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JCQ Scale Reliability and Responsiveness to
Changes in Manufacturing Process

Angelo d’Errico, MD,1,2� Laura Punnett, ScD,1

Judith E. Gold, ScD,1,3 and Rebecca Gore, PhD
1

Background The job content questionnaire (JCQ) was administered to automobile
manufacturing workers in two interviews, 5 years apart. Between the two interviews, the
company introduced substantial changes in production technology in some production
areas. The aims were: (1) to describe the impact of these changes on self-reported
psychosocial exposures, and (2) to examine test–retest reliability of the JCQ scales, taking
into account changes in job assignment and, for a subset of workers, physical ergonomic
exposures as assessed through field observations.
Methods The study population included 790 subjects at the first and 519 at the second
interview, of whom 387 were present in both. Differences in demand and control scores
between interviews were analyzed by Wilcoxon matched-pairs signed-rank test. Test–
retest reliability of these scales was evaluated by the intraclass correlation coefficient
(ICC) and the Spearman’s r coefficient.
Results The introduction of more automated technology produced an overall increase in
job control but did not decrease psychological demand. The reliability of the control scale
was low overall but increased to an acceptable level among workers who had not changed
job. The demand scale had high reliability only among workers whose physical ergonomic
exposures were similar on both survey occasions.
Conclusions These results show that 5-year test–retest reliability of self-reported psychosocial
exposures is adequate among workers whose job assignment and ergonomic exposures have
remained stable over time. Am. J. Ind. Med. 51:138–147, 2008. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

One of the most widely used instruments to assess self-

reported exposure to psychological stressors in the workplace

is the job content questionnaire (JCQ), designed by Karasek

[1985]. The underlying theoretical construct is the demand-

control model, which postulates that a work environment

characterized by high psychological demand and low decision

latitude, defined as a low level of both autonomy and use of

skills, exposes workers to a condition of high strain. Many

epidemiologic studies using this model found subjects in the

high strain group to be at increased risk of cardiovascular

diseases [Schnall et al., 1994; Kristensen, 1996; Hemingway

and Marmot, 1999], mental disorders [Braun and Hollander,

1988; Niedhammer et al., 1998; Bourbonnais et al., 1999;

Stansfeld et al., 1999; Mausner-Dorsch and Eaton, 2000],

musculoskeletal symptoms [Ariens et al., 2001; Kerr et al.,

2001; Kivimaki et al., 2001; Nahit et al., 2001; Torp et al.,

2001], and low back injuries [Myers et al., 1999].
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The assessment of work-related stress by means of self-

reports has been criticized by Kasl [1978] and others

[Kristensen, 1996] on the grounds that associations between

health status and exposure observed in cross-sectional

studies may be due to differential reporting of workplace

stressors by health status. However, evidence from longi-

tudinal studies has demonstrated the ability of the demand-

control model to predict the occurrence of diverse adverse

health effects, such as cardiovascular diseases [Belkic

et al., 2004], psychological disorders [Van der Doef and

Maes, 1999; de Lange et al., 2003] and upper extremity

musculoskeletal symptoms [Bongers et al., 2002]. Objective

methods for assessing exposure may seem preferable, as

they are expected to provide clearer identification of the

environmental conditions on which to conduct interventions

[Frese and Zapf, 1988; Kasl, 1998]. Nevertheless, the

objective assessment of stressors appears limited by the

construct of stress itself, which involves a cognitive appraisal

of the stressors that is not accessible to the assessor [Lazarus

and Folkman, 1986], in addition to general considerations

related to the representativeness of the observed time and

work processes.

Accurate exposure assessment is essential to the

correct estimation of the risk of disease associated with an

exposure. Test–retest reliability of a self-reported exposure

is a measure of accuracy in the assessment of an exposure,

which is mainly related to its precision, although other

sources of measurement error may contribute to reducing it;

the consequence of a loss in precision is non-differential

exposure misclassification, which is expected to decrease the

strength of the observed outcome-exposure association.

According to the few published papers, the JCQ test–retest

reliability appears to be high over the short-term [Escriba-

Aguir et al., 2001], and moderate in the medium [Williams

et al., 2001; Sale and Kerr, 2002; Cheng et al., 2003] to long-

term [Landsbergis et al., 2002]. These data are mainly from

countries other than the US and for a limited number of

economic sectors and job titles.

The initial purpose of this study was to evaluate the test–

retest reliability of the JCQ in a cohort of U.S. automobile

manufacturing workers who were administered the JCQ

short version in two interviews conducted 5 years apart.

During the period between interviews, however, the plants

where these workers were employed underwent important

changes in production technology and work organization.

A decrease in work pace, physical effort and other self-

reported ergonomic exposures was observed in this cohort

during the period under consideration [d’Errico et al., 2007].

These changes in physical exposures are an indication of the

nature and magnitude of the changes in the production

process, which were expected to have had an effect on the

stability of exposure to both ergonomic and psychosocial

hazards. In fact, numerous organizational and technological

features of the workplace are believed to determine both

physical and psychosocial exposures at the individual level,

although empirical evidence of these relationships is rather

limited [Punnett et al., 2004b]. Therefore, the first aim of

this study was to describe the impact of the changes in

technology and work organization on self-reported psycho-

social exposures in the workplace; secondly, to estimate the

test–retest reliability of psychosocial exposures in subgroups

of workers who had experienced different degrees of change

in working conditions, as assessed through a questionnaire

and ergonomic field observations.

MATERIALS AND METHODS

Data Collection

This study is part of a prospective epidemiologic study

on work-related upper extremity musculoskeletal disorders

among automobile manufacturing workers [Punnett, 1998;

Punnett et al., 2004a; d’Errico et al., 2007]. In 1992–1993

(survey occasion ‘‘T0’’), 613 production workers in an engine

assembly plant and 670 employed in a stamping plant were

interviewed using a standardized questionnaire to collect

baseline information, which included past work history,

current ergonomic exposures at work, upper extremity

symptoms, relevant medical conditions and demographic

data.

One year later during 1993–1994, 790 workers still

employed in these plants were re-interviewed [Punnett et al.,

2004a]. On this occasion, ‘‘T1’’, the interview also included

the JCQ short version, consisting of five items on quantitative

job demands and nine items on decision latitude (job control)

[Karasek et al., 1998]. In 1998, the same information

was collected again in a second follow-up interview, ‘‘T2’’,

on 519 workers of whom 387 had been interviewed 5 years

earlier.

At T1, workers’ department assignments were obtained

from personnel rosters and confirmed by supervisors. During

1993–1994 (overlapping T0 and T1), field observations of

work postures, manual material handling and other job-

related ergonomic features were recorded with a checklist,

for all jobs except those for which no fixed work cycle could

be identified, such as forklift drivers and tool room personnel

[Punnett, 1998]. At T2, department and job assignments were

obtained from personnel rosters and observations were

conducted again, this time including all jobs [Gold et al.,

2006]. A few workers had been transferred to a new engine

plant; they were interviewed but job observations were not

feasible.

Based on the field observations, a score on a composite

index of upper extremity ergonomic exposure was assigned

to each worker. A series of dichotomous variables were

constructed, as described below, from the observed ratings on

posture (three items), contact stress, vibration (two items),

force and repetition. The composite index score was obtained
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by summing the values on these ergonomic exposure

variables, yielding a value between 0 and 24, which is

similar to the psychophysical exposure index constructed

from a set of self-reported ergonomic exposures [Punnett,

1998].

The presence of the following exposures was rated as a

‘‘3’’ and its absence as a ‘‘0’’: awkward upper arm/shoulder

posture (flexion or extension), awkward forearm/elbow

posture (pronation, supination, or elbow extension), awk-

ward wrist posture (extension, flexion, or ulnar deviation);

contact pressure to the hand; segmental vibration transmitted

to the hand, and whole body vibration. Force exposure was

rated as a ‘‘3’’ if the object held in a power grasp exceeded ten

pounds, or two pounds in a pinch grasp; otherwise, it was

rated as ‘‘0’’. The repetition rating at T2 was determined from

the frequency of hand/arm pauses, rated on a Latko scale

[Latko et al., 1997]; whereas at T1 a ‘‘3’’ was assigned if the

worker was observed to perform 1,800 or more cycles

per shift (30 s cycle), and less repetitive jobs were rated as

‘‘0’’. A worker’s final repetition rating was the sum of the

repetition ratings for each daily task weighted by its duration

in a given working day. For observations with missing hand/

arm pause ratings and for unobserved tasks, the average

repetition rating for that particular task or department was

used.

This study was approved by the University of Massa-

chusetts at Lowell Institutional Review Board.

Statistical Analysis

Standard JCQ algorithms were used to compute the

overall scores on the demand and control scales, and the

internal consistency of each scale was evaluated using

Cronbach’s alpha coefficient. Among those workers inter-

viewed twice, the stability of self-reported exposure to

psychosocial factors between the first and the second follow-

up interview was assessed using the Wilcoxon matched-pairs

signed-rank test on the change scores (T2�T1). Stability was

examined in the whole cohort, by plant, and by changes in job

title and department. The difference in mean change scores

by job title change (yes, no) was evaluated using the Mann–

Whitney test, and the presence of a trend in change scores

across ordered categories of department change (none, minor

or major) was assessed by a non-parametric test for trend

[Cuzick, 1985].

Job histories were reviewed manually to determine

whether each worker was in the same job at T2. Three groups

were defined: workers who were still in the same job

(n¼ 166), those who had changed job (n¼ 162), and those

about whom the investigators were uncertain (n¼ 58).

Changes in plant, production department and exact job title

were assessed independently of each other; however, changes

in department and job title were significantly correlated

(Spearman r¼ 0.37, P< 0.001), with about 70% of the

workers reporting either that both department and job had

changed, or neither. Differences in the proportion of workers

who had changed job by plant and department were assessed

using the Chi-square test.

Test–retest reliability of demand and control scales

between interviews was evaluated by the intraclass correla-

tion coefficient (ICC) and Spearman’s correlation coefficient

(r), treating the scores as continuous. ICC is a measure of

agreement that has been shown to reproduce the weighted

kappa coefficient perfectly when Fleiss–Cohen weights are

used [Fleiss, 1981]. ICC was computed using random-effects

one-way ANOVA, which assumes homogeneous variance

within groups [Armstrong et al., 1992]. We also assessed

agreement with Spearman r to evaluate possible distortions

of ICC estimates. Agreement was evaluated separately for

the two dimensions of job control, skill use, and decision

authority, in order to identify potential sources of low

reliability. Test–retest reliability was not computed using

Cohen’s kappa coefficient on the dichotomized scales,

as scores had a normal-like distribution with high density

at the middle values of the scales. This could have artificially

reduced agreement, because of the increased likelihood

that workers with similar scores measured on two different

occasions would be assigned to different exposure cate-

gories. Test–retest reliability was analyzed after stratifying

by job and department change status because agreement

was expected to be higher among workers who had

experienced no such changes. Workers who reported no job

or department changes might have actually undergone

changes in job content and/or tasks, owing to the techno-

logical changes introduced between surveys (described

below). Therefore, agreement was also examined in the

subgroup of workers (n¼ 130) who had been observed at

both T1 and T2, permitting calculation of the ergonomic

exposure index based on observations. We analyzed test–

retest reliability separately for workers whose score was in

the same versus different quartile in both interviews.

All analyses were performed using the statistical

software Stata, version 8 (Stata Corporation, College Station,

TX).

RESULTS

From 1993 to 1998, the overall work flow in both the

stamping and engine operations remained organized around a

moving production line while the production technology

became more automated [Gold et al., 2006]. For example,

manual part transfer between pairs of stamping presses was

replaced by automated transfer. There was more job rotation

at T2, although no formal teamwork or manufacturing cells

had been introduced.

In the overall cohort, 42% of workers changed job

between interviews and 43% were in the same job at T2

(Table I). The proportion of workers still in the same job at T2
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was markedly higher in the stamping than the engine plant

(P¼ 0.016) and was also unevenly distributed by department

(P< 0.001), with the least amount of change in the

press departments of the stamping plant. More than 40% of

workers changed production department between interviews

(data not shown); this was similar in the two plants, but the

highest proportion was among those found to be working in

the non-routine department at T2.

Internal consistency of the full decision latitude scale

was quite high and similar in the two interviews (a¼ 0.76 and

0.77 at T1 and T2, respectively); it was higher for the skill use

subscale (a¼ 0.69 and 0.70) than for the decision authority

subscale (a¼ 0.47 and 0.62), particularly at T1. On both

occasions, internal consistency was lower for the demand

scale (a¼ 0.45 and 0.53 at T1 and T2, respectively) than for

job control.

Responsiveness of Psychosocial
Exposures to Manufacturing Changes

The average scores on the control and demand scales

among workers surveyed only at T1 were not significantly

different from those of participants in both surveys (P¼ 0.20

and P¼ 0.25, respectively; Wilcoxon rank-sum test), indica-

ting that the study population was not an extreme subgroup

with respect to the level of psychosocial exposures at T1.

Overall, the mean score on the psychological demand

scale was relatively stable between the two interviews (Table

II), as well as by plant and department (data not shown),

except for an increase in the assembly department of the

engine plant. The dispersion of the demand scores was

smaller at T2 compared to the previous interview 5 years

earlier.

The average job demands value among workers who had

not changed department was quite stable, whereas a slight

decrease was found among those reporting minor or major

changes (P¼ 0.07 for trend in the mean change score by

department change status). Demand increased among work-

ers still in the same job and decreased among those who

had changed job. The difference in the mean change

scores between these two groups was statistically significant

(P¼ 0.002).

The mean value on the control scale increased

significantly overall; the increase was larger in the engine

plant (Table II). Job control increased in all departments (data

not shown), except for a moderate reduction in the press

departments of the stamping plant; the largest increase was in

the non-routine department of the engine plant, where the

change was significant (P¼ 0.03). Control increased slightly

among workers who had not changed department; the larger

increases observed among those who reported minor or major

changes were statistically significant, as was the trend in the

mean change score by department change status (P< 0.01).

Among workers who had not changed job, the mean score on

the control scale was practically unaltered, whereas a highly

significant increase was found among workers who had. The

mean change scores in these two groups were statistically

different (P¼ 0.017). The mean scores on the individual

scale items at T1 and T2 indicate a slight reduction in

unfavorable working conditions on all items of control and on

most of demand (Table III).

For both demand and control, workers in the lowest

exposure quartile at T1 reported the highest increase in

demand and control at T2, whereas those in the highest

quartile reported a decrease, regardless of job change

status (Table IV). For both scales, the mean change score

was smaller for workers who were in the middle quartiles of

exposure at T1. The larger mean change scores at both the

lower and higher levels of exposure at T1 demonstrate the

presence of regression toward the mean (RTM).

TABLEI. Change in JobTitle BetweenT1andT2,StratifiedbyPlant andDepartment atT2; 387U.S. AutoManufactur-
ingWorkers,Detroit,1993^1998

Job change, no Job change, yes Job change, uncertain

Total, Nn % n % n %

Overall�all workers 166 42.9 163 42.1 58 15.0 387
Stampingplant (SP) 111 49.8 79 35.4 33 14.8 223
Engine plant (EP) 54 37.0 68 46.6 24 16.4 146
Engine plant�new 1 5.6 16 88.9 1 5.6 18
Department groups
Non-routine (EP) 14 17.0 41 50.0 27 32.9 82
Machining (EP) 40 40.4 50 50.6 9 9.1 99
Assembly/subassembly (EP) 12 44.4 13 48.2 2 7.4 27
Large press (SP) 46 79.3 9 15.6 3 5.2 58
Small press (SP) 8 53.3 3 20.0 4 26.7 15
Assembly (SP) 46 43.4 47 44.3 13 12.3 106
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TABLE II. Mean and Standard Deviation of Psychological Demand and Job Control Scores Reported at T1and T2 (Overall, by Plant, Change in JobTitle and
Change in Department)�U.S. AutoManufacturingWorkers

Exposure Group

T1 T2
Interviewedat
T1and T2, n

ChangeT1toT2,
P-value*n Mean SD n Mean SD

Demand Overall�all workers 372 28.9 4.2 386 28.8 3.4 371 0.69
Stampingplant 219 28.9 4.1 223 28.8 3.4 217 0.61
Engine plant 153 28.9 4.3 145 28.8 3.5 132 1.00
Engine plant�new � � � 18 29.1 4.1
Job change�no 166 28.4 4.1 166 28.9 3.1 166 0.17
Job change�yes 162 29.4 4.1 162 28.5 3.4 161 0.13
Job change�uncertain 44 29.2 4.6 58 29.3 4.2 44 0.14
Department change�none 207 28.8 4.2 216 29.0 3.8 207 0.30
Department change�minor 100 28.6 3.8 101 28.2 3.3 99 0.66
Department change ^major 65 30.0 4.5 69 29.0 3.7 65 0.24

Control Overall�all workers 370 60.8 9.4 385 62.7 9.4 368 0.01
Stampingplant 217 60.9 8.5 222 61.9 9.0 214 0.14
Engine plant 153 60.7 10.5 145 63.8 9.1 132 0.06
Engine plant�new � � � 18 63.7 14.6
Job change�no 166 62.3 9.4 165 62.1 9.5 165 0.67
Job change�yes 160 59.2 9.4 162 62.7 9.4 159 0.02
Job change�uncertain 44 61.0 8.0 58 64.5 8.8 44 0.08
Department change�none 206 61.2 9.1 215 61.7 9.6 205 0.76
Department change�minor 100 61.3 8.7 101 63.7 8.7 99 0.04
Department change�major 64 58.6 10.9 69 64.4 9.4 64 0.01

*Computed by Wilcoxon matched-pairs signed-rank test.
Bold face values signify P< 0.05.

TABLE III. Mean and Standard Deviation of Single Items Scores Related to Demand and Control Reported at T1
(372 Subject) and T2 (386 Subjects)�U.S. AutoManufacturingWorkers

JCQ items

T1 T2

Mean s.d. Mean s.d.

Control
My job requires that I learn new things 2.59 0.67 2.74 0.61
My job involves a lot of repetitivework 3.19 0.58 2.95 0.52
My job requiresme to be creative 2.47 0.69 2.53 0.64
My job allowsme tomake a lot of decisions on my own 2.66 0.70 2.74 0.67
My job requires a high level of skill 2.39 0.65 2.42 0.66
Onmy job, I have very little freedom to decide how I domy work 2.33 0.63 2.32 0.64
I get to do a variety of different things on my job 2.59 0.63 2.72 0.65
I have a lot of say aboutwhat happens onmy job 2.65 0.66 2.70 0.66
I have an opportunity to developmyownspecial abilities 2.58 0.66 2.65 0.63

Demand
My job requiresworking very fast 2.67 0.68 2.51 0.63
My job requiresworking very hard 2.53 0.62 2.49 0.62
I amnot asked to do an excessive amount of work 2.68 0.61 2.62 0.58
I have enough time to get the job done 2.95 0.42 2.89 0.43
Somedemands I face at work are in conflict with other demands at work 2.70 0.58 2.52 0.63
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Test–Retest Reliability of
Psychosocial Exposures

Test–retest reliability of the demand scale, as assessed

by the stability of scores at the individual level between

T1 and T2, was low overall (Table V). As expected, scores

were more stable among workers who were in the same job in

both surveys, compared to those who had changed job.

Similarly, the scores among workers who reported minor or

major department changes between surveys were less

stable than those among workers who had no department

change. Stability of the demand scale was, however, low in

absolute value even among workers who had not changed job

or department.

Reproducibility of the control scale was also low,

although higher than the demand scale (Table VI); similar

values of ICC and Spearman’s r were found for the control

scale and its two subscales. Stratification by job change status

revealed that the scores among workers who had changed

job between interviews were less stable than among those

who had not, for whom reproducibility of control was

good. Similarly, workers who had experienced minor or

major department changes had less stable scores than those

who reported no changes.

In the subgroup of workers for whom an ergonomic

exposure index score was assigned in both surveys

(Table VII), moderate/good demand stability was found

among workers who were in the same quartile of exposure

in both surveys (n¼ 40), whereas it was very low among

those who changed quartile (n¼ 90). Unexpectedly, control

stability was lower among workers whose ergonomic

exposure score was in the same quartile in both surveys

compared to those whose score was not. Only half of the

TABLE IV. Change in Psychological Demand and Job Control Scores BetweenT1and T2 by Quartile of Demand and
Control at T1, and Change in JobTitle at T2�U.S. AutoManufacturingWorkers

Exposure quartile at T1

Job change, no Job change, yes Job change, uncertain

n (%)
Change score,
mean (SD) n (%)

Change score,
mean (SD) n (%)

Change score,
mean (SD)

Demand
1 (low) 59 (54) 3.27 (3.4) 38 (35) 3.55 (4.3) 12 (11) 3.17 (4.0)
2 50 (49) 0.44 (2.4) 41 (40) 0.22 (2.5) 11 (11) 2.0 (4.47)
3 36 (37) �1.11 (3.0) 50 (52) �2.1 (3.3) 11 (11) 0.64 (2.4)
4 (high) 21 (33) �4.24 (4.8) 32 (51) �5.81 (4.6) 10 (16) �6.1 (8.3)
Total 166 (45) 0.52 (4.1) 161 (43) �0.91 (4.9) 44 (12) 0.14 (6.1)

Control
1 (low) 36 (39) 5.22 (9.3) 46 (49) 12.91 (13.8) 11 (12) 13.1 (12.9)
2 46 (38) 0.13 (7.4) 60 (49) 2.80 (9.4) 16 (13) 2.5 (6.8)
3 44 (50) �1.05 (7.4) 33 (38) �2.72 (7.9) 11 (13) 3.09 (5.1)
4 (high) 39 (60) �4.46 (7.8) 20 (31) �4.90 (4.2) 6 (9) �5.0 (6.9)
Total 165 (45) �0.16 (8.5) 159 (43) 3.61 (12.0) 44 (12) 4.27 (10.0)

TABLE V. Test^Retest Reliability of JCQ Psychological Demand Scale
BetweenT1and T2�U.S. AutoManufacturingWorkers

Group ICC
ICC

LCL 95%
ICC

UCL 95%
Spearman’sr
coefficient

Overall�all workers 0.23 0.13 0.33 0.30
Job change�no 0.36 0.23 0.50 0.38
Job change�yes 0.16 0.01 0.31 0.20
Job change�uncertain 0.04 0.00 0.35 0.33
Department change�none 0.34 0.22 0.47 0.39
Department change�minor 0.02 0.00 0.22 0.16
Department change�major 0.13 0.00 0.37 0.20

TABLE VI. Test^Retest Reliability of JCQ Job Control Scale BetweenT1and
T2�U.S. AutoManufacturingWorkers

Group ICC
ICCLCL
95%

ICCUCL
95%

Spearman’sr
coefficient

Overall�all workers 0.36 0.27 0.44 0.40
Skill use subscale�all workers 0.29 0.19 0.38 0.38
Decision authority
subscale�all workers

0.35 0.26 0.44 0.35

Job change�no 0.60 0.50 0.70 0.59
Job change�yes 0.14 0.00 0.29 0.23
Job change�uncertain 0.22 0.00 0.51 0.32
Department change�none 0.50 0.40 0.60 0.51
Department change�minor 0.40 0.23 0.56 0.40
Department change�major 0.00 0.00 0.25 0.15
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workers in the same quartile on the exposure index, however,

were still in the same job at T2; for these workers (n¼ 20),

reliability of the control scale was closer to that observed in

the whole cohort with no job change (ICC¼ 0.48, 95% CI:

0.14–0.82; Spearman’s r¼ 0.59).

DISCUSSION

In these automotive manufacturing operations, the

introduction of new production technology resulted in

substantial changes in job and department assignments

during the 5-year period between interviews, especially for

workers who were in the engine plant at T2. The techno-

logical and organizational changes did not substantially

modify psychological demand in the whole cohort or within

plants or departments, but overall the jobs became less

routinized [Gold et al., 2006] and there was an increase in

perceived job control. The decrease in demand and increase

in control scores from T1 to T2 were greater among workers

changing job title or department than among those who did

not. As these workers were more likely to have been affected

by the organizational and technological changes introduced

between the surveys, it seems probable that the small

observed decrease in exposure to psychosocial stressors

was caused by these changes.

In this data set, internal consistency of the job control

scale was high and in close agreement with the literature

[Brisson et al., 1998; Karasek et al., 1998; Pelfrene et al.,

2001; Niedhammer, 2002; Sale and Kerr, 2002]. Internal

consistency of the job demand axis in both surveys

was lower than that observed in six major international

studies, in which Cronbach’s alpha values ranged from

0.51 to 0.72 on the five-item quantitative demand scale

(mean alpha¼ 0.63) [Karasek et al., 1998]. However, lower

consistency has been reported by others [MacDonald et al.,

2001; Williams et al., 2001; Cheng et al., 2003; Li et al.,

2004]. The low internal reliability demonstrated by the

demands scale does not automatically imply low validity of

the exposure assessment, but it likely reflects the number of

the exposure dimensions that this scale is intended to capture.

The trade-off between content validity (measuring all

relevant types of job demands) and internal reliability cannot

be optimized on the basis of these data; we merely note that

consistency of the scale is about the same in this occupational

cohort as in others, strengthening the generalizability of our

findings.

The present study is the first to assess test–retest

reliability of the JCQ short version over a period of more than

1 year. Its major strengths are the availability of detailed

information on job assignments at the time of each survey and

a measure of ergonomic exposure independent of worker

self-assessment, albeit limited to a subset of the cohort. The

evaluation of the reliability of self-reported psychosocial

exposures among workers with relatively constant job

content and physical demands was of particular value, as

levels of work-related physical and psychosocial exposures

tend to be correlated in different working populations

[Johansson and Nonas, 1994; Ingelgard et al., 1996;

MacDonald et al., 2001].

Five-year test–retest reliability of both the demand and

control scales was low overall. However, the reliability of the

decision latitude scale increased to moderate/good among

workers in the same job at the time of both surveys. More

surprisingly, it was low among workers who were in the same

quartile on the (physical) ergonomic exposure index.

Although the latter analysis was based on few subjects, this

finding would indicate that the control dimension is more

closely related to the overall work organization, in this case

apparently represented by job title, rather than to the level of

physical demand. Therefore, we can conclude that test–

retest reliability of job control was good over the long-term

among workers with the same job assignment over time,

regardless of the level of physical demand.

On the other hand, intra-individual stability of quanti-

tative demand scores was low among workers in the same

job, whereas it increased to moderate/good among workers

who were in the same quartile on the ergonomic exposure

index in both surveys. This would suggest that the level of

‘‘psychological’’ demands is more closely associated with

physical demands than with overall work organization, at

TABLE VII. Test^Retest Reliability of Psychological Demand and Job Control Scales by Change in Quartile on the
Ergonomic Exposure Index BetweenT1and T2�U.S. AutoManufacturingWorkers

Group ICC
ICCLCL
95%

ICCUCL
95%

Spearman’sr
coefficient

Demand�all workers (n¼130) 0.26 0.10 0.42 0.38
Demand�change in quartile (n¼ 90) 0.15 0.00 0.35 0.26
Demand�no change in quartile (n¼ 40) 0.64 0.45 0.82 0.70
Control�all workers (n¼130) 0.46 0.32 0.59 0.43
Control�change in quartile (n¼ 90) 0.48 0.32 0.64 0.45
Control�no change in quartile (n¼ 40) 0.35 0.08 0.62 0.34
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least in these two factories. It appears that when physical

demands are stable, the reliability of self-reported ‘‘psycho-

logical’’ demands is satisfactory, even over a longer time

interval.

The similarity of the mean scores on the demand and

control scales at T1 for the study population and the workers

surveyed only at T1 demonstrates that the study population

was not a subgroup of workers with extreme values of the

exposures at T1. Therefore, the effect of RTM on the mean

changes in exposure between the surveys will likely have

been minimal [Bland and Altman, 1994a,b]. On the other

hand, the strong RTM effect observed when workers were

divided into quartiles with respects to their scores on both the

demand and control scales at T1, suggests that the true scores

of workers with extreme values at T1 were actually closer to

the population mean. This RTM effect demonstrates the

presence of large within-subject variation and low precision

in the assessment of exposure [Barnett et al., 2005], which

is likely the most important source of lower test–retest

reliability in this population. Multiple measurements at

baseline would increase the precision in the assessment of

exposures to workplace psychological stressors, as would be

true for quantitative measurements of other occupational risk

factors.

In general, test–retest reliability of the JCQ over 1 month

or less has been moderate or good. Over the short-term, both

the demand and control scales were highly reliable among

Spanish hospital nurses [Escriba-Aguir et al., 2001]. Similar

results were obtained by Salerno et al. [2001], who evaluated

the reproducibility of the JCQ control dimension among

American keyboard operators.

Over longer retest periods, reproducibility of the

JCQ scales is less consistent. Low test–retest reliability of

the high strain scale (r¼ 0.33) after 11 weeks was reported

among sewing machine operators in a Canadian study

[Williams et al., 2001]. In contrast, good reliability over

a 3-month interval was observed for both the demand

(r¼ 0.62) and control scales (r¼ 0.73 for skill discretion,

r¼ 0.64 for decision authority) in a population-based study

of Taiwanese workers [Cheng et al., 2003]. An epidemiologic

study of hospital workers in Ontario [Sale and Kerr, 2002]

found good 1-year agreement for decision latitude (ICC¼
0.68) and moderate for psychological demand (ICC¼ 0.57).

The only evidence on the reproducibility of the JCQ over

a longer time interval comes from a study in the US

[Landsbergis et al., 2002] that reported moderate/good

3-year test–retest reliability (r¼ 0.64) for both the demand

and control scales among healthy full-time employees

resident in New York City.

Reproducibility of exposure to psychosocial factors has

also been evaluated for questionnaires other than the JCQ, in

most cases showing good agreement. In a Spanish study

on hospital nursing staff [Escriba et al., 1999], the Nursing

Stress Scale, which measures exposure to 34 workplace

stressors, was re-administered after a 15-day interval with

moderate reproducibility (ICC¼ 0.49). Female healthcare

workers in Norway [Vasseljen et al., 2001] showed much

higher reliability over 4 weeks for job control and job

pressure (ICC¼ 0.85 and 0.81, respectively). Short-term

test–retest reliability (1–3 weeks) of a composite measure of

work-related stress, based on six psychosocial items, was

high (k¼ 0.61) in a sample of carpenters employed in the

construction industry in the US [Booth-Jones et al., 1998].

Salerno et al. [2001] also found high 3-week reproducibility

(ICC¼ 0.88) of the Perceived Stress Scale [Cohen et al.,

1983] in keyboard operators.

With a few exceptions, these studies demonstrate accept-

able test–retest reliability of the JCQ and other questionnaires

in assessing exposure to psychosocial factors. The overall

good reliability observed in these studies conducted in

various countries and economic sectors provides evidence of

the ability of workers to recognize and accurately report

psychosocial exposures in the workplace. Our results suggest

that when assessing test–retest agreement of self-reported

psychosocial exposures, it is important to ascertain and take

into account changes in work organization and job content

between interviews. Changes in working conditions occurring

between interviews may be responsible for the low repro-

ducibility in some of the above-cited studies.

Although almost a decade has elapsed since the

T2 survey was carried out, we do not believe that this reduces

the generalizability of our findings to present-day work-

places. In fact, the technology introduced in these plants in

the 1990s was among the most advanced available at the time,

being characterized by semi-automated processes, often

sequential, requiring on average limited manual intervention

of moderate physical effort by the operators. It is very likely

that production machinery and work processes similar to

those examined in this study are still in widespread use in this

and other mechanical industries. Moreover, the ongoing

process of technology transfer to smaller enterprises and to

industries in developing countries means that this technology

will not become obsolete in the near future.

CONCLUSIONS

The introduction of more automated technology in the

car manufacturing plants examined in the present study

produced an increase in self-reported decision latitude

but did not affect perceived quantitative job demands. The

results demonstrate that 5-year test–retest reliability of

psychosocial exposures is adequate when assessing workers

with stable job assignments and ergonomic exposures.
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