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Abstract

Introduction: Retrospective occupational exposure assessment has been challenging in case–control 
studies in the general population. We aimed to review (i) trends of different assessment methods 
used in the last 40 years and (ii) evidence of reliability for various assessment methods.
Methods: Two separate literature reviews were conducted. We first reviewed all general population 
cancer case–control studies published from 1975 to 2016 to summarize the exposure assessment 
approach used. For the second review, we systematically reviewed evidence of reliability for all 
methods observed in the first review.
Results: Among the 299 studies included in the first review, the most frequently used assessment 
methods were self-report/assessment (n = 143 studies), case-by-case expert assessment (n = 139), 
and job-exposure matrices (JEMs; n = 82). Usage trends for these methods remained relatively sta-
ble throughout the last four decades. Other approaches, such as the application of algorithms link-
ing questionnaire responses to expert-assigned exposure estimates and modelling of exposure with 
historical measurement data, appeared in 21 studies that were published after 2000. The second 
review retrieved 34 comparison studies examining methodological reliability. Overall, we observed 
slightly higher median kappa agreement between exposure estimates from different expert asses-
sors (~0.6) than between expert estimates and exposure estimates from self-reports (~0.5) or JEMs 
(~0.4). However, reported reliability measures were highly variable for different methods and agents. 
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Limited evidence also indicates newer methods, such as assessment using algorithms and measure-
ment-calibrated quantitative JEMs, may be as reliable as traditional methods.
Conclusion: The majority of current research assesses exposures in the population with similar meth-
ods as studies did decades ago. Though there is evidence for the development of newer approaches, 
more concerted effort is needed to better adopt exposure assessment methods with more transpar-
ency, reliability, and efficiency.

Keywords:  cancer epidemiology; case–control; expert judgement; exposure assessment; job-exposure matrix;  
reproducibility; self-reported exposure

Introduction

Retrospective exposure assessment in occupational 
case–control studies in the general population has been 
a major challenge (Kromhout et al., 1987; Teschke et al., 
2002; Fritschi et al., 2003; Friesen et al., 2015a). For 
chronic diseases with a lengthy induction period, expos-
ure has to be reconstructed for a subject’s entire working 
lifetime. Accurate lifetime exposure assessment for any 
substance in the population is a difficult endeavour, as 
study subjects may have been employed in a large variety 
of occupations in different industries spanning different 
periods. Almost all retrospective occupational disease 
studies tackle this problem by first collecting detailed 
occupational histories from participants as a foundation 
for assessing work-related exposure.

The challenge then becomes estimating past expo-
sures from full work histories. With the exception of 
a few widely studied and data-rich exposures such as 
crystalline silica, benzene, and asbestos, relevant histor-
ical exposure measurements in the population are often 
scarce, making fully quantitative assessment infeasible 
in most study settings (Stewart et al., 1996). As a result, 
qualitative and semi-quantitative assessment methods 
have been commonly used in population studies. The 
‘classical’ qualitative/semi-quantitative assessment meth-
ods include the use of expert assessors to estimate expos-
ure on a case-by-case basis, application of job-exposure 
matrices (JEMs), and reliance on self-reported exposure 
provided by study subjects or their next of kin. These 
methods may be used alone or in combination with each 
other to approximate lifetime exposures. For instance, 
studies may ask subjects to report previous exposures, 
then have expert assessors estimate exposures based on 
subject-reported exposures and job histories.

Teschke et  al. (2002) published a comprehen-
sive review on occupational exposure assessment 
in case–control studies. The review examined vari-
ous exposure assessment techniques used at the time, 
and concluded based on reliability tests that case-by-
case expert assessment generally have slightly better 

performance compared to other methods and ‘is usually 
the best approach’ for retrospective occupational expos-
ure assessment in case–control studies (Teschke et al., 
2002). The authors also proposed numerous suggestions 
to improve assessment reliability and efficiency, includ-
ing the use of available exposure measurements to assist 
experts in assessing exposure, asking subjects about 
determinants of exposures rather than about exposures 
directly, and building measurement-based statistical 
models to predict exposure.

Since the report’s publication 16 years ago, reliable 
and efficient exposure assessment in case–control studies 
in the general population has become even more impor-
tant in the field of occupational epidemiology (Friesen 
et al., 2015a). As many hazardous exposures with large 
disease risks have been well characterized, recent efforts 
in occupational disease research aim to uncover new 
exposure–disease relationships with relatively small 
risks. In terms of statistical power, there is an advantage 
for large-scale population studies to detect small risk 
increases compared to industry-based studies. However, 
case-by-case expert exposure assessment often becomes 
cost- and time-prohibitive in these studies (Friesen et al., 
2015a). There is a clear, growing need for more efficient 
and scalable assessment approaches, especially for large 
studies with multiple exposures of interest. There is also 
an increasing interest in uncovering specific shapes of 
exposure-response curves especially at the lower end 
of the exposure distributions, as well as characterizing 
gene–environment interactions. Discovery and quan-
tification of these more nuanced relationships between 
exposure and effect require higher quality assessment 
to limit misclassifications. For instance, when working 
in dry-cleaning occupation was used as a proxy for per-
chloroethylene exposure, no significant association was 
found for liver cancer in a Nordic population (Lynge 
et al., 2006); however, a positive exposure–disease 
association was reported in the same population when 
exposure was assessed more quantitatively using a JEM 
(Vlaanderen et al., 2013).
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In recent years, several methodological developments 
have allowed for improved assessment and quantifi-
cation of historical work-related exposures in the gen-
eral population. Collectively, these new developments 
may be described as ‘enhancements’ to classical meth-
ods. One example of such enhancement is the applica-
tion of expert-derived algorithms linking questionnaire 
responses to expert and measurement-based exposure 
estimates (hereafter, algorithmic assessment). Another 
example is the use of historical exposure data to cali-
brate existing population JEMs to create quantitative 
exposure estimates (Friesen et al., 2015a).

Our work aimed to provide an updated overview of 
methods for retrospective occupational exposure assess-
ment for case–control studies in the general population. 
The specific goals of our review are 3-fold. First, through 
a review of published cancer case–control studies, we 
show trends of use for various retrospective exposure 
assessment methods. Second, for these identified retro-
spective assessment methods, we systematically review 
evidence of reliability. Third, we discuss recent progress 
in retrospective assessment methods and consider future 
possibilities for further improving occupational expos-
ure assessment in population case–control studies.

Methods

To gather publications for exposure assessment method 
trends in occupational cancer case–control studies of 
chemical agents in the general population over the last 
four decades, we searched the Medline database with 
combinations of the following Medical Subject Heading 
(MeSH) terms: ‘occupational exposure’, ‘case-control 
studies’, and ‘neoplasms’. We limited ourselves to the 
systematic review of cancer case–control studies as this 
covers a well-defined research area, and evaluating all 
population case–control studies for all diseases would 
be too unwieldy. A total of 1783 matches published 
between 1 January 1975 and 1 January 2017 were kept 
for further selection. After removal of studies that were 
duplicates, were not in English, did not focus on occupa-
tional exposures, used job title exclusively as an exposure 
proxy, were not case–control studies in the general popu-
lation, or focused on non-chemical (e.g. radiation, noise) 
exposures, 299 publications remained (Prisma diagram 
available in Supplementary Figure 1, available at Annals 
of Work Exposures and Health online). Use of various 
exposure assessment methods in occupational cancer 
studies were summarized by decade for trends of differ-
ent assessment methods used in the last four decades.

To gather publications on reliability performance of 
different assessment methods published since the review 

performed by Teschke et al. (2002), combinations of 
MeSH terms (‘occupational exposure’, ‘case-control 
studies’, and ‘reproducibility of results’) were used in 
conjunction with title keywords (‘validity’, ‘comparison’, 
‘estimation’, ‘performance’, ‘agreement’, ‘reliability’, ‘val-
idation’, ‘sensitivity’, ‘specificity’, and ‘assessment’) to 
search for relevant articles published from 1 April 2001 
to 1 January 2017. Parallel searches with truncation (e.g. 
valid*) were also performed to capture articles that used 
alternate forms of the keywords (e.g. validate). Seven 
hundred and twenty-six articles matched the search cri-
teria. After removal of studies that were duplicates, were 
not in English, were not case–control studies in the gen-
eral population, did not focus on chemical occupational 
exposures, or did not contain comparison tests of assess-
ment methods, 34 articles remained (Prisma diagram 
available in Supplementary Figure 2, available at Annals 
of Work Exposures and Health online).

Results

Assessment method trends in occupational  
cancer studies in the general population
All but two (Bhatti et al., 2011; Lee et al., 2015) of the 
299 identified general population case–control occu-
pational cancer publications assessed exposure using 
at least one of the three classical assessment methods, 
namely case-by-case expert assessment, JEM, and self-
reported exposure (full list of reviewed publications 
available in Supplementary Table 1, available at Annals 
of Work Exposures and Health online). Most included 
studies (221 of 299) reported relying on a single method 
for retrospective exposure assessment. From these single-
method studies, 89 relied on self-reported exposure, 82 
used job-by-job expert assessment, 48 applied JEMs, and 
2 modelled exposure using task-based information in 
conjunction with measurements (Bhatti et al., 2011; Lee 
et al., 2015). Seventy-eight studies used more than one 
method to assess past work-related exposures.

Figure 1 shows both the type of occupational infor-
mation collected and the exposure assessment method 
used in these 299 studies by decade from 1980. 
Approximately 80–90% of all included studies collected 
full occupational histories throughout different decades. 
Use of job- or task-specific questionnaires (hereafter, spe-
cific questionnaires), which study subjects respond to 
optional specific job- or task-based questions on deter-
minants of exposure, was observed in approximately 
10% of reviewed studies published in the 1990s. The 
frequency of using specific questionnaires rose subse-
quently to around 25% of studies in the 2000s and 35% 
of studies from 2010 onward.
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The proportion of studies that used self-reported 
exposures was approximately 45% in the 1980s, 55% 
in the 1990s and 2000s, and 35% in the current dec-
ade. These include studies that reported asking ques-
tions directly about specific exposures, providing a 
checklist of exposure substances, or having open-ended 
questions on exposure. Expert assessment on a case-by-
case basis was used in approximately 40% of included 
studies from the first three decades and 55% of studies 
published in the current decade. The use of JEMs was 
reported in ~40% of studies published in the 1980s, 
25% of studies from the next two decades, and 30% of 
studies published in or after 2010. Other methods, such 
as algorithmic assessment and measurement-calibrated 
JEMs, have appeared in 2% of studies in the 2000s and 
20% in the 2010s.

Assessment method reliability and comparison 
studies
Of the 34 reliability studies identified, most (n = 30) com-
pared exposure assessment results obtained from two 
methods; four (Daniels et al., 2001; Parks et al., 2004; 
Bourgkard et al., 2013; Friesen et al., 2013) compared 
assessment outcomes from three or more methods. All 
gathered studies compared candidate assessment meth-
ods against one or more assessment methods nominated 
as the comparison standard. For evaluating agreement 
between categorical measures of exposure, reliability 

studies often use the kappa statistic (κ), which may be 
interpreted as representing agreement that is almost per-
fect (κ = 0.81–1), substantial (κ = 0.61–0.8), moderate 
(κ = 0.41–0.6), fair (κ = 0.21–0.4), slight (κ = 0–0.2), 
and poor (κ <0) (Landis and Koch, 1977).

Expert case-by-case assessment was the most fre-
quently included method in gathered studies, appear-
ing in 12 studies as the candidate method. Three 
studies compared expert-assessed exposures to measured  
exposure (Fritschi et al., 2003; DellaValle et al., 2015) 
and to JEM-assessed exposure (Peters et al., 2011a); 10 
other studies compared assessments made by the same 
experts at different times (Tinnerberg et al., 2001) or 
assessments made by different experts (Daniels et al., 
2001; Tinnerberg et al., 2001; Fritschi et al., 2003; 
Mannetje et al., 2003; Tinnerberg et al., 2003; Correa 
et al., 2006; Rocheleau et al., 2011; Gramond et al., 
2012; Friesen et al., 2013; Table 1). Fritschi et al. (2003) 
reported an average sensitivity of 73% for three experts 
who assessed exposure to 19 different agents for 47 
fictional jobs constructed from personal air monitor-
ing records. Another study on polychlorinated biphenyl 
(PCB) exposure reported that total serum PCB levels 
were 87% higher in subjects rated as exposed versus 
unexposed by an expert, with 38% of variability in serum 
PCB levels explained by the expert rating (DellaValle 
et  al., 2015). Reported κ agreement for presence/
absence of exposure between different expert assessors 

Figure 1. Use of various retrospective occupational exposure assessment methods in general population case–control occu-
pational cancer studies (*Others: includes methods that are distinct from other major assessment methods, such as exposure 
assessment using expert-derived algorithms, measurement calibrated job-exposure matrices, modelling of exposures based on 
historical measurements, and other learning or clustering statistical models).
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Table 1. Reliability of case-by-case expert assessment in estimating past occupational exposures in case–control studies 
in the population.

Authors, year Exposure Assessment 
method

Comparison 
method

Reliability test Results

Daniels et al., 2001 Pesticides Case-by-case 

expert review 

based on par-

tial question-

naire data (e.g. 

job title, job 

tasks, industry, 

products and 

services)

Referent case- 

by-case expert 

assessment with 

full question-

naire data

Sensitivity 

and specificity 

against referent 

assessment; κ 

for presence of 

exposure

Sensitivity = 42.9–66.7%; 

specificity = 98.1–99.7%; 

κ = 0.5–0.6

Tinnerberg et al., 2001 13 agents Case-by-case 

assessment 

performed indi-

vidually by three 

occupational 

hygienists

Reassessment 

by two original 

hygienists after 

1–3 years

κ for exposure 

status

κ between original and 

reassessment = 0.66. 

Inter-rater κ between 

different experts during 

reassessment = 0.72

Fritschi et al., 2003 19 agents Consensus 

case-by-case 

assessment of 

exposure prob-

ability by three 

experts

Personal air 

measurements 

on select 

substances

Sensitivity 

for detecting 

substances 

present in air 

samples

Sensitivity = 73% for correct 

assessment with some cer-

tainty (probable/definite 

exposure)

Mannetje et al., 2003 70 agents Case-by-case 

assessment by 

eight teams 

of experts in 

different study 

centres

Case-by-case 

assessment 

by reference 

chemist expert

Sensitivity, spe-

cificity versus 

reference rater; 

κ agreement 

for exposure 

presence, fre-

quency, and in-

tensity between 

all raters

Specificity >0.9; sensi-

tivity = 0.48–0.75; overall κ 

across all agents = 0.41–0.45 

between eight study centres 

and 0.53–0.64 between 

centres and reference rater

Tinnerberg et al., 2003 15 agents Case-by-case 

assessment by 

occupational 

hygienist in five 

study centres

Comparison be-

tween different 

study centres

κ agreement 

for presence of 

exposure

Pair-wise comparison 

κ = 0.14–1.0 for the 15 

agents, median = 0.74

Correa et al., 2006 Lead Case-by-case 

assessment by 

three indus-

trial hygienists 

independently

Comparison 

of between 

different experts

κ agreement Inter-rater κ = 0.32–0.54 

for presence/absence of ex-

posure and for exposure 

probability, type, frequency, 

duration, and intensity

Richiardi et al., 2006 Diesel engine 

exhaust

Case-by-case 

assessment 

performed by 

three indus-

trial hygienists 

independently

Comparison be-

tween different 

hygienists

Weighted κ for 

probability, 

intensity, and 

frequency of 

exposure

Weighted κ = 0.4–0.6
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Authors, year Exposure Assessment 
method

Comparison 
method

Reliability test Results

Rocheleau et al., 2011 Seven agents Case-by-case 

assessment 

by two indus-

trial hygienists 

independently

Comparison be-

tween experts
κ agreement 

for presence of 

exposure

κ = 0.24–0.65 (me-

dian = 0.54) for different 

substances for the first 

7229 jobs; after additional 

training κ = 0.51–0.91 

(median = 0.51) for the 

remaining 4962 jobs

Gramond et al., 2012 Asbestos Case-by-case 

assessment by 

six external 

experts indi-

vidually and by 

consensus

Reference case- 

by-case 

assessment 

by two in-

ternal experts 

by consensus; 

inter-rater com-

parison between 

the six external 

experts

κ for exposure 

probability 

and cumulative 

exposure

Inter-rater weighted 

κ between external 

experts = 0.69–0.81; 

weighted κ against referent 

assessment = 0.79–0.84

Bourgkard et al., 2013 Asbestos and 

PAHs

Case-by-case 

assessment by 

two experts by 

consensus based 

on TBQ data

Reference case- 

by-case 

assessment by 

two different 

experts by con-

sensus based on 

full interview 

data; popula-

tion- 

based asbestos 

Matgéné JEM 

(Févotte et al., 

2011)

Weighted κ for 

ordinal exposure 

levels

Weighted κ between TQB 

expert assessment and ref-

erence assessment was 0.68 

for asbestos and 0.43 for 

PAHs; weighted κ between 

TBQ expert assessment and 

asbestos JEM was 0.31

Friesen et al., 2013 Diesel engine 

exhaust

Case-by-case 

assessment by 

three hygienists 

individually

Aggregate case- 

by-case 

assessment by 

three different 

experts.

Weighted κ for 

exposure prob-

ability, intensity, 

and frequency

Weighted κ = 0.50–0.76 

(median = 0.59)

DellaValle et al., 2015 PCB Case-by-case 

assessment 

of exposure 

probability by 

an industrial 

hygienist

Concentrations 

of 14 PCB 

congeners in 

serum

Variance in 

serum PCB 

explained 

by hygienist 

rating; regres-

sion model to 

compare serum 

PCB levels for 

subjects with 

different ex-

posure ratings

38% of the variability in 

total serum PCB explained 

by hygienist rating; total 

serum PCB is 87% higher 

in workers rated probably 

exposed versus unexposed 

(no difference between those 

rated non-exposed and pos-

sibly exposed)

TBQ = task-based questionnaire.

Table 1. Continued
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ranged between −0.04 and 1, with a median of approxi-
mately 0.58 (Daniels et al., 2001; Tinnerberg et al., 
2001, 2003; Mannetje et al., 2003; Correa et al., 2006;  
Rocheleau et al., 2011; Gramond et al., 2012; Friesen 
et al., 2013). Median intra-rater κ was 0.66 for assess-
ments made at least 1 year apart for 13 different expo-
sures by the same experts (Tinnerberg et al., 2001).

Nine comparison studies examined the reliability 
of self-reported exposures by comparison with expert 
assessment (Daniels et al., 2001; Parks et al., 2004; Nam 
et al., 2005; Westberg et al., 2005; Hepworth et al., 2006; 
Neilson et al., 2007), JEM-assessed exposure (Adegoke 
et al., 2004; Hardt et al., 2014), and repeated surveys of 
the same subjects (Duell et al., 2001; Table 2). The range 
of reported κ agreement between self-reported and expert-
assessed presence of exposures was 0.19–0.70, with a 
median of approximately 0.50 (Daniels et al., 2001; Nam 
et al., 2005; Westberg et al., 2005; Hepworth et al., 2006; 
Neilson et al., 2007). Parks et al. (2004) reported sensitiv-
ity and specificity values of 0.54 and 0.99, respectively, for 
self-reported exposure to crystalline silica versus assess-
ment made by experts. Hardt et al. (2014) reported poor 
agreement between self-reported and JEM-assessed expo-
sures to asbestos, with κ values ranging from 0.06 to 0.30, 
with a median of 0.19. Adegoke et al. (2004), however, 
reported better agreement (κ range 0.48–0.84, median 
0.78) between self-reported and JEM-assessed exposures 
for benzene, organic solvents, pesticides, and electromag-
netic fields. Duell et al. (2001) reported a κ range from 
0.63 to 0.84 (median 0.75) for interview responses made 
14 months apart by the same study subjects on exposure 
and use of pesticides.

Eight reliability studies compared exposures obtained 
from applying JEMs to exposures assessed by expert 
raters (Daniels et al., 2001; Parks et al., 2004; Semple 
et al., 2004; Nam et al., 2005; Peters et al., 2011a; 
Offermans et al., 2012) or other JEMs (Lavoué et al., 
2012; Offermans et al., 2012; Table 3). Offermans et al. 
(2012) compared exposure to asbestos, polycyclic aro-
matic hydrocarbons (PAHs), and welding fumes deter-
mined with three different population JEMs with each 
other and with case-by-case assessment by experts. 
Weighted κ agreement between JEM and expert-
assessed cumulative exposures ranged from 0.10 for 
asbestos to 0.70 for welding fumes, with a median of 
~0.36. Weighted κ agreement between JEMs ranged 
from 0.25 to 0.51, with a median of ~0.46. In a multi-
centre European lung cancer study, Peters et al. (2011a) 
reported κ agreement ranging from 0.04 to 0.54 (median 
~0.38) between a population JEM and case-by-case 
expert assessment for presence of exposure to asbes-
tos, diesel engine exhaust, and crystalline silica in eight 

different countries. In another comparison between dif-
ferent population JEMs, Lavoué et al. (2012) reported 
weighted κ ranging from 0.07 to 0.89 (median: 0.39) for 
exposure prevalence of 27 different agents. Using case-
by-case expert assessment as the standard, Parks et al. 
(2004) reported a sensitivity of 0.44 and specificity of 
0.97 for a general population JEM in assessing exposure 
to crystalline silica.

Ten reviewed studies tested the reliability of expo-
sures estimated by other methods, such as the use 
of expert-derived algorithms (Pronk et  al., 2012; 
Bourgkard et al., 2013; Friesen et al., 2013, 2014; Peters 
et al., 2014) or learning/clustering models that pre-
dict exposure based on questionnaire responses (Black 
et al., 2004; Friesen et al., 2015b; Wheeler et al., 2013, 
2015; Friesen et al., 2016b; Table 4). Weighted κ values 
reported by studies comparing exposure probabilities 
estimated with algorithms versus expert raters ranged 
between 0.49 and 0.82 in three different studies, with 
a median of 0.81 (Pronk et al., 2012; Bourgkard et al., 
2013; Friesen et al., 2013). Another study reported a 
median κ agreement of 0.73 in dichotomous measures 
of exposure between algorithmic and expert assessment 
(Peters et al., 2014). Performance of tree-based statistical 
learning models to predict diesel engine exhaust expos-
ure ratings based on expert assessment from patterns 
in questionnaire responses was reported in two studies 
(Wheeler et al., 2013, 2015; Friesen et al., 2016b). When 
tested against validation subsets, tree-based assessment 
models created by Wheeler et al. (2013, 2015) had 
92–94% agreement with experts in identifying exposed 
versus non-exposed jobs. When applied in a Spanish 
bladder cancer study, the same tree-based models pre-
dicted expert-assessed exposure probability, intensity, 
and frequency correctly in 90%, 91%, and 57% of 1442 
jobs, respectively (Friesen et al., 2016b).

Discussion

We surveyed general population occupational cancer 
case–control studies published over the last four dec-
ades to examine the trends of use for various assessment 
methods. Case-by-case expert assessment, popula-
tion JEMs, and self-reported exposure were by far the 
most frequently used assessment methods in all peri-
ods reviewed. Notable trends were also observed in the 
increasing use of specific questionnaires starting in the 
1990s, and the use of exposure algorithms and models 
starting in the 2000s. We have focused on cancer stud-
ies for investigating exposure assessment method trends 
because it is an active area of chronic occupational dis-
eases research.
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Table 2. Reliability of self-reported exposures in estimating past occupational exposures in case–control studies in the 
population.

Authors, 
year

Exposure Assessment method Comparison 
method

Reliability test Results

Daniels 

et al., 2001

Pesticides Self-reported ex-

posure via telephone 

interview

Case-by-case ex-

pert assessment
κ for presence 

of exposure; 

sensitivity and 

specificity

κ = 0.3–0.7; sensitivity = 100%; 

specificity = 96.2–97.3%

Duell et al., 

2001

Pesticides Self-reported ex-

posure in telephone 

interview

Self-reported ex-

posure in re- 

interview after 

14 months

κ for ever/ 

never pesticide 

application

κ = 0.63–0.78, median = 0.75

Adegoke 

et al., 2004

Benzene, EMF, 

pesticides, and 

other organic 

solvents

Self-reported ex-

posure by subjects 

or next of kin 

during in-person 

interview

Population JEM 

developed by 

authors

Percent 

agreement, 

sensitivity, spe-

cificity, and κ 

for presence of 

exposure

Percent agreement = 91.6–98.5 

(median 94.1); sensitivity = 0.83– 

0.97 (median 0.91); specifi-

city = 0.90–0.99 (median 0.95), 

κ = 0.48–0.84 (median 0.78)

Parks et al., 

2004

Silica Self-reported ex-

posure with check-

list during in-person 

interview

Case-by-case expert 

assessment based 

on questionnaire 

data plus follow-up 

telephone interview 

data

Sensitivity and 

specificity

Sensitivity = 0.54 for long-term 

exposures (>12 months) and 

0.73 for shorter-term exposures 

(>2 weeks); specificity = 0.99 for 

all exposures

Westberg 

et al., 2005

PVC Self-reported ex-

posure in paper- 

based questionnaire

Case-by-case 

assessment by 

two experts by 

consensus

κ for presence of 

exposure; odds 

ratios for cancer

κ = 0.56; odds ratio for cancer 

was 1.1 (95% CI 0.8–1.6) based 

on self-reported exposure and 

1.3 (95% CI 1.1–1.7) based on 

expert-assessed exposure

Nam et al., 

2005

Asbestos Next-of-kin- 

reported exposure

Case-by-case 

assessment by 

an occupational 

hygienist

κ for presence of 

exposure; odds 

ratio for cancer

κ = 0.47 for cases and 0.19 for 

controls; odds ratios for meso-

thelioma was 10.7 (95% CI 

7.3–16.0) based on self-reported 

exposure and 4.7 (95% CI 3.2– 

6.8) based on expert-assessed 

exposure

Hepworth 

et al., 2006

Pesticides and 

solvents

Self-reported 

exposure in 

computer-assisted 

interview

Assessment by 

two experts for 

presence/absence of 

exposure based on 

job title alone

κ for presence 

of exposure; 

sensitivity and 

specificity

κ = 0.22 for solvents and 0.50 

for pesticides; sensitivity = 45.8– 

53.6%; specificity = 90.3–99.3%

Neilson 

et al., 2007

PAHs Self-reported ex-

posure during 

longest held job

Case-by-case ex-

pert assessment
κ for presence 

of exposure; 

sensitivity and 

specificity

κ = 0.54; sensitivity and specifi-

city were both 0.79

Hardt 

et al., 2014

Asbestos Self-reported as-

bestos exposure

DOM JEM (Peters 

et al., 2011a)
κ for presence of 

exposure; odds 

ratio for lung 

cancer

κ = 0.19; odds ratio was 0.9 

(95% CI 0.5–1.6) based on self-

reported exposure and 1.9 (95% 

CI 1.3–2.7) based on JEM- 

assessed exposure

CI = confidence interval; DOM JEM = Domtoren job-exposure matrix; EMF = electromagnetic field; PVC = polyvinyl chloride.
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Table 3.  Reliability of JEMs in estimating past occupational exposures in case–control studies in the population.

Authors, 
year

Exposure Assessment 
method

Comparison method Reliability test Results

Daniels 

et al., 2001

Pesticides Occupation- 

industry JEM 

developed by 

authors

Referent case-by-case 

expert assessment
κ for presence 

of exposure; 

sensitivity and 

specificity

κ = 0.4–0.6; sensi-

tivity = 57.1–71.4%; 

specificity = 97.7–99.1%

Parks et al., 

2004

Silica JEM developed 

by authors

Case-by-case expert 

assessment based on 

questionnaire data 

plus follow-up tele-

phone interview data

Sensitivity and 

specificity

Sensitivity = 0.44 for long-term 

exposures (>12 months) and 

0.32 for shorter-term exposures 

(>2 weeks); specificity = 0.97 

for all exposures

Semple 

et al., 2004

Solvents, 

pesticides, and 

metals

JEM created 

by authors, 

plus exposure 

modifiers based 

on question-

naire responses

Case-by-case 

assessment by experts
Spearman’s ρ 

for cumulative 

exposure

Spearman’s ρ = 0.89 for a val-

idation sample of 30 jobs

Nam et al., 

2005

Asbestos Assessment by 

population JEM 

(Sieber et al., 

1991)

Case-by-case 

assessment by an oc-

cupational hygienist

κ for presence of 

exposure; odds 

ratio for cancer

κ = 0.24 for cases and 0.34 

for controls. Odds ratios for 

mesothelioma was 2.1 (95% CI 

1.5–2.9) based JEM-assessed 

exposure and 4.7 (95% CI 3.2– 

6.8) based on expert-assessed 

exposure

Orsi et al., 

2010

Solvents Matgéné JEM 

(Févotte et al., 

2011)

Case-by-case 

assessment by a 

chemical engineer

Percent 

agreement and κ 

for presence of 

exposure

Percent agreement = 73–87 

(median 82); κ = 0.46– 0.54 

(median 0.50)

Peters et al., 

2011a

Diesel engine ex-

haust, crystalline 

silica, asbestos

Assessment by 

population- 

specific JEM 

developed 

by authors; 

population-

based DOM 

JEM

Case-by-case 

assessment performed 

by experts in eight 

research centres

κ for presence 

of exposure 

between all 

methods

κ between population- 

specific JEM and expert 

assessment = 0.28–0.91 

(median = 0.63); κ be-

tween DOM JEM and ex-

pert assessment = 0.04–0.54 

(median = 0.38); κ between 

two JEMs = 0.07–0.73 

(median = 0.34)

Offermans 

et al., 2012

Asbestos, PAHs, 

welding fumes

Dutch Asbestos 

JEM, DOM 

JEM, FINJEM

Case-by-case expert 

assessment by con-

sensus by two experts

Weighted κ on 

tertiles of cumu-

lative exposure

κ = 0.29 for asbestos and 0.42 

for PAHs for DOM JEM; 

κ = 0.70 for welding fume for 

FINJEM; κ = 0.10 for asbestos 

for asbestos JEM.

Lavoué 

et al., 2012

27 agents FINJEM- 

assessed ex-

posure preva-

lence and 

intensity

Exposure likeli-

hood, frequency, and 

intensity assessed 

by Montreal JEM, 

developed by authors

Weighted κ for 

exposure preva-

lence; Spearman 

correlation 

for exposure 

intensity

Weighted κ = 0.07–0.89; 

Spearman correlation = −0.35 

to 0.89

CI = confidence interval; DOM JEM = Domtoren job-exposure matrix; FINJEM = Finnish Information System on Occupational Exposure.
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Table 4. Reliability of other assessment methods in estimating past occupational exposures in case–control studies in 
the population.

Authors, 
year

Exposure Assessment method Comparison method Reliability test Results

Pronk 

et al., 

2012

Diesel engine 

exhaust

Use of expert-derived 

algorithms to assess exposure 

probability, intensity, and fre-

quency based on occupational 

histories with specific task 

information

Case-by-case 

assessment by 

an occupational 

hygienist

Weighted κ for 

ordinal exposure 

measures; 

Spearman cor-

relation for 

continuous ex-

posure measures

Weighted κ = 0.68– 

0.81 for ordinal ex-

posure probability, fre-

quency, and intensity; 

Spearman ρ = 0.70– 

0.72 for continuous 

exposure frequency 

and intensity

Bourgkard 

et al., 

2013

Asbestos and 

PAHs

Algorithmic assessment based 

on task-based questionnaire 

data

Reference case-by- 

case assessment 

by two experts by 

consensus based 

on full interview 

data; population-

based asbestos 

JEM (Févotte et al., 

2011)

Weighted κ for 

ordinal exposure 

levels; OR for 

lung cancer 

and asbestos 

exposure

κ = 0.61 for asbestos 

and 0.36 for PAHs 

against referent expert 

assessment; κ = 0.26 

against asbestos JEM; 

lung cancer OR = 1.18 

(95% CI 1.06–1.31) 

based on algorithm- 

derived exposures and 

1.02 (95% CI 0.91– 

1.16) based on JEM- 

assessed exposures

Friesen 

et al., 

2013

Diesel engine 

exhaust

Algorithm-based assessment 

(Pronk et al., 2012) to assess 

exposure probability, intensity, 

and frequency based on ques-

tionnaire responses

Case-by-case 

assessment by three 

experts individually 

and by aggregate

Weighted κ for 

exposure prob-

ability, intensity, 

and frequency

κ = 0.58–0.81 (me-

dian = 0.70) between 

individual expert 

rating and algorithmic 

assessment; κ = 0.82 

for aggregated expert 

assessment versus al-

gorithmic assessment

Wheeler 

et al., 

2013

Diesel engine 

exhaust

Use of tree-based statistical 

learning models to predict ex-

posure probability, frequency, 

and intensity using previous 

expert assessments as training 

data

Case-by-case 

assessment by 

an occupational 

hygienist

Percent 

agreement for 

presence of 

exposure, and 

ordinal exposure 

probability, 

frequency, and 

intensity

Percent 

agreement = 92–94 

for presence of ex-

posure; percent 

agreement = 7–90 for 

ordinal exposure prob-

ability, frequency, and 

intensity

Peters 

et al., 

2014

Diesel en-

gine exhaust, 

pesticides, and 

solvents

Expert-derived algorithms 

were used to assess presence/ 

absence of exposure from 

information obtained from 

questionnaires

Case-by-case 

assessment by 

an occupational 

hygienist

κ agreement 

on presence of 

exposure

κ = 0.51–0.84 (median 

0.73)

Friesen 

et al., 

2014

TCE A systematic process was 

developed to extract free-

text responses in occupa-

tional histories by identifying 

keywords and phrases 

associated with exposure

Case-by-case expert 

assessment

Percent 

agreement on 

presence of 

exposure

Percent 

agreement = 98.7
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In the absence of true gold standards, case-by-case 
expert assessment is often regarded as the ‘alloyed gold 
standard’ and ‘best practice’ for retrospective occupa-
tional exposure assessment (Siemiatycki et al., 1989; 
Bouyer and Hémon, 1993a, 1993b; Fritschi et al., 1996; 
Teschke et al., 2002). In the 34 assessment method reli-
ability publications we reviewed, authors in 27 studies 
selected expert assessment as the standard method of 
comparison. Given the same work history information, 
assessment experts, who may be industrial hygienists, 
chemists, engineers, occupational physicians, or expe-
rienced workers, are believed to have better knowledge 
on occupational exposures than workers and be able to 
produce individualized exposure estimates. If expert-
assessed presence of exposure was used as a compari-
son standard, our results show slightly higher median 
κ agreement between different expert assessors (~0.6) 
than between experts and estimates from self-reports 
(~0.5) or JEMs (~0.4). However, it is important to note 
that reliability studies reviewed reported highly vari-
able agreement results for different exposures assessed 
using various methods (reported unweighted κ values 
by substance available in Supplementary Figures 3–8, 

available at Annals of Work Exposures and Health 
online). Assessment reliability may be impacted by a 
number of factors, including the type and number of 
exposures, study design, quality of occupational history 
information, number and experience of expert assessors, 
as well as the comparison standard (i.e. other experts 
or JEMs). No single assessment approach is likely to 
outperform others in all study settings. For instance, 
a European multicentre case–control study compared 
exposures assigned by eight teams of expert raters and 
observed κ agreement ranging from −0.04 for PAHs 
to 0.93 for arc welding fumes (Mannetje et al., 2003). 
Further, agreement with a selected comparison standard 
does not necessarily mean higher validity. For example, 
in a lung cancer study by Peters et al. (2011a), no sig-
nificant relationship between occupational asbestos 
exposure and lung cancer was found when exposure 
was assessed by expert assessors across eight European 
study centres. However, when asbestos exposure was 
assessed using a general population JEM, a significant 
exposure–disease relationship was found among the 
same study subjects. Use of different local expert asses-
sors in the study resulted in higher inter-rater differences 

Authors, 
year

Exposure Assessment method Comparison method Reliability test Results

Friesen 

et al., 

2015b

Diesel engine 

exhaust

Hierarchical clustering model 

grouped jobs with similar 

exposures based on question-

naire responses

Algorithmic 

assessment of ex-

posure probability, 

intensity, and fre-

quency (Pronk et al., 

2012)

ICCs within job 

title clusters

ICC > 80% for ex-

posure probability 

with >500 clusters w 

in model; ICC > 70% 

for exposure frequency 

and intensity with > 

200 model clusters

Wheeler 

et al., 

2015

Diesel engine 

exhaust

Use of ordinal and nominal 

classification tree models to 

predict exposure probability, 

frequency, and intensity using 

expert assessment information

Case-by-case 

assessment by 

an occupational 

hygienist

Somer’s d for 

nominal and 

ordinal ex-

posure metrics 

(probability, 

frequency, and 

intensity)

Somer’s d = 0.61–0.66

Friesen 

et al., 

2016b

Diesel engine 

exhaust

Application of classification 

tree models (Wheeler et al., 

2013)

Case-by-case 

assessment by 

two experts 

independently

Weighted κ for 

ordinal measures 

of exposure 

probability, 

intensity, and 

frequency

Weighted κ = 0.09– 

0.91; model per-

formance was better 

for unexposed and 

highly exposed jobs, 

and for predicting ex-

posure probability and 

intensity

CI = confidence interval; ICC = intraclass correlation coefficient; OR = odds ratio; TCE = trichloroethylene.
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in exposure estimates for asbestos, which likely reduced 
study power and diminished the observed risk between 
exposure and disease.

There are additional important limitations with 
assessing exposures case-by-case with experts. Expert 
review is labour and resource intensive. The number 
of expert decisions for assessment increases multiplica-
tively with the number of study subjects, jobs per sub-
ject, exposure agents, exposure metrics, and multiple 
experts. Authors of a prostate cancer study estimated 
over 1000 h of expert time was used to assess exposure 
to six groups of exposure agents for over 13 000 jobs 
reported by 1479 study subjects (Fritschi et al., 2009, 
2007). Efficiencies are higher for experienced exposure 
assessment experts, who are likely to have developed 
intrinsic decision rules in order to rate exposures con-
sistently and quickly, but these rules are often not expli-
citly described, resulting in the frequent criticism of the 
expert decision process as a ‘black box’ that lacks trans-
parency (Teschke et al., 2002; Pronk et al., 2012; Peters 
et al., 2014; Wheeler et al., 2013). Although there is evi-
dence that hidden decision rules within experts may be 
calibrated by training and measurement data to assess 
exposures with better agreement (Mannetje et al., 2003; 
Rocheleau et al., 2011), the lack of explicit documen-
tation leads to challenges in results comparison across 
different experts, critical evaluation, and reproduction 
within or across studies.

Use of algorithms and tree-based statistical models 
to assess exposure represent a direct effort to stand-
ardize and address some shortcomings of case-by-case 
expert assessment while maintaining capability to assess 
exposure on an individual level. In algorithmic assess-
ment, decision rules are explicitly described, allowing for 
review, revision, and adaptation in other studies. Initial 
evidence in comparison studies suggests good reliability 
for algorithmic assessment when compared to case-by-
case expert assessment. In a reliability comparison by 
Friesen et al. (2013), weighted κ agreement for estimated 
diesel exhaust exposure between exposure algorithms 
and individual expert assessors (κ range: 0.58–0.81) was 
similar to agreement observed between different expert 
assessors (κ range: 0.50–0.76).

Expert decisions in case-by-case assessment have also 
been used in a few recent studies to train statistical mod-
els to either cluster reported jobs with similar exposures 
(Friesen et al., 2015b) or directly predict exposure prob-
ability, intensity, and frequency (Wheeler et al., 2013, 
2015; Friesen et al., 2016b). In general, these models 
seemed excellent in identifying non-exposed and highly 
exposed jobs, but had lower performance in predict-
ing jobs with low or medium exposures (Wheeler et al., 

2013; Friesen et al., 2015b). Therefore a tiered approach 
involving initial application of statistical models to first 
identify difficult-to-assess jobs, followed by expert review 
of highlighted jobs, has been proposed to increase assess-
ment transparency and reduce expert burden. Friesen 
et al (2016b) recently applied this hybrid approach in 
a population-based bladder cancer study in Spain by 
combining model-derived assessment algorithms from a 
US study with job-by-job expert assessment. The algo-
rithms showed high agreement with experts in assessing 
exposure for jobs that were non-exposed and identified 
only 14% of jobs requiring further expert review, dem-
onstrating good reliability, reproducibility, and efficiency 
may be achieved with hybrid approaches.

Asking subjects to report past occupational expo-
sures is a direct and convenient method of collecting 
exposure information at an individual level. Although 
expertise in exposure assessment is unlikely, workers 
may have important insight on their work environment, 
tasks performed, equipment used, materials handled, as 
well as the intensity and frequency of contact with dif-
ferent exposure agents. The most concerning limitation 
of self-assessed exposures is the potential for differential 
recall bias in case–control studies. Increased likelihood 
for cases to report past exposures and to report higher 
exposures results in inflated risk estimates (Tielemans 
et al., 1999; Teschke et al., 2000; de Vocht et al., 2005). 
At the same time, workers may also under-report expos-
ure to agents that are invisible, cannot be felt, or when 
their exposure is indirect (bystander exposure), which 
also diminishes the observed relationship between 
exposure and disease (Kromhout et al., 1987; Teschke 
et al., 2002). For instance, Hardt et al (2014) found a 
significant relationship between lung cancer and asbes-
tos exposure when exposure was assessed using a gen-
eric JEM, but not when exposure was assessed using 
subject self-reports. Authors of the study reported that 
cases were more likely than controls to either over- or 
under-report asbestos exposure, leading to misclassifica-
tions that affect the observation of the true exposure–
disease relationship (Hardt et al., 2014).

Compared to directly asking subjects to report expo-
sures, specific questionnaires are less prone to recall 
bias, as subjects are typically better able to accurately 
report work tasks and other exposure determinants ver-
sus exposures to specific agents (Teschke et al., 2002). 
The relationship between exposure determinants and 
disease is also more indirect and thus less likely for study 
subjects to uncover. Work task information obtained 
from specific questionnaires may be used to identify 
within-job differences in exposure, and work environ-
ment information may be used in determining bystander 
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exposures. Detailed exposure determinants information 
from specific questionnaires may be utilized in various 
ways in subsequent exposure assessment work, such 
as helping expert assessors develop more confident 
and accurate estimates (Segnan et al., 1996; Tielemans 
et al., 1999; Lillienberg et al., 2008), or supporting 
the development of exposure assessment algorithms 
(Wheeler et al., 2013). There are, however, challenges 
in implementing specific questionnaires. Because spe-
cific questionnaires are typically triggered by reports of 
key occupations and tasks, it is important for the trig-
ger keywords to be adequately sensitive and specific to 
identify potential exposure scenarios. If specific ques-
tionnaires are administered by interviewers, they must 
be trained to correctly and immediately apply different 
modules based on key jobs or tasks reported by subjects 
(Colt et al., 2011; Carey et al., 2014). If an automated 
system is responsible for administering specific question-
naires, the list of keywords must be sensitive and specific 
to avoid asking irrelevant modules and missing potential 
exposures (Friesen et al., 2016a). Finally, although use 
of specific questionnaires reduces interview burden for 
subjects who report few or no relevant exposure-related 
tasks, burden for those reporting multiple relevant 
tasks increases. Therefore it is important to identify and 
include only key task and environmental determinants 
that predict exposures and exclude less predictive deter-
minants as much as possible in order to limit interview 
burden on exposed subjects.

General population JEMs were first developed in 
the 1980s mainly for assessing exposure to carcinogens 
(Hoar et al., 1980; Pannett et al., 1985). Since then, a 
number of general population JEMs have been developed 
for various exposures in different countries (Kromhout 
and Vermeulen, 2001). Dimensions of a JEM typically 
include occupation/industry and at least one measure of 
exposure (e.g. intensity, probability), but may include 
additional axes such as region or period. Once a JEM 
is developed, application is straightforward, virtually 
cost-free, and generates immediate assessment results 
for multiple exposure agents. Although expert judge-
ment is involved in the creation of JEMs, assessment 
rating for each cross-tabulation JEM cell is available, 
which allows for comparison, review, and amendment 
of individual decisions in the matrix. One limitation 
for JEMs is their overall lower sensitivity compared to 
other assessment methods (Bouyer and Hémon, 1993b; 
Teschke et al., 2002; Parks et al., 2004). This lower sen-
sitivity is necessary by design for generic JEMs, where 
exposures are assigned broadly by job, yet overall speci-
ficity must be maximized to limit exposure misclassifica-
tion in the largely unexposed general population. In fact, 

many studies further reduce JEM sensitivity for higher 
specificity by dichotomizing ordinal or semi-quantitative 
exposure metrics when assessing exposure (Peters et al., 
2011a). Though such trade-off between sensitivity and 
specificity usually increases the positive predictive ability 
of a JEM, further reduction in sensitivity must be rem-
edied by increasing sample size, adding cost and chal-
lenges for the study. Another criticism of JEMs is their 
inability to account for between-worker variability 
for subjects with the same job title, missing important 
determinants of exposure such as differences in tasks, 
material use, work environments, and period. Because 
a JEM typically categorizes subjects and assigns expo-
sures using a set of standardized job codes, perform-
ance of the JEM is dependent on the ability of the job 
codes in separating the population in terms of exposure 
contrast. However, standardized job classification sys-
tems, such as the International Standard Classification 
of Occupations (ISCO) from the International Labour 
Organisation (ILO), were not designed for use in JEMs, 
and certain job categorizations that make sense in eco-
nomic or demographic terms may perform poorly in 
occupational exposure assessment. For instance, both 
underground and surface miners are coded as one job in 
ISCO—a major problem as exposures in confined spaces 
underground are often much higher. In general, a coding 
system with more granularity is better in separating jobs 
with different exposures. However, recent updates to 
many job classifications systems have decreased the level 
of detail by consolidating jobs. As an example, the ISCO 
version from 1968 contains 1506 distinct jobs, whereas 
versions from 1988 and 2008 contain 390 and 425 jobs, 
respectively (International Labour Organization (ILO), 
2010). The assignment of exposure by job group rather 
than individuals in JEMs introduces Berkson-type error 
in exposure assessment, which is a non-differential mis-
classification leading to a reduction in power and wider 
confidence intervals around unbiased risk estimates 
(Armstrong, 1990; Heid et al., 2004).

In the last 5 years, studies have used historical expos-
ure data to calibrate generic JEMs to improve their 
performance. For instance, existing population JEMs 
for benzene and lead exposure were calibrated using 
mixed-effect models based on exposure measurements to 
produce quantitative estimates for a cohort of women in 
Shanghai, China (Friesen et al., 2012; Koh et al., 2014). 
Period and original JEM ordinal exposure rating were 
included as fixed effects, and occupation and indus-
try were incorporated as random effects in the model. 
Using similar modelling techniques, Peters et al. (2016) 
created a measurement-calibrated lung carcinogen JEM 
(SYNJEM) with 102 306 personal samples for asbestos, 
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chromium, nickel, PAHs, and crystalline silica for use in 
different European regions and Canada. For SYNJEM, 
both modelled exposure intensity levels and cumula-
tive exposures were consistent with reported values by 
other studies (Peters et al., 2011b, 2016), and sensitiv-
ity analyses with different model assumptions showed 
that the quantitative estimates were robust (Peters 
et al., 2013). Compared to traditional, semi-quantitative 
expert-derived JEMs, exposure data-calibrated JEMs 
offer fully quantitative exposure estimates that may 
be adjusted for period and geographical region (Peters 
et al., 2016; Olsson et al., 2017). The main challenge 
of this particular approach is that extensive monitoring 
data are only available for few exposure agents, so it is 
not feasible for less-monitored exposures or in regions 
lacking substantial existing exposure monitoring data. 
Even when such data exist, there is considerable costs 
and difficulty in obtaining and digitizing large quanti-
ties of historical exposure data. In addition, within-job 
variations in exposure are still difficult to assess with 
data-calibrated JEMs, because historical measurements 
seldom have detailed descriptions of work tasks, envir-
onmental conditions, and other exposure determinants. 
Finally, a number of non-occupational factors may intro-
duce bias and variance in historical measurement data, 
such as sampling and analytic methods, reason of data 
collection (e.g. routine monitoring versus complaint 
investigation), sampling duration, and sampling strategy 
(e.g. representative versus worst case). Documentation 
of these important variables in historical datasets is typ-
ically incomplete, which makes model adjustments and 
results interpretation more challenging.

Although we have so far analysed and discussed 
various retrospective occupational exposure assessment 
methods as distinct approaches, they are deeply inter-
dependent and share many similarities. Expert judge-
ment is central in compilation of occupational history 
and task-based questionnaires, case-by-case expert 
assessment, development of JEMs, and generation of 
exposure assessment algorithms. Subject-reported infor-
mation, including reported job histories, tasks, and 
exposures, informs case-by-case expert assessment and 
JEM application. From a broad perspective, the central 
challenges in retrospective occupational assessment are 
the following:

(1) How to obtain reliable subject job history and 
exposure determinant information?

(2) How to apply expert judgement to subject-reported 
information systematically, transparently, and 
effectively to produce exposure estimates that are 
reliable and reproducible?

(3) If available, how may exposure measurements be 
used to further improve assessment accuracy and 
reliability?

In the field of occupational disease epidemiology, over-
all progress to meet these important challenges has 
been slow. The majority of current research in the field 
assesses exposure in the population with similar methods 
as studies did 30 years ago. Although the use of specific 
questionnaires began more than two decades ago, they 
were mostly designed and used to support case-by-case 
expert assessment. In the last 10 years, there are clear 
efforts in standardizing different elements of exposure 
assessment and in increasing overall transparency and 
reproducibility. However, strong reliance on case-by-
case expert assessment as the ‘alloyed gold standard’ 
for assessing past work exposures results in many study 
components being designed around job-by-job expert 
review, making it difficult to apply and test alternative 
methods. For instance, in two recent studies decision 
rules for algorithmic assessment and key variables for 
tree-based statistical models had to be extracted either 
manually or programmatically from free-text question-
naire responses intended for use by expert assessors 
(Pronk et al., 2012; Friesen et al., 2014).

Bottom-up study designs tailored for alternative 
assessments will generate a more positive environ-
ment for implementation of systematic assessment 
approaches. The use of specific questionnaires in gen-
eral population case–control studies should ideally 
be a standard practice similar to the collection of full 
occupational histories. Responses to specific question-
naires may then be a foundation for the application of 
exposure algorithms, learning models, or, if necessary 
or desired, any classical assessment methods. Reliance 
on expert judgement remains in this new paradigm, 
as identifying key exposure determinants to include in 
specific questionnaires and exposure algorithms must 
involve exposure assessment experts. However, details 
of expert decisions will be more transparent and their 
application will be systematic. Early evidence already 
indicates that some alternative methods perform at 
least as well as the classical assessment methods, or 
could serve as their compliment for more efficient 
assessment. The incorporation of historical measure-
ment data to support current assessment efforts should 
also be encouraged whenever data is available. A more 
concerted effort in further improvement of these new 
approaches may enable the creation of assessment 
methods (or hybrid methods) that are as efficient and 
transparent as JEMs, while as sensitive and precise as 
case-by-case expert assessment.
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