CEUR-WS.org/Vol-3370/paper8.pdf

Cross-lingual Transfer Learning for Detecting
Negative Campaign in Israeli Municipal Elections: a
Case Study

Natalia Vanetik®*, Marina Litvak! and Lin Miao?

'Department of Software Engineering, Shamoon College of Engineering (SCE), Beer-Sheva, Israel

’Department of Computer Science, Beijing Information Science and Technology University, Beijing, China

Abstract

Political competitions are complex settings where candidates use campaigns to promote their chances
to be elected. As we can recently observe, some candidates choose to focus on a negative campaign
that emphasizes the negative aspects of the competing person and is aimed at offending opponents or
the opponent’s supporters. The big challenge in this area is the lack of annotated datasets for training
efficient classifiers. Therefore, transfer learning from other relevant domains and other languages could
be very useful for this task. Considering the recent success of meta-learning in domain adaptation, we
apply it to our task of utilizing available datasets from different domains and languages. This work
explores the negative campaign detection task from multiple perspectives: the efficiency of different text
representations and classification models, and the effect of transfer learning from offensive language
detection in different languages for negative campaign detection in Hebrew. We demonstrate that the
lack of training data for negative campaign detection in a low-resourced language such as Hebrew can be
compensated to some extent by available datasets for offensive language detection in the same and other
languages. We report an empirical case study for political campaigns in Israeli municipal elections.!
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1. Introduction

Political competitions aim at promoting the candidates’ chances to be elected. The main decision
in such competitions regards the nature of the campaign - that is, whether a candidate should
apply a positive campaign that highlights the candidate’s achievements, leadership skills, and
future programs, or focus on a negative campaign that emphasizes the negative sides of the
competitors [1, 2, 3, 4].

In recent years, we witness the intensive use of negative campaigns by political candidates
which target the weaknesses and failures of the opponents promising to do the opposite [2, 3, 4].
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The application of language technologies in the political sciences is recently in high de-
mand [5]. However, despite some works dedicated to the analysis of elections-related materi-
als [6, 7, 8], we were unable to find any work on automated negative campaign analysis and
detection.

Our work reports the results of extensive experiments, aimed at answering multiple research
questions: (1) Which supervised model and representation are more effective at automatically
detecting negative campaigns in Hebrew? (2) Can we effectively detect negative campaigns with
a model trained to identify offensive language? (3) Can meta-learning with different domains
and languages boost negative campaign detection in Hebrew?

We adopt and extend the representation models applied in [9, 10, 11], where the gain of
semantic vectors and sentiment knowledge for offensive language and negative campaign
detection was empirically shown. In order to increase classification accuracy in a mono-domain
setting, we use knowledge about cities, country districts (regions), and politicians. We use
this information in a meta-learning setting as well. In [10], we have also shown the efficiency
of transfer learning for cross-lingual training of offensive language classifiers with Semitic
languages. We adopt and explore this idea for this study. The lack of Hebrew datasets is
addressed in this study by using cross-domain and cross-lingual transfer learning, in contrast
to [11].

Our contribution is multi-fold: (1) we experimented with different representations and classi-
fiers for efficient encoding and classification of texts in Hebrew for negative campaign detection;
(2) we explored the efficiency of meta-learning in mono-domain experiments; (3) we explored
an efficiency of a transfer learning from offensive language detection in different languages
to negative campaign detection; (4) we explored a gain of meta-learning vs. conventional
fine-tuning of language models in transfer learning for cross-domain experiments.

2. TONIC dataset

The data was collected from the Facebook accounts of local politicians from several big Israeli
cities running for mayor’s offices. There was a total of 12 cities and 27 mayoral candidates
whose number for elections that took place in 2018. Data statistics appear in Table 1. The data
is freely available for download from GitHub at https://github.com/NataliaVanetik1/TONIC.
Collected posts were annotated as either negative or not by two independent annotators; in case
of a disagreement between them, the third annotator decided on a final label. The annotators
were instructed to label a post as a “negative campaign” only if it contained negative (but not
necessarily offensive) content about the opponent of the post’s owner or her supporter. Kappa
agreement between the annotators was 0.862. The majority rule, i.e., the portion of the bigger
class in our data, is 0.78 (the distribution between two classes is 78% — 22%, with the majority
class being benign texts, and the minority class containing negative campaign texts).

3. Proposed method for Negative Campaign classification

Our approach follows a standard flow of supervised learning, including text representation,
model training, and its application on a test set for the model’s evaluation.
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Table 1
Collected data by city.

region  city candidates  posts  pos neg avgwords avg characters
in post in post

218 91 127 108.482 645.468

412 32 380 72.471 428.964

center  Herzliya
center  Jerusalem

2

3
center  Rishon LeZion 1 183 23 160 103.448 619.989
center  Tel Aviv 1 36 8 28 95.611 545.806
center Petah Tikva 4 364 68 296 80.184 466.626
center Hod Hasharon 2 266 45 221 85.128 498.432
south Ashdod 4 363 139 224 92.377 528.044
south Ashkelon 3 363 61 302 82.157 482.876
south Dimona 1 50 7 43 92.280 542.240
south Beer Sheva 1 14 9 5 192.500 1075.643
north Netanya 4 316 81 235 72.215 427.886
north Haifa 1 47 4 43 75.234 440.319
Total 27 2632 568 2064 85.384 500.771

The following techniques were employed for the post representation:

Term frequency-inverse document frequency (tf-idf), where every post is treated
as a separate document and the whole dataset as a corpus.

N-grams of n consecutive words seen in the text, withn = 1,2, 3.

BERT sentence embeddings using one of the pre-trained BERT models—a multilingual
model [12] and a Hebrew model [13]. We use BERT embeddings to represent post text,
region, and city.

Sentiment weights generated by the HeBERT model [14], producing a probability
distribution for positive, negative, and neutral sentiments, for every post.

For classification, we experimented with three different types of classifiers:

Traditional classsifiers, including Random Forest (RF) [15], Logistic Regression
(LR) [16], and Extreme Gradient Boosting (XGB) [17].

Fine-tuned BERT, including a multilingual model called bert-base-multilingual-cased
(denoted as mBERT) [18] and AlephBERT [13], a large pre-trained language model for
Modern Hebrew. Both models were fine-tuned on the train portion of our data.
Meta-learning, where create a meta-model for detecting unfavorable campaigns when
training data for this particular task and language is missing (or not sufficient). To
quickly adapt to new target cases, ModelAgnostic Meta-Learning (MAML) [19], a general
optimization framework, uses the gradient descent process to create a strong initial model.
Therefore, in this study, we used MAML for meta-learning. As the foundation for our
meta-learning, we use a pre-trained BERT language model as a base model. The goal of
meta-learning is to train a model on a variety of learning tasks, such that it can solve
new learning tasks using only a small number of training samples. We use three different
criteria to split our data into training tasks: (1) an account of politician, where one
training task aims at the identification of posts with negative campaigns published by
the same politician; (2) a city, where a training task focuses on the data generated by
politicians from the same particular city; and (3) a region of the country, where we
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train our model on the annotated posts generated by politicians from the same region of
the country.

A full pipeline of our approach is depicted in Figure 1.

BERT sentence vectors

tokenization l—)Gf = idf vector9—)€entiment analysiHrediction modeD

n-gram vectors

Figure 1: Political posts classification pipeline.

4. Experiments

Our experiments aim to evaluate (1) different models and representations of Hebrew data in the
negative campaign domain; (2) transfer learning from the hate speech domain, in Hebrew and
other languages; and (3) meta-learning approach in mono-domain and cross-domain learning.
Data and Software Setup

For the monolingual experiments on the TONIC dataset, RF, LR, and XGB are trained on 80% of
the dataset and evaluated on the remaining 20%. For the cross-domain monolingual experiments,
the models are trained on 100% of the other domain data and tested on 20% of the TONIC dataset.
For the cross-domain cross-lingual experiments, we train our models on 100% of the data in
another language, and test on the 20% of the TONIC dataset. In all cases, the test portion of the
TONIC dataset is the same which allows us to conduct proper statistical significance analysis.
Fine-tuned BERT was trained a 75% of the data with the validation set containing 5% of the
data, and it was tested on the remaining 20%. Fine-tuning was run for 10 epochs with batch
size 16. For the cross-domain experiments, we used the Hebrew offensive language dataset [20]
called OLaH. Traditional models were implemented in sklearn [21] and neural models were
implemented in Keras [22] with the TensorFlow backend [23]. Experiments were performed on
google colab [24] with Pro settings.

Mono-domain Evaluation Results

Here we report the results—precision, recall, f1-measure, and accuracy scores—of the evaluation
of and comparison of various models and text representations to detect negative campaigns
in political posts written in Hebrew. In particular, we explore whether or not BERT sentence
embeddings perform better than traditional text representations such as tf-idf and n-grams. We
also compare two pre-trained BERT models to determine whether a model specifically trained
in Hebrew is preferable.

Table 2 (left) summarizes the results for the conventional models and representations without
sentence embeddings. All models were trained and tested on the TONIC training and test sets,
respectively. The text representations use either tf-idf or n-grams (ngX denotes n-grams for
X = 1,2,3), or their combinations (¢fidf-ngX denotes a concatenation of tf-idf vectors with
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Table 2
Evaluation of traditional models and representations on TONIC: mono-domain (left) and cross-domain
monolingual (right).

mono-domain cross-domain monolingual
model P R F1 acc P R F1 acc
RF, fig 154 0.8908  0.6467  0.6813  0.8444 | 06457 05222  0.4931  0.7837
LRtfidf+SA 0.8341 0.7243 0.7586 0.8615 0.8926 0.5044 0.4485 0.7856
XGBtfidf+SA 0.8656 0.7662 0.8010 0.8824 0.8933 0.5088 0.4575 0.7875
Ran1+5A 0.8460 0.6626 0.6979 0.8444 0.5171 0.5015 0.4531 0.7761
LRngl+SA 0.8390 0.7601 0.7892 0.8729 0.5181 0.5068 0.4870 0.7495
XGBng1+5A 0.8220 0.7445 0.7726 0.8634 0.6956 0.5215 0.4882 0.7875
R, 54 0.8633  0.6399  0.6715  0.8387 | 04819  0.4885  0.4785  0.7059
LRng2+SA 0.7633 0.7276 0.7424 0.8368 0.5091 0.5098 0.5090 0.6546
XGBg+54 07972 07417 07633  0.8539 | 0.4990  0.4998  0.4576  0.7685
Ran3+5A 0.8978 0.6260 0.6541 0.8368 0.4989 0.4994 0.4880 0.7230
LRyg3+54 07633 07276 07424  0.8368 | 05091 05098 05090  0.6546
XGBng3+5A 0.7972 0.7417 0.7633 0.8539 0.5098 0.5018 0.4639 0.7666
RE, fig fng1 45 0.8460  0.6299  0.6580  0.8330 | 0.6090 05166  0.4842  0.7799
LRtfidf+ng1+SA 0.8390 0.7601 0.7892 0.8729 0.5330 0.5124 0.4948 0.7533
XGByfigfing1ssa | 0.8567 | 0.7681  0.8002 | 0.8805 | 0.8933 05088 04575 | 0.7875
RFrfidf+ng2+SA 0.8935 0.6128 0.6357 0.8311 0.4607 0.4856 0.4568 0.7362
LR fig f-nga+5A 0.7581 07156  0.7325  0.8330 | 05147 05161 05147  0.6546
XGBtfidf+ng2+SA 0.8317 0.7545 0.7829 0.8691 0.3916 0.4988 0.4388 0.7818
RE, fid f4ng3+54 0.9097  0.6009  0.6183  0.8273 | 05366 05109  0.4873  0.7609
LR, fidfangs+sa 07581 07156  0.7325  0.8330 | 05147 05161 | 0.5147  0.6546
XGBifiafingsrsa | 08485 07701 07994  0.8786 | 03916 04988 04388  0.7818

Table 3
Evaluation of mono-domain training on TONIC with BERT sentence embeddings.
mBERT AlephBERT
model P R F1 acc P R F1 acc
RE,,; 0.8607  0.7052  0.7452  0.8615 | 0.8283  0.7231  0.7564  0.8596
LRpers 0.8072 07699  0.7859  0.8634 | 0.8145 07938  0.8034  0.8710
XGBpert 0.8059 07731 07874  0.8634 | 0.8160 07799  0.7956  0.8691
RFpertt 10 0.8796  0.6957 07377  0.8615 | 0.8725 07152  0.7568  0.8672
LRpert +1oc 0.8251 07716 07933  0.8710 | 07990 07814  0.7896  0.8615
XGByertioc 0.8523 | 0.7864  0.8125  0.8843 | 0.8518  0.8016  0.8227  0.8880
RF e+ region 0.8461  0.6909 07287  0.8539 | 0.8504 07235 07611  0.8653
LRpert-4region 0.8097  0.7743  0.7896  0.8653 | 0.8205  0.7994  0.8092  0.8748
XGBpert+region 07782 0.7324 07508  0.8444 | 0.8160 07799  0.7956  0.8691
RFper. region+loc 0.8718  0.6782 07178  0.8539 | 0.8705  0.7108  0.7522  0.8653
LRpert 4 region+ioc 0.8228 07672 07895  0.8691 | 07974  0.7878  0.7924  0.8615
XGBportiregiontioc | 0-8702 | 0.7869  0.8182  0.8899 | 08562  0.8023 | 0.8250  0.8899
RE, fig f+pert 08792 05777 05827  0.8159 | 08611  0.6562  0.6915  0.8444
LR, fia fpert 0.8340 07740 07979  0.8748 | 0.8194  0.7919  0.8043  0.8729
XGB, fid fbert 0.8418  0.7569 07875  0.8729 | 0.8432 07765  0.8025  0.8786
RF, fig f+pert-ng1 09057 05789  0.5843  0.8178 | 0.8891  0.6423  0.6756  0.8425
LR, fig f+bert-ng1 0.8316 07621  0.7886  0.8710 | 0.8400 | 0.8130  0.8253  0.8861
XGB,figfsbertingt | 08221 07521 07784 08653 | 0.8432  0.7765  0.8025  0.8786
RE, fig f+bert-ng2 0.9130  0.6184  0.6438  0.8349 | 0.8816  0.6543  0.6903  0.8463
LR, fia f+bert4ng2 07619 07169  0.7346  0.8349 | 07881  0.7532  0.7681  0.8520
XGBfidf+bertingz | 08320 07470 07771  0.8672 | 0.8408  0.7872  0.8092  0.8805
RF, fig f+pertng3 0.9130  0.6184  0.6438  0.8349 | 0.8677  0.6694  0.7074  0.8501
LR, fid f+bert-+ng3 07619 07169 07346  0.8349 | 07881 07532  0.7681  0.8520
XGB,fidfsberrings | 08174 07509 07761 08634 | 0.8385  0.7752  0.8002  0.8767
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n-grams of sizeX = 1, 2,3). All the systems are significantly better than the majority rule. Also,
the XGB classifier with tf-idf, unigrams, and sentiment labels outperforms the other classifiers.

Confusion matrix of the top-performing model (XGBpert4region+ioc) contains TP = 75, TN =
391, FP = 22, and FN = 39, with precision = 0.77 and recall = 0.66. These results show that
the model does a good job of identifying and eliminating negative samples (non-negative
campaigns), but it misses positive samples (negative campaigns). As a result, TN is the most
important accuracy compound, while FN represents the biggest amount of errors. In a 10
misclassified case sample that we manually examined, more than half of the errors (6), including
four samples incorrectly identified as negative campaigns when we actually found them to be
neutral and two samples incorrectly labeled as neutral, were the result of incorrect labeling by
our annotators.

Table 3 shows the scores for the same models over sentence embeddings, produced by two
different BERT models-multilingual BERT [25] and Hebrew-language AlephBERT [13]. We
can see that enriched sentence embeddings of cities and regions’ names boost the classification
performance. XGB outperforms the other classifiers as in the previous experiment. We cannot
recommend one particular BERT model, because both models seem to provide sentence em-
beddings with similar quality. However, when we compare these BERT models fine-tuned on
the classification task on TONIC (see Table 4), AlephBERT, which is trained solely in Hebrew,
significantly outperforms multilingual BERT producing accuracy which falls below the majority
rule. Nonetheless, both models are outperformed by the best traditional models, probably due
to less information encoded in the text representation. While both BERT classifiers use only
self-produced embeddings, traditional models also utilize sentiment labels, and embeddings
representing the cities and regions of the candidates.

Table 4 contains the results of meta-learning where tasks are specified by three different
criteria.

Table 4
Meta-learning and fine-tuned BERT evaluation on TONIC dataset.
Fine-tuned BERT Meta-learning
model P R F1 acc task split by P R F1 acc
politician 0.6390 0.7994 0.7103  0.7994
mBERT 0.6079 0.5816 0.5817 0.6641 location 0.6126 0.7827 0.6873 0.7827
region 0.5659 0.7523 0.6459 0.7523
politician 0.6055 0.7781 0.6810 0.7781
AlephBERT | 0.8589 0.7964 0.8190 0.8634 location 0.6173 0.7857 0.6914 0.7857
region 0.6126 0.7827 0.6873 0.7827

We can see that multilingual BERT achieves the best accuracy score; however, for all the
options for task division, meta-learning scores are very close to the majority rule, that evidence
that there is not much information that can be efficiently learned and transferred between
tasks. We can also see that for a fine-tuned BERT, AlephBERT has a clear advantage over the
multilingual BERT model in all parameters.

According to the scores in Tables 2 and 3 (we omitted meta-learning models because of their
low performance), the top performing model is XGB, applied on bert embeddings enriched by
region and location embeddings. In general, the XGB classifier outperforms other classifiers in
most cases.
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Cross-domain Mono-lingual Evaluation Results

Cross-domain mono-lingual (all models were trained and tested on Hebrew data) experiments
in Table 2 (right) show that using an offensive language dataset as a training set decreases
classification accuracy for all the models, indicating that the task of detecting negative campaigns
is different from the task of offensive language detection. Only a few models trained on offensive
language data achieved accuracy that is slightly higher than or equal to the majority rule.
Additionally, we can see that F1 scores are really low, meaning that these models simply ’guess’
the majority rule.

Table 5 shows the results of the traditional models with BERT embeddings as a text repre-
sentation for transfer learning from the offensive language detection in Hebrew. From Table 2
(right) and Table 5, we can conclude that (1) the XGB classifier mostly performs better than
other classifiers and (2) its performance is slightly higher with BERT embeddings than with
tf-idf vectors and n-grams.

Table 5
Cross-domain mono-lingual evaluation of traditional models with BERT sentence embeddings.
mBERT AlephBERT

model P R F1 acc P R F1 acc
RE, fig fpert 0.6424 05032  0.4479  0.7837 | 0.7946 05163  0.4743  0.7894
LR, fia f—pert 0.7265 05076  0.4568  0.7856 | 0.7265 05076  0.4568  0.7856
XGB, fia f—pert 0.6726 05171  0.4800  0.7856 | 0.6726  0.5171  0.4800  0.7856
RF, fid f—pert—ng1 03910  0.4952 04370 07761 | 0.6429 05064  0.4561  0.7837
LR, fid f—bert—ng1 05463 05160  0.4980  0.7590 | 0.5463  0.5160  0.4980  0.7590
XGB, figf—pertng1 | 0.7465 | 05271 04973 | 0.7913 | 0.7609 | 05315 | 05053 | 0.7932
RF, fid t—pert—ng2 0.4990  0.4998  0.4576  0.7685 | 0.4680  0.4955  0.4494  0.7666
LR, fiaf—pert—ngz | 0.5073 05081 | 0.5069 | 0.6471 | 05073  0.5081 | 05069 | 0.6471
XGB, figf—pert-ngz | 0.7304 | 05302 05042 07913 | 0.7304 05302 05042 [ 0.7913
RF, fid —pert—ng3 0.6937 05107 04648 07856 | 0.4671  0.4909  0.4564  0.7495
LR fiaf—pert—ngs | 0-5073 05081 | 0.5069  0.6471 | 05073  0.5081 | 0.5069 | 0.6471
XGBy fidf—bert—ngs | 07304 [ 105302 05042 07913 | 07304 05302 05042 [ 0.7913

Table 6 shows the results of meta-learning trained on hate speech data and tested on the
TONIC dataset. Two BERT models are initiated with the weights generated by meta-learning.
The table also contains the scores of fine-tuned BERT without meta-learning.

We can see that (1) best traditional models perform better than both fine-tuned language
models and meta-models when trained in foreign languages, the only exception is the recall
and F1 scores of meta-learning which is evidence of its better ability to recognize the positive
samples—negative political campaign-but fail at filtering out neutral posts (also confirmed by
lower Precision); (2) AlephBERT performs better with meta-learning than multilingual BERT;
(3) meta-learning outperforms fine-tuned language models in terms of both precision and recall.

Table 6

Meta-learning cross-domain mono-lingual evaluation.

Fine-tuned BERT Meta-learning
BERT model P R F1 acc P R F1 acc
mBERT 0.5000 0.3918 0.4394 0.7837 0.6620 0.6793 0.6701 0.6793
AlephBERT 0.5142  0.5818 0.4823 0.7761 0.6126 0.7827 0.6873  0.7827
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Cross-domain Cross-lingual Evaluation Results

Table 7 shows the evaluation of traditional models for the cross-domain cross-lingual scenario.
In this setting, we train our models on hate speech datasets in other languages - English and
Arabic. The only text representation that we can use here is multilingual BERT sentence
embeddings generated by the pre-trained BERT model bert-base-multilingual-cased [18].

Table 7
Cross-domain cross-lingual evaluation of traditional models.
OLID dataset, En OLaA dataset, Ar
Model P R F1 acc P R F1 acc
RF 0.6096 05085 0.1965 0.2296 | 0.4804 0.4812 0.4807  0.6546
LR 0.5082 0.5005 0.1872  0.2220 | 0.4224  0.4672  0.4365 0.7173
XGB | 05535  0.5053  0.1978 0.2296 | 05109 0.5072 | 05019  0.7154

Table 8 shows the results of meta-learning trained on hate speech data in other languages
(Arabic and English) and tested on the TONIC dataset. An English-language dataset is the
Offensive Language Identification Dataset (OLID) [26], which is a collection of 14,100 tweets
(we used 13,240 annotated tweets from its training set). We used the OLaA dataset in Arabic,
which we collected and introduced in [9] previously. OLaA is a collection of 9,000 comments
from Twitter annotated for hate speech. We used a multilingual BERT model [18] for these
experiments. For comparison, we also show the scores of this BERT model fine-tuned on Arabic
and English hate-speech data and tested on TONIC.

Both experiments evidence that meta-learning adapts pre-trained models much better to
the new domains than traditional fine-tuning and it can be efficiently applied for transfer
learning from other domains and even languages. In particular, we can observe the following:
(1) fine-tuned language models and meta-learning perform better than best traditional models
when trained on foreign languages; (2) meta-learning outperforms fine-tuned language models.

Table 8
Cross-domain cross-lingual evaluation of meta-learning.
Fine-tuned BERT Meta-learning
Data lang P R F1 acc P R F1 acc

OLaA Ar 0.4785 0.4250 0.4392 0.7400 0.6245 0.7903 0.6977 0.7903
OLID En 0.6102 0.7812 0.6852 0.7812 | 0.6342 0.7964 0.7061 0.7964

5. Future Work and Conclusions

Based on the results of extensive experiments aimed to answer various research questions (see
Section 1), we can conclude that (1) the best combination of text representation and classification
model for negative campaign detection in Hebrew texts is XGB with sentence embeddings
enriched with region and location information; (2) transfer learning with models trained to
detect offensive content is inefficient for the detection of a negative campaign; meaning that
there is no strong relation between offensive language and negative campaigns; (3) transfer
learning from different languages can be applied to Hebrew in the negative campaign detection
task, while training on a large set in a foreign language can be even more efficient than training
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on Hebrew; and (4) meta-learning outperforms language models traditionally fine-tuned in cross-
domain and cross-lingual scenarios, but not in a mono-lingual setting. We also observe that in
a monolingual setting that employs either a fine-tuned BERT or BERT sentence embedding, the
AlephBERT model trained on Hebrew is preferable to a multilingual BERT model. In the future,
we plan to apply our analysis to elections for the Israeli government, to explore the common
characteristics and differences between political campaigns in different countries, and to study
possible relations between the candidate’s gender, perceived strength, initial support, etc. and
their engagement in a negative campaign.
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