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Abstract: It is increasingly important that organisations focus on occupational safety aith {©SH) to enhance their
competitive edge. In Trinidad and Tobago (T&T§ BSH Act aimtoreduee risk levels through development of safe systems
of work. This paper reports on factor analysis conducted upon a recent survey of Occup8tfetsl and Health
Management System (OSHMS) implementation in the manufacturing &eE&r. The survey targeteagroup of 40 small

and mediunsized manufacturing enterprises (SMESs). It explored the factors influen&8h/S development from among
22 elements. It was found that two overarching factors correlatefisgmily to OSHMS implementation in SMEs. Factor 1
“Safety Structure and Practi¢gesconsisted of 11 OSHMS elements in two groups (“OSH Oversight” and “OSH
Arrangements”) with factor loadings ranging between 0.599 and 0.876. Factém@rovement Drivers consisted of 4
OSHMS ements with factor loadings ranging between 0.805 and 0.846. The remaining 7 elemergbmveated during

the course of the analysis due to low correlation or low communality of elements, or-ldawlitg on factors. The paper
puts forward that govement and industrysupported systems could be critical aids to promote collaboration among SMEs
and help them to set up their own formal OSHMS

Keywords: OSH Act, Factor Analysis, Occupational Safety and Health Management SyStidiiSO

1. Introduction OSHMS development in the manufacturing seutibh a

Recent studies advocatee importance of safety and focus on SMEs in T&T. . _

health practices that promote economic wellbeing and  This paper hadive (5) sections. Following the
productivity for both businesses and nations (Abdupntroducnoq, a Literature Review is prese_nted |n.Sect|.on
Raouf, 2004; Hawkins and Booth, 1998; ILO, 2001;2- An outline of the study approach is provided in
Law et al., 2006). In Trinidad and Tobago (T&T)ore  Section 3In Section 4the various stages of analysis are
focus is being placed on developing and growing thedesqr!bed|deal valges of constants are comp_ared to the
manufacturing sector so as to diversify its economy.empirically determined valuesind further actions are
This sector consists mainly of small and mediumrationalised. The paper concludes in Sect®rwith
enterprises (SMEs). The Occupational, Safety andecommendations based on the findings of the research.
Health (OSH)Act encourages micrenterprises to dve ) )

OSH systems in place, but they are not mandated tc?- Literature Review

maintain much documentation or evdmve OSH There is, to a large extent, camence on good safety
Committees or policies. Howeven the case of larger management practices around the worfhr many
organisations, the OSH Act does require more formalyears the UK’s Health and Safety Executive (HSE)
documented systems (GORTT, 2004). At presens it using the POPMAR approach, recommgnthat

not known to what extent T&T manufacturing OSHMS development and implementation include
companies whichhave installed OSH Management setting policy for OSH, organising staff, planning for
Systems (OSHMSare in compliancavith the OSH Act, health and safetymeasuringOSH performance, and
as data and statistics have not been publicly publishedievising asystem audit and review activities (HSE,
There isthereforea need to evaluate the extent toischh  n.d.). Since 2013, the HSE (2013) has aligned its
OSHMS implementation has been effected inrecommendations with the ‘Plan, Do, Check, Act
compliance with the OSH Act. This paper reports (PDCA) approach, pointing out that OSH managemen
findings of a recent survey of OSHMS implementation, systems should be integrated within companies’ overall
and identifies the main factors that contribute to the management systems and rolled out in accordance with



M. NathaiBalkissoon andK.F. Pun: Factor Analysis of Elements Influencing Occupational Safety and Health Management System Devielopme 14
Trinidad and Tobago

each individual company’s risk profile. In addition to version of the survey was developed within the Survey
this overarching recommendation, the HSE makesMonkey online survey programme, and disseminated
several guidelines and templates freely ladé to its  using a weHink. The web-link was sent to the sample
stakeholders via its website. The ANSI/AIHA (2005) population via email, along with a message explaining
OSHMS standard seems strongly aligned with thisthe survey purpose, giving assurance of crftiality,
approach as well. describing theapproach to data treatment and requesting

Commonly recommended OSH elements includecompletion of the survey online.
developing an OSH policy, providing OSH training, The survey was distributed to 100 SMEs within the
setting OSH rules and regulationsperforming  manufacturing industry. Attempts were made to increase
inspections for hazardous conditions, performing jobthe response rates of potential respondentsaigeting
hazard analysis, conducting investigations of accidentpersons who were safety or engineering practitioners.
and incidents, establishing programmes promoting OSHThe representatives all had technical backgrounds and
establishing programmes to protect employee health antleld some responsibility for safety performance in their
well-being, managing subntractors, and establishing companies. If they did not consider themselseiable
programmes to plan for emergencies (Nathai to complet the surveythey were asked to forward the
Balkissoon, Pun, and KoprmBeharry, 2012). Teo and survey tothe appreriate person for completior&fforts
Ling (2006) also called for the use of team meetingswere also made to contact respondents through
proper equipment maintenance, control of hazardougrofessional networks such as LinkedIn, obtain direct
materials, and safe work ptaes Chan, Kwok, and email addresses rather than those of administrative
Duffy (2004) support the development of OSH assistants, andend reminder messages a few weeks
organisatiorelementsincluding a safety committee, as later in the survey process. Valid completed
well as OSH arrangements including programmes forquestionnaires were obtained from a total of 40
procesontrol and personal protection. respondents.

T&T’'s OSH Act (GORTT, 2004; 2008equiresthe
following to be included with an OSHMS: OSH policy, 3.2 Analysis Method

safety information, instruction, training, and supervision, quantitative analysis of multivariate data may be done
risk _assessments, accident investigation, healtfhsing a range of techniques, includifagtor analysis
surveillance, measures to protect the safety, health angq principal components analysis, multiple regression,
welfare of employees and nempbyees, emergency mytiple discriminant analysis, canonical correlation,
preparedness, employee consultation and functioning ofariance and covariance multivariate analysis, conjoint
a safety committee in larger organisations, hazardougnawsis' cluster analysis, perceptual mapping,
material management, personal protective equipmentgrrespondence analysis, and structural equation
and devices, safe work systems and practices, incIudingmde”ing (Hair et al., 2010)If there are many

safeguarding of machinery. The challenge with the.T&Tindependent variables which may help a phenomenon to
OSH Act is that implementation of some elements is lefthe  more easily understood by grouping them into
to the discretion of the company. The likelihood that gimensions of similarity, then factor analysis is likely to
manufacturing organisations will place a high priority on pe yseful (Hair et al., 2010). Factor analysis can help
OSHMS development is lowered because there is littlgyith poth the identification of variables that correlate

enfacement by T&T's OSH Authority and Agency, yith one another, and with the identification of variables
OSHA (NathaiBalkissoon, 2011). It is difficult to assess nat are fairly independent of one another.

the state of OSHMS implementation across the industry  Tpis paper presents the findings at the various
sectors within T&T, since there is a paucity of pubhshedstages of the factor analysis performed on the 22 survey

and publicly available data on the subject. items that evaluated the extent of the company’s
implementation of OSHMS. A total of 40 complete

3. Methodology responses were received. While it is usually

3.1Survey Instrument and Administration recommended that sample size exceed 50 for a factor

A survey questionnaire was developed, with reference t@nalysis to be pesfmed, given the difficulty
the OSH Act content. Dataresented in this paper, were €xperienced in obtaining further survey responses from
sourced from the section of the survey that evaluated théhe field, the choice was made to conduct an initial
extent to which OSHMS elemts had been €xploratory factor analysisAccording to de Winter,
implemented. Table 1 shows the survey question and theodou, and Wieringa (2009), sample sizes of less than
22 items that were the focus of this factor analysis, alongQ are capable of yielding acceptable factor loada®s
with the 5point Likert scale and rating values used in 10Ng a@s highcommunality values, a highnumber of
coding the data. observed variables, and a low number of factors

For the convenienceof respondentsan electronic ~ characterise the undertaking.
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Table 1. Survey Questionnaire Items

To what extent do you agree that the following elements are properly addressed at your company?

No. Iltem Rating
1 There is a safety and health committee SD D N ASA
2 There is a documented safety policy SD D N ASA
There is a dedicated safety officer, safety practitioner, or other person hired or contracted with specific responsibility to
3 o - SD D N ASA
fulfil this function
4 Top managers know the requirements of the OSH Act, and are committed to complying with them through planning, SD D N ASA
resource allocation, and provision of support
Employees know the requirements of the OSH Act and play an active role in developing and improving elements of the
5 SD D N ASA
safety management system
6 The company identifies hazards, assesses risk levels, and implements action plans to prevent and control these hazardsSD D N A SA
7 The safety of at-risk persons have been considered, including pregnant or nursing females, young persons, and non- SD D N ASA
employees
8 There are checks in place to ensure contractor safety performance, when contractors perform duties at, or for, your SD D N A SA
company
9 Hazardous chemicals (materials) are properly identified and safely used, handled, stored, transported, and disposedof SD D N A SA
Confined spaces have been identified and precautions have been taken to protect worker safety when accessing
10 . SD D N ASA
confined spaces
11 Emergency plans, fire safety arrangements, and safe access and egress points have been established SD D N ASA
12 Proper safeguards (e.g. guards, fencing on equipment) are in place SD D N ASA
13 Training, information, instruction, and supervision are provided to ensure employee safety and health SD D N ASA
14 Reporting and investigation of accidents, injuries, and death is consistently done SDD N A SA
15 The company is environmentally responsible SDD N A SA
16 Conditions required to satisfy the OSH Act’s Health requirements have been met SDD N A SA
17 Conditions required to satisfy the OSH Act's Welfare requirements have been met SDD N A SA
18 The company conducts medical examinations of employees SDD N A SA
19 The company practices health surveillance of employees SDD N A SA
20 The OSH Act is posted in the organisation as required SDD N A SA
21 Allinformation, notifications and records are submitted as required by the OSH Act SDD N A SA
22 Protective clothes and devices are supplied to employees in accordance with the OSH Act SDD N A SA

Rating scale (coding value) keySD - strongly disagree (1), Bdisagree (2), N-neither agree nor disagree (3);-Agree (4)SA - strongly agree (5)

For this analysis, three assumptions were madeQSHMS variables by iddifying a smaller number of
namely: variable clusters (Fang et. al, 2004). There are several
e suitable data used in the analysis, with the intentionapproaches to factor analysis which may be used.

of usng appropriate statistical tests to evaluate theprincipal components analys{ffCA) was performed so

sampling adequacy. that the high number of variables could be grouped into
e linearity among variables, with the intenticof summated sdas, i.e. factors (Hair et al., 2010). Using

correcing for  any  nonlinearity  with PCA, the 22 OSHMS elements were structured into

transformations as appropriate. factor groupings in such a way that there would be high
e errors that were uncorrelated with each other. correlations between variables and their respective

The Statistical Package for the Social Sciencedactor, as well as high betweeariable correlations
(SPSS21) computer programme was used to performwithin individual factors (Jolliffe, 2002).
the statistical analysis, with pringp component
analysis selected from within the factor analysis menu3.2.2 Correlation Matrix

setting in that programme. One outcome of PCA was a correlation matrix (see
Table 9 showing the extent to which the variables were
3.2.1 Principal Components Analysis correlatedto each other. Since identification of factors

A total of 22 OSHMS variables were measured. This isdepends on being able group variables into areas of
to determine whether summative scales existed thagommonality (Fields, 2000), variables were expected to
could contribute tounderstanding the extent to which correlate highly with at least one other variable under
OSHMS implementation was achieved within the consideration A correlation lower than 0.3 was
surveyed companies. The analysis method selected w&®nsidered —undesirable as this suggested that
factor analysis, which would help to derive an factorability of thevariable is unlikely (Tabachnick and

understanding of relationships among a large number ofidell, 2007). Any variable having correlation <0.3 with
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other variablegunderlined in Table 2was discarded factors and crosading of variables onto multiple

from further consideration. factors is minimised. Theotated component matrix
could then be used to discern the loadingmadividual
3.2.3 Measures of Sampling Adequacy variables on single factors, and to recognise which

Measures ofsampling dequacy (MSA) wereused to  Vvariables may not fit well into summated factor scales.
determine whether the data being analysedrew IN SPSS, avarimax rotation was selected to minimise the

sufficient to allow valid conclusions to be drawim.  humber of variables loading onto factors and to reduce

SPSS, MSA values were computed for each individuafthe likelihood of smallloadings (Yong and Pearce,
variable under consideration. There was also an overaf013).

MSA evaluation done per iteration gertedawithin the ) .

software. This overall MSA evaluation was located in 3-2.5 Factor Analysis Iterations

the Antilmage Correlation table, and included Kaiser Where measures are out of acceptable bounds for
MeyerOlkin (KMO) and statistical significance values. measures such as correlation, significance, factor
The KMO value is a measure of sampling adequacy foloading, and communality, then further decisiamsre
which Othman and Owen (2001recommend a takento treat with the data. A comon approach to out
minimum value of 0.5. The Bartletttest of sphericity  of-limit measures would be to discard the variable in
looks at the distribution of the data and helps to judgeguestion and to do another iteration within the software.
whether it is adequate and suitable to apply factorn the course of the analysis, a total of 7 variables were
analysis to the data as a test of its multidimensionalitydiscarded for various reasons (correlation <0.3,
(Othman and Owen, 2001). It also includes a measure ddignificance <5, communality <0.5, and crekmding

the significance of the data, which should not exceedf variables onto more than one factor), and a total of 5
0.05 (Fields, 2000). iterations were done before all conditions were met.

3.2.4 Factor Extraction and Factor Rotation 4. Survey Findings and Discussion

The variance table was carefully scrutinised to ensuréccording to Nunnally and Bernstein (1994), the
that an appropriate number of factors were selected foreliability of a surey questionnaire would be considered
extraction. Eigenvalues inform the determination of theas acceptable if the Cronbaglvalue exceeds 0.70. The
number of factors selected in PCA by successivelyCronbachko value for the 22-item scale being analysed
extracting factors in descending order of total variancewas found to be 0.965. Also, every item correlated well
across all variables accounted for by each factowith the rest of the scale (the minimum corrected item
(Moonsamy and Singh, 2014). Omay either look at a total correlationvalue was 0.546) and it was observed
scree plot to see where the scree curve flattens off, thuthat trere was ndoenefitto deleting any item from the
indicating the point from which additional factors have scale, as such alteration of the instrument would only
reduced influence on the dependent variable, or asause the o value to rise by a maximum of 0.001
Kaiser (1960) recommerdone may choose the number (negligible). Therefore, results showed that all items
of factors for wich eigenvalues are greater than 1.000.correlated well within the scale, and the sursegle had
For this study SPSS was instructed to extract factorsvery strong inteitem consistency.
corresponding to eigenvalues greater than 1.000. Hair et
al. (2010) suggest that when factors are extracted, thei4.1 Data Factorability and Sampling Adequacy
combined variances should not be less than B08tder  Tapachnick and Fidell (2007) advise that, before
to derive a meaningful factor relationship. _ performing a factor analysis, the data must be evaluated
When factors were extracted, item communality for syitability in terms of its factorability and the
(extraction) values were alsodetermined. High  samping adequacy using Bartlett's test of sphericity and
communality of a variable is desirable because itihe KaiserMeyerOlkin (KMO) measures of sampling
indicates that the proposed factors of the model explain ggequacy. Factor analysis is considered an appropriate
high portion of the variance of the variable. According 10 method once Bartlett's test is significant to the level of
Moonsamy and Singh (2014), if communality exceedsp<g o5, while the KMO value should eminimum of
1.000, the solution is invalid and there is likely to be g g to support a good factor analysis. SPSS evaluation of
either too small a sample or an unacceptable number ghe data yieled a KMO value of 0.811, and a
factors. For the purpose of thisudy, an extracted gjgnificance of 0.000 From this, the datawere

communality of > 0.5was sought per variable. considered adequate for use, and able to be used to
Additionally, when two or more factors are perform factor analysis.

extracted, the component matrix is unsuited to
evaluating relationships among variables, since it iS4 2 Factor Analysis: Initial Iteration

likely to find considerable occurrence of crésading The initial factor analysis was performed on all 22

onto more than one factor. By rotating the component . .
matrix, variable loadings are maximised onto singlee'emems'AS shown in Table 220 of the 22 variables
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Table 2.Correlation Matrix for the Initial 22 Elements
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OSH Cmttee exists 1.000 25| .800 464 456 541 573 644 581 624 548 507 476 | 486 | .435| 424 | 501 | .521| .372 607

Doc'd SPol exists 1.000| .863| .553 | .455| .738| .667| .680| .727| .709| .786| .713| .602| .625| .481| .620| .699 | .543| .465

Dedic'd SLead exists 1.000 | .479| .410| .684| .603| .716| .570| .629| .669| .464| .512| .527| .305| .605| .644| .413

Top mgmt committment 1.000 | .712| .496| .532| .646| .663| .524| .560| .507 | .713| .702| .510| .680| .663 | .289

Employee participation 1.000 | .486 | .505| .654| .496 | .463| .522| .372| .695| .665| .479| .610| .563 | .298

Risk Assessments done 1.000| .682| .812| .631| .767| .818| .611| .667 | .718 | .347| .654| .666 | .365

At-risk grps considered 1.000 | .648| .693| .598 | .700| .578 | .508 | .510| .417| .578| .666 | .417

Contractor safety checks 1.000| .639| .768| .774| .561| .681| .695| .430| .804| .718| .441

HazMat practices 1.000 | .717| .664| .786| .523| .526| .603| .688| .710

Confined space practices 1.000 | .726 | .629| .572| .654| .355| .629| .608

Emergency planning 1.000 | .641| .704| .700| .521| .725| .776

Proper safeguards 1.000 | .619| .587| .609| .523| .641

T.LLS. 1.000| .898| .528 | .619| .688

AINM report & investig'n 1.000 | .343| .627 | .669

Envir. responsibility 1.000| .571| .682

Health requirements met 1.000 | .899

Welfare requriements met 1.000

Med. exam of employees

Hith surveill. of employees

OSh Act posted up

OSH submissions made

PPED for employees
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revealed correlation scores above 0.30 with at least oné.3 Factor Analysis: Second lteration

other variable, suggesting reasonable factorability.\yith dements 18 and 19 excluded, the factor analysis
However the correlation soes were under 0.30 within a5 repeated on the remaining 20 elements. For the
elements 18 and 19vhich addressed the conduct of second iterationall correlations were greater than the
medical examinations, and health surveillance checks oRequired 0.3 and statistically significant at the 0.05 level.
employees respectively. Principal components analysig goking at theant-imagecorrelation table, it was found
yielded composite scores for the factors contributing to that the MSA for each individual element was greater
the OSHMS. The eigenvalues from the first iteration than 0.5, ranging from 0.594 to 0.911. TRE03KMO
attributed 59.940% of the variance to a first factor,ygjye also indicated that there was gosampling
7.355% of the variance to a second factor, and 6.300%dequacy.

of the variance to a third factor. Factors four, five, and | jieration 2, three factors we again extracted,

six had eigenvalues of 0.954, 0.831, and 0.768\ith variances of 62.586%, 6.977%, and 5.226%,
respectively, each factor explaining just about 4% of theyotalling 74.789% of the full variance. The communality

variance. The three factor solution (which explained gytraction values all exceeded the required 0.5 value
high 73.595% of the variance) was selected because thqy 617 to 0.870) except for element ZDSH Act posted

matched the condition of the eigenvalueirly greater  yp) which had a value d.428. This elemenieeded to
than 1 (see Table)3 be discarded

Table 3. Total Variance Explained for the InitialRactor Solution

Component Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings

Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative %

1 13.187 59.940 59.940 | 13.187 59.940 59.940 | 6.648 30.216 30.216

2 1.618 7.355 67.295| 1.618 7.355 67.295 | 5.973 27.149 57.365

3 1.386 6.300 73.595| 1.386 6.300 73.595 | 3.571 16.230 73.595
4 .954 4.335 77.929
5 .831 3.778 81.708
6 .768 3.492 85.200
7 .582 2.647 87.847
8 .557 2.532 90.379
9 410 1.865 92.244
10 .328 1.492 93.736
11 .295 1.342 95.078
12 .234 1.065 96.143
13 .184 .838 96.981
14 .164 746 97.727
15 127 579 98.306
16 124 .565 98.871
17 .085 .385 99.256
18 .054 244 99.501
19 .046 .208 99.709
20 .031 141 99.850
21 .020 .091 99.941
22 .013 .059 100.000

Renarks;Extraction Method: Principal Component Analysis.

4.4 Factor Analysis: Third Iteration the rotation, with the correlations being 0.688, 0.679,
Factor analysis on the remaining 19 elemertsirned ~ @nd 0.875 for Factors 1, 2, andr8spectively. Because
all correlations greater than 0.3 and statistically variables were reflecting high loadings on mthvan one
significant at p<0.05Each individual element's MSA ~component i(e. factor), the structure of the PCA was
had improved, now ranging from 0.724 to 0.954. con_5|dered complex. E_xamlnmg the loadings of each
Communality values were acceptable, iiaggfrom variable revealed that |tems 8, 16, and Céntractor
0.618 to 0.868.Again, 3 factors emerged they safety checksHealth requirements metand Welfare
accountedfor 76.659% of the total variance. Because féquirements metespectively)were crossloading (i.e.
more factos were identified from the PCA, the Showing loadings of similarly high magnituden
component maix could not be used to obtain further Multiple components,so thee 3 variables were
understanding of the variable relationships, and a rotategxcluded.
component matrix was called for instead. A varimax
rotation was performed and the resultingotated
component matrixs shown in Table 4. While the fourth iteratioperformed on the remaining 16
The componenh transformation matrix revealdtlat  elements resulted in all correlations being statistically
the thre factors were highly correlated before and after significant and greaterthan 0.3, only 2 factors were

4.5Factor Analysis: Fourth Iteration
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Table 4.Rotated Component Matfigenerated using a varimax rotation in SPSS

Component
Element/ Item T > 3
OSH Committee exists 776 .166 .230
Documented Safety Policy exists .824 272 .339
Dedicated Safety Lead exists .851 .254 113
Top management commitment 212 .730 403
Employee participation .150 .798 .251
Risk assessments done 714 .520 113
At-risk groups considered .616 .332 .359
Contractor safety checks .630 .622 .187
Hazardous materials practices .524 .307 .643
Confined space practices 712 421 .190
Emergency planning .684 479 .336
Proper safeguards .459 .297 611
Training, Information, Instruction, and Supervision .330 799 .267
Accident/Incident/Near Miss report and investigation .408 .824 .102
Environmental responsibility .148 241 .882
Health requirements met .410 .593 .465
Welfare requirements met .451 .527 .578
OSH submissions made .698 121 .369
Personal Protective Equipment and Devices for employees .699 .453 .348

RemarksExtraction Method: Principal Component Analysitation Metlod: Varimax with Kaiser Normaligior?

- Rotation converged in 6 iterations.

yielded instead of3 as inall prior iteratims. Of the

and Table 6 Of the cumulative variance loading of

cumulative variance loading of 70.978%, Factor 173.208%, Factor 1 accounted for 64.419% of the

accounted for 62.622%, while Factor 2 accounted forvariance, while Factor

8.356% of the variance. All communality values were

2 accounted for 8.789%.
Communalities were all acceptable, ranging betwee

acceptable (ranging from 0.595 to 0.876) except for thed.578 and 0.87.6

element Environmental responsibilitywhich reflected

Because more than one facteere identified from

an extracted value of 0.426 and was excluded in yethe PCA, a varimax rotation of the data space was

another iteration.

4.6 Factor Analysis: Final Iteration

The final iteration wasperformed on the remaining 15
elements and all correlations were statistically
significant and acceptablyigh (ranging from 0.323 to
0.924, as seen in Table 5 and Figure 1)

All individual item MSA values ranged from 0.822
to 0.941 and the overall KM®MSA value was 0.886,

performed in order to maximise the variance of the
factors, strengthen the distinction between factors, and
clarify the relationships of variables loading onto factors
(Jabnoun and Sedraani, 2005; Kakkar and Narag, 2007).
The emerging result from the completed principal
component analysis of the pilot data is summarised in
Table7. The factor loadings showed tHt of the factor
loadings were excellent (>0.7), while the remaining 4
factor loadings were very good (>0.63). Therefore, it

al., 2010).Principal canponents analysiagain yielded
just 2 factors with the eigenvalue >1, as seen in Table

into just 2 factor groups that correlate with the existence
of a safety mamgement system.

Table 5.Correlation Values for the Final 15 Extracted Elements

S 21EE€|138s| 2 | &=l =, g Sol|l-o : 2 | 8aq
9050|3828 |55 |52 oL |S8|208 25| 22| 2 B0l
CERS%|2g|sE|Ec=88| 23|85 (58g EE|az| - [KRECEE 2
S008I S| FE|uE|ca 25 Tgloogue)| &  [s2z[fS5F 28

~ |8 |wd| € [Se|® s S| 5| o N R

OSH Cmttee exists 1.000| .825| .800| .464 | .456| .541| .573| .581| .624 | .548 | .507 | .476| .486| .611| .607
Doc'd SPol exists 1.000 863 553 455 | .738 667 727 | .709 786 713 | .602| .625| .662 774
Dedic'd SLead exists 1.000| .479| .410| .684| .603| .570| .629| .669| .464| .512| .527| .638| .663
Top mgmt commitment 1.000 712 | .496 532 | .663| .524 560 | .507 | .713| .702| .397 550
Employee participation 1.000| .486| .505| .496| .463| .522| .372| .695| .665] .323| .470
Risk Assessments done 1.000| .682| .631| .767| .818| .611| .667| .718| .538| .770
At-risk grps considered 1.000| .693| .598 | .700| .578| .508 | .510| .540| .689
HazMat practices 1.000| .717| .664| .786| .523| .526 | .571| .645
Confined space practices 1.000| .726 | .629| .572| .654| .565| .755
Emergency planning 1.000| .641| .704| .700| .700 | .924
Proper safeguards 1.000| .619| .587| .419| .666
T.LLS. 1.000| .898| .483| .731
AINM report & investig'n 1.000 | .449 | .727
OSH submissions made 1.000 | .727
PPED for employees 1.000
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Table 6. Total Variance Explained for the FinaFactor Solution

Componen Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
t Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 9.663 64.419 64.419 9.663 64.419 64.419 6.528 43.519 43.519
2 1.318 8.789 73.208 1.318 8.789 73.208 4.453 29.688 73.208
3 .789 5.261 78.469
4 749 4.990 83.459
5 .536 3.576 87.035
6 .480 3.200 90.235
7 371 2.475 92.710
8 .287 1.915 94.625
9 224 1.493 96.118
10 197 1.310 97.428
11 115 764 98.192
12 .095 .632 98.824
13 .077 511 99.335
14 .058 .386 99.722
15 .042 .278 100.000

Table 7. Rotated Component Matrix Showing Final Factor Loadings

Component/ Factor
Element/ Item Factor 1, Factor 2,
Safety Structure and Practices Improvement Drivers
Documented Safety Policy exists .876 .330
Dedicated Safety Leader exists .838 .215
OSH Committee exists .795 .209
OSH submissions made .780 .168
Personal Protective Equipment and Devices for employees .758 486
Emergency planning 741 .503
Confined space practices in place .718 430
Risk Assessments done .695 492
At-risk groups considered .682 .394
Hazardous Material practices in place .680 451
Proper safeguards in place .599 467
Training, Information, Instruction, and Supervision .364 .846
Accident/Incident/Near Miss reporting and investigation done .387 .829
Employee participation 192 .826
Top management commitment evident .298 .805

RemarksExtraction Mehod Principal Component AnalysiRotated Component MatfixRotation Metlod: Varimax with Kaiser Normalagion.
2 Rotation converged in 3 iterations.
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Figure 1. Scatterplot of Correlation Spread for Final 28r&cted Figure 2. Factor Loadings plot illustrating relationships between
Elements the elements and factors
Besides a plot was constructed of the factor Based on the elements loaded onto factors, titles

component weightings for each element, and thiswere assigned to the factors. With 11 elements, Factor 1
revealed that the points fell into three clusters. The plotSafety Structure and Retices”, consisted of two

added to an understanding of the relationships betweeflusters near to the base of the plot. The first 4 of those
elements and factors, asnatated in Figuré. 11 elementsvere influencedpredominantlyby factor 1,
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with very little influence from factor 2. The remaining 7 information, instruction, and supervision and
elements were influenced somewhat more heavily byAccidentincidenthear miss reporting and investigation
factor 2. Considering the plot's dual cluster pattern, the Factor 2, “Improvement Drivers”, would promote
11 elements within Factor 1, “Safety Structure andbuy-in and continual improvement of the OSHMS by
Practices” were arrangednto two subgroupings, ensuring that managers and employees are involved in
namely (1) “OSH Oversight” with the following 4 the dayto-day functioning of the OSHMS, leading by
elements:Documentedsafety policy exists Dedicated example, providing and benefitting from training,
safety leader exists OSH committee existsand OSH instruction, information, and supervision, and using
submissions madand (2) “OSH Arrangements” with proper accident, incident, and near miss reporting and
the following 7 elementdersonalprotectiveequipment  investigation to identify root causes of challenges and
and devices for employegesEmergency planning bring about improved systems. Based on the above
Confined space practices in placRisk assessments rationale, a model was derived showing how the
done At-risk groups consideredHazardous material elements influence the etence of an OSHMS (see
practices in placeandProper safeguards in place Figure 3.

Factor 1, “Safety Structure and Practices”, One might try at this point to make sense of why 7
highlights the critical impact that formal structure and of the initial 22 elements were discardadhe course of
routine practices have on the existence of an OSHM the analysis. These 7 elements weldedical
OSH Oversighis bornethrough policy and leadership examination,Health surveillance, OSH Act posted up,
elements. Asafety policy must focus the OSHMS effort, Contractor safety checksHealth requirements met,
leadership must control the reins and operate through 8\elfare requirements met, and Environmental
functional OSH Committee, and there must be continuatesponsibility = These variables are important
monitoring of statutory submissionso meet the considerations in any OSHMS but it appears thay the
mandates of the OSH Act. were not sufficiently prioritised byhe SMEs being

OSH Arrangementsnust be put in place to keep studied.
core aspects of the OSH System operating well. Perhaps It is possible that many SMEs would perceive these
most critical is the documentation of risk assessment&lements as “nice to have” but would not yet recognise
that consider atisk groups. Also, systems must be in them as critical to the OSHMS. Commi@s might
place b promote safety with regard to emergency consider these elements as areas in which time, effort,

planning confined spaceshazardous materiaksontrol and financial investment could be saved. The lack of
safeguarthg, and personal protective equipment and focus on these areas could be compounded by the
devices. relatively low level of enforcement existing in the

On the plot, all elements of the “Improvement manufacturing industry. Employers ear currently
Drivers” factor fit into one cluster. For all ohése implementing elementsf an OSHMSon a volunary
elements, there is the predominant influence of Factor dasis, because there are few resources available to
(>0.805) and much smaller influence of factor 1 enable the OSH Authority to perform inspection
(<0.387). Hence, Factor 2 (Improvement Drivers) activities. Rather than carrying out safety checks on their
consists of 4 elements, includindiop management contractors, for example, SMEs midttld the view that
commitment Employee participation Training, the onus is on contractors to adhere to the OSH Act.

| OCCUPATIONAL SAFETY AND HEALTH MANAGEMENT SYSTEM (OSHMS)

Faclor 1
safety Structure and Practioes Factor 2
: : lmprwecmenl Dirisers
OEH Cwersighl | OEH Arrangemenls |
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Figure 3. How SMS elements influence the existence of an OSHMS
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Moreover, since the OSH Act advises that medical
checks and surveillance are voluntary unless an

inspector mandates such practices, few SMEs ard.

motivated tancur such “unnecessary expenses”. Finally,
where health, welfare, and environmental requirements
are stipulated in the OSH Act and other legislation, the
nearabsence of enforcement would ski# enabling lax
practices in SMEs in T&T.

5. Conclusionand Recommendations
Out of the 22 elements that were considered in thi

factor analysis, 15 elements significantly correlate with™

the establishment of an OSHMS in the companies
sampled. Based on d@hprincipal components analysis
performed on the sampled manufacturing SMEs, this
study concludes that two main factors are linked to a
large extent to the establishment of an OSHMS.

Factor 1 “Safety Structure and Practieds a
summated scale consigjirof 11 variables addressing
OSH oversight and OSH arrangements, and accounts for
over 64% of the variance contributing to the
establishment of an OSHMS. Factor “2mprovement
Drivers', is a summated scale consisting of 4 variables,
and accounts for almb9% of the variance contributing
to the establishment of an O8BH

Severalrecommendations are put forward based on
the study These are:

1. The findings of this paper are based on a survey OP'

40 SMEs from Trinidad’s manufacturing sector. The
study thereforesi not generalisable to the whole
manufacturing sector, and there is a need to carry
out a wider, more representative survey of SMEs
from the entire manufacturing sector. Given the
relatively low response rate obtained in this study,
the conduct of a moreepresentative, wideanging
study would require buin and active support from
T&T’s manufacturers’ associations and chambers of

commerce to incentivise or otherwise encourage

participation by their members.

2. While the posited model cannot be considered as
final because of the relatively small sample size of
respondents, it can nevertheless provide some
insight into variables that likely impact on OSHMS
as they currently exist in T&T. There is a need for
T&T's OSH Authority and Agency to support
implementaton of the model’s factors and elements
by documenting a full range of standards, codes of
practice, guidelines, checklists, and other tools to

how even elements perceived as voluntary could
reduce risk and expense to businesses.

Many a local SME may hold the view that several
OSH Act requirements require large budgets, and
that their companies will be unable to discern
sufficient retun on this investment. It is up to
OSHA to convince employers that investing in
safety will bear them rich dividends. OSHA should
more consistently track and disseminate data about
the cost of lax safety, and the savings to be gained
by investing in an effgive OSHMS.

Data can also provide insight into the needs of
companies in certain subsectors. There is a need to
empower SMEs to develop themselves, rather than
expecting them to hire experts to build their
systems. This latter expectation might be
impracical as costs may be too high for some
companies. Certainly, there will always be aspects
of OSHMS development that can only be
adequately addressed through the involvement of
specialistexperts, but there are also many aspects
that can be addressed by rnmak appropriate
guidance, information, and stories/cases freely
available to companies, as has been done in the case
of the UK’s Health and Safety Executive website
and social media outreach efforts. Similar outreach
should be done via the T&T OSHA website

OSHA is not the only entity from whormsights

and data dissemination should be generated. There
is a need for more active sharing of best practices
within the field. Research is needed to share updates
on approaches that have worked and those that have
failed in industry sectors. Studies should put
forward recommendations on OSHMS
establishment and improvement, with a special
focus on sectors (such as manufacturing) that may
not be current priority areas for OSHA.

With a little support and structure froam umbrella
organisation (such as the Ministry of Labour or the
Trinidad and Tobago Manufacturing Association),
SMEs should be encouraged to collaborate
seting up their own formal OSHMS and atidg
each other's systemsin a thrust for continual
improvement and competitiveness. Research geared
toward structuring usdriendly  OSHMS
development, implementation, and/or evaluation
tools would assist in this regard.

aid companies in establishing or enhancing theirAcknowledgments

OSHMS.

The authors thank the reviewers for their detailed and

3. Perhapsthe 7 elements not included in the model insightful commentary and critique, which have influenced

were exduded because survey
perceived them as unimporteaagthey appear in the

respondentsimprovement of this paper.

OSH Act as nommandatory or are perceived as References:
being nommandatory The documented materials Abdul Raouf, S. I. (2004), “Productivity enhancement using safety
mentioned in Recommendation 2 will also raise and maintenance integration: An overvieWybernetesVol. 33,

implemented OSHMS standards by eaumicating

No. 7, pp. 11166.



M. NathaiBalkissoon andK.F. Pun: Factor Analysis of Elements Influencing Occupational Safety and Health Management System Devielopme 23
Trinidad and Tobago

ANSI/AIHA.  (2005), American National Standard for NathaiBalkissoon, M. (2011),“Towards compliance with the OSH
Occupational Health and Safety Management Systems Act of Trinidad and Tobago: Gap analysis of a food and
(ANSI/AIHA Z1€2005) American National Standard Institute/  beverage manufacturing enterpriseThe Journal of the
American Industrial Hygiene Association, Virginia. Association of Professional Engineers of Trinidad and Topago
Chan, A.H.S., Kwok, W.Y., and Duffy, V.G. (2004), “Using AHP  Vol. 40, No. 1, April/ May, pp. 343.
for deternming priority in a safety management system”, NathaiBalkissoon, M., Pun, K.F., and Koonj Beharry, A. (2012),
Industrial Management and Data Systerdsl. 104, No.5, pp. “Development of a compliance framework for safety
430-445. management practices in manufacturing companies in Trinidad

de Winter, J.C.F., Dodou, D., and Wieringa, P.A. (2009), and Tobago: An agenda and some finding3fpceedings of
“Exploratory factor analysis with small sample sizes”, PICMET'12 Conference on Technology Management for
Multivariate Behavioural Resarch Vol. 44, pp. 147181. Emerging Technologies Sheraton Wall Centre Hotel,

Fang, D.P., Xie, F., Huang X.Y., and Li, H. (2004), “Factor Vancouver, Canada, July/August, pp.33&®10
analysisbased studies on construction workplace safety Nunnally, J. C. and Bernstein, I.H. (1998sychometric Theory

management in China”International Journal of Project 3rd Edition, McGrawHill, New York.

ManagementVol. 22, No. 1, pp. 439. Othman, A. and Owen, L. (2001), “The multidimensionality of
Fields, P.A. (200), Discovering Statistics Using SPSS for carter model to measure customer service quality (SQ) in Islamic
Windows SAGE, California. banking industry: A study in Kuwait finance house”,

GORTT. (2004),The Occupational Safety and Health &R€04 International Journal of Islamic Financial Servic&ol.3, No. 4,

Government of the Republic of Trinidad and Tobago Available pp. 212.

at: http://www.ttparliament.org/legislations/a2004.pdf (Date Tabachnick, B.G. and Fidell, L.S. (200A)sing Multivariate
visited: 1 November 2011). Statistics 5th Edition, Allyn and Bacon, Boston.

GORTT. (2006), The Occupational Safety and Health Teo, E.A.L. and Ling, F.Y.Y. (2006), “Developing a model to
(Amendment) Act 2006&overnment of the Republic of Trinidad  measure the effectiveness of safety managersgstems of

and Tobago Available at: construction sité's Building and EnvironmentVol. 41, pp.

http://www.ttparliament.org/legislations/a2608.pdf (Date 15841592.

visited: 1 November 2011). Yong, A.G. and Pearce, S. (2013), “A beginner’s guide to factor
Hair, J. F., Black, W., Babin, B., and Anderson, R. (2010), analysis: Focusing on exploratory factor analys®&itorials in

Multivariate Data Analysis7thEdition, Pearson, New Jersey. Quantitative Methods for Psycholqgyol. 9, No. 2, pp. 7®4..

Hawkins, J. and Booth, R. (1998), “Safety and health management
system guidance: a review founded on BS 8800:1988irnal
gglr;_sztlétlutlon of Occupational Safety and Healtfol. 2. No. 2, Authors’ Biographical Notes:

HSE. (n.d.),Managing Health and Safety: Five Steps to SuccessMarcia Nathai-Balkissoon is a Lecturer at the University of the
Health and Safety Executive Available at: West Indies (UWI), St. Augustine Campus, Trinidad and Tobago
www.hse.gov.uk/pubns/indg275.pdf (Date visited: 1 November (T&T). Marcia is a Registered Professional Engineer and member

2011). of the Safety Council offrinidad and Tobago(SCTT), the
HSE. (2013) Managing forHealth and Safety, Health and Safety Association of Professional Engingeof Trinidad and Tobago
Executive Available at: (APETT) and the Institute of Industrial Engineers (lIE). She has
http://iwww.hse.gov.uk/pubns/priced/hsg65.pdf (Date visited: 24 served in various industry posts as manager, engineer, auditor,
October 2014). and consultant. Currently pursuing a Ph.D. Industrial
ILO. (2001),ILO Guidelines on Occupational Safety and Health Engineering, she holds a B.Sc. degree in IndisEngineering
Management Systems (O$48): Information Notglnternaional and an M.Sc. degree in Engineering Management. Her research
Labour Organisation Office, Geneva. interests include occupational safety and health, teaching and

Jabnoun, N. and Sedrani, K. (2005), “TQM, culture, and learning, and business management systems
performance in UAE manufacturing firmgQuality Management
Journal Vol. 12, No. 4, pp. €0.

Jolliffe, 1.T. (2002),Principal Component Analysi2nd Editon,
SpringerVerlag, New York.

Kaiser, H. F. (1960), “The application of electronic computers to
factor analysis”,Educational and Psychological Measurement
Vol. 20, pp. 141151.

Kit Fai Pun is Professor of Industrial Engineering of the Faculty
of Engireering and the Chair and Campus Coordinator for
Graduate Studies and Research at The University of the West
Indies. He is a Registered Professional Engineer in Australia,
Europe, Hong Kong, and The Republic of Trinidad and Tobago.
Professor Pun is a membef Caribbean Academy of Science and

Kakkar, S. and Narag, A.S. (2007), “Recommending a TQMa fellow/member of several professional bodies and learned

model for Indian orgaisations”, The TQM MagazineVol.19, soc[etles: His research !nterests and activities |ncI_ude industrial
pp. 328353, engineering, engineering management, quality systems,

Law, W.K., Chan, A.H.S., and Pun, K.F. (2006), “Prioritising the performance measurement, innovationg ahformation systems

safety management elements: A hierarchical analysis for
manufacturing enterprisesindustrial Management and Data
SystemgsVol. 106, No. 6pp.778792. ]
Moonsamy, V. and Singh, S. (2014), “Using factor analysis to
explore principal components for quality management
implementation” Quality and QuantityVol. 48, pp. 605622.



	Keywords: OSH Act, Factor Analysis, Occupational Safety and Health Management System, OSHMS

