
decision analysis
services

developing strategy…

…delivering certainty

decision analysis
services

Giving Structure to Unstructured 
Healthcare Workforce Documents 
Using Natural Language Processing

Jerome Wynne
jeromewynne@das-ltd.co.uk

Siôn Cave
sioncave@das-ltd.co.uk

21st October 2021

mailto:jeromewynne@das-ltd.co.uk
mailto:sioncave@das-ltd.co.uk


decision analysis
servicesAbout Us

• Independent management consultancy 

specialising in strategy, change, programme 

management and data analytics.

• DAS works in collaboration with clients across 

Government, Local Authorities, Health, Defence, 

Police and private sector organisation from the 

UK, North America, Europe, Japan and 

Australasia.

• Our clients look to us for strategic and operational 

support for their most critical issues.​

• DAS Analytics + Foresight Hub​ is DAS’ centre for 

the application of innovative data science, 

systems modelling and futures techniques.

• Workforce dashboards using Qlik,Tableau and 

Power BI for NHS and Government departments.

• Systems thinking based studies to better 

understand workforce issues for Government 

Departments and national charities

• Quantitative workforce supply and demand 

modelling for health and social care workforces, 

industrial workforces and organisations.
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1. Context

2. Problem

3. Approach

4. Execution

5. Summary
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DAS Internal project initiated by NHS 
Wales modelling hackathon challenge.

Stakeholders from NHS workforce 
intelligence wanted to profile how skills 
are distributed across the NHS 
workforce.

Identified the NHS Jobs website as a 
possible source of useful information.
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What is it?

>> Computational analysis and synthesis of language data <<

>> Language data = text and speech <<
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>> Use the data on NHS Jobs to profile the NHS workforce <<
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1. Scrape unstructured data from 
NHS Jobs.

2. Apply automated information 
extraction techniques to map this 
unstructured data to structured 
data.

3. Visualise the structured data in a 
web application.

NHS Jobs server

Web scraper

Information 

extraction models

Data visualisation 

dashboard

HTML document of

job description

JSON record of job 

description

Table row of job 

description
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• Extracts job description from HTML 
document into JSON record.

• Built using Python and 
BeautifulSoup.

• Available at 
github.com/stochastictalk/nhs_jobs_data

Copyright © Decision Analysis Service Ltd 2021 9

https://github.com/stochastictalk/nhs_jobs_data
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HTML document

JSON record

Web 

scraper
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14,841 records, each record is a job 
description.

Fields:
• Role title

• HTML of free-text role description

• Salary

• Employment type

• Location (latitude, longitude)

• …
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Challenges:

>> HTML entities

>> Inconsistent grammar

>> Incorrect spellig

>> Multiple jobs in one post

>> Sparse descriptions
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Job title,

Job description,

Job location

Execution – Occupation Group Model
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Explored whether a model could be built that 
mapped job descriptions to NHS Occupation 
Groups.

Predictive model

Group

P
(G
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u
p
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• 200 labelled job descriptions (2 hours of labelling time).

• 5 classes.

Occupation group
# of labelled job 

descriptions

Nursing, midwifery and health 63

Scientific, therapeutic and technical staff 42

Medical and dental staff 39

Administration and estates 32

Health care assistants and other support staff 21
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• Free text fields were treated as 
‘bags of words’.

• Stripped ‘stop’ words – words that 
appear in most documents.

• tf-idf statistics* were computed for 
remaining words.

• Yielded 38,358 features.

“Fight fire with fire”

“Fight”, “fire”, “with”, “fire”
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Token Frequency

Fight 1

Fire 2

With 1

Tokenize

Compute 

statistics

*Intro to applied tf-idf using R 

https://www.tidytextmining.com/tfidf.html

https://www.tidytextmining.com/tfidf.html
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• Multinomial regression model.

• Linear – classes are distinguished 
by comparing weighted sums of 
their tf-idf statistics.

• Mitigated overfitting using L1 
regularisation.
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Probability 

example 𝑥 is 

in class 𝑗

Class 𝑖 score 

assigned to 

example

Sum of example 

𝑥’s scores across 

all 𝑘 classes

Weighted sum 

of components 

of 𝑥
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Members of 

occupation group

Not members of 

occupation group

“Predicted outcome” = Probability assigned by model 

that job description belongs to this class

* Results are displayed for held-out sample of 50 job descriptions. 

Execution – Occupation Group Model
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Members of 

occupation group

Not members of 

occupation group

Model creates a strong signal 

indicating the correct class

* Results are displayed for held-out sample of 50 job descriptions. 

Execution – Occupation Group Model
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Members of 

occupation group

Not members of 

occupation group

Model creates a weak signal 

indicating the correct class

* Results are displayed for held-out sample of 50 job descriptions. 
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Occupation group
% correctly labelled 

by model

# of training 

examples

Nursing, midwifery and health 81 44

Medical and dental staff 80 32

Administration and estates 75 29

Scientific, therapeutic and technical staff 46 24

Health care assistants and other support staff 40 15

All groups 70 144

* Results are displayed for held-out sample of 50 job descriptions. 
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* Results are displayed for held-out sample of 50 job descriptions. 
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Labelling high-

confidence 

predictions only 

would provide an 

additional 3,600 

labelled examples

Approx. 5% of 

these would be 

labelled incorrectly

* Results are displayed for held-out sample of 50 job descriptions. 
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• Model fit to small amount of data (~150 records) acted as an entry point to 
a large amount of labelled data (~3,600 records).

• Job descriptions could then be analysed by staff group:
• Mentions of specific skills

• Experience requirements

• Degree requirements

• Salary

• Location
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• Where else could this be useful?
• Anywhere that:

• manual labelling of records is necessary but expensive,
• and richer insights can be gleaned from more labelled examples (i.e. a larger sample is needed 

to profile the population).

• Limitations of approach:
• Need to be careful that statistics analysed are not correlated with classifiability.

• How could it be developed?
• Use a better model (e.g. extract noun phrases, use word embeddings, use a nonlinear 

classifier).
• Use active learning to optimise how manual labelling time is spent.
• Manually label using an expert.
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*Survey of active learning strategies

http://proceedings.mlr.press/v16/settles11a/settles11a.pdf

http://proceedings.mlr.press/v16/settles11a/settles11a.pdf
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