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Abstract

Occupation coding is the classification of information on occupation that is collected in the context of demographic
variables. Occupation coding is an important, but a tedious task for researchers in social science and official statistics that
calls for automation. Due to the complexity of the task, currently, researchers carry out hand-coding or computer-assisted
coding. However, we argue that, with the rise of transformer-based language models, hand-coding can be displaced by
models, such as BERT or GPT3. Hence, we compare these models with state-of-the-art encoding approaches, showing that
language models have a clear advantage in Cohen'’s kappa compared to related approaches, but also allow for flexible
fine-grained coding of single digits. Taking into consideration the hierarchical structure of the occupational group, we
also develop an approach that achieves better performance for the classification of different single digit combinations.
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1 Introduction

In empirical educational research or official statistics, occupations are central to many studies on social status or inequality
(e.g., [1-5]). For example, information on parental occupations is often used to determine the socioeconomic status of
parents. However, information on occupational activity is not only suitable for mapping aspects of social origin; a variety
of occupation-related measures are now available that can be used to quantify occupation-specific health risks, gender
segregation, or occupational closure [6].

Typically, the collection of occupational data in both written and online surveys is (still) carried out by means of open-
ended questions [7, 8]. While job titles are usually quite short (mostly only a few keywords), some surveys collect more
detailed job descriptions and activities, which could help in the post-processing of the job titles. The post-processing
is a classification task of the textual descriptions using a chosen classification system. There are several classification
systems, but all of them have hundreds of occupational codes, and the codes are always nested in hierarchies. The two
central standard German categorization schemes are the German Classification of Occupations 2010 (KIdB 2010) [9] and
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the International Standard Classification of Occupations 2008 (ISCO-08) [10]. While the KIdB 2010 classifies specific job
titles, ISCO classifies occupations. Our study leverages the former one because we want to classify German occupations.

Occupation coding is a complex activity, mostly manual or semi-automated, where tools assist human labelers in their
decision-making of the thousands or hundred thousands of free-text answers of participants. Hence, an automation
would reduce human effort enormously. The task of automating occupation coding can be seen as a subset of automated
text classification (ATC), which is a well-described task. Within ATC, occupation coding is mostly related to automated
survey coding (ASC), which also operates on short texts for social-science research and where accuracy is principal [11].
Current approaches in occupation coding, e.g., by Schierholz and Schonlau [12], use word similarity to train a classi-
fier. However, they do not take into account the semantic connection between the job descriptions and job activities.
Furthermore, they lack the ability to encode only a subset of the hierarchical digits of the KIdB. As a solution, we argue
that recently introduced pre-trained language models have the potential to solve this problem, leading to a boost in
accuracy of automated occupation coding.

Hence, in this work, we fine-tune BERT and GPTS3 for the task of automated occupation coding given an extensive, pre-
labeled set of job occupations and activities from the DZHW Graduate Survey Series' and DZHW Survey Series of School
Leavers.” It is a complex and challenging dataset since participants (adolescents) have only a vague idea of their future
jobs and the dataset has not been extensively curated. Furthermore, due to the short texts, it is a challenge for language
models due to missing linguistic features. Still, our approaches show a performance increase of 15.72 percentage points
compared to the state-of-the-art methods. In summary, we contribute the following:

e We analyze the use case of occupation coding based on the current research by extracting important properties and
requirements from the classification system and the scientists.

e We propose the use of transformer-based language models due to their superiority in extracting context, which is an
important property for occupation coding.

e In our extensive evaluation, we show that the chosen language models outperform the state-of-the-art in occupation
coding and even have a significantly better performance for a fine-grained encoding of single digits of the KIdB.

To the best of our knowledge, this is the first attempt of automating (German) occupation coding using pre-trained
language models, such as BERT and GPT3.

The remainder is structured as follows. In Sect. 2, we present the most important research in automated occupation
coding and, in Sect. 3, we formally define our classification task and the pre-trained models, which we use for classifying
the occupations. We also introduce our data and the classification system KIdB 2010. Section 4 describes the experiments
and discusses evaluations of the adopted approaches to our classification task. Section 5 discusses open questions, while
Sect. 6 concludes the work and presents opportunities for further research in applications to occupational coding and
short text classification with hierarchical labels.

2 Related work

Coded occupation data usually represent the premise for any further analysis and studies [13] and the significance of
automating the coding process has been emphasized by numerous researchers. More precisely, even if 35-50 percent
of the occupations can be coded automatically, the time saved, in comparison to applying hand-coding, is enormous.
Furthermore, if especially easy-to-code professions are automatically coded, this would significantly reduce the workload
of coders [13]. Numerous attempts have been made to accomplish this goal.

An extensive body of research has been conducted by Schierholz [14], who introduced a method based on a
supervised learning approach for automating the coding of occupational data using KIdB 2010. The study concludes
that the best results can be achieved by combining rule-based coding with supervised learning. Furthermore, Schi-
erholz and Schonlau [12] compared seven occupation coding algorithms found in the literature and compared their
performance on five datasets from Germany. The best results are obtained by leveraging Tree boosting (cod index),
i.e., the list of job titles is merged with coded responses from previous surveys before using this combined training

! https://www.dzhw.eu/en/forschung/projekt?pr_id=467.
2 https://www.dzhw.eu/en/forschung/projekt?pr_id=465.
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data for statistical learning. The performance rates of the four algorithms that rely on training data only (memory-
based reasoning, adapted nearest neighbor, multinomial regression, tree boosting (XGBoost)) are closely comparable
within each data set.

Three other approaches for automated occupation coding are proposed by Gweon et al. [15]: (1) a combination of
two statistical learning models for different levels of aggregation, (2) a combination of a duplicate-based approach
with a statistical learning one, and (3) a modified nearest neighbor approach. Using data from the German General
Social Survey (ALLBUS), the two best-performing methods turned out to be the modified nearest neighbor method
(NN-3) and a hybrid method (hybrid-3/4digit), which substantially improved the accuracy compared with both sta-
tistical learning by itself and the duplicate method at any production rate in the ALLBUS data. As the percentage of
duplicates decreases, NN-3 gains a relative advantage over the hybrid method.

Lim et al. [16] proposed a system without index database and achieved higher performance using KoBERT. Results
of 95.65 percent, 91.51 percent, and 97.66 percent were obtained for occupation/industry and industry code clas-
sification on standardized texts.

Furthermore, Decorte et al. [17] proposed a neural representation model for job titles, called JobBERT, by sup-
plementing the pre-trained language model with co-occurrence information from skill labels extracted from job
postings. The model leads to significant improvements over the use of generic sentence encoders for the title nor-
malization work task, for which we publish a new evaluation benchmark. The method is based on the premise that
skills are the essential components that define a job.

The study of Bao et al. [18] introduced a strict algorithm that will be able to identify the NOC (2016) codes using
job titles and industry information as input exclusively. The ACA-NOC was applied to over 500 manually-coded job
and industry titles. The accuracy rate at the four-digit NOC code level was 58.7 percent and improved when broader
job categories were considered (65.0 percent at the three-digit NOC code level, 72.3 percent at the two-digit NOC
code level, and 81.6 percent at the one-digit NOC code level). Several different search strategies were employed in
the ACA-NOC algorithm to find the best match, including exact search, minor exact search, like search, near (same
order) search, near (different order) search, any search, and weak match search. In addition, a filtering step based on
the hierarchical structure of the NOC data was applied to the algorithm to select the best matching codes. Garcia
et al. [19] designed and tested an automated coding prototype classification system ENENOC (the ENsemble Encoder
for the National Occupational Classification), encompassing several steps: data cleaning, exact match search, multi
classifier ensembling, hierarchical classification, and multiple output selection. The prototype was benchmarked on
a manually annotated data set comprising 64,000 records. It produced a top-1 Per-Digit Macro F1-Score of 0.65 and a
top-5 Per-Digit Macro F1-Score of 0.76. In the absence of exact matching between job title input and NOC category
descriptions, the input data is embedded using the TF-IDF algorithm and Doc2Vec. The embeddings are fed into a
hierarchical ensemble classifier that uses classical machine learning techniques: Random Forests, Support Vector
Machine, and K-Nearest Neighbor.

Savic et al. [20] developed a web tool named Procode to code free texts against classifications and recoding between
different categories. To this end, three text classifiers—Complement Naive Bayes (CNB), Support Vector Machine (SVM),
and Random Forest Classifier (RFC)—were investigated using k-fold cross-validation. 30,000 free texts with manually
assigned classification codes of the French classification of occupations (PCS) and French classification of activities (NAF)
were available. For recoding, Procode integrated a workflow that converts codes of one classification to another accord-
ing to existing crosswalks. CNB resulted in the best performance among the three investigated text classifiers, where the
classifier accurately predicted 57-81 percent and 63-83 percent classification codes for PCS and NAF, respectively. SVM
led to lower results (by 1-2 percent), while RFC coded accurately up to 30 percent of the data. There are already some
approaches to occupation coding, mostly simple ML approaches based on statistical similarity measures. However, the
results while applying those methods are not satisfactory enough. Although language models have been used in this
area, they were not intended for classification based on categorization, but rather for skill to job offer coding. Therefore,
for the task of occupation coding, we want to use robust language models such as BERT and GPT3 to achieve better
results.
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3 Methods

In our study, we utilize occupation coding to meet the specific needs of the researchers. As we rely on the KIdB classification
system, we will present it in detail. Additionally, we have a requirement to code a subset of the digits within the KIdB, and will
discuss the models we have chosen to accomplish this. To provide clarity, we also provide an outline of our study regarding
the methods and the experiments (see Fig. 1).

3.1 KidB 2010

The German classification of occupations (KIdB 2010) [9] is developed by the German Federal Employment Agency and is
valid since January 1,2011. A transformation from KIdB-2010 to the International Standard Classification of Occupations
2008 (ISCO-08) is possible through conversion keys, which is used by several researchers [21].

The KIdB is a five-digit, hierarchically structured code, as shown in Table 1. The first digit of the code denotes the
occupational area (Berufsbereich) like "Agriculture, forestry, animal husbandry and horticulture” or "Health, social affairs,
teaching and education’, which is more and more specified by the following three digits (the second digit denotes
occupational main group (Berufshauptgruppe), the third digit denotes the occupational group (Berufsgruppe), and the
fourth digit denotes the occupational sub-group (Berufsuntergruppe)). The fifth digit, occupational type (Berufsgattung),
denotes the requirement level (Anforderungsniveau) or degree of complexity of the occupational activity like "Helper/
apprentice occupations” or “professionally oriented activities”

A challenge of the KIdB 2010 is that it contains an enormous number of classes, i.e., 1286 occupational categories
when using all five digits. However, the KIdB 2010 encodes two dimensions, occupational group and requirement level,
which we can exploit when optimizing the training of the language models.

@ Springer
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Table 1 German classification

- Basic structure Differentiation options
of occupations: structure and
differentiation possibilities. Level Outline level Number of Assistant  Skilled worker ~ Specialist ~ Expert
Adapted from the German classes
Classification of Occupations
2010 [9] 1st level Occupational area 10 9 10 10 10
(Berufsbereich)
2nd level  Occupational main group 37 26 37 37 35
(Berufshauptgruppe)
3th level Occupational group 144 54 125 129 123
(Berufsgruppe)
4th level Occupational sub-group 700 60 414 442 370
(Berufsuntergruppe)
S5thlevel  Occupational types 1286 60 414 442 370
(Berufsgattung)
Table 2 Example of Code Hierarchy description

hierarchical description of
KIdB directory, starting with 1
first digit of code one

Occupations in agriculture, forestry, farming, and gardening

11 Occupations in agriculture, forestry, and farming

111 Occupations in farming

1110 Occupations in farming (without specialization)

11101 Occupations in farming (without specialization)-unskilled/semi-skilled tasks
11102 Occupations in farming (without specialization)-skilled tasks

11103 Occupations in farming (without specialization)-complex tasks

11104 Occupations in farming (without specialization)-highly complex tasks

3.1.1 Occupational group

The horizontal differentiation of an occupation group is coded in positions 1 to 4, and the level of differentiation increases
with each position, which results in 700 classes. The group names and descriptions are an essential source of information
for any trained model. Besides numerical codes for the groups, there are hierarchical descriptions of combinations of
digits from left to right. The hierarchical description of code 1 is shown in Table 2. The description of the first digit shows
us that the occupations that have the number one as the first digit belong to the occupations in the field of agriculture,
forestry, farming, and gardening. If the second digit is also one, the description shows that these occupations can no
longer be categorized under the group gardening. If the third digit is also one, it shows that the occupations with the
first three one digits are categorized only under farming. The description of the combination of the whole digits shows
the complexity level of the occupations categorized under farming. These eight hierarchical descriptions can be used as
features to categorize the occupations for this example under the 4 existing KIdB numbers, 11101, 11102, 11103 or 11104.

3.1.2 Requirement level

The requirement level is coded on the 5th digit with overall four classes, shown in the right part of Table 1. The number
of differentiation options indicates how many entries would result if the entries of the outline level were each broken
down by requirement level. For example, since there are no assistants or experts for some occupational subgroups, these
figures cannot simply be derived from the number of entries per outline level.

Due to the two dimensions and as a result of the hierarchical structure of the first dimension, exploiting the relation
between the first four digits and splitting the coding into separate models is a reasonable optimization approach for us.

@ Springer
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3.2 The case for single-digit coding

The classification of occupations is imperative in official statistics and in social science research. However, not all studies
use the KIdB codes to their full extent. Numerous studies in different disciplines leverage separate digits of the KIdB codes
in their analyses. For instance, some studies use the whole KIdB number as in [22] and others leverage separate digits of
the KIdB codes in their analyses [23-27]. This ranges from use cases where only the first two or three digits are used [23]
to a combination of the first two or three digits with the fifth digit [24, 25]. Currently, in those studies, the whole 5-digit
KIdB is encoded and, afterward, necessary digits are extracted for further analysis. However, due to the big number of
classes for a 5-digit KIdB encoding, an approach that only encodes the necessary number of digits could be worthwhile.

Hence, we pose the questions, (1) whether we could exploit the relation between single digits for occupation coding
and (2) whether we can fine-tune the task of occupation coding for use cases where only a subset of the KIdB digits is
needed.

3.3 Used models

As mentioned in related work, the only approach to automated German occupation coding using artificial intelligence
was by Schierholz and Schonlau [12], who used supervised learning algorithms that nowadays do not have the best
performance for multi-class text classification. Training deep language models on our data is time-consuming and
computationally expensive. Pre-trained language models are, therefore, attractive because they reduce the burden on
practitioners to provide the appropriate resources (time, hardware, and data) to train the models [28, 29]. Furthermore,
occupations are mostly short texts, and short text classification is difficult to model statistically due to fewer features and
training data. As shown in Luo and Wang [30] using a pre-trained language model can be useful for this task.

In search of a better and more time-efficient performance for automatic coding of occupations, we propose to use two
pre-trained language models BERT [31] and GPT3 [32] for classification of occupations with the whole KIdB number as
well as for single digits of the KIdB. Due to the fact that occupation texts are not sentences, there are not many semantic
and syntactic relations. Thus, we think that GPT3, which has a capacity of 175 billion parameters and has the syntactic
ability to assign words, could be useful for our task. From the other side, we have additional data, that can represent
semantic relationships between digits. In using this information as features, a bidirectional model like BERT with its
masking capability could play a better role.

3.3.1 BERT

BERT is a transformer-based language model that stands for Bidirectional Encoder Representation. It is the first deeply
bidirectional, unsupervised language representation. With just one additional output layer, this pre-trained model can
be fine-tuned to create state-of-the-art models for a large variety of tasks such as text classification, question answering,
and language inference. BERT is trained with the masked language modeling (MLM) task, in which some tokens in a text
sequence are randomly masked. Then, the masked tokens are independently recovered by conditional encoding vec-
tors obtained by a bidirectional transformer [31]. For German-speaking applications, such as occupation coding, using
a German-language BERT model is useful, e.g., the one built by deepset.®> Google Multilingual BERT also supports the
German language, but the German BERT model significantly outperforms Google’s multilingual BERT model [33], which
is why we chose deepset’s model for our experiment.

3.3.2 GPT3

GPT3 is the third generation of auto-regressive transformer-based language models. GPT1 was built with unsupervised
pre-training and supervised fine-tuning for a single task. GPT1 is followed by GPT2, which did not need supervised fine-
tuning for a specific task and was well suited for multiple tasks. The GPT3 model, having a similar architecture basis as
previous models, is able to make accurate predictions without gradient updating or fine-tuning [32, 34]. The depth of
GPT3 has increased considerably. It has by far more parameters than BERT [31, 35].

3 https://www.deepset.ai/.
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GPT3 is unidirectional, which is its biggest limitation compared to BERT. The choice of architectures during fine-tuning
is limited by being unidirectional. In GPT3, a left-to-right architecture was used, where each token can only respond to
previous tokens in the self-attention layers of the transformer [32, 34]. It means, the word can be predicted by GPT3 based
on previous predictions [31, 35]. Another disadvantage of GPT3 is that it has no ability to understand the semantics and
context of the query, but only a statistical ability to match words [36].

4 Experiments

Even the best machine learning algorithms cannot perform well without carefully collected and reprocessed data.
Recently, data-centric Al [37] has gained prominence. Its main goal is to improve not the training algorithm for the
model, but the data preprocessing for model accuracy. Hence, we first present how we cleaned and prepared our data.
Afterward, we describe our experiments. The experiments are:

1. Our first experiment analyzes the performance of the pre-trained language models for the whole five-digit KIdB. As
a result, we can draw conclusions about whether our approaches can outperform state-of-the-art coding schemes
for German occupations.

2. The second experiment tests the performance for use cases that require only a subset of the available KIdB digits
(see Sect. 3.2). Thus, we expect our models to improve due to the smaller number of classes.

3. Inthe third experiment, we investigate whether the second experiment can be improved by propagating decisions
from previous predictions. This way, we target to exploit the hierarchical nature of the KIdB system for both training
and testing the models to improve our predictions.

4, The last experiment investigates the influence of integrating entire hierarchical features on prediction performance
for whole five-digits KIdB.

4.1 Data cleaning

Our data originates from the DZHW Graduate Survey Series and the DZHW Survey Series of School Leavers conducted
throughout the years 2005-2015 as paper surveys that were digitalized afterward. Occupations are gathered using a
free-text field for the participants to fill in. To facilitate the subsequent coding, there is another free-text field, where
participants should enter typical activities in their jobs. Hence, both data—job titles and typical tasks—can be used in our
study as input for classifying the exact occupation. Therefore, the usually short texts of job titles, which are challenging for
language models due to their limited context, are extended with more verbose task descriptions, if they were provided.

To have a ground-truth, the data set consisting of 52,807 entries was encoded by several trained coders using a
standardized set of rules. 10,000 entries of the dataset have additional information about professional tasks. Hence, we
base our study on a quite reliable, but not perfect dataset. In fact, we found 935 entries that were not assigned a correct
KIdB number and removed those from our dataset. This improved our overall prediction performance by 2-3 percentage
points in the following experiments. Due to the amount of our data, the old heuristic of a 70%/30% split of training and
testing is not the optimal option in this case [38]. Therefore, in order to as efficiently as possible leverage the existing
data for training, we allocated 90% for the training and 10% for the validation. As a test set, we used a separate test set
with 4329 entries, which is being classified after saving the respective trained model.

4.2 Experiment 1: classifying occupations on full five-digit KIdB
In our first experiment, we classify the occupations (job titles and, if available, their tasks) as a multi-class text classifica-
tion task on the whole 5-digit KIdB. This experiment should evaluate whether the baseline performance of BERT and

GPT3 can keep up with the algorithms of [12] for a challenging dataset with limited semantics and short texts. To this
end, we fine-tuned the models as follows:
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Table3 Performance of BERT, e BERT GPT3 Schierholz
GPT3 and Schierholz on the
same test set Cohens' kappa [%] 64.22 29.93 48.50
Table4 Performance of BERT | o1 BERT [%] GPT3 [%] Schierholz [%]
and GPT3 fine-tuned with
separate single digits of KIdB, 1st digit 84.49 75.97 72.69
compared to split digits from .
whole KIdB numbers from 2nd d}g}t 80.52 70.16 68.83
Schierholzand Schonlau[12]  3rd digit 76.93 64.43 60.14

4th digit 70.76 63.70 52.49

5th digit 69.80 57.78 53.32

1. Fine-tuning BERT: For our experiments, we used the pre-trained language model German BERT.* The model is imple-
mented with Pytorch® in Google Colab with GPU acceleration. We achieved the best results with seven epochs, a
learning rate of 1e-5, and a batch size of 16, which covered the size of all occupations plus their tasks. Moreover, we
used the Adam optimizer.

2. Fine-tuning GPT3: For fine-tuning the encoder of GPT3, we followed the approach proposed by Cansen Caglayan.®
Our implementation is written in TensorFlow.” We fine-tuned GPT3 with 92,316,156 trainable parameters. The Adam
optimizer was used here.

The calculated Cohen's kappa on our test set, which is coded by both fine-tuned models, can be seen in Table 2. We have
also coded our test set with Schierholz’ model as the state-of-the-art approach.®

Table 3 shows that the results of BERT are superior to the other models. It outperforms Schierholz'algorithm by 15.72
percent points and GPT3 by 34.29 percent points. Surprisingly, although our data consists of short sequences and do not
carry a lot of semantic and syntactic information, GPT3 did not achieve higher performance. Possibly, the reason might
be the fact that our data has a high number of labels, which might be too much for GPT3. On the other hand, the results
show that despite short text and not enough semantic information between words in our data, BERT could still capture
the semantic relations between classes of KIdB.

4.3 Experiment 2: predicting single digits of KIdB

Considering the fact that the number of labels has a significant influence on the performance of the pre-trained model,
we split the KIdB numbers into five digits. Instead of fine-tuning a model with the entire KIdB numbers with 1286 differ-
ent classes, we fine-tuned five models, each with a single digit of KIdB numbers, each comprising at most ten different
labels. The results can be seen in Table 4. The Cohen'’s kappa values refer to the performance of our model on the test set.

As expected, the number of labels has a large impact on the behavior of BERT and GPT3. Compared to Experiment 1,
the accuracy values for both models have increased substantially. Interestingly, the performance of GPT3 is in the same
range as BERT's, which suggests that GPT3's poor performance in Experiment 1 is due to the number of classes.

A second insight is that the first dimension (occupational group) has a direct impact on the performance of the models.
While the first three digits only have an accuracy difference between 2-3 percentage points, the gap is slightly bigger for
predicting the fourth digit. The decreasing accuracy manifests that especially the fourth digit is harder to predict, since textual
differences inside the class members with the same prefix are only minor and, thus, harder to learn.

Since most studies use several concatenated digits, our approach allows combining the predicted digits without restriction.
Hence, we assembled the digits step by step from left to right and calculated the resulting Cohen’s kappa, which is shown in

4
5
6

https://huggingface.co/bert-base-german-cased.

https://github.com/pytorch/pytorch.
https://github.com/kmkarakaya/Deep-Learning-Tutorials/blob/master/Multi_Class_Text_Classification_End_to_End_Example_.ipynb.
https://www.tensorflow.org/api_docs/python/tf.

https://github.com/malsch/occupationCoding.
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Table 5 Cohen’s kappa of Model First two digits First three digits First four digits Whole digits
assembled digits, predicted 9 9 9 9
by GPT3 and BERT with BERT [%] 78.90 73.16 63.82 56.14
separate digits, compared GPT3 [%] 70.04 63.60 5537 49.82
with Schierholz

Schierholz [%)] 70.28 63.23 54.45 48.05

Table 5. Overall, BERT is still the best approach due to its better performance for single-digit classification. It is striking that
the combination of 5 digits in GPT3 achieves a better Cohen’s kappa value than when trained with the whole KIdB number.

4.4 Experiment 3: hierarchical feature integration in training and testing

Based on the bias-variance analysis in conjunction with the training loss and validation loss values, we found that our
model is under-fitted. From a data-centric Al perspective, we further investigated the problem and came up with the idea
that we can use the available KIdB 2010 information as features, which are shown in Table 2. In the KIdB 2010, each digit
of labels has a literal description, which is a subcategory of the previous digit and a concise description for the next digit.

To this end, we improved the fine-tuning procedure for the models at the second to fifth levels by incorporating addi-
tional input features. Specifically, before fine-tuning the second model for the second digit of the label, we added the
literal description of the first digit as a feature to the input. We then repeated this step for the remaining digits, using literal
descriptions of the combination of the first, second, third, and fourth digits as additional features so that if X; be the input
data (job descriptions) of ith entry from our dataset D and L, ; are the literal descriptions when j € {1,2, 3,4}, as follows:

L; = the literal description of the first digit

L;, = the literal description of the combination of the first and second digit

L; ;= the literal description of the combination of the first, second, and third digit

L, , = the literal description of the combination of the first, second, third, and fourth digit

and k € {1,2,3,4,5} be the digit number of KIdB. For instance, the fifth model was fine-tuned with F;sinput which
represents the job description including the feature set for the fifth digit, as follows:

Fis=Xi+ L, +L,+Liz+ L
For a generalizable fine-tuned model, the validation and test sets should look as similar as possible [38]. Therefore, we
built our test set for this experiment step by step, similar to the validation and training set. After we coded the test set
with the fine-tuned model, which is trained with the first digit as the label, we added the literal information of the first
digit as strings, which was predicted, to the occupations and made a new test set. To code the test set for the second
digit, we used the new test set. We repeated this step again for the further digits so that the entire process can be pre-
sented as follows:

LetY;, be the output label of ith entry and the kth digit (digits in KIdB 2010), L, ; as described be the literal descriptions
of ith entry, M, be the fine-tuned model for digit k, V be the validation set and T} be the test set for digit k. The process
for fine-tuning the models for the second to fifth level can be represented as:

For k = 1 to 5:
Fine-tune M_k on F_k and Y_k using V
Code T_k with M_k
Add L_{i,(k-1)} to T_k as features

This process aims to improve the model’s generalizability by gradually incorporating the literal descriptions of the
digits as features and building the test set in a similar way to the validation and training set.

We report the performance of our fine-tuned model on the stepwise hierarchically built test set in Table 6. Although
the results of BERT for single digits did not improve compared to the last experiment (cf. Table 4 vs. Table 6), considering
the relationship between digits led to an increase of 4.46 percentage points in mean Cohen'’s kappa when combining
the digits (see Table 7).
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Table 6 Performance of the

Traini t Cohen’s k %
fine-tuned BERT models, raining se ohen’s kappa [%]
which are fine-tuned with Text = Occupation +. Label BERT GPT3
literal information of KidB
numbers as features - First digit 84.59 75.97

Literal description of the first digit Second digit 80.34 70.79

Literal description of the first and second digit Third digit 77 66.35

Literal description of the first, second, and third digit Fourth digit 69.10 59.36

Literal description of the first, second, third, and fourth digit Fifth digit 69.64 59.23

Table 7 Cohen’s kappa of assembled digits, after they are being coded with the fine-tuned models with separate digits as labels and with
step-wise literal description of KIdB 2010 as features

Model First two digits First three digits First four digits Whole digits
BERT [%] 81.08 77.18 68.72 62.17
GPT3 [%] 69.81 64.18 56.57 51.64

4.5 Experiment 4: fine-tuning BERT and GPT3 using additional data for encoding the whole KidB

Our goal was to reduce bias, but at the same time not contribute to over-fitting. Hence, we use the existing information
from KIdB while making sure that our test and training set do not look too different. To this end, we created a new data
set. Half of our data had as input occupations plus the literal term for the first digit plus literal terms for the combination
of first two, first three, first four, and total KIdB digits. The other half had just the occupation as input. Both half parts had
the whole KIdB number as label. With this experiment, we could increase the Cohen’s kappa of BERT to 66.01% and the
Cohen's kappa of GPT3 to 42.60%, which is a slight but significant increase compared to the results in Table 3.

5 Discussion

The number of occupations to be encoded and the quality of the encoded occupations depend heavily on the quality of
the answers collected. The more complete and accurate the answers are, the better they can be coded (either manually
or automatically). Spelling mistakes and abbreviations, prevalent in web surveys, also lead to significantly poorer auto-
coding results. Therefore, it is worth doing a rough cleaning of the data [13]. When coding occupations, it is helpful to
draw on additional information that enables the occupational activity to be classified as precisely as possible. Without
this supplementary information, some details cannot be coded entirely [13]. Furthermore, our results can be applied not
only in the context of German occupational coding, but also on a larger scale, i.e., internationally.

In the future, we would like to develop a recommendation for job encoding by suggesting the 3 codes with the high-
est softmax value to the user and letting them decide.

6 Conclusion

Occupation coding is an important task, which transforms textual job descriptions and task to a common numeric
scheme. For our use case of complex German questionnaire data, we choose the KIdB 2010 classification system. It gives
us the possibility to not only encode the full five-digit KIdB number, but being able to also return a prefix/subset of the
five digits. To this end, we have presented two approaches for occupation coding using the two pre-trained language
models, BERT and GPT3. Overall, BERT was able to outperform the state-of-the-art approach by 15.72 percent points on
the whole KIdB number. Furthermore, we were able to increase Cohen'’s kappa beyond the value of predicting the whole
KIdB number due to our tuning for single KldB digits with enhanced hierarchical information.
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