


Supplementary data for A crowdsourcing workflow for extracting chemical-induced disease relations from free text
1. Acronym Identifier Resolution
Using the default parameters for tmChem and DNorm to perform named entity recognition would sometimes produce concept annotations which were labeled as chemicals or diseases but which did not include a MeSH identifier. For example, in PMID 23871786, “BPA” was annotated by tmChem and a chemical, but no MeSH ID was assigned. For these identified but unlabeled concepts, we tried to assign MeSH IDs using the following procedure:

1. Find concepts with MeSH ids (the “definition” concept) which are followed by another annotation in parentheses (the “abbreviation” concept)
2. Label all subsequent annotations without MeSH ids matching the text of the abbreviation concept with the MeSH ID of the definition concept

With this acronym resolution heuristic applied, the NER performance for tmChem on a strict annotation level (position and MeSH ID must match the gold standard) for the testset increased from 0.8144 F-score (0.8412 precision, 0.7892 recall) to 0.8546 F-score (0.8828 precision, 0.8282 recall). The acronym resolution heuristic made no difference for diseases. Performance for diseases was a constant 0.7410 F-score (0.7537 precision, 0.7287 recall) at the strict annotation level.
2. Instructions to CrowdFlower Workers
All instructions presented to workers who attempted and worked on our crowdsourcing tasks on the CrowdFlower platform are given in supplementary figures 1 and 2. Workers were able to toggle displaying the instructions by clicking on a button.

Figure S1: Instructions provided to workers of the sentence-scoped CID relation verification task.
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Figure S2: Instructions provided to workers of the abstract-scoped CID relation verification task.
3. Error Analysis Sampling
The following data files are included as part of the error analysis:

testset_crowd_perfect_ner_errors_final.xlsx: Contains manual error analysis of errors generated by the crowdsourcing method only.

4_way_venn_data.xlsx: Contains all relations predicted by each of the three methods as well as the gold standard, cross referenced for easy computation.

testset_all_predictions_agree_false_positives_with_ner_filter_final.xlsx: Contains manual error analysis of relations agreed upon by all three predictive systems but which were considered false positives according to the gold standard.

testset_crowd_gold_no_machines_with_ner_filter_final.xlsx: Contains manual error analysis of relations which only the crowd managed to extract.

testset_machine_gold_no_crowd_with_ner_filter_final.xlsx: Contains manual error analysis of relations correctly predicted by the two machine learning methods but which was missed by the crowd.
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Determine Whether A Sentence Says A Chemical Contributes To A Disease

Instructions

Overview

Doctors need to know whether achemical (such as Aspirin) causes any side effects before they can give it to people. In this task, you will determine whether a
sentence says a chemical contributes to or causes a disease.

The Task

1. One chemical and one disease have been identified and highlighted in a sentence. A chemical or disease may have multiple names (e, rapamycin and sirolimus).
Assume that anything highlighted with the same colour is the same thing. All names will be listed in the answer choice.

2. Read the sentence and determine whether it says that the chemical is contributing to or causing the disease (for example, as a side effect). Choose one of the three
possible choices:

o [chemical] directly contributes to or causes [disease].
Select this choice when the sentence says that the chemical (by itself or together with other chemicals) directly contributes to or causes the highlighted
disease.

o [chemicall-induced [other disease] causes [disease].

Select this choice only when the sentence has a format like: "[chemicall-induced [other disease] causes [disease]".

o Thesentence does not say that [chemical] contributes to or causes [disease].

Select this choice when the sentence does not say that the chemical contributes to the disease.

Examples

1. | Feverolinus,a chemotherapy drug derived from mushrooms and used for treating breast cancer, has multiple side effects, including diarrhea, constipation, and
hair loss.

Feverolinus is a chemotherapy drug that has multiple side effects, including hair loss. The correct choice is:

Feverolinus directly contributes to or causes hair loss.

2. | Some of the patients, especially those over 50 years old, complained of experiencing chest aches and lower back pain two hours after taking adalamin and
maximidin.

Maximidin is working together with the chemical adalamin to cause chest aches. The correct choice is:

maximidin directly contributes to or causes chest aches.

3. |Heart attacks are awell known downstream effect of barbatimol-induced artherosclerosis.

The sentence says that heart attacks were caused by artherosclerosis (plaque buildup in arteries). Since this sentence follows the “[chemical]-induced [other
disease] causes [disease]" structure, the correct choice is:

barbatimol-induced [other disease] causes heart attacks.

4. | The Food and Drug Administration has concluded its review of Pfizer's Lipitor and deemed it safe and efficacious for lowering high cholesterol.

The sentence says that Lipitor lowers high cholesterol, which means it is curing the disease. The correct choice is:

The sentence does not say that Lipitor contributes to or causes high cholesterol.

5. | To evaluate the efficacy and safety of levofloxacin (500 mg orally once daily for 10 to 14 days) in treating adult outpatients with acute bacterial sinusitis.

Levofloxacin is being evaluated as a treatment for sinusitis. The correct choice is:

The sentence does not say that levofloxacin contributes to or causes sinusitis.

6. | During the infusion of aminophylline, the ventricular fibrillation threshold was reduced by 30 to 40% of the control when pH and partial pressures of oxygen
(PO2) and carbon dioxide (CO2) were kept within normal limits.

In this sentence, PO2 means "partial pressure of oxygen”, which is not a chemical. The highlighting made a mistake. The correct choice s:

The sentence does not say that PO2 contributes to or causes ventricular fibrillation.

Thank you!

Thank you for helping us with this task! Your responses are being used to guide cutting-edge biomedical research. Please email tongli@sc ripps.edu ifyou have
any questions or comments.
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Determine Whether A Passage Says A Chemical Contributes To A Disease

Instructions

Overview

Doctors need to know whether achemical (such as Aspirin) can potentially cause any diseases before they can give it to people. In this task, you will determine
whether a passage of text says a chemical contributes to a disease.

The Task

1. One chemical and one disease have been identified and highlighted in a passage of text. A chemical or disease may have multiple names (e, rapamycin and
sirolimus). Assume that anything highlighted with the same colour is the same thing. All names will be listed in the answer choice.

2. Read the text and determine whether the text says that the chemical is contributing to or causing the disease (for example, as a side effect). Choose one of the two.
possible choices:

o [chemical] directly contributes to or causes [disease].
Select this choice when the text says that the chemical (by itself or with other chemicals) directly contributes to or causes the highlighted disease.
o Thetext does not say that [chemical] contributes to or causes [disease].

Select this choice when the text does not say that the chemical contributes to the disease.
Examples

1. | Feverolinus,a chemotherapy drug derived from mushrooms and used for treating breast cancer, has multiple side effects, including diarrhea, constipation, and
hair loss.

Feverolinus is a chemotherapy drug that has multiple side effects, including hair loss. The correct choice is:

Feverolinus directly contributes to or causes hair loss.

2. | Some of the patients, especially those over 50 years old, complained of experiencing chest aches and lower back pain two hours after taking adalamin and
maximidi

Maximidin is working together with the chemical adalamin to cause chest aches. The correct choice is:

maximidin directly contributes to or causes chest aches.

3. |Acohort of 100 men was given tanamycin and monitored for increases in heart rate. The dose of convamin was 10 mg/kg. Four hours later, 15% of the men
complained of dizziness.

The chemical has two equivalent names: tanamycin and convamin. They both mean the same thing. The correct choice is:

tanamycin/convamin directly contributes to or causes dizziness.

4. | Heart disease is the leading cause of death in the USA. Together with cancer, these two diseases claim over a million American lives each year. Our clinical
results indicate that Flibitor can drastically lower the chances of developing heart disease in patients over 50.

Here cancer is mentioned as another leading cause of death. It has nothing to do with Flibitor and therefore the correct choice is:

The text does not say that Flibitor contributes to or causes cancer.

5. | The Food and Drug Administration has concluded its review of Pfizer's Lipitor and deemed it safe and efficacious for lowering high cholesterol.
The text says that
The text does not say that Lipitor contributes to or causes high cholesterol.

itor lowers high cholesterol, which means it is curing the disease. The correct choice is:

6. | Toevaluate the efficacy and safety of levofloxacin (500 mg orally once daily for 10 to 14 days) in treating adult outpatients with acute bacterial sinusitis.

Levofloxacin is being evaluated as a treatment for sinusitis. The correct choice is:

The text does not say that levofloxacin contributes to or causes sinusitis.

7. | During the infusion of aminophylline, the ventricular fibrillation threshold was reduced by 30 to 40% of the control when pH and partial pressures of oxygen
(PO2) and carbon dioxide (CO2) were kept within normal limits.

In this sentence, PO2 means "partial pressure of oxygen”, which is not a chemical. The highlighting made a mistake. The correct choice s:
The text does not say that PO2 contributes to or causes ventricular fibrillation.

Thank you!

Thank you for helping us with this task! Your responses are being used to guide cutting-edge biomedical research. Please email tongli@sc ripps.edu ifyou have
any questions or comments.




