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1 Introduction

Searching a job is still a hard task. There are lots of job portals in the world wide web most
of them with rather limited search functionalities. Searching for simple keywords often fails to
retrieve the proper job ads. Usually searches yield no results or a rather long list of non-relevant
ads.

The job search portals perform very different on the task of job search. There is a large
variety of machines with different features ranging from simple search sites to portals where
people can register and get announced if new appropriate job ads are published. We analyzed
job search websites and provide some drawbacks and limitations on current job search.

Let’s start with a common job search site, the site of the German job center, Arbeitsagentur.
The job searcher can search for the job type and the profession or education. There is the
possibility to restrict the results by time period and location radius. There is no keyword
search in job descriptions which is a large drawback. The job searcher needs to commit oneself
to a profession name and cannot find jobs with regard to its qualifications. It is not possible to
select multiple sectors or professions at a time. The search engine does not provide jobs with
regard to the qualification profile of the job searcher.

Another common career portal is Monster (www.monster.com) which gives the job searcher
the possibility to create and publish a profile of itself. This includes the curriculum vitae as
well as terms that describe the personal education and knowledge. The profile can be used by
job posters to find persons that may be good candidates for the offered job.

Nature Jobs for example is specialized on job ads in the fields of research and scientific
professions. Searches can be performed by keywords on the different attributes of job ad, e.g.
on the title, description the employer or the location. Nature Jobs provides also a way to search
for tags. These are specialized keywords that describe the job ad. The tags are provided by
the job posters and the Nature Jobs staff as well. A drawback here is the fact that tags are not
reviewed or controlled, e.g. both tags Alzheimers and Alzheimers disease are provided in Nature
Jobs both with a different listing of job ads. For both tags there are 2 job ads each and neither
of them is listed also for the other tag. That means searching for alzheimers will not find the
same job ads as the search for alzheimers disease although both denote the same issue. Another
example: a search for postdoc yields not the same job ads as a search for postdoctoral (as in
postdoctoral position). The keywords are always matched completely, there is no stemming
of words (see leading position vs leader). Nature Jobs offers the possibility to select the tags
directly from a list and get the corresponding jobs, but this procedure is inconsistent with the
results obtained with the advanced search typing the tag into the tags field. A problem here
is that it matters in which input field you type the term, it makes a difference to search for
alzheimers in description or in the list of tags. The tags are not automatically assigned to job
ads.

Currently the job search engines do not provide the possibility to filter the job ad by key-
words also regarding synonymous mentionings or words with similar meaning. To address the
problems of current job search machines it would be preferrable to utilize controlled vocabular-
ies to the job search, that means a system that uses semantic connections between the search
terms to reflect synonyms and conceptualization of the search terms.



Figure 1: Limitation of job search in Nature Jobs. Left: Search for postdoc in the job titles and
alzheimers in the tags. Right: Search for alzheimers without postdoc also showing postdoctoral
positions that are not found by the query postdoc.



2 Creating the job ontology and jobs

To address the problems with current job search we created a job search engine that utilizes
job ad specific background knowledge to filter the job ads by search terms. The knowledge is
represented in form of an ontolgy containing over 8000 terms that are hierarchically structured.

As a test system we extracted about 700 job ads from the career portal of www.sciencemag.org.
These job ads are used to create the ontology. We extracted term candidates from the job
descriptions and used them to setup an ontology for the topic of job search. This task was per-
formed with an ontology editor integrated into the job search application. This editor enables
the user to insert, delete, and edit the terms and the conceptual structure of the background
knowledge. See figure 2]

Job ads usually consist of a title and a description. The title ususally names the position.
The description gives information about the company, the position objective, the location and
lists the technical requirments and soft skills of the desired candidate.

The ontology consists of common job search concepts such as skills, job types, activities,
locations as well as specialized concepts for the domain of scientific work. The latter concepts
are taken from the MeSH headings. We did not use the complete MeSH Ontology but extracted
some branches that are relevent in scientific job ads. In the category skills you find soft skills,
technical skills, educational concepts amongst others. Job type refers to full and part time
positions, apprenticeship, internship, etc.

The goal with our approach is to filter the available jobs by the terms given in the background
knowledge taking parent-child relations and synonyms into account. It is possible to filter jobs
by position types like postdoc or leadership as well as keywords describing the tasks and other
job ad related information.

OnToLoaY EDIToR

Ontologies

Parents ]

W jobtype

Clipboard S Description

no nodes

Search 2

searctien g

-

Label |postdoc

Children ®| Children Children Synonyms

w activities ¥ [l administrative job 1) post-doc

s employes ¥ | |w apprenticeship \w senior scientist postdoctoral position
@ employers ¥ || e assistant

eulrrleﬂt } ||w associate

w engineer
w internship
w Leading position 4

location
W products

8 sector
 skills Parents @ scientist 3

Figure 2: The ontology editor. Terms can be inserted, deleted and edited. Synonyms can be
defined and the hierarchical structure can be changed simply with drag and drop actions.

There are still open problems. Although we apply sophisticated text-mining algorithms
mapping the job ads to the ontological background knowledge there are terms that are still



ambiguous in their meanings. For example, the term apprenticeship can determine the job type
as well as a requirment to the candidate to get the job.



3 Use cases

In job search there are a couple of concepts to consider. To search for a keyword or the job title
will either yield a long list for jobs being not relevant or it will say “no results”. The machine
needs a kind of intelligence to decide which jobs are relevant for you. For example if you are
looking for a leading position you need to consider all keywords denoting the leadership, such
as lead, team leader, group leader, team management, project management, manager, director
etc. Or maybe you are about to finish your PhD and thus you are looking for a post-doctoral
fellowship or a postdoc position, both terms refer to the same concept.

Maybe you are looking for a job in the fields of neoplasms. Searching with a usual job search
engine will not find all jobs on neoplasms since there are synonyms (e.g. cancer) and lots of
sub-concepts that could be mentioned in the job ad, e.g. acute leukemia, prostate cancer or
breast cancer.

The ontology here can help to automatically solve the task of resolving these conceptual
overlaps. An ontology can here be used to sort the articles by relevance to given terms. You
may select postdoc and you will get all job ads mentioning post-doctoral position and related
terms. Or you select Neoplasms and will retrieve all job ads containing terms as cancer,
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4 The JobJob prototype

Our job search machine uses the previously defined structured vocabulary to filter the 721 job

ads by job-relevant terms. See figure [ for an overview of the ontology as well as the list of job

ads.

Figure 4: Our job search machine. Left:
knowledge, extended to the first 2 levels.
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5 Author profiles: Finding People for Jobs

5.1 Motivation

From the perspective of a job searching specialist the large disadvantage of the job portals are
the rather limited search functionalities, which often actually are restricted to a search of job
titles. From the view of the employer searching for a competent specialist in a field it is a hard
task to filter the profiles of job search people in the job portals. Maybe the right specialist for
a given job is not registered in the portal you scanned or is not searching a job right now. So
one can think of an appliation that finds the right person for a given job profile.

Finding the right person for a job is quite simple if you know everybody that could be a
candidate. Just look at the profiles and select the person that best fit your needs. But usually
you do not have any such information.

You can try to find someone with one of the job portals such as monster. But you also know
that not everybody that might be a good canditate has registered in such a portal and there is
a large quantity of portals.

For the fields of research jobs in biomedical sciences there is a source where we can find
all people that might be good candidates for a given job. We are looking for scientists and
therefore we can use the information provided by the papers that are written by them. For
the fields of biomedical research there is PubMed as a rather complete resource of citations to
scientific biomedical literature. The articles listed in PubMed give deep information about the
people that have written them.

The idea is to match the job profiles (i.e. extracted terms denoting skills, experience, location
and job type) against the author profiles that contain information on the topics, the location
the author is affiliated with, his status (i.e if it is a senior author performing leading research in
certain topics or if it is a PhD student or a postdoc with only few articles). Depending on the
number of matching concepts it would be possible to create a match-score for job vs. author
profiles.

The information necessary to do the task must be extracted from the articles listed in
PubMed. The big problem here is to catch the authors. PubMed only lists author names. And
these are very ambiguous, e.g. the name “R. Smith” appears in more than 10 thousand articles.

5.2 Approach

We applied an disambiguation algorithm for authors to the articles given in PubMed. The
similarity measure is based on article and author name features, e.g. coauthor names, journal
names, keywords (MeSH headings), words from the paper title and the affiliation string.

The algorithm [Torvik et al., 2003] computes the probability that a pair of articles is au-
thored by the same person which depends on the number of features the articles have in common.
The more common two articles with a given author name, the higher the probability that the
name denotes the same person. For any given author name we compute the pairwise similarity
values for the corresponding set of documents. These are clustered subsequently by two clus-
tering approaches: first we guess a threshold of the similarity values and only select pairs of
articles that have a higher value. Since there is a chance that two articles have a high similarity
although there are two distinct authors we subsequently applied a simple Markov clustering
approach.

Once the disambiguation step is performed the articles written by an author can be taken
to retrieve information about the author. For each we can compute a profile that describes not



just the authors work but also where the author worked. The list of major affiliations with
temporal range is extracted as well as the keywords for which the author is internationally
leading, if so. For an author it also possible to guess his status: An author with many articles
on which he even appears as a last author a couple of times can be said to be a senior. So only
group leading positions should be offered. On the other hand an author with only few article
who exclusively appears as a first author (or at one of the first places on the co-author list,
respectively) is maybe a PhD student or a postdoc looking for positions as postdoc or research
assistant.

5.3 Results

In PubMed we found over 3 million different names related to over 17 million articles. About
40 names are associated to over 10 thousand articles. There are about 3600 names associated
to more than 1,000 articles. Over 2 million names are subject to disambiguation since these are
associated to 2 or more articles. We computed more than 15 million authors. About 1 half of
the names are each clustered in a single group which means that there is only one person with
that name. There are actually about 300 authors that have written more than 1,000 articles.
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hierarchical model for 5. The 3-year OF was 13% for the high-risk group, 36% for the intermediate-risk group, and 5% for the low-risk araup (1=0.0001). Age <45 years and allogeneic HSCT (@s treated)
were independent prognostic factors for longer RFS. Additional cytogenetic aberrations other than t(3;21), inv(1 6),t(16;16), t(15;1 7} 0r 1123 had no influence on treatment outcome . INTERPRETATION
AND CONCLUSIONS: Wie pravide  hew prognostic o del for risk stratification of AL patients with +8. The data Indicats that allogenels HSCT may prolang RFS cormpared 1o that achieved with other
strategies of post-remission therapy,
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profile extracted from PubMed articles.

» Cup-like acute myeloid

& Hoemetolonica , 2008
Wi investigated cup-like nuclear morphology of acute myeloid blasts in 266 randomly selected patients and its association with hematologic findings, disease markers and oucome data
was diagnosed in 55 patients (21%). It was associated with female sex high white blood cell and kiast cell counts, normal karyetype, and low CD34 and
HLADR expression. Mutations of FLT3, NPM1 or both were detected in 84.9% compared with 58.1% in cases without this marhology (p=0.001). There was no influence an response to reatment or
survival. Therefore, cup-like nuclear morphology is an indicator of normal karyotype and should guide more specific molecular analyses.
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5.4 Edit Profiles

In order to improve the profiles extracted from the PubMed abstracts we provide the users with
the possibility to manually edit the automatically created profiles. In cases where the disam-

The top author for leukemia in
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Figure 8: Job profile with highlighted concepts from the job ontology. Here the focus lies
especially on terms that are also present in MeSH, e.g. leukemia and brain neoplasm/cancer.
On the left the part of the concept hierarchy is shown containing the term leukemia that was
used here to filter the 720 job ads. On the right one of the three remaining the job ads is shown.

biguation algorithm or the information extraction procedures do not perform on a precission
of 100% the users are encouraged to refine the information given in the profiles as well as the
assignment of PubMed articles to specific authors. So it is possible to give a title, adjust the
first and last name, provide an email address and to complete and refine the list of affilitions.
Furthermore, by a single click on the checkbox icon in front of each article the user can decide
whether an article was coauthored by the author or not. See figure [J}

6 Conclusion

GoPubMed is a flexible, general system ,wh ich can be adapted for other domains. This de-
liverable has illustrated the application of the GoPubMed technology in job search. In the
first prototype, a job ontology was built using the ontoogy editor. The ontology comrprises
some 8000 terms. The terms were mapped against job ads from the Science/Nature job search.
A second prototype was build to identify people suitable for jobs. The core of this engine
are author profiles for millions of authors. The profiles have been automatically dereived
from 17.000.000 abstracts. Author profiles are included in GoPubMed and freely available
via www.gopubmed.org.
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117 articles

PubMed has found 117 citations for the query 3 -
]

ow statistics for these 117 articles.

Welcome to author curation - editing a profile is simple:

Edit the name, email and affiliation information below.

2. Add papers or remave papers toffrom your profile by clicking the add (3 or remove [ icons top Ieft of the abstracts shown below. If a paper should be missing you can run any additional searches to collect all 3
papers for your profile
3. The curator mode remains active until you your hanges or editing.
390 documents were found for this author:

L] ¥ Enninger G (Wame)
(Author's email sddress, aptiona])
Privacy note: The email addiesses you insert will not be shared with thid parties
GW -Poo7 | [Depanment of Internal Medicine |, Technical University of Dresden, Germany
[ts86 |-[1994 | Pepartment of Pediatric Hematolagy and Oncolagy, University Childrens Hospital, Tubinge

I

9: Prognosis of acute myeloid patients up to 60 years of age exhibiting trisomy 8 within a non-complex Karyotype: individual patient
data-based meta-analysis of the German Acute Myeloid Intergroup.
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4 BACKGROUND AND OBJECTIVES: Trisomy § (+8) Is amang the commonest genetic aberrations seen in acute myeloid (AML). However, the prognostic significance of this aberration and the best cansolidation siratagy for

— patients with It are sfill not resolved. Additional prognostic indicatars are needed 1o furher classify these patients and determine their appropriate management. DESIGN AND METHODS: Indiidual patient data-based meta-analysis was

&> performed on 131 patients (median age 50 (18-60) years) with +8 as g sole abenalion or +& with one additional aberralion treated between 1993 and 2002 in eight prospective German AML reatment trials. All patients received
state-ofthe-art trsatment including high-dose cytarabine with the option for autologous or allageneis hematopoietic stem cell transplantation {(HSCT). RESULTS: In fotal, the 131 patients had a &-year overall survival (05) of 23% and a

27 3year relapse-free sunival (RFS) of 32% Indenendent prognostic factars contributing o shorter 05 were age = or = 45 years, exdramedullary disease, and a percentage of +8 posifive metaphases »/=80%. Cambining these three prognostic
variables established a hierarchical model for OS. The 3-year OS was 13% for the higherisk graup, 36% far the intermediate-risk group, and 55% for the low-risk group (p<0.0001). Age <45 years and allogeneic HSCT (as treated) were
independent pragnostic factors for longer RFS. Additianal cytogenetic aberrations otherthan t(;21), inv(18), {1 5,16}, t(15,17) or 11423 had no influence an treatment outcome . INTERPRETATION AND CONCLUSIONS: We provide a new
proghostic model for risk stratification of AWML patients with +8. The data indicate that allageneic HSCT may prolong RFS compared to that achieved with ather strategies of post remission therapy.
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We investigated cup-like nuclear morphology of acute myeloid blasts in 266 randomly selected patients and its association with hematologic findings, disease markers and outcome data. Gup-like acute myeloid

Figure 9: Edit author profiles. If an extracted profile is not perfectly correct it can be improved
manually. The icons used to add/remove articles to/from authors are marked with red squares.
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