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Abstract
This study assessed the validity and test-retest reliability of a medical and occupational history
questionnaire for workers performing welding in the shipyard industry. This self-report questionnaire
was developed for an epidemiologic study of the risk of parkinsonism in welders. Validity
participants recruited from three similar shipyards were asked to give consent for access to personnel
files and complete the questionnaire. Responses on the questionnaire were compared with
information extracted from personnel records. Reliability participants were recruited from the same
shipyards and were asked to complete the questionnaire at two different times approximately 4 weeks
apart. Percent agreement, kappa, intraclass correlation coefficient (ICC), and sensitivity and
specificity were used as measures of validity and/or reliability. Personnel files were obtained for 101
of 143 participants (70%) in the validity study, and 56 of the 95 (58.9%) participants in the reliability
study completed the retest of the questionnaire. Validity scores for items extracted from personnel
files were high. Percent agreement for employment dates and job titles ranged from 83–100%, while
ICC for start and stop dates ranged from 0.93–0.99. Sensitivity and specificity for current job title
ranged from 0.5–1.0. Reliability scores for demographic, medical and health behavior items were
mainly moderate or high, but ranged from 0.19 to 1.0. Most recent job/title items such as title, types
of welding performed, and material used showed substantial to perfect agreement. Certain
determinants of exposure such as days and hours per week exposed to welding fumes demonstrated
mainly moderate agreement (κ = 0.42–0.47, percent agreement 63–77%); however, mean days and
hours reported did not differ between test and retest. The results of this study suggest that participants’
self-report for job title and dates employed are valid compared with employer records. While kappa
scores were low for some medical conditions and for caffeine consumption, high kappa scores for
job title, dates worked, types of welding, and materials welded suggest participants generated
reproducible answers important for occupational exposure assessment.
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INTRODUCTION
Parkinsonism is the presence of clinical features of Parkinson’s disease (PD) and includes
bradykinesia, rigidity, tremor (typically at rest), and postural instability. Parkinson’s disease
is one of the most common causes of parkinsonism, affecting approximately one million people
in North America, although several other diseases may manifest similar symptoms.

Some material safety data sheets (MSDS) for welding consumables list parkinsonism as a
potential hazard of welding, but no definitive epidemiologic evidence has been published to
support this risk. Several case control and population-based studies that have proposed
evidence against a relationship between parkinsonism and welding have methodological
limitations, including small sample sizes studied and limited attempts at dose reconstruction.
(1–3)

A preliminary study by Racette et al.(4) resulted in a substantially higher prevalence odds ratio
for parkinsonism in welders in three standard occupational codes when compared with a
reference population. Nevertheless, there remains substantial controversy regarding the
relationship between welding and parkinsonism or PD, (5–7) justifying the need for further
epidemiologic study.

To facilitate an efficient screening of the large number of welders needed to conduct this type
of study, a self-report questionnaire was developed to assess medical and work histories,
including questions related to other risk factors related to parkinsonism. Since retrospective
occupational exposure reconstruction will be determined largely from these self-reports in
absence of detailed company-based quantitative exposure measurements, it is essential that the
answers generated from the questionnaire are both valid and reliable to avoid serious exposure
misclassifications.

Although other questionnaire modules have been developed to assess welding exposures,(8)
and other studies have successfully validated self-reports of workers in the shipyard industry,
(9,10) no other occupational epidemiologic studies have specifically assessed validity and
reliability of questions that pertain to parkinsonism and welding exposures. The purpose of
this study was to assess the validity and test-retest reliability of self-reported questionnaire
items related to parkinsonism and lifetime occupational exposures to welding fumes in the
shipyard industry.

METHODS
All work performed as part of this study was approved by the Institutional Review Boards of
Saint Louis University and Washington University School of Medicine. A welding exposure
questionnaire was adapted from one used in previous published studies of welders(4) with
additional items generated from the National Cancer Institute (NCI) exposure survey,(8) input
from International Brotherhood of Boilermakers (IBB) partners, and with questions on known
PD confounders.(11) The NCI welding questionnaire is a module from a larger questionnaire
intended for use in case-control studies of chronic occupational exposures and has been used
successfully for the evaluation of exposures in working populations.(8)

The questionnaire developed for use in this study consists of questions regarding demographic
information and medical history/behaviors, including specific questions about previous
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diagnosis or family history of parkinsonism, and PD-specific questions derived from a
validated questionnaire.(12) The exposure assessment component of the questionnaire includes
a detailed work history with a listing of employer, start and end dates, and job title for each
job held. Questions focus on determinants of exposure to welding fumes (such as days and
hours exposed to specific types of welding); metals welded; types of rods used; and the work
environment (ventilated, outdoors, confined space) during the participants’ work history.
Participants indicated the amount of time usually spent around welding fumes and which types
of welding, materials, and conditions were typical during their work in each job.

Validity and reliability of the questionnaire was completed in three phases: (1) face validity
and usability, (2) validity, and (3) test-retest reliability. Phase 1 included industry partners in
the IBB who reviewed the questionnaire to ensure that the questions reflected the actual
practices of the facilities to be studied. Changes were made to the questions, particularly with
regard to concerns with wording about specific exposures encountered in the shipyards and
other welding sites, changes in welding exposures over time, and the format of the questions.

In addition, the IBB supplied MSDSs and names of welding processes and materials used
specifically by shipyard workers. In Phase 2, with assistance from the IBB, participants
employed in three similar shipyards were recruited for validity testing of the questionnaire.
Participants signed a release permitting review of their personnel records.

Questionnaire responses were then compared with information contained within an
individual’s employment record, where the employment record was considered the gold
standard of accuracy. After completing the questionnaire, participants were asked to further
participate in a focus group-style interview concerning ease of use and appropriateness and
clarity of questions and nomenclature used. In Phase 3, participants were recruited in a similar
manner from the same facilities to complete the test-retest reliability assessment.

Those who completed the initial questionnaire were then requested to complete the same
questionnaire approximately 1 month later. Participants consented to follow-up at the time of
enrollment, but to minimize the impact on recall, they were not told they would be asked to
complete the same questionnaire until the time of the follow-up study visit. Responses from
the two completed questionnaires were then compared for reliability purposes.

Data Analysis
Both validity and test-retest reliability were measured for questionnaire items by percent
agreement and either Cohen’s kappa statistic or intraclass correlation coefficient (ICC). Kappa
(κ) is a function of the ratio of agreements to disagreements in relation to expected frequencies
for nominal data.(13) Questionnaire items with continuous data responses were measured with
ICC to determine the correlation between test and retest responses. Sensitivity and specificity
were also calculated for job titles, using the personnel record as the gold standard.

It is generally accepted that a κ of 0.0–0.40 indicates poor to slight agreement, 0.41–0.59
indicates moderate agreement, 0.60–0.79 indicates substantial agreement, ≥ 0.80 indicates
outstanding agreement, and 1.0 indicates perfect agreement.(14) ICC was interpreted similarly,
where as the ICC approached 1.0, there was high correlation or little variance between test and
retest responses. Disagreements on chronic exposures on the order of days or months are less
likely to influence cumulative dose reconstruction; therefore, similar to other studies
comparing dates of employment,(10,15,16) two dates being compared for either validity or
reliability were considered in agreement when the dates were within 1 year of each other. All
analyses were performed in SPSS v.14.0.
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RESULTS
Validity

Of the 143 participants recruited for questionnaire validation, 101 (70.6%) personnel files were
obtained for review. Table I contains demographic information of the validity participants.
Percent agreement between self-reported start date of current job was high (91.0%), and the
start dates were highly correlated (ICC = 0.93).

Furthermore, the mean elapsed time between start date and questionnaire completion by self-
report (mean 12.6 years) did not differ significantly from this elapsed time based on employer
records (mean 12.1 years, p = 0.16). Sensitivity was high for job titles welder (1.0), steelworker
(0.75), pipe/ship fitter (1.0), electrician (0.89), and machinist (0.71) but was low for painter
(0.5). Specificity was high for all job titles (range = 0.96–1.0) (Table II).

There were 18 cases where a participant reported a previous job held within the same company
as his current job. Start and end dates for the past job also showed high agreement (% agreement
= 88.9–91.6). Because the number of participants in each past job title was small, sensitivity
and specificity were calculated for “welder” and “other title.” Sensitivity and specificity for
“welder” was both 1.0, while sensitivity and specificity for “other title” was 0.75 and 0.80,
respectively (Table II).

Reliability
Of the 95 participants recruited to complete the questionnaire for reliability analysis, 56
(58.9%) completed the second questionnaire. There was no difference in age, education level,
race, or welder status between subjects who completed only the initial test and those who
completed the test and retest (data not shown). Demographic information for those who
completed both the test and retest can be found in Table I.

Kappa scores for demographic characteristics demonstrated outstanding to perfect agreement
(κ 0.91–1.0, % agreement = 95–100). Most medical condition items showed substantial to
perfect agreement, except for the presence of amyotrophic lateral sclerosis (ALS), depression,
and head injury, all of which had moderate agreement. Presence of thyroid disease showed less
than moderate agreement; however, the response percent agreement between questionnaires
was very high. Questions specific for parkinsonism demonstrated high percent agreement
(87.5–100%) with kappa scores mostly in the moderate range, with some substantial and one
perfect score (Table III).

Reliability of questions related to potential PD risk factors, alcohol, caffeine, and nicotine,
varied from κ = 0.43–0.72. Frequency of alcohol consumption showed substantial agreement
(κ = 0.70), while amount of consumption showed moderate agreement (κ = 0.56). Nicotine
(cigarette, pipe, cigar, and chewing tobacco use) demonstrated mainly substantial to
outstanding agreement. However, caffeine (coffee, tea, cola, and chocolate) demonstrated poor
agreement, except for questions about amount of coffee (κ = 0.72) and decaffeinated coffee
(κ = 0.43) consumed per day (Table IV).

Reliability analysis for most recent employment (Table V) and previous jobs was performed
separately with the expectation that agreement for the most recent job would be higher than
for past jobs. Most recent job kappa and ICC scores for the name of company, start year, final
year, and job title, were outstanding to perfect (κ or ICC = 0.86–1.0, % agreement = 91.1–100).
Subjects were asked to categorize their position as a welder, welder helper, around welding
activities or not around welding activities, along with frequency of exposure and use of a
respirator while around fumes.
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Responses to specific job titles obtained outstanding agreement (κ = 0.86, % agreement = 96.4).
Participants were asked to further classify his/her title into “welder,” “welder helper,” or
“around welding.” Classifications of welder and around welding showed substantial and
outstanding agreement, but responses to welder helper status were not as consistent (κ = 0.35,
% agreement = 89.2). Days per week around welding fumes and hours per day around welding
fumes showed moderate agreement (κ = 0.47 and 0.42, respectively).

However, disagreements did not affect overall mean days (4.37 days vs. 4.29 days, p = 0.70)
or hours (4.61 hr vs. 4.63 hr, p = 0.90) reported between test and retest. Percent of time around
welding in a ventilated space or in a confined space had substantial and outstanding agreement
(κ = 0.64 and 0.83, respectively); however, percent of time performing welding tasks outside
demonstrated lower agreement (κ = 0.35). Respirator use during welding exposure had
substantial agreement, yet responses to frequency of use and specific type of respirator used
showed less reproducibility (Table V). Agreement for type of electrode used in the welding
process was moderate to substantial, and agreement for metals welded and type of welding
was substantial to outstanding.

Reliability scores were also determined for responses identifying the previous two jobs the
participants held. Of the 56 participants, 40 reported at least one additional job (Job 2), 18
(45%) of which were welding related. In addition, 18 participants reported having a third job
(Job 3), six (33.3%) of which were welding related. Reliability analysis was not performed
beyond Job 3 due to lack of data. In most cases, all responses for Job 2 and Job 3 had similar
agreement patterns to most recent job in regard to company name, start year, final year, job
title, welding status, days per week, and hours per day. Agreement for use of specific materials,
metals welded, and types of welding was lower in Job 2 (poor to moderate) than in the most
recent job (moderate to outstanding). However, agreement for the use of specific materials,
metals welded, and types of welding were outstanding to perfect in Job 3 (data not shown).

DISCUSSION
This study determined the validity and reliability of a self-report questionnaire developed for
an epidemiologic study of parkinsonism in shipyard welders. Reproducibility of parkinsonian
signs and symptoms as well as parkinsonism confounders was generally moderate to high, with
the exception of caffeine consumption questions. Coffee showed the highest reproducibility
and was the type of caffeine most commonly reported as consumed in this population.

Other studies have shown that self-reports of foods and beverages less regularly consumed
tend to have lower agreement and correlations between test and retest.(17,18) This may explain
the lower percent agreement and kappa scores for the other caffeine (tea, cola, hot chocolate)
questions in this study population. While these lower scores may be of concern when
controlling for parkinsonism confounders, they will have no effect on occupational exposure
assessment.

The strong agreement found between participant responses and employer records for start and
stop dates and job title indicate that participants self-report will not lead to major
misclassification regarding duration of employment in specific job titles in the larger
epidemiologic study. Two other studies have attempted to validate shipyard workers’ self-
reported work information with employer records. Stewart et al.(10) found somewhat lower
agreement for start year (±1 year) (κ = 0.85) than in the present study (κ = 0.93). However,
they state that poorer agreement was found with participants who left the shipyard more than
30 years prior to interview, and that the participants in the 65–69 age range had the poorest
recall.
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In the present study, only one participant who completed the validity questionnaire was in this
age range, and all participants were still employed in the shipyard at time of completing the
self-report questionnaire. The younger and currently employed study participants in the present
study may account for the more accurate recall. The validity results within this present study
are also somewhat higher for job start year (90.1% agreement) than another validity study (76%
agreement) that compared self-reported work history information from 100 randomly selected,
currently employed shipyard workers to information in their personnel files.(9)

Sensitivity (range = 0.50–1.0) and specificity (range = 0.96–1.0) for specific job titles in this
study closely resemble those by Stewart et al.(10) (sensitivity range = 0.33–1.0 and specificity
range = 0.95–1.0). In Stewart et al. and in the present study, job titles reported among false-
negative responses were often titles in related jobs. For example, in the present study, when
there were false-negatives found for “welder” and “fitter,” the correct classification was
“steelworker.” The job description found within company records for the title of “steelworker”
includes a wide range of duties, including simple welding, fitting, grinding, burning, bolting,
etc., indicating that while there may be disagreement in the title, duties may overlap and
exposures may be similar within these titles.

“Painter” had the lowest sensitivity in this study, but there were only four “painters” as
classified by personnel files. The reason for disagreement is not clear; however, one company-
classified “painter” self-reported the title of “steelworker,” a position, according to the
personnel file, was the title this participant held for 2 years 30 years prior.

The relatively strong agreement found in the test-retest reliability results indicate that estimates
of exposure in the larger ongoing study will be reliable from self-reports. Medical history
reliability tended to have high percent agreement (85.7 to 100%). This is similar to a study by
Booth-Jones et al.(16) in which the medical history section had a combined percent agreement
of 95.7. Responses about the presence of typical parkinsonian symptoms demonstrated high
percent agreement (91–100%) and moderate to perfect kappa scores. Responses to Parkinson’s
disease confounders such as tobacco and alcohol consumption patterns were moderately to
highly reproducible, while reproducibility of responses to consumption of caffeine was lower.
These results indicate that, overall, our welding questionnaire elicits reliable responses to
confounders and medical history including symptoms specific to parkinsonian disorders.

Other studies have also evaluated the reliability of using occupational histories to accurately
assign exposure, and have reported 78–88% agreement for measures such as job assignment
and duties, occupational code, and job tenure.(19–22) In the present study, percent agreement
for the determinants of exposure classification such as length of employment (start and end
dates) job title, welding status, days and hours per week around welding fumes, use of
respirator, and types of metals and materials welded varied ranged from 57.8–96.4 for the most
recent job. Participants were less likely to consistently report their job classification as a
“welder helper,” which is less definitive than the other classifications. Specific job titles,
however, had outstanding agreement.

Participants were less likely to reproduce the same responses to the number of days welding
per week (κ = 0.47) or welding hours per day (κ = 0.42). While the time between test and retest
was relatively short (4 weeks), the potential temporal variability in job tasks or duties from one
test period to the next, could influence the disagreement between responses. However, the
majority of disagreements for days per week around welding were within 1 day per week and
the mean days reported per week did not statistically differ between the first round of the
questionnaire and the retest. Similarly, there was no statistical difference between mean hours
around welding reported between questionnaires. Although the kappa scores were not high for
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these items, the fact that the differences in means were not significant indicates that the degree
of the disagreements was not influential.

While still acceptable, kappa scores and percent agreement were generally lower for these
variables for participants’ immediate past job or title (Job 2). For those who reported a previous
job, the average time between ending the previous job and completing the first questionnaire
in the reliability study was 19 years. Thus, this long period for recall of the previous job (Job
2) may account for lower agreement between responses on the two questionnaires. The average
recall period may also explain the higher percent agreement and kappa scores for the six
participants who reported holding a third job or title in the welding industry. Their responses
for Job 3 showed higher agreement and kappa scores than the most immediate past job (Job
2); however, the mean time between ending the third job for these participants and completing
the first test-retest questionnaire was 13 years, indicating they have worked more jobs but in
shorter periods on average than the workers in Job 2.

There are several notable limitations of this study. An important limitation was that
employment records could be obtained only for the company in which the participants were
currently employed. Therefore, validity of information provided by participants pertaining to
jobs or titles in other previous companies could not be determined. Company personnel records
were considered the gold standard for comparison, but there could be instances where personnel
records are incorrect. This is most likely rare but could lead to lower validity measures when
the participant correctly reports the information.

Furthermore, company records did not contain important determinants of exposure, such as
days or hours per week around welding fumes or type of welding performed/exposed, which
are important measures of exposure assessment. As a result, validity of self-reports for these
items could not be determined. In addition, the validity study included only a currently
employed population; therefore, it could not be determined how well retirees from these
shipyards could recollect and report employment dates and titles.

A major strength of the present study is the collaboration with and input from our industry
partners for questionnaire development. This ensured that questions included terms that were
commonly used in the work environments studied and were familiar to the study population.
This type of collaboration likely improves the accuracy of worker’s responses(23) and may
have led to the fairly high validity and reliability results generated from this study population.

CONCLUSION
The questionnaire developed for the larger epidemiologic study has produced both valid and
reliable responses from the study population. The questionnaire has undergone a more thorough
development process than any previous questionnaire reported in studies of parkinsonism and
welding and will thus prove useful in the reconstruction of retrospective exposures.
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TABLE I

Demographic Characteristics of Shipyard Workers Participating in Validity and Reliability Studies

Item Validity Study Participants N = 101 Reliability Study Participants N = 56

Age, mean (SD) 44.9 (10.6) 55.0 (11.8)

Male, % 98.0 98.2

Education, mean (SD) 12.7 (1.2) 12.0 (0.8)

Caucasian, % 98.0 94.6

Years worked,A mean (SD) 12.8 (12.2) 21.9 (13.9)

A
At current/most recent job.
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TABLE II

Validity Measures Between Self-Reported Questionnaire Items and Employer Records for Shipyard Workers

Item Percent Agreement ICCA (95% CI) Sensitivity Specificity

Current Job/Title (n = 101)

 Start Date 90.1 0.93 (0.90–0.96) — —

 Title 93.0

  Welder 99.0 — 1.00 0.98

  Steelworker 89.1 — 0.75 0.96

  Pipe, steam, or ship fitter 97.0 — 1.00 0.96

  Painter 98.0 — 0.50 1.00

  Electrician 99.0 — 0.89 1.00

  Machinist 99.0 — 0.71 1.00

  OtherB 100.0 — 1.00 1.00

Prior Job/Title (n = 18)

 Start Date 89.9 0.99 (0.98–1.0) — —

 Stop Date 91.6 0.99 (0.97–1.0) — —

 Title

  Welder 100.0 — 1.00 1.00

  Other title 83.3 — 0.75 0.80

A
Intraclass correlation coefficient.

B
Includes carpenter, tool room attendant, and sheetmetal worker.
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TABLE III

Medical History Test-Retest Reliability for Shipyard Workers

Item Percent Agreement (N = 56) Kappa 95% CI

Current Medications 96.4 0.89 0.78–1.00

Encephalitis or meningitis 100 1.0

Heart disease 100 1.0

High blood pressure 96.4 0.86 0.72–1.0

Stroke 98.2 0.66

Diabetes 98.2 0.85 0.56–1.00

Cancer 96.4 0.81 0.56–1.00

Cancer type 100 1.0

Rheumatoid arthritis 96.4 0.65 0.20–1.00

Thyroid disease 94.6 0.30 −0.19–0.79

Kidney disease 98.2 1.0

Liver disease 98.2 0.66 0.04–1.00

Parkinson’s disease 92.9 0.73 0.37–1.00

ALS 98.2 0.49 −0.11–1.00

Alzheimer’s disease 98.2 0.66 0.04–1.00

Epilepsy 100 1.0

Multiple sclerosis 100 1.0

Alcoholism 98.2 0.85 0.56–1.00

Depression 94.6 0.47 0.04–0.90

Head injury 85.7 .58 0.33–0.83

Lost consciousness 83.9 0.68 0.50–0.86

Trouble rising from chair 87.5 0.52 0.18–0.86

Smaller handwriting 96.4 0.48 0.00–1.00

Softer voice 91.0 0.50 0.12–0.88

Poor balance when walking 91.0 0.57 0.23–0.91

Feet freeze in doorways 100 1.0

Face less expressive 96.4 0.49 0.00–1.00

Arms and legs shake 96.4 0.49 0.00–1.00

Trouble buttoning 96.4 0.65 0.20–1.00

Shuffle feet/take tiny steps 96.4 0.79 0.39–1.00

Family history of Parkinson’s disease 94.6 0.54 0.10–1.00
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TABLE IV

Health Behaviors and Exposures Test-Retest Reliability for Shipyard Workers

Item Percent Agreement N = 56A Reliability MeasureB 95% CI

Alcohol

 Days per month consumed 73.2 0.70 0.57–0.83

 Servings typically consumed 64.2 0.56 0.42–0.70

 Type typically consumed 92.9 0.78 0.62–0.94

Nicotine

 Cigarettes (ever) 91.1 0.82 0.67–0.97

 Cigarettes (current) (n =33) 85.7 0.77 0.62–0.92

 Cigarettes age startedC (n = 30) 85.7 0.90 0.82–0.95

 Cigarettes age stoppedC (n = 21) 61.5 0.91 0.79–0.96

 Current cigarettes/dayC (n = 12) 89.0 0.96 0.78–0.99

 Lifetime cigarettes/dayC (n = 33) 88.0 0.99 0.99–0.99

 Cigarette inhalation 62.8 0.67 0.53–0.81

 Pipes (ever) 92.9 0.71 0.44–0.98

 Cigars (ever) 96.4 0.78 0.49–1.00

 Chewing tobacco (ever) 98.2 0.91 0.74–1.00

Average cups or servings/day (n = 28)

 Coffee 78.6 0.72 0.52–0.92

 Decaf coffee 64.3 0.43 0.16–0.70

 Tea 57.1 0.19 0.00–0.45

 Decaf tea 64.3 0.25 0.00–0.61

 Cola 53.6 0.31 0.10–0.54

 Hot chocolate 71.4 0.25 0.00–0.57

 Chocolate 57.1 0.28 0.00–0.59

Occupational exposure ever/never

 Pesticides 92.9 0.85 0.56–1.00

 Insecticides 89.2 0.74 0.54–0.94

 Rodenticides 92.9 0.84 0.69–0.99

 Herbicides (n = 28) 92.9 0.76 0.44–1.00

 Fungicides 92.9 0.84 0.69–0.99

A
N = 56 unless otherwise noted next to item.

B
Cohen’s kappa unless otherwise denoted by C next to item.

C
Intraclass correlation coefficient.

J Occup Environ Hyg. Author manuscript; available in PMC 2010 June 2.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hobson et al. Page 13

TABLE V

Current Job Characteristics Test-Retest Reliability for Shipyard Workers

Item Percent Agreement (N = 56)A Reliability MeasureB 95% CI

Company 100 1.0

Year startC (n = 51) 91.1 0.99 0.98–0.99

Title 96.4 0.86 0.76–0.96

Welder 96.4 0.88 0.74–1.00

Welder helper 89.2 0.34 0.00–0.75

Work in a welding area 85.7 0.71 0.53–0.89

Not exposed to welding fumes 96.4 0.84 0.62–1.00

Fume exposure – days/week (n = 49) 77.5 0.47 0.29–0.65

Fume exposure – hours/day 65.3 0.42 0.26–0.58

% of time in ventilated space (n = 28) 71.0 0.83 0.63–1.0

% of time in confined space (n = 28) 65.0 0.64 0.42–0.88

% of time outside 65.3 0.35 0.19–0.51

Respirator use (ever/never) 73.7 0.43 0.17–0.69

Respirator frequency (n = 38) 57.8 0.44 0.19–0.69

 Paper mask use 71.0 0.28 0.00–0.61

 Chemical cartridge use 81.5 0.71 0.51–0.91

 Particulate mask use 81.5 0.53 0.22–0.84

 Air-supplied mask use 81.5 0.53 0.22–0.84

Electrodes typically used (n = 49)

 Carbon steel 63.3 0.27 0.02–0.52

 Covered 91.8 0.82 0.69–0.95

 Submerged arc flux 79.6 0.61 0.44–0.78

 Low alloy 93.8 0.88 0.75–1.00

 Flux covered 65.3 0.25 0.00–0.53

Metal typically welded

 Aluminum 85.7 0.79 0.65–0.93

 Carbon steel 77.6 0.69 0.54–0.84

 Galvanized steel 81.6 0.75 0.61–0.89

 Iron 77.6 0.69 0.53–0.85

 Stainless steel 91.8 0.88 0.77–0.99

Type of welding typically performed

 Brazing 85.7 0.82 0.68–0.96

 Carbon arc 77.6 0.71 0.56–0.86

 Flux covered arc 85.7 0.75 0.59–0.91

 Submerged arc 81.6 0.74 0.59–0.89

 Non-ferrous gas metal arc 79.6 0.71 0.55–0.87

 Ferrous gas metal arc 91.8 0.88 0.77–0.99

 Gas tungsten arc 93.8 0.91 0.81–1.00

 Oxy fuel cutting 85.7 0.79 0.65–0.93
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Item Percent Agreement (N = 56)A Reliability MeasureB 95% CI

 Oxy fuel welding 89.7 0.84 0.72–0.96

 Plasma arc cutting 87.8 0.81 0.67–0.95

 Plasma arc welding 81.6 0.71 0.56–0.86

 Shielded metal arc 81.6 0.74 0.59–0.89

 Soldering 81.6 0.76 0.62–0.90

A
N = 17 unless otherwise noted next to item.

B
Cohen’s kappa unless otherwise denoted by C next to item.

C
Intraclass correlation coefficient.
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