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Abstract 
Objectives: Studies have demonstrated the utility of developing expert-based decision rules based on 
questionnaire response patterns to assign exposure in population-based studies. However, each expert may 
identify different response patterns to represent exposure scenarios. To improve the reproducibility of 

identifying these patterns and increase the efficiency of assigning exposures, we used hierarchical clustering 
methods to identify groups of jobs (clusters) with similar response patterns. Methods: For each job module in 
the New England Bladder Cancer Case-Control Study, we applied Ward’s average linkage hierarchical cluster 

models to the questionnaire responses related to occupational diesel exhaust exposure to identify the most 
distinct 25 and 50 clusters of jobs per module. We assessed the clusters’ homogeneity based on the 
proportion of jobs assigned the same probability category (<50% vs. ≥50% probability of occupational diesel 
exhaust exposure) from a previous expert-based assessment of each job. A cluster was ‘homogeneous’ if 
≥75% of the jobs were assigned the same probability category. Here we present the results for three 
modules: carpenter (357 jobs, 17% exposed, 52 unique response patterns), office professional (3,328 jobs, 
22% exposed, 87 unique response patterns), and truck driver (508 jobs, 74% exposed, 404 unique response 

patterns). Results: For carpenters, 76% and 90% of the groups were homogeneous based on 25 and 50 
clusters, respectively. For office professionals, 84% and 78% of the groups were homogeneous based on 25 
and 50 clusters, respectively. For truck drivers, 76% and 70% of the groups were homogeneous based on 25 
and 50 clusters, respectively. Conclusions: There was reasonable homogeneity using 25-50 clusters per 

module (representing 3-15% of the number of jobs per questionnaire), but important heterogeneity 
remained. A more efficient use of expert judgment may be to assess exposure at the cluster-level and then, 

within expert-identified heterogeneous clusters, at the job-level. 
 




