non-Hispanic workers
fatality rate is 10.5. One of the cultural facttmat may contribute to the disproportionate injury
rate for Hispanic workers is a barrier in commuharawhen Spanish-only speaking workers are
the minority on a worksite or within a crew. Accorgl to the Center for Construction Research
and Training (2013), 42% of Hispanic constructiaorkers report that they do not speak English
even at a proficient level. In addition to commutien barriers, other factors may contribute to
high injury rates such as the job tasks that Higpavorkers are required to perform; risk
perception and tolerance; opportunities; social blenms; healthcare; and patterns of

communication.

The issue of safety for Hispanic workers is becgmmore important as the proportion of
Hispanic workers continues to increase in the USrdéhtly, Hispanic workers account for 23%
of the US construction workforce and 30% of Colaradnstruction workforce (Pew Hispanic
Center 2012). The percentage of Hispanic US citizerexpected to increase to 128 million by
2060 (Bureau of the Census 2011). Consequentlynuihaber of Hispanic construction workers
in construction is expected to increase proportlgnaith Hispanic workers accounting for over
25% of all workers. According to the U.S Bureau dalstatistics (2011), the breakdown of
Hispanic workers region of origin is as follows:%@re Mexican, 20% are Central American,
and 16% are South American. Further, Hispanic warleecount for 69% of the construction

workforce in Texas, 56% in New Mexico, and 30% wic€ado (CPS, 2001 and PHC, 2012).

RESEARCH OBJECTIVES
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The present study aims to identify cultural bagitrat impact occupational safety for Hispanic
workers by exploring their experiences in smallstaction crews in the US. Accordingly, our
research question What cultural challenges do Hispanic constructiomorkers face that may
contribute to a disproportionate injury rateWe will focus on the challenges and opportunities
that the workersperceiveto be related to culture, which is defined as & &fe shared
characteristics within a country, community, or i&ms in a particular field. Characteristics may
be linked to language, religion, cuisine, valuesndgr roles, norms, social structure, art, or
music (House et. al., 2004). The overall objectvehis research proposal is to have a better
understanding of the safety challenges by Hispanic constructimorkers. The term
understanding means identify and capture pictures of existinfptgachallenges. Thereafter,
seek in details why these challenges exist and wbasible solutions can be proposed to
conquer these challenges. Lastly, discuss howliteed¢he issues and solutions to the audiences
and policy makers. Although researchers and thie@es have hypothesized that particular
cultural barriers exist for Hispanic workers, ndreve collected data directly from the workers
themselves. Addressing this knowledge gap will f@amessential foundation for future inquiry

and will assist practitioners with strategic mamagat of multicultural work teams.

RESEARCH FRAMEWORK

According to the US Management and Budget Offi@{), the demographic Hispanic refers to
an individual who comes from Cuba, Mexico, PuertooRSouth or Central America, or other
Spanish culture or origin, regardless of race. Btev studies have identified a number of
cultural characteristics that lead Hispanic workersommunicate and behave differently from

members of other cultures in the US (Torres, 20@8).indicated, researchers have yet to
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perform a detailed or rigorous investigation of tba&fety-related challenges that Hispanic
workers face from the perspective of the workesaddress this knowledge gap we propose an
exploratory study that involves exploratory intews and targeted interviews using photovoice.
The unit of analysis for all three phases will bighwvorkers in multicultural crews, including
Hispanic and non-Hispanic workers. Our overarchmglti-phase approach is illustrated in
Figure 1 below. As one can see, the knowledge dainecach phase is used to inform the

subsequent phases to yield valid and reliable tesul

Literature Review

-Demographics

-Safety Culture Dimensions and Hispanic Culture Literature review used to
Aspects identify point of
departure

v

Phase |: Exploratory Interviews

Purpose:ldentify challenges and

Unit of Analysis: Individual
Interviews establish

Protocol : In-person interviews with open-ended prompts for photovoice

questions

Phase II: Targeted Interviews with Photovoice

Purpose:Rich data prompted by and elicited from
workers

Unit of Analysis: Individual

Protocol: Prompted photovoice with interviewer
debrief

Figure 1 — An internally validated research plan aned at longitudinally refining

knowledge
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EXISTING KNOWLEDGE

This study builds upon and extends a large knovddalise in safety communication, safety of
Hispanic workers, safety culture, and includes fingt use of photovoice in construction
research. This section includes a review of saligatature in each of these areas and a

statement of the limitations in the knowledge baddressed by this research plan.

Construction safety communication

Communication is defined as a pipeline where tl@rmation is transferred from one individual
to another (Axley, 1984). Communication can bemgé as the process of transmitting both
verbal and nonverbal messages between two or ammaty individuals and can include
experiences, beliefs, and thoughts (Queralt, 1984).construction project, parties must develop
two-way communication to meet objectives and redpmnchange. Poor communication at the
crew level can result in improper reactions to itinagement decisions. It has been found that
effective communication between managers and wsrébout project activities is an important
driver of project success (Thamhain and Wilemo6l¥arper et al., 1997; Tan-Wilhelm et al.,
2000). Additionally, Thamhain (1992) found the coomtation problems are one of the top five

factors behind poor project performance.

In multicultural situations, communication difficids may stem from the fact that individuals
have different expectations of behavior, percegti@i the environment, understanding of
information being communicated, and risk tolerand@dbert 1986). Consequently, the
differences in cultural background among workers/ rogeate barriers to effective site safety.

Nevertheless, effective safety communication isital velement to maintain a high safety
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performance. Open discussion and frequent commiimnicbetween employees and supervisors
can be indicators that distinguish work crews vatlv accident rates from those with high rates
(Smith et al., 1978; Zohar, 1980; Alsamadani et 2012). Additionally, effective supervisors

discuss safety concerns with employees and pramdeediate feedback about safety behavior

and performance to those employees (Mattila €t9894).

Communication specialists have found that the lagguaccounts for between 35% and 40% of
all communication while the rest is non-verbal (Bvhistell, 1970). In addition to speaking
different languages, individuals from different tcwes often have different non-verbal
communication behaviors and patterns, which caateradditional barriers. A lack of awareness
of non-verbal communication enhances misunderstgndnd fear in social and occupational
settings (Baker et al. 1996; Guarnaccia and Rodrdi996). Therefore, it is very important to

study non-verbal communication, particularly asgplies to safety.

Limitations in the body of knowledge and key poimdkdeparture

Although researchers have recently studied patterngerbal safety communication, none
have investigated this topic from the perspectivihe workers. Additionally, there is a dearth
of knowledge related to nonverbal communications ®tudy addresses this knowledge gap
by exploring safety experiences of Hispanic workarsl will include observations and
perceptions of non-verbal safety communication.usowy on Hispanic workers helps to
address the practical issue of a trending increasklispanic workers in the US and |a
disproportionate injury rate for this group.

Communication challenges for Hispanic workers

During the last 15 years injury rates have beemeamsing for Hispanic workers (Lavy et al.,
2010) while the overall injury rates have been dasing (Center for Construction Research and

Training 2013). There are many reasons that thenpimenon has occurred. For example,
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Jaselskis (2004) found the miscommunication betwaerican and Hispanic employees has
been proven to be one of the main causes of adsidethe construction sector. Along with the
language barrier, difficulty of Hispanic workers umderstanding English has been cited as a
reason for inadvertent violations of safety rulesl &dest practices (Loden and Rosener, 1991).
Furthermore, Anderson et al. (2000) notes thatabee most of the construction safety standards
and programs are generally written and presenteBniglish, Hispanic workers often do not
receive safety information during training, on sgor during ad hoc presentations. To address
this issue, Sapir (2004) proposed that employemildhprovide Hispanic workers with an
effective training program that is tailored to th@inguage and other aspects of culture. Another
recommendation is that Hispanic workers and supersi should come up with common

vocabulary and glossary (bilingual document) usedanstruction jobsites (Sanders, 2007).

Recent research has been conducted to better tanttbithe role of language in safety-related
knowledge exchange within small work crews in th® (Alsamadani et al. 2012; 2013). The
studies revealed that unilingual work crews havietgagperformance that is 51% better than
multilingual work crews (p-value = 0.10); bilingualorkers play a more central role than
unilingual workers when more than one languagepsken (p-value < 0.001); and managers
play an important role in the exchange and diffasb safety knowledge regardless of language
proficiency (p-value < 0.001). Most importantly, ANmetrics show that these language
boundary spanners often form the core of a netwibdd connects disparate groups of
individuals. On the other hand, crews with reldymgeak safety performance tend to have clear
and disparate sub-networks distinguished by languagd high rates of turnover. Such

characteristics are of concern because individatdra are not able to effectively warn one
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another of uncontrolled hazardous exposures or woitiansition.

Limitations in the body of knowledge and key poirtsdeparture

Research on safety challenges for Hispanic workisrslimited to knowledge of
communication and signage, a form of non-verbal rmomication. Knowledge of other
dimensions of safety culture such as values, paorey risk tolerance, personal values, and
formation and role of interpersonal relationshipslearly needed. This study will be the first
exploration of this topic, which will add rich knéwdge that will help US contractors {o
better understand the culture of Hispanic workers e role of this culture in site safety
management.

Dimensions of Safety Culture

There is a wealth of research into the topic oésatulture. Although researchers are equivocal
in the exact dimensions of safety culture, a cotmgmsive report published by MacAfee (2012)

found the following common dimensions:

Patterns of behavior and normsSafety culture requires a mutual relationship leetw
psychological and behavioral factors focused onsisbent behaviors and attitudes (Cooper,
2000). Provost and Sexton (2005) claim that bemlmalieorms are more important at the crew

level than individual or organizational levels.

Shared values and beliefShared values is a core safety culture dimensemadse it
defines why a specific behavior is desired. Spedlify, sharing beliefs about hazards has been
shown to be an important element that drives p@sisafety culture at the organizational

(Cooper, 2000), crew (Choudary et al., 2007), ancker levels (Guldenmund , 2000).

Risk tolerancedn order to have consistently strong adherencsafety protocol, it is
important that workers accurately perceive andrédéerisk at acceptable levels (Guldenmund

2000). Such personal appreciation of risk is a ndaiver of behavior (Cox and Cheyne, 2000).
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Management commitment€haudhry et al. (2007) considered several aspetts o
management commitment such as the allocation oé tand resources toward safety risk
assessment committee meetings. O’toole (2002) et¢fthis dimension as the management’s
knowledge of safety issues, beliefs toward higletya$tandards, and established actions toward

these goals.

Technical practices and risk assessmeBawacha et al. (1999) and Chaudhry et al.
(2007) identified that, in addition to soft skilleyganizations must have robust methods to
identify, analyze, and respond to safety risks.s€haclude risk registers, job hazard analyses,

protocols, and others.

Organizational structurels related to roles, responsibilities, and commation flows in
which they have significant influence on safetyfpenance (Sawach et al., 1999). Others linked
this dimension to the relationship and the commatioa flows between management and

employees.

Social practices and workers involvemeftcording to O'Toole (2000) employees must
be involved in safety management activities, satetymittees, rule-making, and investigations.
Rather than a top-down approach, Mohammed (20@R)esis driving safety decisions from the

bottom-up because it encourages adherence to @nelcegtion of safety protocol.

Competenciesthis dimension is related to employees’ generamMkadge and abilities
that are typically driven by training. Mearns anlinH1999) and Cox and Cheyne (2000)
considered competencies as a dimension of safdtyreubecause they define a common

knowledge within the organization upon which all@ayees draw.
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Assumptions-Worker assumptions and expectations with respectintentives and
disincentives, instructions, competing objectivesg(, productivity), and instructions are all

important attributes of safety culture Guldenmu®@OQ).

Limitations in the body of knowledge and key poimtsdeparture

Although the domain of construction safety cultbes reached maturity, the role and impgact
of the culture associated with specific ethnic g (Hispanic) and interactions among ethpic
groups (Hispanic and Caucasian) remains unknowis iSha clear issue for research nged
since anthropology research has shown that thereliatinct and unique characteristics |of
Hispanic culture that have implications to the gational environment. This study will
investigate this important dimension of safetytund.

Aspects of Hispanic Culture

La Familia - Hispanics reflect an ethnically diverse popwiatwith race and color ranging from

Black to Caucasian, variations which are due tortieeing of Spanish, Indian, African, and

European people. Regardless of the national origisgpanics show a strong collectivism aspect
that supports the family life. Previous studiesorggd the importance of the family as the most
salient and empirically supported characteristithef Hispanic culture. The fundamental aspect
of the family consists of three or four generatiofhselatives and horizontal relationships among
siblings, cousins, and other individuals who arasiderably valuable on the daily and weekly
interaction (Falicov 1999). This family relatiomghoften extends to Hispanics who are not
members of the immediate family but with whom agdisic person interacts frequently. Such
relationships result in patterns of trust, commatian, and even action that is different from the
typical expectations of an all-Caucasian groupfiMand Madin (1991) have found Hispanics

demonstrate a higher interaction frequency andclattent with their extended families. In
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addition, Hispanics of Mexican descent call theamilies for help, marital behaviors,

friendships, and voting (Martinelli, 1993).

Personalismo Another aspect of Hispanic culture with direciplications to the occupational

environment, personalismo, which relates to pedsadngnity and worthiness. Personalismo
focuses on the importance of the person and ther igumalities that formed the uniqueness of the
person or worthiness, notwithstanding the gendesooral status (Ramos-McKay et al. 1988).
The level of Personalismo can influence the ocaweeof truly free discussion and respect for
individuals who hold different positions or withfférent levels of experience and expertise.
Hispanics feel more comfortable and encourage deusl respected, valued, warm, and
friendly relationships, they expect to shake and fle others in the context of informal

interaction (Santiago-Rivera et al.,, 2002; and &gum, 1998). Another study by Gloria and
Castellanos (2007) found that personalismo is aoméctor interpersonal interaction in

encouraging and supporting Hispanic students’ aennents.

Job Perception Smith et al. (2006) notes that Hispanic worketgrmfconsider themselves as

primary supporters for their families; accordingllgey are highly engaged in self-exposure of
dangerous work. Other studies have found that Hispaoncern about supporting not only their
families but distant relatives as well (Sander€)730 As a result, Allen (1991) and others have
established that foreign-born Hispanic workers hdifeerent values and perceptions toward
work ethic, family, and loyalty. For instance, desgiion and fear of obtaining a high salary job,
inability to comprehend job policies, and apprel@amof retribution can all be contributing

factors for high fatality rates among Hispanic d¢angtion workers. Previous research has found

that Hispanic workers believe managers or autlesriire not questionable, even if they are
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ruling wrong or unsafe works (Stakes 2006). Sudiretsecan have significant impacts on the

behavior of Hispanic workers.

Limitations in the body of knowledge and key poirttsdeparture

As noted, there is no literature that has direictyestigated the relationship between spedific
aspects of Hispanic culture on safety within araargation, despite the fact that these degply
embedded characteristics have powerful implicatidos safety. Perhaps even more
importantly, research is needed to investigateirtteractions among ethnic cultures and the
impact on safety perception, comprehension, cotktiim, and behavior. This study directly
addresses these knowledge gaps through a compreheasad internally validate
investigation of the relationship among cultured aonstruction safety.

WORK PLAN
Phase I: Exploratory Interviews
Research goals

The primary goal of this phase is to identify crdtibarriers faced by Hispanic workers that will
be used as prompts for deep investigations inubsesjuent phase. Cultural interpretation can be
shaped through a holistic perspective, contextaain, and non-judgmental views of reality. In
this phase, attention will be paid to the emic.(@@w participants imagine and explain things)
perspective since this phase is exploratory. Thaghod will focus on participants’ perspective of
reality to describe existing situations and behavidVith emic perspective, we expect to
recognize and accept multiple realities that angartant to understand why people act and think
in the different ways during field work. In addmido our primary aim, we will also seek to
determine the relationship between those challeagésHispanic cultural aspects such as job-

perceptionLaFamilia and Personalismo
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Number of interviews

Sampling in this exploratory research is differotn sampling in typical research design. The
focus in a pseudo-ethnographic approach is on géngrthemes, categories, or theories about
specific group of people. Previous interview stsdgmilar in structure to ours have had a
sample size ranged from 30 to 50 interviewees (Blat894; and Bernard, 2000). Therefore, the
intention in this phase is to conduct the ethnogiapiterview study with at least a total of 30

Hispanic and 10 non-Hispanic construction workarBénver Metropolitan area.

Interview protocol

We must first gain an entry or access to the ppdits and build cooperation and trust by
establishing interpersonal relationships (Berg, 899Previous researchers experienced
challenges with bridging relationships and trustwleen researchers and participants. Two
approaches can be considered to build a trust leetwesearchers and participants. First, having
a social identity as a member of participant greaupnportant. To address this, we will ensure
that the student conducting the research is Hispand has had some construction field
experience. This will instill a sense that researshhave credibility and knowledge in the
interview (Hogg and Terry, 2000). Secondly, an exreed Hispanic student will ensure that
the researcher is not rejected culturally by thi@pants (Wolf, 1991). Another study by Whyte

(1984) suggested the researcher to find a commaracteristic with participants to overcome
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any difficulty in bridging the relationship with ¢ém; for example, learning to speak Spanish

language proficiently (See figure 2.)

Researcher Identity /
categories

Participant Group

Hispanic Identity categories

immigrants

Figure 2. Matching of researcher and participant claracteristics approach.

The key to effective pseudo-ethnographic interviesn® establish a series of friendly easygoing
conversation that allow the researcher to introdthe@r questions naturally and assist the
participants in their response. Such conversatam e viewed through the greeting (e.g. “Hi,
“It's good to see you”, and clear goals and objectf the interview (e.g. “Let’s talk about the
challenges of working with non-Hispanic group ofriwars”). If there is a lack of clear goals or
objectives, participants often attempt to change gbbject, end the conversation, or simply
satiate the interviewer. Furthermore, we will avagetition and questions about other persons.
Alternatively, expressing interest and taking tulmsps to establish friendly conversation.
Additionally, leaving the conversation in a posgtimote that shows the participant the positive
impact that they have made and the importance ef fharticipation. For example, interviews
may end with statements like “you did a great jothaty and thank you for your help” (Spradley

1979).
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Designing interview questions (open-ended vs. cdosied)

It has been found that asking open-ended quessgmreferred, especially if the researchers seek
a full expression and opinion from the participatdslike close-ended questions, open-ended
guestions have no suggested answers, which meammthcipants can answer the questions in
their own words instead of merely obligated to sebn answer from a predetermined set of
responses (Foddy, 1993). Further, open-ended questapproach is appropriate if the

researchers are looking for qualitative insteadqoéntitative information or provided text

responses. We will employ open-ended questionsusecae believe that there is more to be

explained than can be assumed from the current letige base.

Data collection

We will start by contacting representatives frongang building construction projects in the
Denver Metropolitan area. Before administratingeimtew, we will discuss the objectives of
study and the interview protocol with prospectivatgipants, the safety manager, and the
superintendent. Since this study deals with hunsargects, each participant will be asked to
provide informed consent. Once the introductiomprigvided, our bilingual research team will
interview participants individually. To ensure tredk details are captured, our team of at least

two researchers will take notes. When allowed, weracord the interview.

Data analysis
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First, a proficient Spanish speaker will help tesaarch team to transcribe all tape recording and
notes in English. The team then will use NVIVO gegrto automatically code sources based on
the words or phrases they contain. The first aitalystep will be to record all responses with
the assistance of at least one other coder to naaifriases. Second, the reviewers will develop
categories of responses. For example, if the queshiat directed to the safety manager about
suggestions on ways to enhance Hispanics’ effestifety communication, the categories might
include something like “open and clear discussimn®employ a lesson-learned safety program.”
The third step is labeling each response with ana msumber of categories (e.g., coding). The
best way to accomplish this step is in an exceéshg sorting all responses in one column and

category(s) that developed from the previous step.

In the fourth step the research team will breakd#i into specific subcategories. For instance,
“open and clear discussion” could be under “soniadj with others”. Or, “employ a lesson-
learned safety program” and “immediate feedback @rdection” could be both under “action
needed at workplace.” Once coded, responses am@dehe categories can be analyzed using
relative frequencies. Finally, the fifth step whle to identify the patterns and trends and
determine what patterns in responses have emerngeith wand among question responses for the

respondents representing the three organizatienald.

Phase II: Targeted Interviews with Photovoice

We expect that the initial interviews will yield r@abust list of cultural barriers that can be
investigated in greater detail. The goal of theosdcphase will be to use photovoice to
understand the details associated with each baim&uding the context in which they exist and

their relationships to other cultural or organiaatl characteristics.
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Overview of Photovoice

Photovoice was originally created by Wang and Bu(ti997) and has been applied in many
research studies that engaged society in commbaggd participatory research (CBPR). The
fundamental characteristic of this technique ig ti@ participants are asked to take photos
related to the theme and then discuss, in delesl specifics associated with their photographs.
Photovoice is usually conducted with a group ofpgbeawith limited power due to language

proficiency, race, social economic status, ethyiagender, or other aspects (Wang and Burris
1997). It is a method of self-directed interviewattare particularly beneficial for underserved

groups.

Wang (1999) argued that the photovoice discussaiwden the researcher and the participants
builds a deep understanding of how society andcigsliaffect the motivations, decisions, and
actions of the participants. Photovoice can be @asedualitative research method, in particular
as an assessment tool in cases such as changmgmaj people’s opinions about themselves,
publicizing the group’s situation and problem, ass®y the community’s activities, and

evaluating an intervention program (Freedman e2Gil3).

Similar technique called photo elicitation, whiclasvfound by the photographer and researcher
John Collier in 1957, proposed using picture in@mvas the solution to existing issues. Unlike
the Photovoice technique, researchers of photdagiom in cultural studies take photographs of

a group of individuals doing their normal activitieAfter that, interview those individuals to
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define how they interpret the activities depictedhe pictures (Curry and Strauss 1986; Snyder

and Ammons 1993).

Application of Photovoice

Although photovoice has yet to be used in constiactesearch, the technique has been
successfully implemented and validated in othetd$ie For example, researchers in the
healthcare industry have used photovoice to ingat&iyouth-driven substance abuse (Brazg et
al. 2010); HIV in rural African American communiigCorbie-Smith et al. 2010); the risk of
sexual transmitted diseases among African Ameritatino, and Caucasian homosexual men
(Rhodes et al. 2011); unemployment behavior ofviddials with HIV/AIDS (Hergenrather et al.
2006); understanding health issues in rural Gudgeni{€ooper and Yarbrough, 2010);
identifying and exploring community health and thisigy priorities (Hergenrather et al. 2009);
and clinical nutrition and dietetic scheme (Maminal. 2010). The results were used to inform

policy makers who made subsequent changes to h@althotion strategy.

Photovoice has also been employed broadly to sttabtors influencing elementary school
student behavior including attendance, citizenslpge-requisite skills, and social changes
(Claudia et al. 2006); the impact of cultural dsigr on social life of the Latino community in
North Carolina (Streng et al. 2004); and the inflce of support-learning projects for mothers
with learning disabilities in the U.K (Booth and &b 2003). In only one study in the
occupational safety and health domain photovoice wged to evaluate health and safety hazards

for custodians (Flum et al. 2010)
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Selection of Photovoice for this Study

Photovoice is not a widely used approach in contm engineering and management research
and, to our knowledge, has not been utilized in emystruction safety research study. With a
steady growing population of Hispanic constructraorkers in the US, safety related issues for
these individuals are becoming increasingly impurtaspecially in multicultural construction
organizations (Alsamadani et al. 2012). We belithat Photovoice will allow us to explore
safety-related challenges that Hispanic workers tag studying them within context and from
the perspective of the workers. This techniquespeeially effective because it does not impose
prior assumptions with the selection of interviewestions; rather, participants direct the

conversation through the photographs that theybaked on very general prompts.

Photovoice will be used to validate the findingsnfrthe first phase and to obtain deep and rich
examples of safety challenges from the perspedativéhe workers. Photovoice will enable
workers to express their experiences and perceptath both words and images. Unlike other
social science research methods, Photovoice incatg® creativity, fun, and collaboration in a
way that encourages participation. For examplehépast, Photovoice gave an opportunity to
low-income women iWinnipeg, Manitoba and Saskatoon, Saskatchewarpess ideas about
poverty and public policy in words and images. Ma@men as a result were able to raise
awareness of the realities of living in poverty gardmpt actions to improve the conditions of

women’s lives in these areas (Palibroda et al.9200
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Size of Photovoice group or participants

Determining the sample size needed in a photovsiady depends on the timeline, goals,
budget, and availability and accessibility of papants. Although several Photovoice research
studies had a group size that ranged from 10 top24@cipants (see Table 1), a group of 10 to
20 Photovoice participants has been found as ateedoraa homogenous sample (Wang 1999).
In order to study various crew structures, crewesizgeographic locations, and other
demographics, the size of the photovoice samplet masease proportionally with a stratified
sampling method. This group size allows participatt feel safe to share and take part in
discussions. A group of 10 to 20 individuals ispeofor this study where we expect to have
only two to three bilingual facilitators. A smallgroup will help to ensure that individuals feel
listened to and are responded to in a sensitive rasgectful way. In this proposal, the
researchers aim to study six different groups fthree different trades working on an ongoing
building construction project in Denver metropalitarea. Additionally, the researchers will
conduct the study only on multi cultural groupsglinic and non-Hispanic) where the Hispanic
participants must have a minimum of six years wexgerience in the construction industry in
the US since more than 50% of immigrant constractimrkers entered the US between 1995
and 2007 (CPWR 2013). This rule widéinsure that Hispanic participants have sufficient

knowledge and experience about the issue that nedmsaddressed.

Table 1 Photovoice group size from previous stidie
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Authors Number of participants in each group
Booth and Booth, 2003 16

Strenget al.,2004 10

Wanget al.,2004 41

Hergenratheet al.,2006 11

Flumet al.,2010 66

Brazget al, 2011 170

Photovoice Protocol

There are several methods that have been usedtlucioa Photovoice. Palibroda et al. (2009)
and Wang (1999) suggested seven step procesdgsez 3), which help to accomplish research

objectives similar to those stated in this propods will follow this protocol.

3 document pictures)

Step no Step 1 Step 2 Step 3 Step 4
-Inztial I Setting project fimeline. - Recruit - Input mescting
meeting with - Manage project budget multicultural and discussion
tarpeted group. and equipment. participants about project
— - Build a trust | =— - ldcnti:l"y. meeting — [H:is,ps.nic a:!ac!. . _r.jc.ua’.s,
locations non-Hispanic) objectives, and
- Informed consent and target participants”
audicnce roles.
group
Timeline Weck one Week one Week one Week two
Step 7 Step &6 Step 5
- Prepare for exhibition - Photography phasc - Photography
(selecting best pictures). (finding ohjects, fraining session
- Sharc the output with capturing issucs, and on using the

target audience Camera.
(presentation or written - Interview (open-
documents). ended questions, and
discuss captured
picturcs)
Week 6 &7 Week 3,4, &5 Week two

Figure 3 - Photovoice main steps
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Step 1: Connecting and consulting with the commundr targeted group

A community may initially feel hesitant to partieig in this study. To overcome this issue, we
will build trust with each crew by explaining theas of the study, explaining the Photovoice
process, informing them of the positive impact tinay can have on others, and informing them
of their rights to confidentiality. We will also pprement the aforementioned methods of trust
building. Building a strong relationship betweere thbommunity and researchers is vital to

obtaining complete, valid, and unbiased results.

Step 2: Planning for a Photovoice project

Once the community members are informed about Rbate and trust has been built, the
project details will be established. Planning idlgs setting a project timeline, managing the
budget and equipment, and specifying a locatiomfeetings. It is important for the Photovoice
facilitator to consider possible logistical andtauhl barriers that may arise. For example, to
minimize potential cultural barriers, the primamsearcher for this study will be a Hispanic
student with construction and safety knowledge. @uilitator will work with participants to

overcome challenges.

To manage the project budget effectively, we wiligihase bulk disposable cameras, which cost
approximately $7.00 each. Pictures can be printed eonverted to digital images for
approximately $3.00 per roll. Thus, we will buddget $10.00 per participant, with a total

expected cost of approximately $1,500. This cosery low compared to the expected benefits.
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Similar to other human subject’s research, Photevonust conform to ethical guidelines that
offers significant benefits and ensures the pgaicts or individuals are not harmed. We will
obtain an institutional review board (IRB) certdte prior to conducting any research.
Specifically, we will ensure that participants &ty informed and consent is obtained. As noted
by Wang and Redwood-Jones (2001), the act of takimgfographs of human subjects will
require that all individuals who may be photographte also provide informed consent.
Additionally, depending on the site characteristtbg facilitator may also need to obtain safety
training and certification. To address this requieat and to show participants commitment to
the project, the student researcher will parti@pet safety training and planning meetings

whenever feasible.

Step 3: Recruiting participants

Recruiting participants and target audience grospa fundamental part of the Photovoice
process. The recruiting process will be on a v@entbasis and based contacts with industry
professionals. We will build a diverse group witlembers from different cultural backgrounds
and life experiences to acquire a broad perspedtweher, we will ensure that participants have
first-hand knowledge and experience about the issaeneeds to be addressed. For example,
non-Hispanic workers must have been or currenttyraembers of a multi-cultural crew with
Hispanic members. Participants will also be infadntkat the project may need a long-term
commitment and they should be enthusiastic andngilto work as a group. Although the
interviews will be conducted with individuals, gpsuwill be targeted to form holistic models of

the crew dynamics.
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Step 4: Input meeting and discussion (project tinmel, rules, goals, objectives)

Since Photovoice involves many participants andueat meetings, it's important to be well
organized. At the initial stage the project timeliwill be finalized with specific dates and
duration for each step and meeting. This will beaavith input from participants and project
managers and will be sensitive to the project saleeduring this input meeting we will also

establish guidelines and rules for the Photovoroeig As suggested by Wang (1999) we will:

a- Establish the photographers’ role as experts;
b- Discuss importance of informing each other aboetdtmmunity issues; and

c- Discuss the potential of influencing the publicipplor policy makers.

The benefit of this step is to allow the group memshkio ask questions, share concerns and ideas,
understand the research and project goals, awapessible risks, and understand the possible

outcomes before the formal process begins.

Although our goal is for all participants to contenwith the project to the last day, we recognize
the potential for attrition. This initial step hslgo minimize attrition as it establishes clear
project goals that the participants help shape a@rd establishes the participants as subject

matter experts who are critical to the succesh®ptoject.

Step 5: Photography training and practice

During the group meetings, a knowledgeable phopdgra will conduct basic photography
training. In this introductory session, we will prde instruction on how to use the camera and

best practices that encourage self-expression exatidty. The research team will ensure all



106

participants are using the same kind of cameraat@ ltonsistency in the photographic quality.
Before starting the Photovoice phase, it is a gded to discuss with participants the issues of
concern that have been selected from the explgratterview phase. Some participants can be
unsure about what exactly to capture; thereforeprafessional photographers are highly
recommended to be involved in the pre-photograpisgudsion. Participants can learn from
them how to use the camera to represent their idedsymbolic experiences. This discussion is
intended to prompt the participants to take bepietures that express the strengths and the

addressed issues from the interview phase.

Step 6: Photography phase and interview

Once the instructions have been given, the photevphase will begin. Each participant will be
asked to capture a maximum of 25 pictures (Flual.e2010). Once all participants done with
capturing their 25 pictures, we will immediatelyopess the film and prepare hard copies of all
pictures for further discussion in the next meetingorder to simplify the data analysis process,
we will ask each participant to pick between 6 a6dmost significant pictures. This approach

will help also to eliminate duplicate pictures (Fwet al., 2010).

Once the photos have been taken, we will ask thecipants to answer a set of questions called
“SHOWeD for each selected picture (see figure 8HOWeD developed by Wang and Burris

(1997), has been used in different previous Phateveesearch. For this project, the questions
were slightly modified for the purposes. In additim the interview questions, the participants
may write captions to the selected pictures to @rplvhy they chose the subject, their purpose,
how they feel about the pictures, and the connestizetween the pictures and workplace or

community issues. This will give an opportunitythe participants to clarify the meaning of their
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pictures and perceptions of issues and concerrsnatiteir organizations. Through the regular

meetings, all participants will have an opportundgyshare and look at others’ pictures.
There are three important aspects of this prod&ssi§g and Burris, 1997):

a

Selecting photographs (pictures): this processaallthe participants to choose pictures
that they think reflect their safety strength andiggles. They are asked to choose the
best pictures that can be evidence and representdttheir experiences;

b- Contextualization: through a dialogue with othertiggpants and Photovoice research
team, the individuals are assumed to deliver theice and tell stories about what
pictures mean to them; and

c- Codifying: this process allows the research teath Rimotovoice facilitators identify and

sort data into categories of issues, themes, aritge For example, when examining the

issue of Hispanic workers and language barrierm#®e that may arise include

reachability to upper level managers, or availgbof signs written in Spanish.

Once the data have been collected, we will condudhematic analysis considering all
“SHOWeD responses, captions, and facilitators’ field isot#& draft summary report then will be
generated in collaboration with participant thgiaes the salient themes. The final step in the
analysis is to present the summary report thaudes themes, pictures, captions, and notes to
the participants for final approval. This final cgpcan be then used as a tool for exhibition and

sharing session with target audience and policyersak



Participant name:

"SHOWeD" form

Title of picture:

Description of picture :

Describe what do yo8ee here?

What is actuallyHappening here? (Describe whalt is
the unseen story behind the picture?"

What does this picture tell us about ypur
Organization?

Why does this issue or challenge exist?

How could this picture Educate people or the
audience?

What changes can w2o about it?

Figure 4 - “SHOWeD” form
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Step 7: Photovoice sharing and exhibition

During the data analysis step, participants willdhdecided which photographs they would like
include in the exhibit. Also, they will have appealcaptions and written for each photo. In the
exhibition, photographs and captions will be erggrgand mounted for visual display. We will

ensure that the elements of the display offer cdimgeesults to inform and educate audiences.

Depending on the target audience, there will béediht goals of sharing Photovoice findings.
For instance, sharing photographs can offer a wemsion of experience that can capture
attention and support toward existing issues. fensteharing and exhibition may address and

bring attention about specific policy and lead dexi makers to change that policy.

INTELLECTUAL CONTRIBUTIONS

The primary contribution of this study is a richdenstanding of the cultural and intercultural
factors that affect the safety of Hispanic congtamcworkers in the US. Although past research
has provided theoretical models and proposed bartigs study will investigate deeply from the
perspective of the workers. Additionally, this studtroduces a new method to construction
engineering and management research, photovoicgoWwiice has advantages over other types
of assessment because it allows subjects not éssdise issues and concerns and gives them an
opportunity to define potential solutions (Wang dpiés, 2008). In construction, Photovoice
contributes positively as a tool to increase trtviduals’ understanding and awareness of their
strengths and struggles. Also, Photovoice armsctmemunity or the organization with good
information and willingness to inform others withgsion to improve the existing situation for

better work environment.
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PRACTICAL CONTRIBUTIONS

Understanding the challenges faced by Hispanic &rsriks an incredibly important aspect of

managing crews in regions of the US with diverspuytations. For example, according to the

Pew Research Center (2012) over 30% of construetarkers in Colorado are Hispanic and the
vast majority work in multilingual work crews. Thugnderstanding the barriers that they face
and their perceptions of safety culture will hel@magers to better relate to their workforce,
better target safety programs to address cultutdllenges, and acknowledge personal
difficulties that some disadvantaged workers magefaConsequently, this research has the
potential to positively benefit over 1 million Hispic construction workers in the US, who are

currently injured and killed at a disproportionedée.
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CHAPTER 5

CONCLUSIONS

Contributions
The two papers in this dissertation improve unaading of how small construction

organization members share safety knowledge with@ir organizations (intra-organization)
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through network analysis and visualization. Thetfpaper presents an exploratory study that
measured, analyzed, and provided visual interpogtatf the safety communication patterns of
over ten construction crews. The second paper figaged the relationships between the
organization members’ attributes and their posgtiand roles within their networks. The

subsequent proposal outlines a strategy to identifgreat detail, safety challenges for Hispanic
construction workers using Photovoice, a researethod new to the construction engineering
and management field. Figure 1 depicts the reseguastions and contributions of this

dissertation.

Chapter Research Questions Contributions

Ch.2 How do patterns in safety v' Determine differences between high
communication among and low safety performance crews
crewmembers relate to safely v" Visualize communication patterns o¢f
performance? small crews

Ch.3 What are the relationships v ldentify characteristics of languade
between personal attributes & barrier spanners and central actorg
position in safety networks? v' Visualize safety communicatioh

_ - patterns of unilingual and multi

What is the role of bilingua lingual crews
workers, managers, and

experienced worker

Ch.4 What safety challenges d
Hispanic construction worker
face and how can they b
overcome as the proportion ¢ Identify possible solutions from
Hispanic workers continues t Hispanic workers to overcome (
increase? mitigate those challenges

v' Determine unforeseen safety
challenges for Hispanic workers at
workplace

D U O

<\

[®)
=

Figure 1. Overview of research questions and contrutions.
Contributions to theory
This dissertation builds upon past research thatvetd the importance of safety communication

for achieving strong safety performance. AccordiagSmith et al. (1978) and Zohar (1980)
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construction organizations that facilitate openesafcommunication and encourage direct
communication between workers and their superviaoesdistinguished by low incident rates.
Additionally, immediate feedback and correctionunfsafe behaviors was found to be a major
driver for safety (Smith et al. 1978). Finally, ethstudies claimed communication as one of the
top 10 management practices that influence safetfppmance (Hofmann and Morgeson 1999;

Sawacha et al. 1999; Bentley and Haslam 2001).

In Chapter 2 the patterns of safety communicati@mewmodeled and measured using social
network analysis. First, various modes of safetyewnication are identified and classified as
formal and informal communication. Formal modeslude written communication, toolbox
talks, safety training, and communication from upp@nagement and informal modes include
ad hoc communication among workers. The analysis aicludes the frequency with which
workers use the different safety communication rspdtassified as: (1) more than once a day;

(2) once a day; (3) once a week; (4) bi-weekly; gg)cbnce a month.

Using social network analysis (SNA) metrics, théadaere analyzed to determine the safety
communication patters that distinguish high perfogrcrews for the first time. We found that
networks with high-density values have significgrtdwer safety records. The details of this
analysis are provided in Chapter 2. The main iat#lial contribution of this portion of the study
was that we identified the safety communicationtguas of relatively high performing crew
networks for the first time. Specifically, high pemming crews used informal communication
patterns constantly and every formal method oftgatemmunication at least once a month.

Methodologically, this was the first use of SNAgtmdy safety communication and one of the
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first uses of crew-level data for SNA in constranti

Chapter 3 built upon and deviated from the respitssented in Chapter 2 to study the
relationship among crewmember characteristicsy thesition in the network, and their SNA
metrics. The main contribution of this portion wiag inclusion of personal attributes such as
age, position, years of experience, safety edutq@SHA class and training), attitude toward
safety, and language proficiency as predictorsedivark location and metrics. Not surprisingly,
there was strong statistical evidence (p < 0.0084) bilingual workers and managers have higher
degree of centrality and betweenness than theintegoarts. Additionally, there was suggestive
evidence that multilingual work crews have worsétsaperformance (RIR) than unilingual
work crews and young construction workers (under l#¥ve higher degree of centrality and
betweenness than older workers. This result wasr@rise and prompted a proposal to better

understand the cultural issues that Hispanic warkare with respect to construction safety.

Chapter 4 builds upon the results found in Chaptey better understand the safety challenges
faced by Hispanic construction workers in multiliiayy work crews in the U.S. The intellectual
contribution of this work is to set a protocol fmsing Photovoice with construction workers for
the first time. Specifically, this proposal seekerkers perspectives to nominate the most
significant challenges Hispanic workers encountev@kplace through ethnographic interview.
Photovoice involves empowering the disadvantagenimrto express their concerns through
photographs and focus group meetings that are éocas specific prompts that were identified
in exploratory interviews. Collectively, these threhapters will yield to important knowledge

advancements that are directed toward improvingtgaferformance for Hispanic workers and
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small crews.

Contributions to practice

The results of this research provide leading indisaof safety performance that managers can
use to alert when potential weaknesses exist. Aadilly, the process of building and viewing
SNA sociograms gives practitioners a meaningfulaliged image of the actual communication
network. Such information can help them to idenffgtterns (e.g. isolated or disconnected

workers and subgroup “cluster” of workers in théaoek).

The research also provides practitioners with irtgydrinformation about the predictors of
network position based upon the personal attribatasembers of the construction crew. This
new knowledge helps managers to build well-stretumetworks upon complementary
attributes. For example, multilingual crews shoadd be without a young bilingual worker who
has the best chance of serving as a language tbgpaener who links otherwise disparate sub-

networks of unilingual workers.

Limitations and suggestions for future research

The chief limitation of this dissertation is theeusf a new safety metric to compare relative
crews safety performance. In Chapters 2 and 3, taianeas developed called relative safety
performance (RSP) for crew comparison. The RSPienistcalculated based on crew’s relative
performance rate. The weakness of this methoditiethe need for safety managers to the
performance of the crew relative to the other crawsthe organization. Although these

individuals are capable to provide better estima#ddtive performance values for their crews,
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the computed RSP values are, essentially, appraoedrend limited to the accuracy of relative

performance values.

To address this final limitation an internal cheeis performed to see if different results would
have been obtained if the traditional safety metecordable injury rate (RIR), was used in lieu
of the RSP in the statistical analyses. Accordintle order of the crews Table 1 in Chapter 2
were restructured. A comparison of Tables 1 anel2al only a very small change where crew 8

and crew 4 switch positions. Despite this changestatistical analyses or results changed.

Table 1. Relative safety performance (RSP) summaifhigh to low)

Crew Crew Percentile | Safety Percent of Maximum
Trade . RIR )
No size Rating performance Performance
5 Drywall 10 2.8 85% 0.304 1.000
9 Carpentry 5 3.9 90% 0.231 0.760
6 General 12 4.1 90% 0.220 0.723
7 Drywall 5 4.4 95% 0.216 0.711
2 Glazing 7 5.4 90% 0.167 0.549
4 HVAC 7 6.8 95% 0.140 0.460
3 HVAC 5 6.8 95% 0.140 0.460
8 Carpentry 6 5.4 75% 0.139 0.458
1 Electrical 5 12.1 100% 0.083 0.272

Table 2. Safety performance (RIR) summary (low to tgh)

Crew No | Trade Crew size| RIR
5 Drywall 10 2.8
9 Carpentry 5 3.9
6 General 12 4.1
7 Drywall 5 4.4
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2 Glazing 7 5.4
8 Carpentry 6 5.4
3 HVAC 5 6.8
4 HVAC 7 6.8
1 Electrical 5 12.1

Therefore, the findings in Chapter 2 will remainchanged. The top performing crews receive
weekly formal safety communication from upper-levednagers and have informal weekly

safety communication. However, the statement oflifig 3 needs to be revised to “in
comparison, only one crew from low performing crevesl connections among members when
data were dichotomized for monthly training comneation.” Please see the revised version of

Table 3 (this table corresponds with Table 4 infZba2).

Table 3. Network density degrees for safety trainig on a monthly basis for high and low
performing crews

Crew | Network Density

o g 5 20%
oo 6 16%
'_ ju—

© 9 20%
E g 4 16%
23 3 0%
m © 1 0%

Similarly, the analysis and results from Chaptee®ain the same when RIR is used. The only
change is the order of the participant crews sithey are ranked according to the crews’
recordable injury rates. Table 4 in this chaptevveh the original crew analysis and Table 5
shows the adjusted analysis. Despite this chahgenalysis remained the same.

Table 4. Crew Analysis (RSP)

Number of workers fluent in Relative

Crew no Trade Size
English | Spanish  Bilingual _ S&f€ty
performance

13 Sheet meta 9 8 0 1 1.00
14 Plumping 10 9 0 1 0.66
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6 Landscaping 5 0 4 1 0.57
4* Drywall 21 11 5 5 0.54
5 Electrical 7 7 0 0 0.51
9 Cleaning 5 0 4 1 0.48
12 Electrical 6 5 0 1 0.47
3 HVAC 5 0 2 3 0.40
8 Electrical 10 8 0 2 0.36
2 Concrete 8 0 4 4 0.35
7 Concrete 10 5 0 5 0.34
1* Concrete 36 13 11 12 0.28
10* Carpenter 24 4 15 5 0.20
11 Plumping 5 5 0 0 0.08

* Bilingual crew

Table 5. Crew Demographics (RIR)

Crew no Trade Size Nu_mber of wo_rkers qu_e_nt in Re_:cordable
English | Spanish|  Bilingual| injury rate
13 Sheet metal 9 8 0 1 0.86
14 Plumping 10 9 0 1 1.16
6 Landscaping 5 0 4 1 1.50
4* Drywall 21 11 5 5 1.60
5 Electrical 7 7 0 0 1.60
12 Electrical 6 0 4 1 1.63
9 Cleaning 5 5 0 1 1.80
3 HVAC 5 0 2 3 1.90
2 Concrete 8 8 0 2 2.20
7 Concrete 10 0 4 4 2.50
8 Electrical 10 5 0 5 2.50
1* Concrete 36 13 11 12 3.10
10* Carpentry 25 4 15 5 4.55
11 Plumping 5 5 0 0 5.88

* Bilingual crew

There are several other limitations and recomméoniatfor future research. First, the focus of

this dissertation is limited to the State of Cotlwdecause all participating crews worked in this
region and were reasonable accessible to the obstsam. Further studies are recommended for
other regions such as New Mexico and Texas wheiélimgual crews are likely due to high

Hispanic populations. Second, all crews were algtiveorking on building commercial and
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residential construction projects. In the futunedst infrastructure construction projects, energy
projects, and others can be considered. Thirdpadth 63 participants across nine crews were
included in Chapter 2 and 161 participants from dilerent construction organizations in
Chapter 3, future research is suggested to exgendumber of crew and participants to have
more reliable statistical results. Fourth, thissdigation includes the analysis of crews from 9
different trades. Further researchers may segreéigatéata based on the crew’s trade and present
the results accordingly. Finally, this dissertatthd not test the quality and usefulness of safety-
related knowledge exchange. Future researcherscati@gt data with explanation of quality and
guantity of relationship (knowledge exchange) feclsn how useful or vital the information is

to safety achievement.

What | learned and future research

In this dissertation | studied social network as&ySNA) and showed how SNA can be linked
to the information science. | also learned SNA idraad strategy for investigating social
structures. However, in order to have fully undamst of social phenomena, SNA researchers
must consider primarily the relationships betweetors and the individual characteristics. This
dissertation has showed that SNA can be utilized aseful technique in construction safety
knowledge exchange field. More specifically in mpiimes and multicultural work crews

projects.

A typical example where SNA can investigate theetsaknowledge exchange is the Saudi
Arabia construction industry. In Saudi Arabia, donstion projects have increased rapidly over

the past decade attracting construction companoes &ll over the world. Regardless this fact,
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Berger (2008) has found 25% of contractors did provide a necessary safety orientation to
new workers; 25% did not provide personal protectquipment (PPE); and 38% did not have
formal safety training program. In fact, constrantisafety has not been regulated by any
government agency, which lead to the fact the qonad safety doesn’'t exist among
construction contractors. According to the Gen@eganization of Social Insurance in Saudi
Arabia (GOSI, 2011) the annual average injury d@téhe construction industry from 2004 to
2010 was relatively high at 3413 per 100,000 emgxsyand the annual fatality rate was 28.3 per
100,000 employees. Most of the these accidents vaarsed by the worker’s safety culture due
to the fact that 91% of the construction workersenmigrants from (e.g. Pakistan, Bangladesh,
and Egypt) (MOL 2012). The above situation suggést need for a future study to investigate
and identify the impacts of critical cultural asggecon implementing effective safety

communication and safety program using social ndtwoalysis (SNA) technique.
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Appendices



Appendix 1: Social Network Analysis metrics scoresf the five communication modes for nine work crewsform Alsamadani et a. 2013a

(Chapter 2)

icati Crew number
O oden | SNAmeric 1 2 3 4 5 6 7 8 9
g |, § Density 5% 29% 0% 29% 10% 14% 20% 0% 10%
ERE g Centrality -out 25% 83% 0% 83% 100% 95% 100% 0% 19%
g |& 8| Cemuality-in 25% 25% 0% 6% 1% 9% 6% 0% 50%
B S|  Betweenness 0% 6% 0% 0% 0% 0% 0% 0% 0%
§ o 2 Density 45% 21% 0% 62% 0% 16% 35% 0% 40%
= |5 E| Centrality -out 69% 92% 0% 44% 0% 32% 81% 0% 44%
§ g E Centrality- in 38% 53% 0% 25% 0% 57% 50% 0% 75%
= S|  Betweenness 44% 0% 0% 5% 0% 1% 75% 0% 13%
0 & Density 30% 31% 0% 55% 80% 19% 0% 0% 30%
5| E g Centrality -out 40% 81% 0% 53% 10% 90% 0% 0% 88%
= £|& 5| _Centrality- in 29% 22% 0% 14% 10% 16% 0% 0% 25%
E =| EB| Betweenness 0% 6% 0% 1% 0% 11% 0% 0% 50%
€ 2|, & Density 20% 38% 15% 43% 80% 14% 0% 0% 0%
= E|5 S| Centrality -out 69% 72% 13% 67% 10% 33% 0% 0% 0%
°18 E Centrality- in 38% 14% 75% 28% 10% 46% 0% 0% 0%
2|  Betweenness 0% 3% 0% 20% 0% 7% 0% 0% 0%
o £ Density 0% 0% 0% 20% 10% 14% 0% 0% 0%
2 g Centrality -out 0% 0% 0% 86% 100% 95% 0% 0% 0%
ot n% % Centrality- in 0% 0% 0% 8% 1% 9% 0% 0% 0%
£ S|  Betweenness 0% 0% 0% 0% 0% 0% 0% 0% 0%
g |, B Density 20% 7% 0% 12% 10% 9% 0% 7% 20%
= 8| Centrality -out 69% 31% 0% 53% 1% 40% 0% 16% 69%
2 E Centrality- in 6% 31% 0% 33% 100% 27% 0% 40% 38%
2|  Betweenness 17% 0% 0% 21% 0% 1% 0% 0% 0%
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Appendix 1 continued: Social Network Analysis metrics scoresfahe five communication modes for nine work crewsform Alsamadani et
al. 2013a (Chapter 2)

Communication SNIA pricfiic Crew number
modes 1 2 3 4 5 6 7 8 9
'E o .5 Density 0% 14% 0% 0% 1% 11% 0% 0% 0%
*§ 'E ‘g Centrality -out 0% 100% 0% 0% 11% 99% 0% 0% 0%
:':; E BS Centrality- in 0% 3% 0% 0% 11% 0% 0% 0% 0%
£ = Betweenness 0% 0% 0% 0% 0% 11% 0% 0% 0%
§ . '5 Density 0% 19% 0% 0% 0% 2% 0% 7% 25%
= .2 ®| Centrality -out 0% 94% 0% 0% 0% 10% 0% 16% 63%
% é’ g Centrality- in 0% 17% 0% 0% 0% 22% 0% 40% 31%
= = Betweenness 0% 0% 0% 0% 0% 0% 0% 0% 0%
o '5 Density 40% 0% 5% 55% 9% 14% 15% 17% 20%
. 'E ‘é Centrality -out 44% 0% 25% 53% 89% 95% 75% 100% 100%
= 5_‘9 RS Centrality- in 44% 0% 25% 14% 2% 9% 12% 4% 6%
= = Betweenness 8% 0% 0% 1% 0% 0% 0% 0% 0%
-§ o & Density 30% 10% 20% 57% 9% 11% 20% 0% 40%
é 2%, .‘é Centrality -out 25% 28% 6% 50% 2% 49% 5% 0% 44%
g & Centrality- in 56% 47% 100% 50% 89% 49% 69% 0% 75%
= Betweenness 0% 0% 0% 21% 0% 0% 25% 0% 13%
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Appendix 2: Social Network Analysis metrics scorefor 161 participants baser-attributes, form Alsamadani et al. 2013b (Chapter }

. Years of experience SNA metric scores
Participant o .
6 Language| Position Age Safety education o Out ital I
fudustry | Curenteniployer | Trade centrality |betweenness| centrality | betweenness
1 English |Field manager 30 9.00 4.00 4.00 Safety training 100.00% 50.00% 83.33% 0.00%
2 English | Field worker 37 15.00 1.00 15.00 Safety training 0.00% 0.00% 0.00% 0.00%
3 English | Field worker 32 15.00 4.00 4.00 Safety training 16.67% 0.00% 0.00% 0.00%
4 English | Field worker 27 0.25 0.25 0.25 Safety training 16.67% 0.00% 0.00% 0.00%
5 English | Field worker 25 4.00 0.75 0.75 |OSHA classes & training| 16.67% 0.00% 0.00% 0.00%
6 English | Field worker 40 4.00 2.00 3.00 Safety training 0.00% 0.00% 0.00% 0.00%
7 English | Field worker 31 6.00 0.25 5.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
8 English | Field worker 29 6.00 4.00 6.00 |OSHA classes & training| 5.00% 0.00% 10.00% 0.26%
9 English | Field worker 35 15.00 0.50 15.00 Safety training 0.00% 0.00% 10.00% 0.26%
10 English | Field worker 35 15.00 2.00 15.00 |OSHA classes & training| 5.00% 0.00% 5.00% 0.00%
11 English | Field worker 36 16.00 0.33 16.00 Safety training 0.00% 0.00% 5.00% 0.00%
12 English | Field worker 47 15.00 0.25 15.00 |OSHA classes & training| 10.00% 0.00% 5.00% 0.00%
13 English | Field worker 36 26.00 8.00 21.00 |OSHA classes & training| 5.00% 0.26% 10.00% 0.26%
14 English | Field worker 45 24.00 0.25 22.00 Safety training 5.00% 0.00% 5.00% 0.00%
15 English | Field worker 49 26.00 0.25 26.00 Safety training 10.00% 0.00% 0.00% 0.00%
16 Spanish | Field worker 37 15.00 1.00 4.00 |OSHA classes & training| 5.00% 0.13% 5.00% 0.00%
17 E &S Field worker 49 24.00 1.00 29.00 [OSHA classes & training| 100.00% 7.37% 20.00% 0.00%
18 Spanish | Field worker 32 6.00 4.00 4.00 Safety training 0.00% 0.00% 5.00% 0.00%
19 Spanish | Field worker 30 10.00 2.00 2.00 Safety training 5.00% 0.00% 5.00% 0.00%
20 E &S Field worker 51 23.00 1.00 23.00 Safety training 100.00% 2.37% 5.00% 0.00%
21 E &S Field worker 41 14.00 0.66 14.00 Safety training 100.00% 0.00% 5.00% 0.00%
22 English | Field worker 45 8.00 0.50 8.00 |[OSHA classes & training| 0.00% 0.00% 5.00% 0.00%
23 Spanish | Field worker 28 8.00 1.50 10.00 Safety training 5.00% 0.00% 10.00% 0.26%
24 Spanish | Field worker 37 3.00 3.00 3.00 |OSHA classes & training| 0.00% 0.00% 10.00% 0.00%
25 E &S Field worker 25 8.00 2.00 2.00 Safety training 10.00% 0.00% 10.00% 0.00%
26 English | Field worker 34 10.00 0.50 10.00 |OSHA classes & training| 10.00% 0.00% 5.00% 0.00%
27 English | Field worker 47 11.00 1.00 11.00 Safety training 0.00% 0.00% 5.00% 0.00%
28 E &S Field worker 38 15.00 0.33 15.00 |OSHA classes & training| 100.00% 4.61% 5.00% 0.00%
29 E &S |Field manager 30 9.00 4.00 4.00 Safety training 100.00% 0.00% 100.00% 0.00%
30 E &S Field worker 19 8.00 3.00 3.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
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Appendix 2 continued: Social Network Analysis metris scores for 161 participants baseattributes, form Alsamadani et al. 2013b

(Chapter 3)
Years of experience SNA metric scores
Rartieipant Language Position Age Safety education Out Out In In
. - . Sty ((Cuent ant o ppt e ? centrality |betweenness| centrality | betweenness
31 E &S Field worker 28 1.00 1.00 1.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
32 Spanish | Field worker 34 1.00 1.00 1.00 Safety training 0.00% 0.00% 0.00% 0.00%
33 Spanish | Field worker 27 5.00 2.00 2.00 Safety training 0.00% 0.00% 0.00% 0.00%
34 English | Field manager 30 8.50 8.50 8.50 |OSHA classes & training| 8.57% 1.18% 0.64% 0.08%
35 E &S Field worker 36 7.00 3.00 15.00 |OSHA classes & training| 8.57% 0.34% 0.64% 0.00%
36 E &S | Field manager 46 30.00 2.00 30.00 Safety training 8.57% 0.59% 0.64% 0.34%
37 E &S Field worker 42 14.00 8.00 14.00 |OSHA classes & training| 5.71% 0.00% 0.95% 0.08%
38 E &S Project managey 27 4.00 4.00 4.00 |[OSHA classes & training| 100.00% 0.00% 0.00% 0.00%
39 Spanish | Field worker 20 1.00 1.00 1.00 |OSHA classes & training| 5.71% 0.21% 0.00% 0.00%
40 English | Field worker 27 1.00 1.00 1.00 |OSHA classes & training| 5.71% 2.52% 0.00% 0.00%
41 Spanish | Field worker 46 9.00 1.50 3.00 Safety training 2.86% 0.00% 0.00% 0.00%
42 E &S |Field manager 49 28.00 9.00 28.00 |OSHA classes & training| 100.00% 7.69% 0.32% 0.00%
43 Spanish | Field worker 46 10.00 5.00 10.00 |OSHA classes & training| 2.86% 5.00% 0.00% 0.00%
44 English | Field worker 27 4.00 4.00 4.00 Safety training 0.00% 0.00% 0.00% 0.00%
45 Spanish | Field worker 47 20.00 15.00 20.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
46 English | Field manager 52 34.00 1.00 34.00 |OSHA classes & training| 2.86% 0.00% 0.00% 0.00%
47 English | Field worker 34 4.00 4.00 4.00 |[OSHA classes & training| 8.57% 1.00% 0.00% 0.00%
48 English | Field worker 40 10.00 1.50 10.00 |OSHA classes & training| 5.71% 0.00% 5.40% 0.00%
49 English | Field worker 50 30.00 1.00 10.00 Safety training 2.86% 0.00% 0.00% 0.00%
50 E &S Field worker 48 30.00 1.00 25.00 Safety training 0.00% 0.00% 0.32% 0.08%
51 English | Field worker 57 40.00 25.00 40.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
52 English |Field manager 57 35.00 7.00 35.00 |OSHA classes & training| 0.00% 0.00% 0.32% 0.08%
53 Spanish | Field worker 49 7.00 2.00 7.00 |OSHA classes & training| 2.86% 0.00% 0.32% 0.00%
54 Spanish | Field worker 36 18.00 3.00 18.00 Safety training 2.86% 0.00% 0.00% 0.00%
55 English | Field worker 38 20.00 6.00 18.00 Safety training 0.00% 0.00% 0.00% 0.00%
56 Spanish | Field worker 38 12.00 3.50 12.00 Safety training 0.00% 0.00% 0.00% 0.00%
57 E &S | Field manager 31 9.00 5.00 9.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
58 Spanish | Field worker 46 20.00 11.00 20.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
59 E &S Field worker 57 26.00 20.00 26.00 |OSHA classes & training| 0.00% 0.00% 0.32% 0.17%
60 Spanish | Field worker 36 6.00 6.00 6.00 |OSHA classes & training| 8.57% 0.00% 0.00% 0.00%
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Appendix 2 continued: Social Network Analysis metiis scores for 161 participants baseattributes, form Alsamadani et al. 2013k

(Chapter 3)
Years of experience SNA metric scores
Rartieipant Language Position Age Safety education Out Out In In
. - . Sty ((Cuent ant o ppt e ? centrality |betweenness| centrality | betweenness
61 English | Field worker 52 30.00 2.00 30.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
62 E &S Field worker 43 3.00 3.00 3.00 Safety training 5.71% 0.00% 0.00% 0.00%
63 E &S |Field manager 28 10.00 5.00 10.00 Safety training 8.57% 2.98% 2.86% 0.00%
64 E &S |Field manager 33 15.00 3.00 12.00 Safety training 8.57% 0.17% 0.95% 0.00%
65 English | Field worker 53 25.00 15.00 25.00 |OSHA classes & training| 2.86% 0.00% 0.00% 0.00%
66 E &S Field worker 38 5.00 5.00 5.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
67 Spanish | Field worker 45 9.00 9.00 9.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
68 Spanish | Field worker 52 30.00 2.00 30.00 Safety training 0.00% 0.00% 0.00% 0.00%
69 English | Field worker 36 16.00 8.00 16.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
70 English | Field manager 44 23.00 8.00 23.00 Safety training 12.50% 10.71% 0.00% 0.00%
71 English | Field worker 50 10.00 1.50 24.00 Safety training 25.00% 0.00% 0.00% 0.00%
72 English | Field worker 52 15.00 8.00 15.00 |OSHA classes & training| 25.00% 3.57% 12.50% 0.00%
73 E &S Field worker 40 10.00 1.00 2.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
74 English | Field worker 33 3.50 0.03 3.50 |OSHA classes & training| 12.50% 0.00% 0.00% 0.00%
75 English | Field worker 29 9.50 0.03 4.50 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
76 English | Field worker 47 16.00 0.50 16.00 |OSHA classes & training| 25.00% 0.00% 0.00% 0.00%
77 English |Field manager 43 18.00 2.50 10.00 |OSHA classes & training| 12.50% 10.71% 100.00% 0.00%
78 English | Field worker 26 0.04 0.04 0.04 Safety training 12.50% 10.71% 0.00% 0.00%
79 English | Field worker 19 3.00 3.00 3.00 |OSHA classes & training| 100.00% 0.00% 20.00% 0.00%
80 English | Field worker 42 4.00 4.00 4.00 Safety training 0.00% 0.00% 40.00% 0.00%
81 English | Field worker 23 4.00 1.00 4.00 |OSHA classes & training| 100.00% 0.00% 0.00% 0.00%
82 E &S Field worker 24 5.00 1.00 5.00 |OSHA classes & training| 20.00% 0.00% 40.00% 0.00%
83 English | Field worker 30 6.00 5.00 6.00 Safety training 20.00% 0.00% 40.00% 0.00%
84 English | Field worker 20 3.00 1.00 3.00 |OSHA classes & training| 20.00% 0.00% 20.00% 0.00%
85 English | Field worker 38 19.00 0.50 19.00 Safety training 11.11% 0.69% 55.56% 0.00%
86 English | Field worker 40 20.00 0.02 20.00 Safety training 11.11% 0.00% 11.11% 0.00%
87 E &S Field worker 31 9.00 0.05 8.00 |OSHA classes & training| 22.22% 0.00% 0.00% 0.00%
88 English | Field worker 34 6.00 1.00 6.00 |OSHA classes & training| 22.22% 0.00% 11.11% 2.78%
89 English | Field worker 23 5.00 5.00 5.00 |OSHA classes & training| 22.22% 0.00% 11.11% 0.00%
90 English | Field worker 53 32.00 5.00 32.00 Safety training 22.22% 0.00% 11.11% 0.00%
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Appendix 2 continued: Social Network Analysis metiis scores for 161 participants baseattributes, form Alsamadani et al. 2013k

(Chapter 3)
Years of experience SNA metric scores
Rartieipant Language Position Age Safety education Out Out In In

. - . Sty ((Cuent ant o ppt e ? centrality |betweenness| centrality | betweenness
91 English | Field worker 42 7.00 1.50 6.00 Safety training 11.11% 11.11% 11.11% 0.00%
92 English | Field worker 19 0.50 0.50 0.50 |OSHA classes & training| 11.11% 50.00% 0.00% 0.00%
93 English | Field worker 34 10.00 1.00 10.00 Safety training 11.11% 20.83% 0.00% 0.00%
94 English | Field manager 49 30.00 1.00 26.00 Safety training 100.00% 82.64% 88.89% 0.00%
95 Spanish | Field worker 38 10.00 8.00 8.00 |[OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
96 Spanish | Field worker 51 20.00 7.00 7.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
97 E &S Field worker 39 20.00 9.00 20.00 [OSHA classes & training| 100.00% 0.00% 100.00% 0.00%
98 E &S | Field manager 44 25.00 11.00 25.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
99 E &S Field worker 26 8.00 3.00 3.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
100 E &S Field worker 39 18.00 6.00 18.00 Safety training 0.00% 0.00% 0.00% 0.00%
101 Spanish | Field worker 50 20.00 1.00 20.00 Safety training 0.00% 0.00% 0.00% 0.00%
102 Spanish | Field worker 24 3.00 3.00 3.00 Safety training 100.00% 0.00% 100.00% 0.00%
103 E &S | Field manager 28 9.00 1.00 9.00 |OSHA classes & training| 100.00% 0.00% 100.00% 0.00%
104 Spanish | Field worker 34 3.00 1.00 3.00 Safety training 0.00% 0.00% 0.00% 0.00%
105 Spanish | Field worker 31 3.00 1.00 3.00 Safety training 0.00% 0.00% 0.00% 0.00%
106 Spanish | Field worker 63 10.00 1.00 10.00 Safety training 0.00% 0.00% 0.00% 0.00%
107 Spanish | Field worker 53 1.00 1.00 1.00 Safety training 0.00% 0.00% 0.00% 0.00%
108 E &S |Field manager 32 6.00 6.00 6.00 |OSHA classes & training| 100.00% 0.00% 100.00% 25.00%
109 Spanish | Field worker 26 4.00 4.00 4.00 [OSHA classes & training[ 0.00% 0.00% 25.00% 0.00%
110 Spanish | Field worker 30 3.00 1.00 3.00 |OSHA classes & training| 25.00% 8.33% 0.00% 0.00%
111 Spanish | Field worker 27 1.00 1.00 1.00 1 25.00% 0.00% 0.00% 0.00%
112 Spanish | Field worker 41 2.00 2.00 2.00 [OSHA classes & training[ 0.00% 0.00% 0.00% 0.00%
113 English | Field worker 37 15.00 12.00 12.00 |OSHA classes & training| 4.17% 9.72% 1.85% 0.00%
114 English | Field manager 50 20.00 14.00 14.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
115 E &S Field worker 33 7.00 4.00 7.00 |OSHA classes & training| 2.78% 0.00% 0.00% 0.00%
116 English |Field manager 60 41.00 18.00 30.00 |OSHA classes & training| 0.00% 0.00% 1.85% 0.00%
117 E &S | Field manager 54 35.00 19.00 35.00 |OSHA classes & training| 12.50% 31.25% 1.85% 0.00%
118 E &S Field worker 33 10.00 9.00 10.00 Safety training 2.78% 0.00% 0.00% 0.00%
119 English | Field worker 60 38.00 20.00 34.00 |OSHA classes & training| 11.11% 0.00% 0.00% 0.00%
120 E &S | Field manager 46 30.00 12.00 30.00 Safety training 9.72% 25.67% 24.07% 0.00%
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Appendix 2 continued: Social Network Analysis metiis scores for 161 participants baseattributes, form Alsamadani et al. 2013t

(Chapter 3)
Years of experience SNA metric scores
Rartieipant Language Position Age Safety education Out Out In In
. - . Sty ((Cuent ant o ppt e ? centrality |betweenness| centrality | betweenness
121 E &S Field worker 33 5.00 5.00 5.00 Safety training 4.17% 0.00% 0.00% 0.00%
122 English | Field worker 34 6.00 6.00 6.00 Safety training 4.17% 0.00% 0.00% 0.00%
123 English | Field worker 30 11.00 1.00 1.00 Safety training 100.00% 0.00% 44.44% 0.00%
124 E &S Field worker 34 3.50 3.50 3.50 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
125 English | Field worker 27 3.50 3.50 3.50 Safety training 0.00% 0.00% 0.00% 0.00%
126 English | Field worker 26 6.00 1.00 6.00 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
127 English | Field worker 38 8.00 1.50 1.50 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
128 English | Field worker 20 2.50 2.50 2.50 Safety training 22.22% 1.39% 0.00% 0.00%
129 English | Field worker 24 5.00 2.00 2.00 Safety training 11.11% 0.00% 0.00% 0.00%
130 English | Field worker 23 2.00 2.00 2.00 Safety training 100.00% 0.00% 0.00% 0.00%
131 E &S Field worker 32 3.50 0.50 3.50 |OSHA classes & training| 0.00% 0.00% 0.00% 0.00%
132 English | Field manager 52 33.00 11.00 33.00 |OSHA classes & training| 100.00% 0.00% 100.00% 0.00%
133 E &S | Field manager 28 9.00 9.00 9.00 Safety training 56.52% 73.49% 0.00% 0.00%
134 E &S Field worker 23 6.00 6.00 6.00 Safety training 39.13% 9.85% 0.00% 0.00%
135 Spanish | Field worker 41 5.00 5.00 5.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
136 Spanish | Field worker 36 15.00 15.00 15.00 |OSHA classes & training| 4.35% 0.00% 1.63% 0.00%
137 Spanish | Field worker 45 15.00 1.00 15.00 |OSHA classes & training| 4.35% 0.00% 0.54% 0.00%
138 Spanish | Field worker 28 7.00 1.00 7.00 |OSHA classes & training| 4.35% 0.00% 4.35% 0.00%
139 E &S Field worker 32 12.00 3.00 12.00 |OSHA classes & training| 39.13% 2.93% 0.00% 0.00%
140 Spanish | Field worker 34 11.00 2.00 11.00 |OSHA classes & training| 8.70% 0.00% 0.00% 0.00%
141 Spanish | Field worker 29 9.00 2.00 9.00 |OSHA classes & training| 4.35% 0.00% 0.54% 0.00%
142 Spanish | Field worker 36 24.00 12.00 24.00 |OSHA classes & training| 8.70% 0.00% 0.00% 0.00%
143 E &S Field worker 46 24.00 12.00 24.00 |OSHA classes & training| 8.70% 0.00% 2.72% 0.00%
144 Spanish | Field worker 27 1.00 0.08 1.00 |OSHA classes & training| 4.35% 0.00% 1.63% 0.00%
145 Spanish | Field worker 35 15.00 1.00 15.00 |OSHA classes & training| 8.70% 4.35% 0.54% 0.00%
146 English |Field manager 43 30.00 3.00 30.00 Safety training 4.35% 0.00% 0.00% 0.00%
147 Spanish | Field worker 27 5.00 5.00 5.00 |OSHA classes & training| 13.04% 7.61% 1.63% 1.58%
148 English | Field worker 30 10.00 1.00 10.00 |OSHA classes & training| 13.04% 0.10% 0.00% 0.00%
149 Spanish | Field worker 35 10.00 5.00 10.00 |OSHA classes & training| 8.70% 1.68% 2.17% 0.99%
150 Spanish | Field worker 32 7.00 2.00 7.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
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Appendix 2 continued: Social Network Analysis metiis scores for 161 participants baseattributes, form Alsamadani et al. 2013k

(Chapter 3)
Years of experience SNA metric scores

Fartieipant Language Position Age Safety education Out Out In In
= - . ity ((Cunent ant o ppt e ? centrality |betweenness| centrality | betweenness
151 Spanish | Field worker 34 3.00 1.00 3.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
152 Spanish | Field worker 42 10.00 0.08 10.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
153 E &S Field worker 44 23.00 4.00 23.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
154 English | Field worker 36 7.00 1.00 7.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
155 Spanish | Field worker 33 6.00 2.00 6.00 |OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
156 English | Field worker 25 4.00 2.00 4.00 |[OSHA classes & training| 4.35% 0.00% 0.00% 0.00%
157 English | Field manager 32 14.00 7.00 14.00 [OSHA classes & training| 100.00% 0.00% 0.00% 0.00%
158 English | Field worker 35 12.00 0.06 12.00 Safety training 0.00% 0.00% 25.00% 0.00%
159 English | Field worker 35 14.00 8.00 14.00 Safety training 0.00% 0.00% 25.00% 0.00%
160 English | Field worker 44 25.00 7.00 25.00 Safety training 0.00% 0.00% 25.00% 0.00%
161 English | Field worker 47 26.00 1.00 2.00 Safety training 0.00% 0.00% 25.00% 0.00%
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Appendix 3: Social Network Analysis (SNA) metrics pssary

Assume we have the following network (ABCDEFG)

S D —
C‘/ ‘\‘E
S G

Figure 1. ABCDEFG network

Nodes represent the actors, and ties with arropiesent the connections or (relationships). Alpatg
of the network analysis were generated by a Sdlgalork Analysis software called (UCINET).

Density

- Definition: The total sum of all connections in the netwoikided by the number of possible
connections. The density of any network can shovichvlactors have high levels of social
influence.

L
g(g9-1)
in the network, and is the total number of actors.

- Equation: A =

whereA is the network densityL] is the humber of existing connections

- Example: the output for network (ABCDEFG) density table

Network Density No of Ties

ABCDEFG | 0.3095 13.00

Geodesic Distance

- Definition: The number of connections (direct and indiretthie shortest possible path from one
specific actor to another specific actor.
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- Equation: the geodesic distance between adtceind actork ids equal to the number of
connections (ties) on the shortest path betweerd k.

- Example: for the network (ABCDEFG) the geodesic distanwarf actor (A) to actor (E) equals
(see the output below). The geodesic distancehmthole network is shown below. UCINET
also calculates the frequencies of each geodesitamtie and their proportions to the total
distances.

Distance Frequent | Proportion %
1 13 0.361
2 10 0.278
3 7 0.194
4 6 0.167

Average distance (among reachable pairs) =2.167

Actors | A B C D E F G
A 0 2 1 2 3 4 4
B 0 0 1 2 3 4 4
C 0 1 0 1 2 3 3
D 0 2 1 0 1 2 2
E 0 3 2 1 0 1 1
F 0 4 3 2 1 0 1
G 0 4 3 2 1 1 0

Point Centrality

- Definition: The number of actors that need to be removedderdor one specific actor to no
longer be able to reach another specific actor.

- Example: in the network (ABCDEFG) the point centrality fncactor (A) to actor (D) is equal to
one because actor (C) is only actor need to be vedheo actor (A) is no longer able to reach
actor (D). The output for the whole network is sindvelow:
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Point Centrality table

Actor A B C D E F G
A 0 1 1 1 1 1 1

B 0 0 1 1 1 1 1
C 0 1 0 1 1 1 1
D 0 1 1 0 1 1 1

I'I'I
o
[
[
[
o
N
N

Reachability

- Definition: The ability of one specific actor to reach anotbgecific actor through the network.

If a pair of actors is reachable, a value of “1"uldbbe given; if they are not reachable a value of
“0” is given.

- Example: the actor (A) can reach actor (C) so it's givescare value equal to one, but actor (C)
cannot reach actor (A) then a score value of zergiven. The reachability for the network
(ABCDEFG) is shown in the below table:

Actors | A B C D E F G
A 0 1 1 1 1 1 1
B 0 0 1 1 1 1 1
C 0 1 0 1 1 1 1
D 0 1 1 0 1 1 1

m
o
=
[
[
o
[
[
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Freeman’s Degree Centrality Measures

Definition: The number of direct connections made by one astthr all other actors in the
network.

Equation: to compute the standardized degree of centralitivs following equation: § (actor
x) =& ((;C_tf)rx)); where ¢, (actor x) is the total number of connection that #ttor x has (in or
out), and ¢-1) is the maximum possible number of connectityas &ctor x can have, whegas
the total number of network actors.

The network centralization (in and out) can be coteg by the following equation:

%8, [Cp (9= Cp ()]

Network Centralization = [(9-2)(g=1)]

WhereCp, (n *) is the largest observed value of Cpy (n ;) (Wasserman and Faust, 1994)

Example: the out degree of centrality of actor (o), (actor D) = 2

The standardized out degree of centrality of aGoC (D)= (731) = % =0.33 or 33.00%

The network (out degree) centralizatio|L|(—3-:3)+(3_2)+(3_2)+([35;62])+(3_2)+(3_1)+(3_1)] =

8
30" 0.266667 or 26.6667 %

Actors Out In

Degree Degree NrmOutDeg NrminDeg
A 3.0000 3.0000 | 50.0000 50.0000
B 2.0000 2.0000 | 33.3333 33.3333
C 2.0000 3.0000 | 33.3333 50.0000
D 2.0000 2.0000 | 33.3333 33.3333
E 2.0000 2.0000 | 33.3333 33.3333
F 1.0000 1.0000 | 16.6667 16.6667
G 1.0000 0.0000 | 16.6667 0.0000




Network (out degree) centralizatio6.6667 %

Network (in degree) centralizatior26.6667 %

Closeness Centrality

161

Descriptive

Statistics Out Degre¢ In Degree NrmOutDedrminDeg
Mean 1.8571 1.8571 30.9524 30.9524
Std Dev 0.6901 1.0690 11.5011 17.8174
Sum 13.0000 13.0000 216.6667 216.664G7
Variance 0.4762 1.1429 132.2751 317.4603
SSQ 27.0000 31.0000 7500.000 8611.1100
MCSSQ 2.8570 6.8570 793.6510 1904.7620
Minimum 1.0000 0.0000 16.6667 0.0000
Maximum 3.0000 3.0000 50.0000 50.0000
No of Observation 7.0000 7.0000 7.0000 7.0000

- Definition: The in-closeness centrality is the reciprocal of fummation of the geodesic
distance from all actors to reach a specific adtfarness) in the network. The out-closeness
centrality is the reciprocal of the summation of theodesic distance from a specific actor to
reach all actors (outFarness).

- Equation: The in-closeness gx) =

The out-closenessqx)=

The standardized closeness centrality (in or 0Gp$x) x (g — 1)

1

1

(X geodesic distance from actor (x) to all actors in the network)

(XY geodesic distance from all actors to actor (x)in the network)

Example: in the network (ABCDEFG) a total of fifteen conrieas (geodesic distances) for all actors to

reach the actor (D).

The “nCloseness” for actor (D)%_S—l) = 40%.
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Actors inFarness | outFarness inCloseresstcloseness
A 10.0000 15.0000 60.0000 40.0000

B 11.0000 15.0000 54.5455 40.0000

C 11.0000 17.0000 54.5455 35.2941

D 15.0000 18.0000 40.0000 33.3333

E 15.0000 18.0000 40.0000 33.3333

F 16.0000 21.0000 37.5000 28.5714

G 0.0000 16.0000 0.0000 37.5000
gfasticsrtii?:ive Out Degree| InDegree NrmOutDedNrminDeg
Mean 11.1429 17.1429 40.9416 35.4332
Std Dev 5.4598 2.1157 20.0964 41212
Sum 78.0000 120.0000 286.5909 248.0322
Variance 29.8095 4.4762 403.8641 16.9842
SSQ 2812.0000| 2084.0000 14360.7450 8890.4740
MCSSQ 754.8570 26.8570 1428.3530  101.9050
Minimum 0.0000 15.0000 0.0000 40.0000
Maximum 16.0000 21.0000 37.5000 28.5714
No of Observation 7.0000 7.0000 7.0000 7.0000

Reach Centrality

Definition: The percentage of actors that can be reachedspgeific actor throughr” number

of connections “outReach”, it is defined as the swation of reciprocal closeness centrality from
a specific actor to all actors, plus one. On ttieohand “inReach” is the percentage of actors
that reach a specific actor througtf humber of connections.

Equation: the
__wk=itog1
=2 -t 1,

“outreach”

centrality for actor i
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Wheren is the total number of connections from actor i to actor k;
“inReach” centrality for actor

=i to g% + 1,where nis the total number of connections from actor i to actor k
- Example: the reach centrality of actor (A)= []%4+ %+ % + % + %]+1 =3.833

The normalized reach centrality then can be obthinedividing by observation value (NormdwReach)
_3.833 _ 3.833

—— =——=10.548.
g 7

The third table shows the proportion of total agtiorthe network can be reached by a specific actor
connections (1, 2, 3, etc) for example actor (A) osachl7% of actors in the networks in one step and
67% of the network actors in three steps. The ladetabows what proportions of other actors can reach

a specific actor im connections (1, 2, 3, etc); for example, actoriéX)ever reachable by others.

Actors outReach | inReach nOutReach ninreacH
A 3.8330 1.0000 0.5480 0.1430

B 3.3333 3.8330 0.4760 0.5480

C 4.1670 5.1670 0.5950 0.7380

D 4.5000 5.0000 0.6430 0.7140

E 4.8330 5.1670 0.6900 0.7380

F 4.0830 4.3333 0.5830 0.6190

G 4.0830 4.3333 0.5830 0.6190




Descriptive

Statistics outReach| inReach nOutReach ninreacl
Mean 4.1189 41191 0.5883 0.5884
Std Dev 0.4759 1.4648 0.0679 0.2091
Sum 28.8323 28.8336 4.1180 4.1190
Variance 0.2265 2.1458 0.0046 0.0437
SSQ 120.1200 | 130.6400 2.4500 2.6900
MCSSQ 1.3600 12.8700 0.0300 0.2600
Minimum 3.3333 1.0000 0.4800 0.1400
Maximum 4.8330 5.1700 0.6900 0.7400
No of Observation 7.0000 7.0000 7.0000 7.0000

Proportion of nodes reachable by a node $teps (connections)
Number of steps (connections)

Actors | 1 2 3 4 5 6

A 0.17 0.50 0.67 1.00 1.00 1.00

B 0.17 0.33 0.50 0.83 0.83 0.83

C 0.33 0.50 0.83 0.83 0.83 0.83

D 0.33 0.83 0.83 0.83 0.83 0.83

E 0.50 0.67 0.83 0.83 0.83 0.83

F 0.33 0.50 0.67 0.83 0.83 0.83
G 0.33 0.50 0.67 0.83 0.83 0.83
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Proportion of nodes that can reach a nodesteps (connections)

Number of steps (connections)

Actors | 1 2 3 4 5 6

A 0.00 0.00 0.00 0.00 0.00 0.00
B 0.17 0.50 0.67 1.00 1.00 1.00
C 0.50 0.67 1.00 1.00 1.00 1.00
D 0.33 1.00 1.00 1.00 1.00 1.00
E 0.50 0.67 1.00 1.00 1.00 1.00
F 0.33 0.50 0.67 1.00 1.00 1.00
G 0.33 0.50 0.67 1.00 1.00 1.00

Node Betweenness Centrality

Definition: The number of times a specific actor is on the gemdpath between pairs of

actors.

the number of geodesic distance between 'y and z through actor x
the number of geodesic distance or path between 'y and z

Equation: cg (X)= X where
y<z

The relative node betweeness centraligy (&) = (0

(g-1(g-2)
Example: the betweenness centrality for actor E g (&)= %(A toF) + %(A to G) +
~(BtoF)+-(BtoG)+=(CtoF)+=(CtoG) +<(Dto F) + (D to G) +
~(FtoD)+(FtoC)+<(FtoB)+=(GtoD)+=(GtoC)+(GtoB) = 14

The relative node betweenness centrali@y(E):% =0.466667 = 46.667%



Actors | BetweennessnBetweenness

A 0.000 0.000

B 0.000 0.000

C 13.000 43.333

D 15.000 50.000

E 14.000 46.667

F 0.000 0.000

G 0.000 0.000
Descriptive
Statistics outReach| inReach
Mean 6.0000 20.0000
Std Dev 7.5056 25.0185
Sum 42.0000 140.0000
Variance 56.3333 625.9263
SSQ 590.0000 | 6555.556
MCSSQ 338.0000 | 3755.556
Minimum 0.0000 0.0000
Maximum 15.0000 50.0000
No of Observation 7.0000 7.0000

Edge Betweenness Centrality

Definition: The number of times a specific connection fallgtma shortest path between

pair of actors.
Equation: cg (i to j)=

2

the number of geodesic distance between y and z through connection (tie)i to j

the number of geodesic distance or path betweeny and z

where y<z
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_ _ . N — cg(ito))
The relative edge betweenness centraligy(Cto j) G-DG-2

- Example: the relationship (connection) from actor C to adors the mediator for all
connections that start from actors A, B, or C te thst actors. The edge betweenness

centrality for the connection (tie) from (C) to éD% (A to D) +% (Ato E)+% (A to F)+%
(Ato G) +: (Bto D) +: (B to E)+: (BtoF) + ~(Bto G) + - (CtoD) + = (CtoE) +
=(CtoF) +-(Cto G) = 12

The relative edge betweenness centraligy(C to D)= #@_2) = 0.4 or 40%

Edge betweenness centrality

A B C D E F G
A 0 0 6 0 0 0 0
B 0 0 5 0 0 0 0
C 0 6 0 12 0 0 0
D 0 0 8 0 12 0 0
E 0 0 0 9 0 5 5
F 0 0 0 0 4 0 1
G 0 0 0 0 4 1 0




