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Abstract. The limited amount of annotated biomedical literature and
its peculiar characteristics make biomedical named entity recognition
more challenging than standard named entity recognition. The multitask learning approach overcomes these limitations by training different
related tasks simultaneously. It learns common features among different
tasks by sharing some layers of the neural network architecture. For this
reason, the multi-task model attains more generalization properties than
a single task learning. The generalization of the multi-task model can
be utilized to enhance other models’ results. In particular, knowledge
distillation techniques make this possible in which one model supervises,
through its learned generalization, another model during the training.
This research analyzes the knowledge distillation approach and shows
that a simple deep learning model performance can be leveraged through
distilling the multi-task model’s generalization. Results show that our approach outperformed compared with the multi-task model and single task
model. This demonstrates that our model learns more diverse features
using the knowledge distillation approach. We also found our approach
statistically better than multi-task model and single task model.
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1

Introduction

The biomedical named entity recognition (BioNER) task has gained more attention with the increasing availability of large amounts of unstructured biomedical
text data. BioNER is also a preliminary task of many other tasks e.g. the relation
extraction task (e.g., chemical induced disease relation, drug-drug interaction, . .
. ) [20]. However, biomedical texts are more complex than normal texts and carry
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unusual characteristics, e.g. spelling alternations (e.g., 10-Ethyl-5-methyl-5,10dideazaaminopterin vs 10-EMDDA) [1], long multi-word expressions (10-ethyl5-methyl-5,10-dideazaaminopterin), and ambiguous words (TNF alpha can be
used for both DNA and Protein) [8]. The above-mentioned characteristics make
BioNER even a more difficult task than traditional named entity recognition.
Traditional machine learning approaches that include e.g., Hidden Markov
Models (HMMs), Conditional Random Fields (CRFs), and Support Vector Machine (SVM), have been used to overcome the limitations faced by the BioNER
task [4]. These machine learning methods have shown some promising results.
However, these approaches strongly rely on feature engineering. On the other
hand, deep learning models usually do not require hand-crafted feature engineering since this is done implicitly. Simultaneously, the deep learning models’
results are very appealing for the BioNER task. However, due to the biomedical
literature’s peculiar characteristics mentioned at the beginning of the section,
these systems’ performance is still limited. Another challenge to deep learning
models is the limited availability of annotated biomedical text data to train these
systems as deep learning models require substantial amounts of training data.
The multi-task and transfer learning approaches have shown results improvement for BioNER task [16][17], but these techniques still have some limitations.
The multi-task model (MTM) [18] does not always produce noticeable increase
in performance compared to their counterpart single task model (STM) [3][5].
The MTM could also learn the features that are more task-specific and which
can lead to biased feature learning [13]. Similarly, transfer learning [7] also faces
limitations e.g., catastrophic forgetting or catastrophic interference problem [23].
In catastrophic forgetting, the deep learning model starts forgetting what it has
learned from the previous domain. The forgetting of the previously learned source
information happens, even if both source and target domains are heterogeneous
[10]. It is also an empirical dilemma to choose the number of new layers for the
model used on the target datasets along with pretrained layers or weights of the
pretrained layers need to be frozen in the pretrained model as it is applied to the
target dataset. The transfer learning approach is therefore not always a feasible
solution to transfer previous knowledge into the new task.
Furthermore, in general, a common issue with the deep learning models is
their complex structure. The deep learning methods have brought much success
in numerous fields and have shown results breakthrough. To achieve state-of-theart results, the complex structure of the deep learning models is often observed
in many fields. Sutskever et al. [25] model comprised of 4-layers of long shortterm memory (LSTM) and each layer had 1000 hidden units. Similarly, Zhou
et al. [33] proposed a model that contains multi-level LSTM and each layer had
512 hidden units. These deep learning models have millions of parameters, and
training such models require much more computational power. These complex
models also require more storage space and which is also not very suitable to
deploy on the systems where available storage capacity is limited e.g., cell phones.
In such situations, implementation of these complex models requires compression
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while, in the meantime, not to compromise their performances and keep the
generalization they have learned.
In this regard, the knowledge distillation approach is utilized where the cumbersome model is compressed into the simple model, which is more feasible to
set up in the end devices [11]. In the knowledge distillation technique [9], one
model teaches another model through its learned knowledge. This supervision
is done through prediction, where the learning model mimics the prediction of
the teacher model. The learning model, therefore, uses two gradients, i.e., the
gradient of itself and gradient of the teacher model, and for this reason, it can
produce better results. Romero et al. [22] showed that the intermediate layer
of the teacher model gives useful information to the student model during the
training. Liu et al. [14] improved the performance of the single model using
knowledge distillation from an ensemble of different deep neural networks. Tang
et al. [26] showed performance gain by distilling knowledge from a single machine
translation model to train the multilingual translation model. Zhang et al. [32]
demonstrated an increase in performance when different student models were
trained mutually and teach each other through knowledge distillation. Sun et
al. [24] showed performance gain using knowledge distillation approach in which
the intermediate layers of the teacher model were used to train the task specific
student model.
This research also proposes the distillation knowledge approach to enhance
the performance of the deep learning models for BioNER task. Therefore, the
purpose of this research is to increase the performance of the model instead
of compression. The multi-task model is used to perform knowledge distillation
for the single task model using its logits. In other words, single task model
matches the true labels as well as the logits of the multi-task model during its
training. Logits are the inputs to the softmax output layer [9] which carries
more information and its value ranges from [−∞, +∞]. This helps the single
task model to not only learn from the true labels but also optimize logits for
multi-task model.
The rest of the paper is organized as follows. Section 2 gives an introduction of the knowledge distillation approach which is followed by our proposed
methodology in Section 3. The experimental setup is described in Section 4
whereas results are discussed in Section 5. Finally, the research is concluded in
Section 6.

2

Knowledge Distillation

In transfer learning, the learned representation from source domain is utilized
in another related domain. In contrast, the objective of knowledge distillation
is to train a model with the knowledge learned by another model. The idea of
the knowledge distillation is to train a simple (student) model on the knowledge
learned by the complex (teacher) model. More specifically, the knowledge distillation approach addresses how to transfer the generalization of one model, usually
a complex model (teacher), to another model, usually a simple model (student).
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The complex models or ensemble approaches usually produce better results than
the simple single-task model, but it is computationally expensive to train them.
The knowledge distillation approach helps the simple model (student) to produce better results than the stand alone single model and the ensemble models.
This way student model can be trained on fewer training examples since it will
also consume the knowledge learned by the teacher model during training. The
idea is that the complex model has already been generalized on the data during
its training. This helps the student model to achieve or nearly achieve the generalization of the teacher model. The student model not only learns through the
gradient of itself but also though the gradient of another knowledge.
Transferring knowledge from a teacher model is usually done in the shape of
the probabilities predicted by the teacher model. The objective of any learning
model is to predict the correct class for the input example and assign a high
probability to that class whereas allocating small probability values to the rest
of the classes. Associating the probabilities to the rest of the incorrect classes is
not performed randomly. These side probabilities also carry information which
depicts how a specific model has generalized the classes presented in the dataset.
For instance, there is very little chance of miss-classifying a motorbike image
into a car image but the probability would still be higher for miss-classifying it
into the truck image. The softmax activation function outputs the probability
distribution of the possible classes for the specific instance. The sum of these
softmax probability distributions sums to 1.
These softmax probabilities give more information compared to the one-hot
“hard labels”. For instance, the softmax probabilities, [0.7, 0.2, 0.1], show ranking of the classes. Such information cannot be examined in the hard labels e.g, [1,
0, 0] where we cannot extract any such information. The posterior probabilities
can pass an extra useful signal to the student model during its training. However,
training the student model to match these probabilities could not be so much
useful as the student model can only pay more attention to the highest probability value. To overcome this barrier, it is better to soften these final softmax
output probabilities through normalizing them [9]. The normalized probabilities
represents soft labels which provides some knowledge distillation to the student
model [29]. The student model then pay attention to other values as well along
with the highest probable class. Hinton et al. proposed a term temperature, T ,
to soften the posterior probabilities [9]. Keeping T = 1 makes it standard softmax function as represented in equation 1. The large value of T more softens the
softmax output and enhances the non-target class output probability [19]. On
the downside, it also reduces the probability value of the target class. Therefore,
it is vital to choose the right value for the temperature parameter.

exp(zi /T )
Softmax(zi ) = P
j exp(zj /T )
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(1)

3

Our Approach

Figure 1 introduces our proposed knowledge distillation approach. The teacher
model is a multi-task model (MTM) with the word and character input of the
sentences. We use bidirectional LSTM (BiLSTM) to process the sequence in
both directions [21]. The upper layers, shown in black round rectangle, of the
MTM are shared among all the datasets. The bottom layers, shown in red round
rectangle, are dataset specific whereas Softmax is used for output labelling. In
multi-task learning (MTL) approach shared layers help one task to be learned
better with the help of another task. Training jointly on related tasks helps
the multi-task model to learn common features among different tasks by using
shared layers [2]. The task-specific layers learn features that are more related to
the current task. Training related tasks together helps the model to optimize the
value of the parameters. The joint learning also lowers the chances to embrace
overfitting for any specific task [15]. Therefore, we assume that the student model
will also have lower changes to encounter overfitting with the help of knowledge
distillation from the MTM. The purpose of our word is to transfer the token
level knowledge distillation, therefore, we use softmax function at the output
layer. The token level knowledge distillation is not possible with conditional
random field (CRF) as it predicts the labels of the whole sequence. The CRF
based model labels the sequence globally considering the association between
neighboring labels. This limits the distilling knowledge from the teacher models
[30].
An alternative training approach was adopted for MTM training phase. Let
us suppose we have D1 , D2 , ..., Dt training sets, related to the T1 , T2 , ..., Tt tasks
respectively. During the training phase, a training set Di is selected randomly
and both shared layers and the ones specific to the corresponding task Ti are
activated. Every task has its own optimizer so during training only the one
specific to the task Ti is activated and the loss function related to it is optimized.
The student model is in fact a counterpart single task model (STM) of the
MTM. Therefore, the structures of both models are same. In this research we
perform knowledge distillation using the teacher (MTM)logits, zt , which is input
to the softmax layer [28]. The logits carry the values that can range [−∞, +∞]
and therefore, carries more dark information. During the training, student model
considers the hard labels as well as the logits (zt ) of the teacher model (MTM).
We also have not normalized the logits that means temperature, T = 1. We
examine losses for both predictions i.e., the loss of the hard labels matching and
the loss of the logits matching. The hard targets matching loss, which involves
one-hot labels, can be referred as student loss whereas the distillation loss considers the logits loss. The loss function of our student model model is depicted in
equation 2. The distillation loss tries to minimize mean-squared-error between
the student logits, zs , and teacher logits, zt , as depicted in equation 2. The x
represents the input, W represents student model’s parameters, H is the crossentropy loss whereas y is the true hard labels and σ is the softmax function. The
logits of student and teacher models are represented as zs , zt respectively. The
coefficients, α and β, specify the balance between student loss and distillation
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Fig. 1. Proposed Knowledge Distillation Approach (colored circles show embedding)

loss whereas β = 1 − α.
L(x; W ) = α ∗ H(y, σ(zs , zt )) + β ∗ M SE(zs , zt )

4

(2)

Experiments

As a first approach, the MTM model, shown in the right side of Figure 1, is
trained separately. This MTM is then used to distill the knowledge to the student
model. We perform knowledge distillation from MTM using two approaches.
In the first approach, we perform simple knowledge distillation as shown in
Figure 1 where MTM’s logits are used to train the student model. In the second
approach, we use logits from ensemble of MTMs to train the student model.
The MTMs used in the ensemble approach have the same architecture, but they
are initialized with different seed values which result in different predictions.
Although, the structure of all MTMs are same but this gives us five different
predictions due to the different seed values. We take the average of the logits
from these MTMs, which is then used to train our student model. Furthermore,
the F1-score presented in the later section is also based on the average of five
runs with different seed values. In the rest of this article, MTM and teacher
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MTM will be used interchangeably as the logits of the MTM are used to train
the student models.
We perform experiments for different values of α i.e.,[0, 0.5, 1]. The hyperparameter tuning is not done for α, instead the values are selected in a simple
straight forward way. If α = 0 then the student model learns with only distillation loss i.e., β ∗ M SE(zs , zt ), which tries to match logits of the student
model and teacher model. Similarly, with α = 0.5, both student loss and distillation loss are considered equally. In last, α = 1, only allows student model
to consider the student loss, α ∗ H(y, σ(zs ; zt )). Furthermore, words are represented with pre-trained domain-specific word embedding. More specifically, we
utilize the WikiPubMed-PMC word embedding which is trained on a large set of
the PubMedCentral(PMC) articles and PubMed abstracts as well as on English
Wikipedia articles [7]. On the other hand, character embedding is initialized
randomly which is further processed by BiLSTM. In this paper, we perform
experiments on the 15 datasets which are also used by Crichton et al. [6] and
Wang et al. [31]. The bio-entities in these datasets are Chemical, Species, Cell,
Gene/Protein, Cell Component, and Disease3 . The description of these entities
can be found in [16]. Each dataset contains separate training, development, and
test sets. We follow the same experimental setup adopted by Wang et al.4 , which
uses both train and development set data for training the model.

5

Results and Discussion

The F1-score comparison of our student model with different α values is shown
in Table 1. The MTM is the teacher model as mentioned in the earlier section
as well. This MTM is used for distilling knowledge to the student model via
its logits. The best results are shown in the bold font while second best score
is represented with the Italic style. It can be noticed that our student model
has outperformed the MTM approach, except for BioNLP13CG and most of the
protein datasets (BioNLP11EPI, BioNLP11ID, BioNLP13GE, and Ex-PTM).
We speculate that as BioNLP11EPI, BioNLP11ID, and Ex-PTM are the corpora created for BioNLP 2011 shared task corpus, they might carry similar
characteristics. Therefore, we observe a performance decrease for all these three
datasets. In particular, the entity mentions in BioNLP11EPI and Ex-PTM were
automatically annotated using BANNER named entity tagger [12] which was
trained on the GENETAG corpus [27]. We anticipate that the wrong entity classification might have propagated in both datasets due to the annotation from
the same named entity tagger. On the other hand, BioNLP13CG contains 16 different classes and some of them have very few examples present in the dataset.
These classes represent cancer genetics (CG) and are more correlated with each
other. Therefore, our student model might not be able to differentiate among
these classes.
3

4

The datasets can be found at https://github.com/cambridgeltl/MTLBioinformatics-2016
https://github.com/yuzhimanhua/Multi-BioNER
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Student model, with α = 0, has shown a performance gain for 6 datasets
compared to the MTM (teacher). The student model, trained with α = 0.5,
achieves an increase in performance for 9 and 8 datasets compared to the MTM
and student (α = 0) model, respectively. Similarly, student model (α = 1)
improves results for 11 datasets against MTM whereas it yields best performance
for 10 and 11 datasets compared to the student with (α = 0) and (α = 0.5),
respectively.
We further analyse the performance of the student models considering the
STM which is also depicted in Table 1. It can be noticed that our student
model has outperformed many datasets, except BC4CHEMD and CRAFT. We
analyzed the performance of our teacher model (MTM) for BC4CHEMD and
CRAFT datasets, and found a performance drop upto F1-score of 3% for these
two datasets compared to STM. Therefore, we assume that teacher MTM model
could not able to perform much knowledge distillation for these two datasets.
The student model (α = 0) obtained best performance for 13 datasets compared
to the STM. Likewise, student (α = 0.5) obtained a performance gain for 12
datasets whereas student (α = 1) attains performance for 13 datasets compared
to STM.
We also use the second approach to train our student model where logits
from an ensemble of MTMs is used to train the student model. Instead of using
the teacher model with a different architecture, we use the same MTM teacher
model but these teacher models are initialized with different seed values. For
this reason, all the 5 teacher models produce different predictions. We average
their logits and train each single student model on such logits.
Table 2 represents the results comparison of our second approach. We can
notice the remarkable improvement in results for the student models using ensemble approach. We notice that for two protein datasets (BioNLP13GE and
Ex-PTM), our student models are unable to show an increase in results compared to the teacher (MTM). However, the student models are able to show a
performance gain for other protein datasets; for which our previous approach of
student model does not show increase in performance. We observed that the student model with distillation loss (α = 0) shows performance gain for 11 datasets
against teacher model (MTM). Similarly, considering both the losses (α = 0.5)
i.e., student loss and distillation loss, the student model is able to leverage the
results for 13 and 6 datasets compared to teacher model and student model
(α − 0), respectively. On the other hand, student model trained with only student loss (α = 1) achieves performance gain for 13 datasets compared to the
teacher model (MTM). Whereas, it is able to enhance the results for 6 datasets
compared to both student models with α = 0 and α = 0.5. Comparing the results
with STM, we can notice that all the student models have shown performance
gain for all 15 datasets compared to STM. We see our student models, trained
with the logits from ensemble of MTMs, produce better results. This is because
ensemble predictions are more accurate than a single prediction, and therefore
our student models perform better with the ensemble approach.
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Datasets

MTM

STM

AnatEM
BC2GM
BC4CHEMD
BC5CDR
BioNLP09
BioNLP11EPI
BioNLP11ID
BioNLP13CG
BioNLP13GE
BioNLP13PC
CRAFT
ExPTM
JNLPBA
linnaeus
NCBI

86.78
79.68
86.80
87.49
88.40
84.56
87.26
83.83
80.06
88.17
81.96
80.69
70.40
88.32
84.50

86.53
81.07
90.24
88.09
87.37
82.58
85.58
82.11
75.38
87.26
84.27
73.06
70.86
87.88
83.98

Student
α=0
87.56
81.25
89.45
88.33
88.70
84.45
86.98
83.27
77.64
88.05
83.98
76.11
72.14
88.49
84.88

Student
α = 0.5
87.55
81.04
89.50
88.30
88.82
84.44
86.77
83.39
78.08
88.09
83.98
76.39
72.20
88.58
84.72

Student
α=1
87.63
81.29
89.58
88.32
88.74
84.56
86.91
83.35
77.84
88.22
83.81
76.71
72.02
88.91
84.67

Average
83.93
83.08
84.08
84.12
84.17
Average Variance
0.17
0.27
0.15
0.21
0.24
Table 1. Results comparison of the proposed student models. The Average represents
the average F1-score of all datasets. The Average Variance represents the average
variance of all datasets.

We also compare our results with state-of-the-art models. Table 3 compares
the results of our proposed student model with Wang et al. [31] and Crichton
et al. [6] models. We use their published results instead of regenerating them.
Wang et al. and Crichton et al. have used the MTL approach and used the
same 15 datasets to train their MTM. Our MTM structure resembles with the
proposed model of Wang et al. but we use a task specific BiLSTM layer, and we
use Softmax instead of CRF. In the given table, we can notice that our proposed
approach shows substantial increase in F1-score compare to the model proposed
by Crichton et al., while model proposed by Wang et al. shows performance gain
for 5 datasets. The student model, α = 1, shows the best results against the
benchmark results. The comparison of our second approach of student models,
trained with ensemble of MTMs, is depicted in Table 4. We see that our second
approach again outperformed against Crichton et al., while shows absolute gain
for most of the datasets compared to the Wang et al. except for BioNLP13GE
and Ex-PTM.
We also performed a statistical analysis of our results using the Friedman
test [34], shown in Figure 2. We are interested to see if the difference in the
results among different models is statistically significant or not. We observe that
the student models trained with single teacher logits (our first approach) do
not produce statistically significant results with respect to the teacher model.
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Datasets

MTM

STM

AnatEM
BC2GM
BC4CHEMD
BC5CDR
BioNLP09
BioNLP11EPI
BioNLP11ID
BioNLP13CG
BioNLP13GE
BioNLP13PC
CRAFT
ExPTM
JNLPBA
linnaeus
NCBI

86.78
79.68
86.80
87.49
88.40
84.56
87.26
83.83
80.06
88.17
81.96
80.69
70.40
88.32
84.50

86.53
81.07
90.24
88.09
87.37
82.58
85.58
82.11
75.38
87.26
84.27
73.06
70.86
87.88
83.98

StudentF
α=0
87.97
81.96
90.48
88.76
89.05
84.73
87.05
83.80
78.61
88.72
85.15
76.93
72.51
89.44
86.12

StudentF
α = 0.5
87.97
81.78
90.47
88.68
89.12
84.72
87.52
83.88
78.60
88.76
84.89
77.17
72.54
89.05
85.70

StudentF
α=1
88.04
81.89
90.45
88.71
89.08
84.89
87.37
84.00
78.60
88.52
84.89
77.33
72.50
88.84
85.66

Average
83.93
83.08
84.75
84.72
84.72
Average Variance
0.17
0.27
0.09
0.21
0.11
Table 2. Results comparison of proposed student models. The Average represents the
average F1-score of all datasets. The Average Variance represents the average variance
of all datasets.(F The student model trained with ensemble of MTMs.)

This is understandable as the student model is unable to show performance
gain for most of the datasets against the teacher model (Table 1). However,
the results produced by that student model (our first approach) are statistically
significant, considering the results of STM. On the other hand, results of our
second approach of student model (trained with an ensemble of MTMs’ logits),
represented as Ens MTM, are statistically significant compared to both teacher
(MTM) and STM. We also see that our student models’ approaches, with and
without ensemble approach, produce results statistically significant with each
other. We also see that the student models trained without ensemble of MTM’s
logits are not significantly different among themselves. The same behavior can
be noticed for our second approach of student models trained with ensemble
MTM’s logits.
In Figure 3, the models are shown according to their best statistical ranks,
decreasing from left to right. The arrows show that a difference in results between models is statistically significant with p < 0.001. The group of student
models trained with an ensemble of MTMs, shown in black dashed rectangle, are
statistically better than the rest of the other models. In particular, the student
model (St Ens α = 0) is statistically better than those of the other models. This
shows that our second approach learns much better with only distillation loss.
We also consider our first group of student training (trained without ensemble
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Datasets
AnatEM
BC2GM
BC4CHEMD
BC5CDR
BioNLP09
BioNLP11EPI
BioNLP11ID
BioNLP13CG
BioNLP13GE
BioNLP13PC
CRAFT
ExPTM
JNLPBA
linnaeus
NCBI

Wang
et al. [31]
86.04
78.86
88.83
88.14
88.08
83.18
83.26
82.48
79.87
88.46
82.89
80.19
72.21
88.88
85.54

Crichton
et al. [6]
82.21
73.17
83.02
83.90
84.20
78.86
81.73
78.90
78.58
81.92
79.56
74.90
70.09
84.04
80.37

Student
α=0
87.56
81.25
89.45
88.33
88.70
84.45
86.98
83.27
77.64
88.05
83.98
76.11
72.14
88.49
84.88

Student
α = 0.5
87.55
81.04
89.50
88.30
88.82
84.44
86.77
83.39
78.08
88.09
83.98
76.39
72.20
88.58
84.72

Student
α=1
87.63
81.29
89.58
88.32
88.74
84.56
86.91
83.35
77.84
88.22
83.81
76.71
72.02
88.91
84.67

Average
83.79
79.70
84.08
84.12
84.17
Average Variance
—
—
0.15
0.21
0.24
Table 3. Results comparison of proposed student models with state-of-the-art results

Fig. 2. Posthoc Pairwise Analysis with Conover Friedman Test

approach), as shown in the blue dashed rectangle. We find the student model
(St α = 1), trained with student loss, is statistically better than the rest of the
models shown on its right.
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Datasets
AnatEM
BC2GM
BC4CHEMD
BC5CDR
BioNLP09
BioNLP11EPI
BioNLP11ID
BioNLP13CG
BioNLP13GE
BioNLP13PC
CRAFT
ExPTM
JNLPBA
linnaeus
NCBI

Wang
et al. [31]
86.04
78.86
88.83
88.14
88.08
83.18
83.26
82.48
79.87
88.46
82.89
80.19
72.21
88.88
85.54

Crichton
et al. [6]
82.21
73.17
83.02
83.90
84.20
78.86
81.73
78.90
78.58
81.92
79.56
74.90
70.09
84.04
80.37

StudentF
α=0
87.97
81.96
90.48
88.76
89.05
84.73
87.05
83.80
78.61
88.72
85.15
76.93
72.51
89.44
86.12

StudentF
α = 0.5
87.97
81.78
90.47
88.68
89.12
84.72
87.52
83.88
78.60
88.76
84.89
77.17
72.54
89.05
85.70

StudentF
α=1
88.04
81.89
90.45
88.71
89.08
84.89
87.37
84.00
78.60
88.52
84.89
77.33
72.50
88.84
85.66

Average
83.79
79.70
84.75
84.72
84.72
Average Variance
—
—
0.09
0.21
0.11
Table 4. Results comparison of proposed student models with state-of-the-art
results(F The student model trained with ensemble of MTMs.)

Fig. 3. Statistical Comparison of Our Models. The arrows show that models are statistically significant to another model with p < 0.001. St Ens represents Student model
trained with ensemble of MTMs.

6

Conclusions

In this research, we introduced knowledge distillation to increase the performance of the BioNER task. We use MTM as our teacher model because of the
advantages MTM has over STM. We further use ensemble MTMs in our proposed knowledge distillation approach. The knowledge distillation is done by
using MTM’s logits. By analyzing the F1-score and statistical test, we found our
approach better than teacher MTM and STM. We found that using the ensemble of MTMs as a teacher model is more beneficial than using a single MTM. In
future work, we will use the probability distributions of the softmax prediction
152

for student models. Furthermore, different teacher models’ architecture will also
be used in an ensemble approach to supervising the student model.
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