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ABSTRACT Crowdsourcing platforms provide an efficient and cost-effective means to acquire the extensive
labeled data necessary for supervised learning. However, the labels provided by untrained crowdsourcing
workers often contain a considerable amount of noise. Although the application of ground truth inference
algorithms to deduce integrated labels effectively enhances label quality, a certain level of noise persists.
To further diminish the noise within crowdsourced labeling, this paper introduces a novel Small Loss-based
Noise Correction algorithm (SLNC). SLNC first filters the crowdsourced data, leveraging the characteristic
of neural networks to preferentially fits clean samples, thereby obtaining relatively clean and noisy sets.
It then employs data augmentation techniques to enhance the clean set and subsequently trains the corrector
on this augmented set to rectify the noisy set. SLNC has been evaluated using 16 simulated and two real-
world datasets. The results indicate that SLNC surpasses comparative algorithms in the quality of the final

labels.

INDEX TERMS Noise correction, crowdsourcing, data augmentation, neural network.

I. INTRODUCTION

With the widespread integration of Al technology in diverse
sectors, the need for labeled data has grown signifi-
cantly. However, acquiring a large volume of relevant data
from domain experts often proves to be an impractical
approach [1]. A feasible solution is to harness the collec-
tive power of crowdsourcing, recruiting workers to gather
the needed relevant data [2]. Crowdsourcing operates as a
distributed problem-solving model, where workers address
large-scale tasks via an open platform [3]. The data sub-
mitted by workers, who differ in their specialization levels
and personal effort, usually exhibit varying levels of accu-
racy [4]. Furthermore, employees driven by profit often seek
to minimize their task costs, which in turn compromises the
reliability of the data [5].
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The research by Sheng et al. [6] provides evidence that
repeated labeling can serve as an effective means to enhance
label quality. Following this, ground truth inference algo-
rithms are employed to infer the integrated label for each
instance. Majority voting (MV) is one of the simplest and
most effective methods for ground truth inference. However,
its assumption that all crowdsourced workers are equally
reliable often contradicts reality. To tackle this issue, various
Weighted Majority Voting (WMYV) methods have been pro-
posed by researchers. This class of methods assigns weights
to each worker or label. Tao et al. [7] addressed the infer-
ence issue as a domain adaptation problem, formulating the
domain knowledge of workers with varied distributions and
appropriately weighting and merging the associated noisy
label sets. In a subsequent study, Tao et al. [8] introduced
three weighted soft-majority voting strategies based on dif-
ferential evolution. These strategies identify the optimal
weights for each worker through a differential evolutionary
algorithm.

© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

VOLUME 12, 2024

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

101745


https://orcid.org/0009-0007-8189-4809
https://orcid.org/0009-0006-5112-6908
https://orcid.org/0000-0002-3651-4770
https://orcid.org/0000-0002-7349-5249

IEEE Access

Y. Fu et al.: Boosting Crowdsourced Annotation Accuracy

While repeated labeling and ground truth inference algo-
rithms [9], [10], [11] significantly enhance the quality of
crowdsourced labels, the resulting integrated labels retain
some level of noise [12]. In response to this problem,
researchers have put forward numerous noise correction
algorithms. Typically, these crowdsourced labeling noise cor-
rection algorithms [13], [14], [15] are composed of two
elements: a filter and a corrector. The corrector is usu-
ally a classification model such as random trees and neural
networks, among others. The filter separates the crowd-
sourced data into relatively clean and noisy sets, and then
the corrector is trained on the clean set to rectify the noisy
set. However, to the best of our knowledge, the prevail-
ing methodologies in recent research have predominantly
employed filtering based on the composition of multiple
crowdsourced labels per instance, consequently neglecting
the feature space inherent to the instances [12], [16], [17].
Furthermore, although the clean set obtained through filtering
often comprises a limited number of instances, few studies
have explored the enhancement of this set via data augmen-
tation techniques [18], [19], [20] to improve the corrector’s
generalization.

To address the aforementioned issues, this paper intro-
duces a novel Small Loss-based Noise Correction algorithm
(SLNCQ). Initially, SLNC filters the crowdsourced data based
on the size of the loss value for each instance as computed
by the neural network. Subsequently, in the second stage,
data augmentation techniques are employed to expand the
clean set. A k-fold [21] strategy is then implemented to
train multiple correctors on the enhanced clean set. When
correcting the noisy set, the accuracies of these correctors on
the validation set are utilized as weights to fuse the correction
results.

Neural networks tend to memorize clean samples first [22],
meaning that instances with smaller loss values during
training are typically more reliable. However, as training
progresses, the network inevitably starts to memorize noisy
instances as well, leading to a gradual decrease in the loss
values of these noisy instances. To address this issue, SLNC
employs the cycle training method described in the litera-
ture [23].

This paper’s key contributions are outlined as follows:

1) In this paper, we propose a novel crowdsourcing fil-
tering mechanism that leverages the inherent tendency
of neural networks to prioritize learning from clean
samples to enable more effective filtering.

2) Given the limited number of instances in the clean set
post-filtering, this paper employs data augmentation
techniques to expand the set and consequently enhance
the corrector’s generalization ability to rectify the noisy
dataset.

3) Experimental validation of the proposed algorithm was
conducted using 16 simulated datasets and 2 real-world
crowdsourcing datasets, demonstrating that SLNC gen-
erally outperforms the comparative algorithms.
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Il. RELATED WORK

As a central issue in crowdsourcing, the quality of crowd-
sourced labels has attracted substantial attention from a wide
range of researchers. Initial efforts to enhance the quality of
crowdsourced labels have centered on the application of vari-
ous filtering techniques, including Classifier Filter (CF) [24],
Majority Voting Filter (MVF) [25], Iterative-Partitioning Fil-
ter (IPF) [26], and Edited Nearest Neighbor (ENN) [27].

CF splits the crowdsourced dataset into n subsets, dis-
cards 1/n from each subset, and trains a classifier based on
the remaining n — 1 datasets. Labels that disagree with the
predicted labels are considered noise and are thus excluded
from the dataset. MVF processes data similarly to CF, but
differs in that MVF constructs m classifiers on the remaining
n — 1 datasets. It then eliminates samples as noise when more
than half the classifiers misclassify them. MVF is specifically
designed to address the bias problem inherent in a single clas-
sifier. IPF partitions the crowdsourced dataset into n subsets,
training a classifier on each subset independently. A sample
is deemed as noise under the following conditions: 1) it is
misclassified by more than half of the classifiers; 2) it is
misclassified by classifiers built on the subset that includes
the sample. ENN employs the KNN algorithm to identify the
k nearest neighbors of each sample. If a sample’s label does
not match the majority of these k neighbors, it is considered
noise and is removed from the dataset.

Nowadays, noise correction algorithms have become
predominant, and the common ones include Polishing
Labels (PL) [28], Cluster-Based Correction (CC) [28], Self-
Training Correction (STC) [28], Resampling-Based Noise
Correction (RNC) [29], Deep Co-teaching-based Noise
Correction (DCTNC) [30], Cross-Entropy-based Noise Cor-
rection (CENC) [16], Between-class Margin-based Noise
Correction (BMNC) [17], Label Distribution-based Noise
Correction (LDNC) [31], Instance Difficulty-based Noise Cor-
rection (IDNC) [32], Neighbourhood-weighted Voting-based
Noise Correction (NWVNC) [13], and Multi-view-based
Noise Correction (MVNC) [33].

PL divides the crowdsourced data into subsets and trains
a classifier on each subset. These classifiers then collectively
determine the final labels for each instance through a majority
voting mechanism. CC performs noise correction through
iterative clustering. In each iteration, the most frequent label
within a cluster is assigned to all instances in that cluster.
After multiple iterations, the label that an instance receives
most frequently is deemed its final label. STC begins with an
initial filter to separate the dataset into clean and noisy sub-
sets. A classifier is then trained on the clean subset and used
to predict labels for the noisy subset. Instances from the noisy
set that meet specific prediction criteria are transferred to the
clean set, along with their predicted labels. The classifier is
subsequently retrained on this updated clean set and then used
to make further corrections to the remaining noisy subset.
This iterative process of prediction, transfer, and retraining
continues until no further instances are added to the clean set.
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The RNC algorithm employs filters to split the crowdsourced
data into clean and noisy subsets. Subsequently, it applies
resampling techniques to these subsets repeatedly, generating
several new datasets. These datasets are then used to train an
ensemble of classifiers, which collectively work to rectify the
labels within the noisy subset.

DCTNC recognizes that the noisy dataset may still con-
tain some clean samples. To capitalize on this, it employs
the Co-teaching [22] algorithm, which enables the learning
process to focus on these potentially clean samples within
the noisy set. This strategy enhances the trained classifier’s
ability to generalize from the noisy dataset by effectively
leveraging the reliable instances it contains. CENC filters
crowdsourced data by leveraging the entropy within the set of
noisy labels and the predictions of classifiers. The algorithm
assumes that a lower cross-entropy between the predicted
class distribution and the presumed actual class distribution
signifies a higher likelihood that the presumed distribution
closely approximates the true class labels. BMNC is designed
for noise correction in binary classification tasks with crowd-
sourced data, utilizing the margin in label frequency between
the positive and negative classes for filtering purposes. After
this initial filtering, classifiers are trained on the cleansed
dataset to further correct the noisy data. In the case of LDNC,
it expands upon BMNC’s concept to the multiclass scenario
by leveraging the margin between the frequencies of the most
and second most frequent labels to perform its filtering. This
adaptation allows LDNC to efficiently tackle noise correction
in datasets featuring a range of classes.

In IDNC, the premise is that the reliability of labels from
crowdsourced workers is linked to the complexity of the
instances. To this end, IDNC proposes two strategies for
evaluating the complexity of instances. Based on the out-
comes of these evaluations, IDNC separates noisy from clean
instances. Clean instances are used to train a classifier, which
is subsequently applied to rectify the labels within the noisy
set. NWVNC estimates the accuracy of an instance’s aggre-
gated label by examining the noisy labels of its neighboring
instances. It then filters instances based on this estimated
probability of label correctness. To correct the noisy set,
three heterogeneous classifiers are developed using the clean
set, which are equipped to handle the noise correction pro-
cess effectively. Drawing from the principles of multi-view
learning, MVNC treats the multiple noise labels associated
with each instance as an additional view. It then concurrently
trains classifiers on both the primary data and this secondary
noise label view. This dual-view training approach enables
the classifiers to more accurately correct mistakes within the
noise set.

Ill. SMALL LOSS-BASED NOISE CORRECTION

A. PROBLEM DESCRIPTION

Labeled datasets obtained through crowdsourcing are usually
denoted by D = {(x;, Li)}f.V: |- Every instance x; in the dataset
corresponds to a noise label set L; = {lie}le. In this context,
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FIGURE 1. Overall framework.

lic 1s the label that the crowdsourcing participant u, provides
to instance x;, taking values from {c1, c2, ..., ¢4}, where ¢
represents the number of classes. For example, /;, = ¢ sig-
nifies that the crowdsourcing member u, assigns instance x;
to class cj. y; is an integrated label inferred from the noise set
L; corresponding to instance x; using a ground truth inference
algorithm. This paper aims to ensure the highest possible
accuracy of the integrated labels y; in the integrated dataset
D = {(x;, Li, 9,

B. OVERALL FRAMEWORK

The overall framework of SLNC is shown in Fig. 1. Firstly,
aresampling technique is applied to the crowdsourced dataset
D, and multiple filters based on small loss values are con-
structed on the datasets obtained from multiple resamplings.
Resampling [34] is employed to generate multiple diverse
datasets for training the filters, which helps to improve the
robustness and generalization ability of the filtering process.
Resampling techniques are often used in machine learning,
especially when the amount of data is small. In the context of
crowdsourced datasets, resampling can help to improve the
performance of filtering by creating multiple diverse datasets
for training filters. In this paper, we use a put-back resampling
approach, where samples are put back into the original dataset
after each extraction, allowing the same data point to be
selected multiple times in different resampled datasets. Let
li- denote the i-th resampled dataset, where each instance in
D is independently drawn from D with replacement.

Then, a data augmentation technique is applied to the
clean set obtained by filtering, and multiple correctors are
trained on the augmented clean set to correct the noise set.
Data augmentation is a technique used to increase the size
and diversity of the training dataset by creating modified
versions of the original data. This is particularly useful when
the amount of clean data is limited, as it helps to improve
the generalization ability of the trained models. The primary
emphasis of this paper and its associated research does not
lie in model improvement. Consequently, a straightforward
three-layer DNN neural network was employed as the correc-
tor in the experiments to minimize computational demands.
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Algorithm 1 SLNC

Require: Crowdsourcing dataset D
Ensure: Clean dataset D, Noise dataset D,

1: Initialize: resample number 7, number of filtering train-

ing epochs T, cyclic period difference g

2: fori < 1to T, do

3 Resample D to generate D;
4: Initialize model W;
5
6

fort < 1to Ty do
Determine the current learning rate r; according
to Egs. (2), 3), (4)

7: Train W; on D;

8: Calculate loss /; on W; for instances in D
9: Normalize /; according to Eq. (1)
10: S; < S+ 1
11: end for
12: end for

13: According to S;, choose top m% as D, i

14:  According to D,i, employ a majority vote strategy,
choose top m% as D,, others as D,

15: if a category is at risk of being entirely classified as noise

then

16: Select a subset of instances from that category with
the smallest loss values

17: Reclassify the selected instances into the clean set
D

18: Update the noise set D, by removing the reclassified
instances

19: end if

20: return D, D,

It is important to note that for practical applications, the cur-
rent model can be replaced with a more advanced alternative.

C. SLNCFILTER

Previous studies [22] have shown that neural networks tend
to memorize clean instances more easily than noisy ones,
leading to higher loss values for noisy samples during train-
ing. This characteristic provides the SLNC method with a
practical foundation for employing small loss values as a
means to filter out noise. The specific implementation of the
noise filtering process based on small loss values is described
in Algorithm 1.

In the experimental section of this paper, we test the ten-
dency of neural networks to preferentially memorize clean
instances over noisy ones. We observe that the extent to
which the loss values differ between noisy and clean instances
varies across different datasets. In some cases, there is a
marked distinction between the loss values of noisy and clean
instances, while in others, the difference is less pronounced.
To tackle this variability, SLNC employs a strategy where it
accumulates the loss values for each instance after every train-
ing epoch. This accumulation enhances the contrast between
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noisy and clean instances, thereby improving the effective-
ness of the filtering process.

During different stages of model training, the loss value
for the same instance can vary significantly, as the model’s
parameters are updated and its ability to fit the data changes.
Directly accumulating these loss values can obscure the dif-
ferences in later stages of training, as earlier loss values are
typically larger due to the model’s initial poor fit to the data.
To mitigate this, SLNC normalizes the loss records after each
epoch of training is completed, to ensure that the difference
in loss values between noisy and clean instances on each
epoch is reflected in the cumulative loss values. Let X;,, denote
the m-th sample, Y, denote the label of the m-th sample,
F(X,,, Y;) denote the loss value of the m-th sample for the
label, n be the total number of samples, and F’' (X, Y;)
be the loss value of the sample after normalization. Then
the normalization operation for each epoch is represented as
shown in Eq. (1).

2ot F X, Yin)
n

F/ (Xm’ Ym) =F (Xm» Ym) - (1)

Furthermore, SLNC takes into account that neural networks
can rapidly fit simpler datasets, leading to minimal differ-
ences in loss values between noisy and clean instances after
overfitting occurs. To counteract this, SLNC implements a
cyclical learning rate adjustment during training. By peri-
odically increasing the learning rate, the algorithm induces
fluctuations that prevent the model from settling into an
overfitted state. This strategy increases the opportunities for
SLNC to observe and record the loss value differences, effec-
tively toggling the model between overfitting and underfitting
states to better identify noisy data.

Equations (2), (3), and (4) describe the cyclical variation
of the learning rate. In these equations, i represents the index
of the neural network, and g is a constant that accounts for
the difference in cycle times between different models. The
variable ¢ denotes the ¢-th epoch in the training process. The
maximum learning rate is given by rmax, While rmin denotes
the minimum learning rate. The learning rate at the z-th epoch
is indicated by ;.

ci=i-g )
I4+(r—1 d ¢;

_ ((t 0) mod ¢;) 3)

rr =1 —5) - rmax + S * Fmin @

t

SLNC recognizes the issue of model bias that can arise
from using a single model. To mitigate this, the framework
employs resampling techniques to create multiple datasets,
with a separate model built on each. The m% instances with
the highest loss values on each model are classified as noise
sets. The final filtering decision for each instance is derived
by aggregating the filtering results from all models through
a voting mechanism. The top m% of instances receiving the
highest number of votes are designated as the noise set, while
the remaining instances constitute the clean set. In cases of
a tie during voting, the instance with the highest summed
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loss values across the models is designated as a noisy sample.
In this study, m% serves as a hyperparameter indicating the
dataset’s estimated noise level. It can be practically deter-
mined by methods such as sampling. Furthermore, there is
ongoing research [35] into the adaptive estimation of this
noise rate.

SLNC also considers the potential presence of severe class
imbalance in some datasets. To prevent the scenario where all
instances of a minority category are misclassified as noisy,
the framework includes a safeguard. If a category is at risk
of being entirely classified as noise, SLNC selects a subset
of instances from that category with the smallest loss values
and reclassifies them into the clean set. This approach helps
to preserve the representation of minority categories in the
dataset.

D. SLNC:CORRECTOR

After obtaining the clean set D, and the noise set D,,, data aug-
mentation techniques are employed to enhance the minority
classes within the clean set D,.

The data augmentation technique employed by SLNC is
Borderline-SMOTE [36], a specific variant of the Synthetic
Minority Over-sampling Technique (SMOTE). SMOTE [37]
is designed to artificially augment the number of samples in
the minority class by creating synthetic instances between
existing ones. Borderline-SMOTE focuses on the minority
class samples situated at the decision boundary, which are
more prone to misclassification. By generating additional
synthetic samples in this border region, Borderline-SMOTE
helps the classifier better discern the boundary between
majority and minority classes, leading to improved classifi-
cation performance.

The effectiveness of Borderline-SMOTE in enhancing
classifier performance has been demonstrated across various
domains and datasets. In a study on software defect predic-
tion [38], the application of Borderline-SMOTE resulted in
a significant improvement in the classifier’s accuracy, recall,
and F1 score compared to other oversampling methods. Simi-
larly, when applied to highly imbalanced network traffic data
for intrusion detection [39], Borderline-SMOTE enabled the
classifier to achieve a higher detection rate of minority class
instances (i.e., network attacks) while maintaining a low false
alarm rate, thereby enhancing the overall accuracy of the
intrusion detection system.

After the data augmentation process using Borderline-
SMOTE is completed, the clean set D, is subjected to a
k-fold cross-validation strategy to train multiple corrector
models. Each corrector’s performance on the validation set
is evaluated to determine its accuracy, which is then used as a
weighting factor in the fusion of the correction results from all
the correctors. This weighted fusion methodology is detailed
in Eq. (5).

. Zszl Py - Weighty
B K

P )
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In Eq. (5), Py represents the probability of the category
distribution predicted by model k, and Weight; represents the
weight of model k, which is determined by its accuracy on the
validation set. The fused category distribution, denoted by P,
is computed by taking into account the individual predictions
Py and their corresponding weights Weight;. If the highest
probability category in P is greater than a predetermined
threshold «, then a correction to the category assignment
is made. Otherwise, the original integrated labeling is pre-
served.

IV. EXPERIMENTS

In this section, we will experimentally verify the noise correc-
tion ability of SLNC across different datasets. First, we will
validate the feasibility of filtering by small loss values. Sub-
sequently, we will assess the noise correction capability of
SLNC on 16 simulated datasets and two real-world datasets,
respectively. Furthermore, we will investigate the impact of
varying training durations on the filtering performance of
SLNC.

In our experiments, we compare SLNC with five other
algorithms designed for enhancing the quality of crowd-
sourced labels. The following provides a brief description of
each algorithm:

« MV: A simple yet effective approach that employs a
majority voting algorithm to infer ground truth. It is
commonly used as a baseline comparison algorithm in
the field of crowdsourcing.

o PL: This approach utilizes ensemble learning to improve
noise correction. It partitions the data into n subsets,
trains n weak classifiers, and combines their predictions
to correct the noisy labels. In our experiments, we set n
to 3.

e STC: A self-training noise correction algorithm that
retrains the corrector by placing each corrected instance
into a clean set until no instance satisfies the correction
condition. In our experiments, ENN was used as a filter,
and the correction condition was set to a prediction score
greater than 0.8.

« DCTNC: This approach uses the Gini impurity of
instances associated with the noise set for filtering pur-
poses. It then applies a weakly-supervised algorithm in
the second phase to train the model, maximizing the
utilization of the noisy data.

o CENC: This method filters data by comprehensively
considering the entropy of the noisy label set associ-
ated with each instance and the predicted results of
the classifiers. It then corrects the labels by calculating
the cross-entropy between the predicted class probabil-
ity distribution and the possible true class probability
distribution. The number of classifiers used in our exper-
iments is 3, and the entropy threshold is set to 0.1.

o SLNC: The proposed algorithm in this paper utilizes the
property of neural networks to prioritize the memoriza-
tion of clean instances for filtering. A data augmentation
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TABLE 1. Introduction to simulation datasets.

Dataset name  Instances  Attributes  Classes
balance-scale 625 4 3
biodeg 1055 41 2
breast-w 699 9 2
car 748 4 4
credit-a 690 16 2
diabetes 768 8 2
heart-statlog 270 14 2
hypothyroid 748 28 2
iris 150 4 3
lymph 148 18 4
spambase 4601 57 2
vehicle 766 17 4
vote 435 16 2
vowel 990 13 11
wholesale 440 7 2
700 748 4 7

technique is employed in the corrector training phase to
improve the corrector’s ability to rectify noisy labels.
In our experiments, the noise ratio m% is set to 20%,
we use 3 correctors, and a correction threshold of
o =0.7.

Enhancing the performance of SLNC can be achieved
by moderately increasing the number of base models and
resampling occurrences. However, this approach signifi-
cantly raises computational demands. Therefore, following
guidelines from existing literature [12], [14], [15] and prac-
tical considerations, this study sets the number of both
resampling instances and base models to 3.

The SLNC filtering technique, which relies on small loss
values, takes advantage of neural networks’ inherent pref-
erence for fitting clean samples. This makes it particularly
beneficial to use models that are designed for learning in the
presence of noise, as they can effectively fit clean samples as
well. However, to demonstrate the versatility of SLNC, this
study conducts experiments using a simple MLP model.

The parameter m%, representing the estimated noise rate,
is determined through a noise rate estimation algorithm.
Recognizing that accurately estimating the noise rate can
be challenging, and in line with parameter settings found in
related work [30], we have set m% to 20%, a value commonly
employed across similar studies.

A. SMALL LOSS FILTRATION FEASIBILITY VERIFICATION
This section aims to investigate the feasibility of filtering
noisy instances based on small loss values. We obtained
16 datasets from the CEKA platform [40], which are widely
used in simulation experiments for crowdsourcing noise cor-
rection. Their widespread use is attributed to the datasets’
diverse numbers of categories, features, and samples, provid-
ing a strong representative quality. Table 1 provides a brief
description of each dataset.

In this experiment, we randomly modified the labels of
40% of the instances to simulate mislabeling. We then
tracked the changes in the average loss values of both
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the label-modified instances and the unmodified instances
throughout the training process. Fig. 2 presents the results of
this experiment.

The experimental results clearly demonstrate that the aver-
age loss value of the noisy instances is significantly higher
than that of the clean instances. This finding confirms the
feasibility of noise filtering by monitoring the loss value level
of each instance during the training process.

B. NOISE CORRECTION EXPERIMENTS ON

SIMULATED DATASETS

This section focuses on simulating the crowdsourcing annota-
tion process using the 16 datasets presented in Table 1. During
the experiment, the ground truth labels of the instances will
be concealed. Each instance will be assigned 8 crowdsourcing
labels, which include both correct and incorrect annotations.
To better simulate the crowdsourcing scenario, we intro-
duce two methods for generating crowdsourcing noise labels:
Gaussian noise and bias noise. The variance of all Gaussian
distributions used in the experiment is set to 0.1, with a
mean of 0.6. Within the scope of this research, label quality
is quantitatively assessed by the proportion of the corrected
labels that align with the corresponding ground truth labels
of the instances. The two noise label generation methods are
described below:

Gaussian Noise: This is the most prevalent method
for generating noisy label sets in crowdsourced simulation
datasets. Each worker has a probability P of producing the
correct label and a 1 — P probability of generating an incorrect
label. The probability P follows the Gaussian distribution,
as detailed in Eq. (6).

_ 2
= } ©)

1

e
Bias Noise: This method simulates the influence of worker
bias in crowdsourcing settings. For instance, given the same
image, some participants in a crowdsourcing task might label
it as ‘interesting’, while others may deem it ‘boring’. Each
worker has a probability P of generating the correct labels
and a 1 — P probability of generating incorrect labels, where
P adheres to the Gaussian distribution. Incorrect labels are
generated according to Eq. (7), where T represents the ground
truth label, C denotes the number of label categories, and N

signifies the generated noisy labels.

N = (T + 1) mod C )

Table 2 offers an in-depth comparison of label quality
under Gaussian Noise. The arithmetic mean of each method’s
performance across all datasets is presented in the last row,
summarizing their overall effectiveness. Utilizing the data
from Table 2, the Wilcoxon [41] signed-rank test is applied to
conduct a pairwise statistical comparison of the methods. The
results of these comparisons are detailed in Table 3, which
adheres to the widely accepted significance level of ¢ = 0.05.

Table 4, in a similar fashion, presents the comparative
analysis of label quality affected by Bias Noise. Here too,
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FIGURE 2. Loss change record for different datasets during training.

the last row provides the arithmetic mean for each method’s
label quality across the datasets, serving as an indicator of
their overall performance. Comparative analysis based on
the results in Table 4 is performed through the Wilcoxon
signed-rank test. Table 5 presents these results, maintaining
the widely accepted significance level of « = 0.05.

Within Tables 2 and 4, the highest label quality score for
each dataset is emphasized in bold. In Tables 3 and 5, the
symbol e indicates a statistically significant better perfor-
mance of the method in the row relative to the method in the
corresponding column.

The experimental results presented in this study compre-
hensively validate the effectiveness of SLNC in enhancing
the quality of crowdsourced labels. Based on these findings,
we can draw the following key conclusions:

1) For both Gaussian and Bias noise, the label quality cor-
rected and processed by SLNC is significantly higher
than that of the other five widely used comparison
algorithms.
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%
epoch epoch

TABLE 2. Gaussian noise experiment results.

Dataset MV PL STC DCTNC CENC SLNC
balance-scale  79.84  81.92  90.56 84.32 91.68 92.64
biodeg 7327 6483 73.36 73.84 73.84  78.39
breast-w 70.67 86.70  75.68 73.96 85.12  87.70
car 92.07 7940 77.20 94.10 89.18 93.46
credit-a 67.83 4623 50.14 67.54 5232 68.12
diabetes 7292 69.92 67.19 73.70 71.88 76.56
heart-statlog ~ 72.59  64.81  62.59 75.93 69.63 77.04
hypothyroid ~ 93.35 94.64 95.12 96.29 95.73 95.52
Iris 86.67 96.67 96.67 91.33 98.00  98.67
lymph 89.86 77.03 77.03 91.32 79.73 91.22
spambase 73.16 59.60 67.27 74.12 67.16 75.72
vehicle 9149 7317 66.31 93.75 7730 91.49
vote 72.64  83.68 72.87 77.47 88.74  88.97
vowel 96.57 6596  79.90 96.97 82.02  96.57
wholesale 7455 84.09 76.59 77.50 86.14 87.50
200 92.08 86.14 79.21 94.24 95.05 96.04
average 8122 7592 7548 83.52 81.47 87.23

2) According to the Wilcoxon test at the widely accepted
significance level of @« = 0.05, SLNC significantly
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TABLE 3. Wilcoxon signed-rank test results for gaussian noise.

MV PL STC DCTNC CENC SLNC
MV -
PL -
STC -
DCTNC . . ° -
CENC . ° -
SLNC . . ° . ° -
TABLE 4. Bias noise experiment results.
Dataset MV PL STC DCTNC CENC SLNC
balance-scale  71.20  63.52  65.92 71.04 73.76 76.80
biodeg 73.55 63.60 72.04 74.12 72.51 81.23
breast-w 73.96 90.84 81.40 77.54 91.27  92.27
car 8125 7245 7841 80.38 86.28  88.37

credit-a 68.12 5029 52.61 70.14 64.20 67.97
diabetes 7435 70.18  66.28 74.74 74.74 76.30
heart-statlog ~ 73.33  66.67  62.59 74.07 65.56 75.56
hypothyroid ~ 81.65 9536 94.72 81.12 95.84 97.06
Iris 76.00 62.00 81.33 78.67 94.00 90.00
lymph 83.11 77.70  75.00 82.38 77.70 85.81
spambase 73.20  60.27 67.01 74.55 70.42 75.87
vehicle 75.65 6643 5745 71.77 66.19 75.65

vote 7494 88.97 87.13 79.54 92.18 91.03
vowel 79.70  52.63  46.06 79.29 74.14 79.70
wholesale 7545 86.82 8273 78.18 86.36 87.50
Z00 80.20  80.20  80.20 80.14 88.12 87.13

average 7598 71.75  71.93 76.73 79.58 83.02

TABLE 5. Wilcoxon signed-rank test results for bias noise.

MV PL STC DCTNC CENC SLNC
MV -
PL -
STC -
DCTNC -
CENC . ° -
SLNC . ° . . ° -

outperforms five other well-established crowdsourcing
label quality improvement algorithms in terms of label
quality.

3) Surprisingly, the average label quality reveals that
the performance of PL and STC is lower than that
of the baseline algorithm MV. This can be attributed
to the fact that both algorithms heavily rely on the
classifier, and the classifier used in the experiments in
this paper is a simple three-layer DNN model, which
may not exhibit outstanding performance.

C. NOISE CORRECTION EXPERIMENTS ON REAL-WORLD
DATASETS

In this section, we will evaluate the label correction per-
formance of SLNC on two real-world datasets, Music [42]
and LabelMe [43]. The ground truth labels of both datasets
are known, and the ground truth labels are hidden before
publishing the datasets to real crowdsourcing platforms for
labeling.
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FIGURE 4. LabelMe label quality.

Music is a music categorization dataset with a total
of 700 samples, encompassing 10 categories such as
“blues”, “classical”, “country”, ‘“disco”, ‘hiphop”,
“jazz”, “metal”, “pop”’, “reggae”, and “rock’’. Each sam-
ple is characterized by 123 feature attributes. A total of
2,945 labels are obtained from the Amazon Mechanical
Turk (AMT) crowdsourcing platform, with an average of
4.21 labels per instance.

LabelMe is an image classification dataset sourced from
the LabelMe crowdsourcing platform. It consists of 1,000
images spanning a diverse set of categories, including ‘‘high-
way”’, “inner city”, “high rise building”, “street”, “‘forest”,
“coast”, “mountain”’, and ‘“wilderness”’. On average, each
image in the dataset has been assigned 2.49 labels by the
crowdsourcing community.

Figures 3 and 4 present a detailed comparison of the label
quality among the six noise correction methods: MV, PL,
STC, DCTNC, CENC, and SLNC. The results clearly demon-
strate that SLNC outperforms the other methods. On the
Music dataset, SLNC achieves a label quality of 78.57%, sur-
passing MV (71.14%), PL (54.86%), STC (39.71%), DCTNC
(77.71%), and CENC (51%). Likewise, on the LabelMe
dataset, SLNC exhibits a higher label quality (80.20%)
compared to MV (76.90%), PL (75.20%), STC (68.40%),
DCTNC (78.60%), and CENC (76.40%). These comparative
results lead to conclusions that are consistent with those
drawn from the simulated dataset.
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FIGURE 6. The effect of « on label quality in the Music dataset.

D. PARAMETER SETTING EXPERIMENTS

In this section, we tested the effect of the number of training
epochs on the filtering performance in 16 simulated datasets.
We also tested the effect of the correction threshold « on
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FIGURE 7. The effect of « on label quality in the LabelMe dataset.

the final label quality in two real-world datasets. We define
filtering accuracy as the ratio of correctly identified noisy
instances (i.e., instances that are correctly classified as noisy
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by the filter) to the total number of instances classified as
noisy by the filter. Label quality is defined as the proportion
of corrected labels that match the ground truth label of the
instance.

The experiments on the effect of « on the final label quality,
as shown in Fig.6 and Fig.7, demonstrate that different o val-
ues have a significant impact on the label quality. Specifically,
as « increases, the label quality initially improves, reaches a
peak, and then declines, exhibiting a hump-shaped pattern.
This suggests that an optimal value of « exists for achieving
the highest label quality. Based on these observations and
to obtain favorable results across a wider range of datasets,
we set « to 0.7 in our experiments.

However, as demonstrated by the experimental results pre-
sented in Figure 5, we observe that SLNC maintains a more
stable filtering performance and does not suffer from a signif-
icant decrease in effectiveness due to overfitting caused by
excessive training times. To ensure optimal filtering perfor-
mance across different datasets, we set the number of training
epochs to a relatively large value of 100 in this study.

V. CONCLUSION AND FUTURE WORK

In this study, we introduce a novel crowdsourcing noise
correction algorithm called Small Loss Noise Correction
(SLNC). SLNC leverages the inherent property of neu-
ral networks to preferentially learn from clean samples,
enabling effective filtering of noisy instances. Furthermore,
it incorporates ensemble learning techniques to enhance the
performance of individual filters. During the corrector train-
ing phase, SLNC employs data augmentation methods to
expand the clean set obtained from the filtering process and
utilizes the k-fold cross-validation strategy to train multiple
correctors within the clean set for correcting the noise set.
The effectiveness of the proposed algorithm is experimentally
validated on 16 simulated datasets and 2 real-world datasets.It
is important to note that SLNC relies on the learning ability
of the neural network, but when the single label noise rate
is greater than fifty percent the neural network is not able to
learn the correct knowledge, and at this point SLNC does not
work correctly.

For future research, we intend to develop a simple and
easy-to-implement adaptive noise rate estimation algorithm
to improve the practicality of SLNC in real-world applica-
tions. Additionally, as the correction results of SLNC are
sensitive to the parameter «, and an appropriate « setting can
effectively improve the label quality, we plan to propose an
adaptive o parameter setting method in future work.
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