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What we will discuss today

— The context how WordGraph2Vec is used (why we
developed the algorithm)

— How WordGraph2Vec works
— Future plans with WordGraph2Vec
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Towards Timely Skill Statistics:
Vacancies
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Towards Timely Skill Statistics:
Connecting Ontology Skills with Potential Skills in Vacancies
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WordGraph2Vec

using language constructs to create sentence embeddings

- WordGraph2Vec combines two state-of-the-art Natural Language
Processing (NLP) techniques:

1) Language models: syntactic understanding of language
2) Vector models: semantic understanding of language

- Language models: focus on relevant parts of a sentence

- Vector models: represent parts of sentence as numbers (i.e., a
sentence embedding)

Center for Big Data Statistics



WordGraph2Vec

Language models: syntactic understanding of the sentence

— Extract so-called “You drive big trucks and cars”
WordGraphs from
sentences with - ﬂ -
language models m

You dnive big trucks and cars

-_— WO rdG ra p h S Can be PEON VEEB ADI NOUN CCONJ NOUN

i 4 N ™
tailored to the , Simplified Word graphs
prObIem domalnl Py . . 7 Activity drive trucks drive cars
e.g., finding skills You drive big trucks eading trucks cars
O ' _ Specific big trucks  big cars
“You drive big cars” Noun trucks  cars
Verb drive
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WordGraph2Vec

Vector models: semantic understanding of the sentence

- Represent WordGraphs
as vectors using base-

line vector model, such
as Word2Vec

— We use a Word2Vec
model trained on
vacancy data

Center for Big Data Statistics
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\\ father
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slowest
mnther faster

\ cats daughter
d France
8% England langer
/ fastest
Paris Italy 5"'“
London
hi mself longest

Rome herself

Word2Vec

wy = {a,, az, az, ., Qzog, Q299, Az00 }

wy = {by, by, b3, .., bagg, D2gg, 300}

WordGrah2Vec

np, = {a,, a, as, .., Az9g, Azgq, Azgp, b1, bz, b3, .., bagg, B2ge, D3po }



WordGraph2Vec:

Compute similarity between ontology skill and potential skill

Algorithm 1 One suggested similarity score used by WordGraph2vec.
Require: Word2vec W, Language model L, Word Graphs N, Word Graph Kernel K, Vector Ker-

Some potential skills

Some ontology skill

0S, _¢
wordgraph,{a,,a,,...a,00, b1,02,--,b500}
wordgraph,{c;,c,,...C500}

}

ar

G Ontology skills

[——

- -
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PS, _,

wordgraph;{a,,a,,..
wordgraph,{c,,c,,..

}

PS,_,

Q000 b1,02b200}
-C200}

wordgraph,{c,,c,,...

}

PS

n={

wordgraph;{a;,a,,..
wordgraph,{c,,c,,..

wordgraph,{d,,d,,
}

Ay00) D1,D2, D200}
-C200}
0500, €1/82,--5€200}

nel ¥

1: WG2V_SIMILARITY(Sentence 5, , Sentence 5,):
2. final_score =10
3: for Each word_graph_type n € N do
;A= 8|word_graph_tyvpe|
B = 5;|word_graph_type|
intersection=AMNE
overlap_score = |intersection|
symmetric_dif ference_A=(A-B)
symmetric_dif ference_B = (B - B)
dif ference_scare =10
for Each word_graph_type { € symmetric_dif ference_Ado
for Each word_graph_type f € symmetric_dif ference_B do
Vi = Wordgraph2vec(i)
Vi = WordgraphZvec(f)
dif ference_score+ = cosine_similarity(V, V;) - K
end for
end for
final_score4 = (overlap_score + dif ference_score) -V
13: end for
20: return final_score

Potential skills extracted from vacancies

https://www.cbs.nl/en-gb/over-ons/innovation/project/understanding-sentences-via-sentence-embeddings



Towards Timely Skill Statistics:
The Algorithm-Human Feedback Loop

- The algorithm makes suggestions for good connections, the human (two different workflows for unemployment agency
Netherlands and Statistics Netherlands recognized) verifies these suggestions. The algorithm learns from human observations.

Algorithm 7 O
A~ AA N

You drive big trucks and cars

PRON VERB ADJY NOUN CCONT NOUN

np; = {4y, Az, @3, .., Aa9g, A299, A300, b1, b2, D3, - bygg, b2gg, B30}

WordGraph2Vec

N\
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Psychologische steun bieden

Beoordeeld door Marc Ponsen als “Synoniem’™.

@)rgestelde synoniemen gevonden in sk (100/100)

30
2.66
260
2.50
246
ﬂ 230

229
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jij biedt steun en een luisterend oor waar nodig

Je betrekt familie en mantelzorgers en bent de steun en toeverlaat van de wijkverpleegkundige

Jij biedt de ouderen ondersteuning bij de ADL en voert verpleegtechnische handelingen uit

Je biedt de cliént optimale ondersteuning op alle gebieden omtrent de zorg

Je biedt ondersteuning aan patiénten gedurende de postoperatieve zorg

Jij biedt de cliént intensieve ondersteuning gericht op risicopreventie

Jij biedt ondersteuning, hulp en aandacht aan diegene die het nodig heeft

Je voelt je vertrouwt met verpleegtechnische handelingen, stelt patiénten op hun gemak en weet de juiste begeleiding te bieden

Human domain expert

https.//www.cbs.nl/en-gb/over-ons/innovation/project/understanding-sentences-via-sentence-embeddings




< WordGraph2Vec Similarity Score >

- - =1 ---- Decision boundary

Towards Timely Skill Statistics: Timely Skill Counts

Train statistical model with features (X) (e.g., the algorithm similarity score) and human
expert annotations (Y) to successfully classify “true potential skills”

Counted as true potential skill

Ignored

Supervised machine learning




< WordGraph2Vec Similarity Score >

Towards Timely Skill Statistics: Timely Skill Counts

Train statistical model with features (X) (e.g., the algorithm similarity score) and human
expert annotations (Y) to successfully classify “true potential skills”

Je wordt ingezet op jouw eigen verpleegkundige deskundighe

Jij stelt de bewoners op hun gemak en zorgt naast de lichamelijke wverzorging ook woor een sociaal moment

Jij bewaakt de kwaliteit van de zorg en zorgt ervoor dat het zorgdossier altijd up to date is

Je bewaakt en monitort de woortgang van de zorg en

Je geeft zelf aan hoeveel je wil werken




Towards Timely Skill Statistics: Timely Skill Counts

t]e,'l'.‘ (kN UL Tf WO

Skill counts based on vacancy data Skundigheid
Je gaa aal functioneren
- bcherming
ik fiall eadbcatla manndds dit nedig Ls
-
Je hewaakt
augustus september 0 &

Je voe
B Chronsche zore verlenen

m De fysieke veilgheid en gezondheid van de zorgvrager bewaken

M Zorg verlenen aan cuderen 0

i an alakireardiogralische paramtani




WordGraph2Vec:

Future plans

- WordGraph2Vec has several hyper parameters that have not
been optimized, goal is to use the expert feedback to find
optimal parameters and improve similarity scores

— Make a more thorough comparison with existing techniques
(e.g., Paragraph2Vec, AverageWord2Veyg, ...)

- Apply WordGraph2Vec to different domains

i

Center for Big Data Statistics



