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Abstract

Objectives: To estimate the inter-rater agreement between exposure assessment to asthmagens in 
current jobs by algorithms based on task-based questionnaires (OccIDEAS) and by experts.
Methods: Participants in a cross-sectional national survey of exposure to asthmagens (AWES-
Asthma) were randomly split into two subcohorts of equal size. Subcohort 1 was used to determine 
the most common asthmagen groups and occupational groups. From subcohort 2, a random sample 
of 200 participants was drawn and current occupational exposure (yes/no) was assessed in these 
by OccIDEAS and by two experts independently and then as a consensus. Inter-rater agreement 
was estimated using Cohen’s Kappa coefficient. The null hypothesis was set at 0.4, because both the 
experts and the automatic algorithm assessed the exposure using the same task-based question-
naires and therefore an agreement better than by chance would be expected.
Results: The Kappa coefficients for the agreement between the experts and the algorithm-based 
assessments ranged from 0.37 to 1, while the agreement between the two experts ranged from 0.29 
to 0.94, depending on the agent being assessed. After discussion by both experts the Kappa coef-
ficients for the consensus decision and OccIDEAS were significantly larger than 0.4 for 7 of the 10 
asthmagen groups, while overall the inter-rater agreement was greater than by chance (P < 0.0001).
Conclusions: The web-based application OccIDEAS is an appropriate tool for automated assessment 
of current exposure to asthmagens (yes/no), and requires less time-consuming work by highly-qual-
ified research personnel than the traditional expert-based method. Further, it can learn and reuse 
expert determinations in future studies.
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Introduction

About 10–16% of asthma may be caused by occupa-
tional exposure to agents which cause asthma de novo or 
exacerbate existing asthma (Johnson et al., 2006; Torén 
and Blanc, 2009; Ghosh et al., 2013). There are many 
hundreds of occupational asthmagens which makes the 
task of assessing exposure to such a great number of 
exposures in community-based studies very challenging 
(Crewe et al., 2016). Previous studies have examined 
specific exposures in particular jobs, for example flour 
exposure in bakers (Baatjies et al., 2010), have looked 
at occupational exposures among people with asthma 
via physician interview (McDonald et al., 2005), have 
assessed exposure using a job exposure matrix in which 
all people in a particular job are assigned the same expo-
sures (Le Moual et al., 2014) or have asked participants 
to self assess their exposure to various asthmagen groups 
(LeVan et al., 2006).

We have developed a web-based application 
(OccIDEAS) that is based on the expert assessment 
method (Siemiatycki et al., 1981) and which automates 
the process of occupational assessment (Fritschi et al., 
2009). OccIDEAS comprises a set of questionnaires 
for specific occupations (known as job modules). The 
job modules are made up of task modules which con-
tain questions about particular tasks (e.g. painting, driv-
ing, cutting wood). These task modules may be present 
in several job modules (e.g. task module on painting is 
used in the job modules for painters, farmers, janitors, 
etc). Algorithms, developed by experts based on litera-
ture and personal experience, use the answers to the 
questions in the task modules to automatically assign 
probability of exposure. We have used OccIDEAS in two 
large studies to estimate the prevalence of exposure in 
Australian workers to carcinogens (Carey et al., 2014) 
and asthmagens (Fritschi et al., 2016).

The aim of the present study was to estimate the 
inter-rater agreement between the automatic assess-
ment of occupational exposure to asthmagens using 
OccIDEAS and expert assessment based on specialized 
task-based questionnaires.

Methods

Study population and data collection
The Australian Work Exposures Study - Asthma 
(AWES-Asthma) was a cross-sectional telephone survey 
investigating the prevalence of current exposure to oc-
cupational asthmagens among Australian residents aged 
between 18 and 64 years and currently in paid employ-
ment. The study was approved by the Human Research 

Ethics Committee of Curtin University. Detailed descrip-
tions of the method have been published previously 
(Fritschi et al., 2016). The sample for AWES-Asthma was 
selected from a list supplied by a commercial list broker. 
Of the 38,051 households contacted, 6314 were known 
to be eligible, and interviews were completed with 4878 
participants. We asked participants to provide demo-
graphic data including age, gender, postcode, education, 
and smoking status. We then asked them their job and 
the main tasks they did in that job.

Exposure assessment by OccIDEAS
Occupational asthmagens were grouped into 27 catego-
ries (Crewe et al., 2016). Exposure was assessed within 
OccIDEAS based on the subject’s job title and tasks 
and answers to the job modules as described previously 
(Fritschi et al., 2016). In brief, information on their job 
title and main tasks was used to determine whether par-
ticipants were working in any of a predetermined list 
of jobs where exposure to asthmagens is unlikely (e.g. 
clerical worker, retail sales other than food). These par-
ticipants were classified by the trained interviewers as 
unexposed (Fritschi et al., 2012). The remaining partici-
pants were assigned to the most relevant job module by 
the interviewer in discussion with the participant. There 
were 52 different job modules (e.g. carpenter, farmer) 
used in AWES-Asthma. Many of the job modules related 
to broad categories of work (e.g. health worker, or 
farmer) so the decision as to which job module to choose 
was relatively easy. We also provided additional infor-
mation to the interviewers such as that panel beaters 
should be asked the mechanic questions.

Automatic assessments of the probability (either ‘no’, 
‘possible’, or ‘probable’) of exposure to each of the 27 
asthmagen groups were based on predetermined rules 
developed on the basis of expert opinion and scientific 
literature and triggered by specific answers within each 
job module. Of the total 8840 assessments, 12% were 
automatically determined as ‘possible’ in cases where 
the relevant answers were free text fields. The algo-
rithms for ‘possible’ exposure were used when tasks had 
a wide range of options which were too many for the 
interviewer to list and some of the products contained 
asthmagens and others did not. For example, we asked 
truck drivers what loads they usually carried rather than 
listing every possible cargo. The free text answers to all 
the ‘possible’ exposures were reviewed by project staff to 
manually reclassify ‘possible’ exposures as either ‘prob-
able’ or ‘no exposure’.

In addition, we excluded the asthmagen groups 
‘arthropods or mites’ and ‘latex’ as some algorithms 
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were incorrect. These two groups were manually 
assessed as at the time we did not have the functionality 
within OccIDEAS to correct these algorithms.

Determination of job modules and asthmagen 
groups used for validation
We randomly divided the subjects into two equal subco-
horts and used subcohort 1 to determine the choice of 
job modules and asthmagen groups to compare in this 
study. In subcohort 1, there were 884 people who were 
allocated to one of the 10 most frequently assigned job 
modules: 239 teachers, 212 health workers, 91 farm-
ers, 69 construction workers, 66 drivers, 57 cleaners, 
42 cooks, 39 food retail workers, 33 carpenters, and 33 
mechanics.

Excluding the two-manually assessed groups 
(described above), the 10 most common asthmagen 
groups are shown in Table 1. The prevalence of ‘possible 
exposures’ in these groups was between 5 and 26%. 
Only 0–5.5% of subjects were initially classified as ‘pos-
sible’ and subsequently manually classified as exposed. 
We therefore set all automatically-generated ‘possible 
exposures’ to ‘no exposure’, so we could compare the 
expert assessment to the automatic assessment process 
without any manual review.

We calculated the frequencies of the 10 most com-
mon exposures within the 10 most common job mod-
ules from subcohort 1 and used these frequencies to 
determine the number of persons randomly sampled 
for each job module from subcohort 2. Since both the 

experts and OccIDEAS assessed the exposure using 
the answers to the same job modules we anticipated 
an agreement better than expected by chance (Sim and 
Wright, 2005). We therefore set the null hypothesis at 
0.4. The sample size was calculated as 180 assuming a 
Kappa coefficient of 0.7, a prevalence of exposure of 
more than 10%, 0.4 for Kappa in the null hypothesis, 
a power of 80% and significance level of 0.05 (Sim and 
Wright, 2005). We therefore randomly sampled 200 
subjects from subcohort 2.

Exposure assessment by experts
One expert (D.C.G., internal) was involved in the  
development of OccIDEAS. The other expert (M.S.R., 
external) was based in a different country to the study 
(Canada), and had had no input into the development 
of the questions or the algorithms used in OccIDEAS. 
Both experts had considerable training and experience 
with the expert assessment method. They independ-
ently viewed the answers to the questions for the 200 
subjects and assessed the probability of exposure to the 
10 most common asthmagens as either ‘no’ or ‘prob-
able’. After both experts completed their assessments the 
results were revealed to them and a video discussion was 
carried out during which a consensus assessment was 
determined.

Statistical analysis
Data were analysed using the SAS software package 
(Version 9.4 and Enterprise Guide 6.1, SAS Institute, 

Table 1. Description of the 10 most common asthmagen groups, percent of probable, and possible exposure assess-
ments made by OccIDEAS, and percent of all assessments which were initially classified as possible exposures and then 
manually assessed as being exposed in Subcohort 1 (n = 884).

Asthmagen group Examples of agents included* N probable % possible % manually classified 
‘yes’

Bio aerosols Alternaria, cutting oils 502 6.0 0.4

Industrial cleaning and sterilis-

ing agents

Ammonium chloride, chlorhexidine, 

fluorine

345 26.1 5.5

Metals Some metal compounds, welding fume 332 8.2 1.5

Aldehydes Formaldehyde, gluteraldehyde 284 11.2 1.2

Derived from animals Antigens from bats, cows, cats, 

chickens

267 6.8 0.1

Ammonia Ammonium hydroxide 251 26.7 4.0

Food Some beans, herbs and spices, tea, 

thiamine

99 7.5 0.1

Biological enzymes Egg lysozyme, trypsin 166 13.5 2.9

Acrylates Cyanoacrylates 144 5.5 0.0

Flour Wheat flour, soya flour 139 5.6 0.0

*For a full list, see Crewe et al., 2016.
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Cary, NC, USA). To analyze the agreement on a binary 
outcome (‘no’ or ‘probable’ exposure for each of the 
10 asthmagen groups) between two raters, Cohen’s 
Kappa coefficients and confidence intervals (CI) of the 
sample mean kappa were calculated. Since the Kappa 
coefficient depends on the prevalence and for preva-
lence <10% only small values of Kappa can be expected 
(Vach, 2005) we selected asthmagen groups with a 
prevalence >10%. Variables were described by number 
or frequency; 95% CI excluding 0.4 were considered 
significant. We also calculated the percent agreement, 
and the percentage negative and positive predictive val-
ues (PPV and NPV).

Results

The median age of the final study population consisting 
of participants working in one of the 10 most frequent 
occupational groups (subcohort 2) was 50 years with 
an interquartile range of 43–56 years. Participants were 
marginally less frequently men (46%). The prevalence 
of exposure (automatically assessed by OccIDEAS) 
to any of the 10 asthmagens ranged from 14 to 53% 
(Table 2).

For all asthmagen groups, the agreement between 
automatic and expert, expert and expert, or automatic 
and consensus assessment was greater than by chance 
(Table 3). For all of the asthmagen groups except alde-
hydes, the lower limits of the 95% CI of Kappa coef-
ficient for the agreement between OccIDEAS and the 
external expert were larger than 0.4. Of the 10 asthma-
gen groups, agreement significantly greater than 0.4 

was achieved for 5 groups comparing OccIDEAS and 
the internal expert, 7 groups comparing OccIDEAS and 
the consensus assessment, and 5 groups comparing the 
two experts. An agreement significantly larger than 0.4 
between all assessment methods was observed for the 
asthmagen groups acrylates, ammonia, derived from ani-
mals, food, flour, and metals (Table 3).

In summary, over all 10 asthmagen groups, the agree-
ment between OccIDEAS and the external expert was 
best with a median Kappa coefficient of 0.76 (range: 
0.29–0.94), while the agreement between the two experts 
and between OccIDEAS and the other expert was lowest 
with a median Kappa coefficient of 0.57 (range: 0.44–
0.94 and 0.37–1.0, respectively). After the both experts 
discussed the assessments, the agreement between the 
consensus assessment and OccIDEAS was good with a 
median Kappa coefficient over all 10 asthmagen groups 
of 0.71 (range: 0.31–1.00).

Percent agreement was excellent, being over 80% for 
all comparisons except for bioaerosols. Similarly, NPV 
was above 90% for all comparisons except bioaerosols. 
PPV was above 80% for all comparisons for acrylates, 
asthmagens derived from animals, and flour, and above 
60% for all comparisons for food. PPVs between the 
experts were below 50% for ammonia, bioaerosols, in-
dustrial cleaning agents, and metals. However, for all 
of these there was good agreement between at least one 
of the experts and OccIDEAS, and the PPV for the con-
sensus assessment and OccIDEAS was above 50%. PPVs 
for agreement between OccIDEAS and the experts were 
low for aldehydes and biological enzymes and remained 
low for expert consensus.

Table 2. Prevalence of exposure (%) to 10 selected asthmagen groups in the 10 most frequent occupational groups, 
assigned using rule-based (OccIDEAS) assessment (Subcohort 2).

Allocated job 
module

N jobs Acrylate Aldehyde Ammonia Bioaerosol Biological 
enzyme

Derived 
from 

animals

Flour Foods Industrial 
cleaning

Metal

N exposed 15 21 38 102 35 34 30 30 56 33

Carpenter 8 39.4 97.0 3.0 54.6 0 21.2 0 0 6.1 51.5

Cook 10 0 0 16.7 78.6 95.2 11.9 83.3 97.6 52.4 0

Cleaner 13 0 0 16.1 91.1 7.1 19.6 0 0 67.9 1.8

Construction 16 29.0 37.7 8.7 43.5 11.6 33.3 0 0 13.0 62.3

Driver 15 0 0 3.1 15.4 0 4.6 3.1 3.1 0 3.1

Farmer 21 21.1 54.4 91.1 97.8 10.0 80.0 0 8.9 17.8 71.1

Food Retail 9 0 2.6 10.3 82.0 7.7 5.1 28.2 41.0 46.2 0

Health worker 48 7.7 2.9 6.7 12.5 6.7 3.8 0 0 77.4 0

Mechanic 8 48.5 24.2 12.1 15.2 9.1 0 0 0 12.1 72.7

Teacher 52 8.0 35.4 31.2 40.1 31.6 32.9 30.8 31.6 10.1 30.8

Average 200 14.4 17.4 19.6 53.0 18.3 24.6 14.5 18.2 33.0 31.3
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Table 3. Comparison of expert and rule-based (OccIDEAS) assessment of exposure to asthmagens with Kappa value, 
percent agreement, and percentage positive and negative predictive values (PPV and NPV)

A) OccIDEAS and external expert

Asthmagens External expert Kappa (CI) P-value % agree %PPV %NPV

OccIDEAS Not exposed Exposed

Acrylates Not exposed

Exposed

184

1

4

11

0.80

(0.66, 0.97)

<0.0001 97.5 91.7 97.9

Aldehydes Not exposed

Exposed

153

26

1

20

0.53

(0.38, 0.68)

<0.0001 86.5 43.5 99.4

Ammonia Not exposed

Exposed

152

10

4

34

0.78

(0.68, 0.89)

<0.0001 93.0 77.3 97.4

Bio aerosols Not exposed

Exposed

84

14

31

71

0.55

(0.44, 0.67)

<0.0001 77.5 83.5 73.0

Biological enzymes Not exposed

Exposed

156

9

0

35

0.86

(0.77, 0.95)

<0.0001 95.5 79.5 100.0

Derived from 

animals

Not exposed

Exposed

159

7

2

32

0.85

(0.75,0.94)

<0.0001 95.5 82.1 98.8

Flour Not exposed

Exposed

167

3

0

30

0.94

(0.88, 1.0)

<0.0001 98.5 90.9 100.0

Food Not exposed

Exposed

157

13

2

28

0.74

(0.62, 0.87)

<0.0001 92.5 68.3 98.7

Industrial cleaning Not exposed

Exposed

125

19

9

47

0.67

(0.56,0.78)

<0.0001 86.0 71.2 93.3

Metals Not exposed

Exposed

145

22

4

29

0.61

(0.48, 0.74)

<0.0001 87.0 56.9 97.3

B) OccIDEAS and internal expert

Asthmagens Internal expert Kappa (CI) P-value % agree %PPV %NPV

OccIDEAS Not exposed Exposed

Acrylates Not exposed

Exposed

178

0

10

12

0.68

(0.50,0.86)

<0.0001 95.0 100.0 94.7

Aldehydes Not exposed

Exposed

154

33

0

13

0.38

(0.23,0.53)

<0.0001 83.5 28.3 100.0

Ammonia Not exposed

Exposed

156

29

0

15

0.45

(0.29,0.60)

<0.0001 85.5 34.1 100.0

Bio aerosols Not exposed

Exposed

108

45

7

40

0.44

(0.32,0.55)

<0.0001 74.0 47.1 93.9

Biological enzymes Not exposed

Exposed

156

32

0

12

0.37

(0.21,0.52)

<0.0001 84.0 27.3 100.0

Derived from 

animals

Not exposed

Exposed

161

7

0

32

0.88

(0.79,0.97)

<0.0001 96.5 82.1 100.0

Flour Not exposed

Exposed

167

0

0

33

1.0

(1.0,1.0)

<0.0001 100.0 100.0 100.0

Food Not exposed

Exposed

155

5

4

36

0.86

(0.77,0.95)

<0.0001 95.5 87.8 97.5

Industrial cleaning Not exposed

Exposed

134

29

0

37

0.63

(0.52,0.75)

<0.0001 85.5 56.1 100.0

Metals Not exposed

Exposed

149

30

0

21

0.51

(0.37,0.65)

<0.0001 85.0 41.2 100.0
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C) External expert and internal expert

Asthmagens Internal expert Kappa (CI) P-value % agree %PPV %NPV

External expert Not exposed Exposed

Acrylates Not exposed

Exposed

175

3

10

12

0.61

(0.42,0.80)

<0.0001 93.5 80.0 94.6

Aldehydes Not exposed

Exposed

178

9

1

12

0.68

(0.50,0.86)

<0.0001 95.0 57.1 99.4

Ammonia Not exposed

Exposed

161

24

1

14

0.47

(0.30,0.64)

<0.0001 87.5 36.8 99.4

Bio aerosols Not exposed

Exposed

92

61

6

41

0.34

(0.23,0.45)

<0.0001 66.5 40.2 93.9

Biological enzymes Not exposed

Exposed

162

26

3

9

0.32

(0.14,0.50)

<0.0001 85.5 25.7 98.2

Derived from 

animals

Not exposed

Exposed

164

4

2

30

0.89

(0.81,0.98)

<0.0001 97.0 88.2 98.8

Flour Not exposed

Exposed

167

0

3

30

0.94

(0.88,1.0)

<0.0001 98.5 100.0 98.2

Food Not exposed

Exposed

158

2

12

28

0.76

(0.64,0.88)

<0.0001 93.0 93.3 92.9

Industrial cleaning Not exposed

Exposed

128

35

16

21

0.29

(0.15,0.44)

<0.0001 74.5 37.5 88.9

Metals Not exposed

Exposed

162

17

5

16

0.53

(0.36,0.70)

<0.0001 89.0 48.5 97.0

D) OccIDEAS and expert consensus

Asthmagens Consensus Kappa (CI) P-value % agree %PPV %NPV

OccIDEAS Not exposed Exposed

Acrylates Not exposed

Exposed

179

1

9

11

0.66

(0.47,0.86)

<0.0001 95.0 91.7 95.2

Aldehydes Not exposed

Exposed

154

33

0

13

0.38

(0.23,0.53)

<0.0001 83.5 28.3 100.0

Ammonia Not exposed

Exposed

155

14

1

30

0.76

(0.64,0.87)

<0.0001 92.5 68.2 99.4

Bio aerosols Not exposed

Exposed

99

34

16

51

0.47

(0.35,0.60)

<0.0001 75.0 60.0 86.1

Biological enzymes Not exposed

Exposed

156

34

0

10

0.31

(0.16,0.47)

<0.0001 83.0 22.7 100.0

Derived from 

animals

Not exposed

Exposed

161

5

0

34

0.92

(0.84,0.99)

<0.0001 97.5 87.2 100.0

Flour Not exposed

Exposed

167

0

0

33

1 <0.0001 100.0 100.0 100.0

Food Not exposed

Exposed

159

5

0

36

0.92

(0.85,0.99)

<0.0001 97.5 87.8 100.0

Industrial cleaning Not exposed

Exposed

130

3

4

63

0.92

(0.86,0.98)

<0.0001 96.5 95.5 97.0

Metals Not exposed

Exposed

147

23

2

28

0.62

(0.49,0.75)

<0.0001 87.5 54.9 98.7

Table 3. Continued
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Overall, it took both experts approximately 200 h 
to assess the exposure of the 200 participants, while it 
takes a few minutes using the web-based algorithm inde-
pendently of the number of exposure assessments.

Discussion

This study has shown that there is good agreement 
between the automated assessment of occupational 
exposure to most asthmagens and individual assess-
ments by experts based on the answers to the task-based 
questionnaires with high Kappa statistics for all but 
one of the 10 asthmagen groups. There were also good 
NPVs suggesting that OccIDEAS is not overestimating 
exposure. However, PPVs were poor for the agreement 
between individual agents and OccIDEAS and while 
these improved with the consensus assessment, PPV was 
still below 50% for aldehydes and biological enzymes. 
This suggests that OccIDEAS is overestimating exposure 
for these two agents, and that the algorithms for these 
two agents are incorrect. This sort of information is vital 
for improving automatic assessment.

Agreement with OccIDEAS was improved when the 
experts worked together to develop a consensus view. 
Interpretation of data can vary systematically between 
experts, for example one expert did not include exposure 
to ammonia when working with animals and the other 
did. Similarly, one expert initially considered that there 
could be formaldehyde exposure from handling ferti-
lizers containing urea formaldehyde and the other did 
not. The consensus process allowed such differences to 
be identified, discussed and a conclusion reached. This 
suggests that OccIDEAS is likely to be better than a 
single expert because each time OccIDEAS is used; the 
learnings from that study are incorporated into the data-
bank of OccIDEAS. This is one of its advantages over 
single study assessments where the knowledge is not 
accumulated.

In other less systematic disagreements, the expert 
had missed an answer in the sometimes extensive data 
and did not allocate an exposure. In a few cases, experts 
entered evaluations in the wrong field when navigating 
a complex spreadsheet. This was identified in the com-
parison process. OccIDEAS, being a computer, does not 
make these errors.

The expert assessment system has been considered 
the best available standard for exposure assessment and 
has been used for over 30 years to assess occupational 
exposure in situations where researchers aim to assess 
exposure to individual agents, but where measured data 
are not available (Bourgkard et al., 2013). However, 
expert assessment is subjective and can only be as good 

as the data provided. Expertise may also vary between 
experts, in particular in their knowledge of specific 
industries and the likely exposures in specific occupa-
tions. Previously reported Kappa coefficients estimating 
the inter-rater agreement between two experts showed 
large variations with Kappa statistics ranging between 
less than 0.2–0.94 (Goldberg et al., 1986; Benke et al., 
1997; McGuire et al., 1997; Siemiatycki et al., 1997; 
Rybicki et al., 1998; Benke et al., 2001; Seel et al., 2007; 
Friesen et al., 2013). Although we used experts from 
different countries and with different experiences with 
the OccIDEAS rules, their concordance was quite good 
and we have previously shown that Canadian trained 
experts perform well when assessing Australian jobs 
(Fritschi et al., 2003).

In 2002, Teschke et al. reviewed the literature on 
the validity and reliability of common occupational 
exposure assessment methods used in community-based 
case–control studies and concluded that expert assess-
ment is usually the best approach (Teschke et al., 2002). 
However, since expert assessment is time-consuming and 
expensive, it can rarely be used in large study popula-
tions. Therefore other methods have been suggested such 
as a Job Exposure Matrix (JEM), where all workers in 
the same job title are assigned to the same exposure. 
Although JEMs are time-effective for exposure assess-
ment in large surveys, exposure may be misclassified as it 
varies considerably, even among workers in the same job 
who may be working in different industries or compa-
nies. Inter-rater agreement between experts and JEMs is 
disappointing and has varied by agent such as asbestos 
(Kappas between 0.10 and 0.36), silica (Kappa = 0.38), 
polycyclic aromatic hydrocarbons (Kappa  =  0.4), 
diesel exhaust (Kappa = 0.48), and welding fumes 
(Kappa = 0.7) (Lenters et al., 2011; Peters et al., 2011; 
Offermans et al., 2012; Bourgkard et al., 2013). Benke 
et al. reported agreement of exposure between a panel 
of three occupational hygienists and a JEM ranging from 
0.07 to 0.46 (Benke et al., 2001). As a consequence the 
estimated prevalence differed significantly; for instance, 
the prevalence of asbestos exposure was between 28 and 
33% using a JEM but was 9% when using the expert 
panel. In epidemiological studies, estimating the asso-
ciation between exposure and diseases, more accurate 
exposure assessment should lead to a steeper and signifi-
cant dose–response relationship, if an association exists 
(Bourgkard et al., 2013).

In recent years, several rule-based exposure assess-
ment methods using task-based questionnaires for differ-
ent agents such as diesel exhaust, pesticides and solvents, 
asbestos and polycyclic aromatic hydrocarbons, other 
carcinogens, and asthmagens have been introduced  
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(Seel et al., 2007; Macfarlane et al., 2012; Offermans 
et al., 2012; Pronk et al., 2012; Bourgkard et al., 2013; 
Friesen et al., 2013; Carey et al., 2014; Peters et al., 
2014; Fritschi et al., 2016). Reasonable Kappa coeffi-
cients seem to be reported for the agreement of expert 
assessment with rule-based assessment (Pronk et al., 
2012; Bourgkard et  al., 2013; Peters et  al., 2014). 
Consistent with these previous studies we observed 
Kappa coefficients ranging from 0.53 to 0.94 for the 
agreement between expert and OccIDEAS rule-based 
assessment of occupational exposure to 10 different 
asthmagen groups.

Strengths of our study include the independent 
assessment by an external expert from another con-
tinent, random selection of study participants from a 
large study cohort and sample size calculation. However, 
the inter-rater agreement was only estimated for 10 
selected asthmagen groups and 10 occupational groups 
to reduce the workload for the experts and numbers of 
specific jobs were small. Moreover, agreement was evalu-
ated for simple yes/no exposure in current jobs, and did 
not consider intensity. This level of agreement is likely to 
be higher when assessing agents which the two experts 
were more familiar with, such as carcinogens.

In conclusion, we observed moderate to almost per-
fect agreement between completely automated and 
expert assessment of whether or not subjects were occu-
pationally exposed to 10 asthmagen groups based on the 
answers to task-based questionnaires. Agreement was, in 
general, higher than those previously reported between 
expert assessment and JEMs or self-reported exposure. 
The proposed OccIDEAS rule-based algorithm is an effi-
cient tool to assess occupational exposure to asthmagens 
especially in large population-based epidemiological 
studies where measurement of exposure is impossible.
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