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Abstract

By now, it is widely known that pre-trained Neural Language Models (NLM) and Large Language Models (LLM)
possess remarkable capabilities and they are able to solve many Natural Language Processing Tasks. However,
not as much is understood regarding how Transformer-based models acquire this ability during their complex
training process. In this context, an interesting line of work surfaced in the last few years: the study of the
so-called learning trajectories. Several studies tested the knowledge acquired by a model not only when it was
fully trained, but also in its checkpoints, i.e. intermediate versions of the model at different stages during its
training. Nonetheless, most of these works focused on simple tasks, often analysing single grammatical aspects
(such as part-of-speech tags, transitive verbs, etc.) without a proper comparison with more complex tasks and
with semantics-based aspects. In this paper, we consider two additional tasks to study the learning trajectory of
NLMs and to compare different aspects. The first one consists on classifying a sentence as correct or wrong, from
the grammatical point of view, from a novel dataset which can contain several types of errors. The second one is
a totally semantic-based task revolving understanding whether a sentence is funny or not. In our experimental
evaluation, we compare the learning trajectories on these two tasks with three simpler grammatical aspects.
Thus, we highlight the most important similarities and divergences in terms of how these types of knowledge are
learned by three GPT-NeoX models. Moreover, we analyse the behaviour of each layers of the models considered,
verifying whether there are significant differences among them.
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1. Introduction

With the rise of the Transformer architecture [2] and the release of the first Large Language Models
(LLMs), the race to create the biggest, the most powerful and the most accurate LLM began. New
generative capabilities, such as few-shot learning, have been explored and new state-of-the-art results
have been obtained in many NLP tasks [3].

Currently, we can use a countless variety of models, spanning from the smallest ones, which can
efficiently and swiftly tackle basic tasks [4], to the larger models that can handle multiple intricate tasks
with excellent performance. However, our comprehension of the language understanding mechanisms
behind these models, assuming that they understand [5], is limited, as well as the mechanisms behind
their predictions. In recent years, different research has started to focus on the interpretability of Neural
Language Models (NLMs) [6] from different angles: by analyzing self-attention weights to find relations
among words [7], by determining whether NLMs have acquired specific world knowledge [8], or by
investigating their linguistic capabilities [9].

A widely widespread approach for evaluating the capabilities of a NLM is through one or more
probing tasks, i.e. training a simple classifier to verify if a particular language property is contained in
the embedded representation of words and sentences calculated by the model [10, 11]. This technique
obtains good results and valuable insights, showing how NLMs possess knowledge related to syntax and
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grammar [9], temporal relations [12], and more semantic related aspects like the presence of metaphors
[13].

However, one flaw of these works is that they mostly take into account single aspects of the language
(such as syntactic correctness, parts of speech, etc.) or specific models, such as BERT [14], without
creating a proper comparison between different tasks or models. Moreover, most of these studies
evaluated the performance of probing tasks simply in terms of accuracy, a technique that has been
demonstrated to have some shortcomings [15, 16]. Moreover, it would be quite interesting not only to
understand the capabilities of a fully-trained NLM (as it has been done by the aforementioned works),
but also to investigate how these capabilities are achieved and how these concepts are acquired by a
NLM during their training procedure.

In this work, we put to the test and compare different size NLMs and their capabilities across five
different language properties, ranging from grammar, (with classical tasks involving transitive verbs,
passive forms and concordance among verbs and nouns) to semantics, such as asking the model to
detect simple humorous sentences. Moreover, we introduce a task into which the probe consists on
classifying a sentence as correct or wrong, from the grammatical point of view, from a novel dataset
which “mixes” several types of grammatical errors.

To evaluate the performance of NLMs in these tasks, we implement the state-of-the-art Minimum
Description Length (MDL) method [17]. Another important aspect of our work is that we are interested
in when and how a property is learned by a model. Following a relatively new way of analyzing NLMs
[18, 19, 20], we decided to evaluate the so-called learning trajectories of the models, by studying their
performance (using our probing tasks) across their training. In order to do that, we execute our probing
tasks in different checkpoints (i.e. points during training), acquiring information regarding how quickly
a property is learned, when it reaches its best performance, and how it evolves across time. Finally,
we are interested in “where” these language properties are encoded by NLMs. Therefore, we perform
an in-depth analysis of the learning trajectories of different layers, evaluating their similarities and
differences.

The remainder of the paper is organized as follows. In Section 2, we describe the related work; in
Section 3 we present our probing tasks and the datasets we exploited; in Section 4 we explain the
methodology we followed; in Section 5 we show the experimental results obtained and finally, we draw
the conclusions and possible future works.

2. Related Work

The explanation of how Neural Language Models work and their knowledge has been the subject of
many works, following different points of view and methodologies [21, 22]. First, several white-box
approaches studied the self-attention weights of the model’s heads analysing whether they encode
meaningful relationships among words [7]. This line of work includes visualization techniques [23],
clustering [24] and categorization [25, 26]. Second, an interesting analysis has been conducted on
whether these models learned specific world knowledge in subjects like history, geography, etc. [8],
introducing benchmarks [27] and standard tests [28]. However, one of the most important lines of work
focused on syntactic and grammatical capabilities using probing tasks [11].

A probe is a small feed-forward neural network that receives in input the embedded word (or
sentence) representations, generated by a NLM, and it is trained to solve a specific supervised task [29]
such, for instance, whether a sentence contains a specific grammatical error or not. Probing has been
exploited to study different forms of syntactic properties [9, 30], whether the NLMs encode some forms
of dependency parsing [31] and temporal relations [12]. An interesting work more concerned with
semantic-based aspects is the one in [13], which focuses on how metaphors are recognised by several
pre-trained Neural Language Models across different datasets and languages. Another interesting
application is presented in [32, 33], into which the authors exploit probing tasks in order to visualize
gender bias in BERT word representations.

Although in most studies probing tasks have been only applied to fully trained NLMs [9, 12, 30],



another line of work exploited them in order to understand how and when such models acquire these
capabilities in their training process. More specifically, Saphra and Lopez [18] analysed a LSTM-based
language model and discovered that several syntactic features (such as parts of speech) are learned in
the first stages of the training, whereas learning most complex aspects (such as topic-related knowledge)
need more training steps. The work in [19] obtained similar results for the AIBERT model [34]. They also
performed a comparison among the learning processes of grammar and basic semantics (in particular,
coreference and semantic role labeling) and reported that they are very similar. In fact, these types of
knowledge are learned quite early in the training and they do not improve after the first steps. Focusing
on factual knowledge and common sense, the work in [20] analysed RoBERTa in terms of its learning
trajectories and found that this type of information is learned more in depth as the training progresses.

In this paper, we perform a similar analysis. However, we compare simple grammar tasks with a
more refined grammar test, which combines several types of possible errors, and with a semantic-only
case study which is understanding whether a sentence contains some humorous content.

3. Case Studies and Datasets

The case studies approached in this work regard syntax, grammar and a purely semantic task. More
specifically, we created five different tasks, called Causative, Coordinate structures, Passive, Mix and
Humor and we collected the respective datasets. Apart from the last one, our datasets were taken and
adapted from the BLiMP benchmark [35]. Please note that the Mix dataset includes four different types
of grammar concepts assembled in a single task. In the Table 1 we show a positive and negative sentence
for each task we considered.

In the following, we explain more in-depth each task and the respective dataset.

Causative dataset This dataset is made by sentences that may contain syntactic errors in terms of
verb-object concordance. In particular, some verbs may be intransitive and therefore their use associated
with an object complement leads to a syntactic error. This dataset consists of 2000 sentences and the
labels are equally distributed (1000 correct and 1000 wrong).

Coordinate structures dataset This dataset is made by sentences that may contain structure errors,
undermining the coherence of the sentence. Although the sentence structure comprehends several

Task
Causative

Positive
Chad slows the cart.
What paintings has Melissa looked

Negative
Chad disappears the cart.
What has Melissa looked like

Coordinate Structures

like and Erin revealed?

paintings and Erin revealed?

Deborah isn’t disturbed by this

Deborah isn’t laughed by this

Passi . .
assive hospital. hospital.
. Winston Churchill boycotts these Winston Churchill boycotts these
Determiners-noun . -
public parks. public park.
A report about the Impressionists A report about the Impressionists
Verbs-noun
Mi confuses Stacey. confuse Stacey.
ix
. That mouse hasn’t distracted a That mouse haven’t distracted a
Irregular plural subject-verb . .
patient. patient.
Regular plural subject-verb  That teacher tours the hills. That teacher tour the hills.
Humor Is it OK to use my AM radio after Britain could use sanctions to
noon? pressure Maldives government.
Table 1

Examples of the sentences contained in each dataset. For the first four tasks, the column Positive contains the
correct sentences and the column Negative contains the wrong ones. For Mix, we show the four different type of
errors contained in the dataset, with a positive and negative example each. The mistaken word is marked in
bold. For the Humor task, the Positive column refers to the humorous sentence, whereas the Negative refers to
the not humorous one.



components, all sentences in this data contain at most one error. This dataset contains 4000 sentences,
equally distributed between correct and wrong,.

Passive dataset This dataset is made by sentences that may contain an error related to the use of
verbs in their (possibly not existent) passive form, leading to compatibility errors between verb and
subject. Therefore, the goal of the Passive task is to identify whether a verb supports or not the passive
form. This dataset contains 4000 sentences with the labels equally distributed.

Mix dataset This dataset has been made specifically for this paper and combines four different
types of grammatical errors together, taken from the BLIMP benchmark [35]. Specifically, we consider
(i) sentences that may contain errors in the use of determiners paired with nouns (determiners-noun
agreement); (ii) sentences into which the verbs may not agree with nouns (verbs-noun agreement); (iii)
sentence into which verbs that may not agree with subjects with irregular plurals (irregular plural
subject-verb agreement); (iv) sentence which may contain errors in the agreement between subjects
and verbs with regular plurals (regular plural subject-verb agreement). The goal of this dataset is to
test the capability of a NLM to simply identify whether a sentence contains a grammatical error in
general, without a strong regularity among the positive and negative examples provided to the probe.
Therefore, the overall task should be more challenging. This dataset has been built with 4000 instances,
with equally distributed labels. The error types are sampled randomly.

Humor dataset This datasets consists of sentences that contain simple forms of humor (such as
puns and jokes), and sentences that were taken from titles of newspaper articles of extracted from
Wikipedia and therefore with no humorous content. This task is purely semantic, and all sentences
are grammatically and syntactically correct. This dataset is taken from a from a Kaggle competition of
humor detection and contains 4000 sentences.! The labels are equally distributed between humorous
or not.

4. Methodology

In this section, we describe the overall procedure we employed to calculate and analyse the learning
trajectories of NLMs for the considered tasks.

4.1. Structuring and Evaluating the Probing Tasks

Each of our probe consists of a feed-forward neural network which has the goal to learn, starting from
the embedded representations provided by a pre-trained NLM, one of the tasks described in Section
3. All tasks we considered are binary, i.e. they have only two classes. For the grammatical ones (Mix
dataset included), we assign label 1 to the correct sentences and 0 to the wrong ones. Similarly, for the
Humor task we assign label 1 to those sentences which contain some forms of humor and 0 to those
which do not.

The probing is designed as follows. Considering a task, its dataset and a NLM, the probe receives
in input the V-dimensional embedded representation of a sentence s and has to correctly classify s.
The embedded representation of s is calculated by averaging all embedding vectors for each token of
the sentence, following the procedure in [36]. For each task, we exploited the same neural network
structure. In particular, we used two hidden layers with % neurons (using ReLu as activation function)
and two output neurons with softmax activation function.

Given that a probe is basically a neural network classifier, its performance could evaluated in terms
of accuracy. A high accuracy, considering that the input are just the embedding vector provided by
the pre-trained NLM, should mean that those representation correctly encodes information regarding
the task we analysed. However, studies such as [15, 16] demonstrated that accuracy is not a feasible

'https://www.kaggle.com/competitions/humor-detection/data



metric for these analyses. In fact, the authors of [15] show how probe classifiers achieve very high
performance, if trained with high quantities of examples, even using totally random data in input. This
is due to the strong capability of the neural network to find some patterns even in random data. For
the same reason, perturbating the labels for creating meaningless control task lead to good results
with probes trained with an adequate number of examples [16]. In both cases, a significant decrease
in performance over these random control tasks can be seen only by training the probes with small
datasets.

In order to solve these evaluation issues, Voita and Titov [17] introduced MDL (Minimum Description
Length), a method based on information theory for measuring knowledge and capabilities of NLM
through probing tasks. The authors of [17] demonstrated that MDL is very robust with respect to
control tasks, random seeds, datasets and probe characteristics. The main idea behind MDL is measuring
both the performance of the probe network but also its effort, in terms of the quantity of data necessary
to obtain such a performance.

Inspired by the work by Aghazadeh et al. [13], we used the online coding version of MDL which
works as follows. Instead of training a probe just once using the entire training set, first the method
divides the training set into M portions of increasing size. Next, M — 1 neural networks (all with the
same hyperparameters, and all starting from the same weights initiated randomly) are trained, each
one with a different portion. The first is trained with the first portion, the second with the second
portion (which includes also the instances of the first one), and so on. The evaluation is conducted in
terms of cross-entropy over a validation set, which basically consists of the “new instances” from the
next portion. Therefore, a neural network trained on the i-th portion is evaluated by calculating the
cross-entropy over the instances in the next portion excluding the ones used for training. Following
[17], the portions consist of the 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.25, 12.5, 25, 50, and 100 % of the data.

This process is evaluated in terms of a metric called codelength, which intuitively can be seen as the
sum of all the cross-entropy obtained during the process. More formally, it is defined as:

M-1
codelength = |My| - loga(K) + Z (CE;)
=0

into which | M| is the size of the first portion, K is the number of classes of the probing task, and CE;
is the cross-entropy calculated over the next portion instances.

Given that the codelength metric depends on the size of the training set, in [17] the authors propose
another, more general, metric called compression, which is defined as:

L -logs(K)

compression = ——————=
b codelength

into which L is the size of the training set. Since in our experiments K = 2, we can finally define the

compression metric as:
L

|Mo| + M (CE;)

In Section 5, almost all the results we obtained will be shown and explained in terms of this metric.

compression =

4.2. Trajectory and Layer Analysis

The probing task technique described above is often used only on a fully trained NLM to test its
capabilities [9, 12, 30]. However, we extend this analysis and we aim to gain insight into how each
language property is acquired by the NLMs, we implemented this probing approach at different stages
of the model’s training [19, 20]. By examining different training steps of the model, it is possible to
trace its learning trajectory over a particular aspect, such as the tasks we described in Section 3.
Therefore, in our analysis, we perform the probing task on all the models’ checkpoints. A checkpoint
is an intermediate version of the model saved at a particular time during the training process. Although



many strategies to save a checkpoint can be adopted (such as saving every time a fixed amount of time
has passed, every epoch, etc.) the checkpoints we consider are saved after the model has processed a
specific number of tokens. More information regarding this aspect is provided in Section 5. Probing over
the different checkpoints do not require particular expedients. In fact, it consists of training the probing
tasks repeatedly over each checkpoint and evaluating its performance in terms of compression. By
measuring how this metric changes over the checkpoints, it is possible to obtain the learning trajectory
for that particular task.

Another fundamental aspect we consider in our study is analysing probing tasks in different parts
of the NLM architecture and, in particular, among its layers. Thus, not only we execute and evaluate
probing task considering all model’s checkpoints, but also to the different layers of each checkpoint. In
order to do that, we simply repeat the procedure explained above changing the probe input: for testing
the last layer, we provide to the probe the embedded representation calculated by the last layer of the
architecture, for testing the penultimate layer we provide the one calculated by the penultimate, etc.
Therefore, considering a NLM with L layers and from which J checkpoints were saved, we execute the
probing task J x L times. This way, we obtain the learning trajectory for a specific task for each layer.

5. Experimental Results

The experimental evaluation we conducted considers three GPT-NeoX models belonging to the Pythia
benchmark suite [37]. Pythia is a collection of publicly released model of various sizes based on the
GPTNeoX architecture [38]. All the models are trained over the same dataset (The Pile [39]) for almost
300B tokens. For each model, Pythia provides 154 checkpoints. The checkpoints are saved after O (i.e.
with the model weights initialized randomly), 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1000 training steps and,
after the 1000th step, every subsequent 1000 steps. For all three models, each step consists on training
the model with 2M additional tokens. From this collection we consider the models with 700, 160M
and 410M parameters. These models have a different number of layers, in fact they have respectively
6, 12 and 24 layers each.

For our layer analysis, we did not consider the 700/ model due to the low number of layers of
this model. Taking 1600/ and 410, in order to conduct a clearer and more meaningful comparison
between two models with a different number of layers, we decided to group the layers by zones based
on their order in the GPT stack. More specifically, starting from the layers closer to the input, we select
three groups:

- Bottom Layers which consist of the first third of the layers (e.g., the first 4 layers for the 12
layers model), excluding the embedding layer;

« the Middle Layers, which consist of the middle third (e.g., from layer 5 to 7 included for the 12
layers model);

« the Top Layers, which consist of the last third, excluding the last one which we treat and visualise
separately (e.g., from layer 8 to 11 for the 12 layers model).

As explained in Section 4.1, all the experiments reported in this section are in terms of the compression
metric calculated by the MDL method [17]. This choice is not only coherent with the literature [15, 16]
but it also helps understanding learning trajectories and differences among layers. In fact, accuracy may
not show significant changes across different configurations. For instance, considering the 160/ model
and the Coordinate structures task in their final checkpoint, the layers have all a very high accuracy
(97.55 on average, with a standard deviation of 0.02) but a compression that ranges from 2.1 to 10.
Similarly, accuracy can reach very high values even in the very early stages of the trainin. Considering
the same model for the Coordinate structures task, after 512 steps the probe trained on the last layer
obtains an accuracy of 95.25. However, at the same step the compression is quite low (3.77), indicating
that the concept is not totally contained in the representation.
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Figure 1: Comparison of the learning trajectories (in terms of compression) of the last layer of the
GPT-NeoX models with 70M, 160M and 410M. Each line represents a different task (Humor in blue,
Coordinate Structures in orange, Passive in green, Causative in red and Mix in purple).

5.1. Learning Trajectories and Task Comparison

The learning trajectories of the GPT-NeoX models, considering their last layer, for all the five probing
tasks we considered are available in Figure 1. As expected, 4100 is the best performing model, with
higher compression with respect to 1600/ and 700/, which is the smallest and worst performing model.

Comparing the different tasks we analysed, the highest values of compression are generally obtained
by the Humor task. For 701/, there is in fact a highly notable difference across all the learning trajectory
(a maximum of 7.5 for Humor versus 4.8 for Coordinate structures, 4.4 for Passive, 2.9 for Causative
and 1.5 for Mix). Considering 160, the performance obtained for Humor are very similar to those
obtained for Coordinate structures and Passive until the last part of the training process. The Causative
task has intermediate results in all the models we considered, reaching a maximum value of 4.4 of the
compression for 4100/. This is probably due to its smaller dataset, which has only 2000 instances with
respect to the 4000 instances of the other tasks.

The Mix task exhibits a completely different behaviour. In fact, it obtains very low values in all the
models, not even reaching a value of 2 of compression for the most powerful model (410M/), whereas
Causative exceeds 4 and the other tasks can even exceed 7. Moreover, the learning trajectory is basically
flat, showing no visible improvement during the learning process. This is probably due to the complexity
of the dataset. In fact, the Mix task is composed by four different simple tasks and all models struggle
to identify the sentence that contains an error, without focusing on a single aspect and not knowing
exactly which the error is. For all the learning trajectories, we can see that most of the knowledge
is acquired in the very early stage of the training (before the threshold of 41 B tokens), without no
noteworthy improvement afterwards.

In Figure 1, looking at the trajectories of the 700/ and 1601/ models we can see that, at some point
(about 150-180B tokens), the performance of all tasks except Mix decreases significantly. A possible
explanation of this phenomenon is that, after extensive training, the last layer mostly focuses on Masked
Language Modeling task which is typically used for training the NLM. Therefore, the layer probably
“forgets” relevant linguistic information. Although this phenomenon has previously been observed
in [21, 40], a more in-depth analysis of this aspect is required. In particular, it is important to note
that the 410/ model does not show performance decay in none of the tasks analyzed and instead the
learning trajectories are mostly stable. We speculate that this may be due to its size (nearly 2.5 times the
parameters of the 160/ model) and a better management of the knowledge among his levels. However,
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Figure 2: Learning trajectory (in terms of compression) for our considered tasks of the GPT-NeoX
model with 160M parameters. The first subfigure refers to the first 4 layers (Bottom Layers), the second
subfigure refers to the subsequent 3 layers (Middle Layers), the third one refers to the subsequent 4 (Top
Layers). Each line represents the median result of the considered layers, across our five different tasks.

we cannot exclude that other tasks may have a performance decay or that continuing its lead would
lead to a similar decrease in terms of compression.

5.2. Layer Comparison

The next experiment we conducted regards the study of the learning trajectory considering different
layers of the NLMs. As for the previous experiments, we considered the same five probing tasks.

The results are available in Figure 2. For brevity’s sake, we report only the results obtained for the
160M model but similar observations could be done for 70M and 410M. As explained in Section 4.2,
we divided the 12 layers of the model in three groups: Bottom (on the left), which refers to the lowest
4 layers of the architecture, Middle (in the center), which refers to the subsequent 3 layers and Top (on
the right), which refers to the highest 4 layers, excluding the last one. In Figure 2 we report the median
compression of the three groups across all the considered tasks.

Generally, the best results are obtained by the Middle layers, with just two exceptions: the Causative
task, which has a slightly highest compression considering the Top layers, and the Mix task which,
again, obtains very poor results with no notable differences among the three groups. The Top layers,
however, obtain definitely better compression with respect to the Bottom ones, especially for Coordinate
structures and Passive (with values ranging from 7 to 9 for Top and ranging mostly from 3 to 4 for
Bottom). Instead, Humor reaches very high values of compressions in all three cases.

A more detailed look of the Passive and Humor tasks is given in Figure 3 for both the 160M and
410M models. We did not include 70M in this analysis due to its low number of layers, which limits
the significance of this analysis. In particular, the plots show the performance of the Bottom (in blue),
Middle (in orange) and Top (in green) layers and the last layer of the model. Besides representing the
median value of each group layers (the line at the center of each area), we represent also the area
between the 1st and 3rd quartile of the compression distribution obtained by the layers. This way, we
show the variability of the performance among the different layers in each group.

In Figure 3, we can see that the 160}/ model has a low variability for all the layer groups, and
especially for Top and Middle considering the Humor task. The highest variability can be seen for
the Bottom layers in the Passive task. Instead, 410M presents a higher variability especially for the
Bottom layers. Specifically, the Passive area for the Bottom layers ranges approximately from 2.5 to 7.



160M Passive 410M Passive

15 15
—— Bottom Layers
13 Middle Layers 13
—— Top Layers
111 — Last Layer 11
9 9
7 7
5 5
3 3
1 1
0B 41B 104B 167B 230B 293B 0B 41B 104B 167B 230B 293B
160M Humor 410M Humor
15 15
13 13
11 11
9 9
7 7
5 5
3 3
1 1
0B 41B 104B 167B 230B 293B 0B 41B 104B 167B 230B 293B

Figure 3: Analysis of the behaviour of the layers and of the Bottom, Middle and Top Layers for the
Passive and Humor task, considering the 160\ and 410M models. Each area represents the area
between the 1st quartile and 3rd quartile of the compression obtained by the layers, the line in the area
represents the median.

The lowest results are obtained by the first layer and the highest are obtained by layer 7. Nonetheless,
it is important to point out that despite a higher number of layers, with respect to 160/, the Top
layers of 410 performs very well in the Humor task with a very high compressions and a very slow
variability. This indicates that basically all layers encode very efficiently and very similarly this type of
knowledge. Analysing the trajectories, we can observe a slight decay of performance for the Passive
task, considering Middle and Top layers, and for Humor considering only the Top layers. These decays
are not present in 160M/. The last layer (in red in Figure 3) presents the same behaviour we observed in
Figure 1 and described in Section 5.1, with a very evident decrease of performance after about 1675
tokens for the 160/ model.

6. Conclusion and Future Work

We have investigated and compared the learning trajectories for three GPT-NeoX models of different
size considering different probing tasks: three specific grammar tasks (Causative, Coordinate structures
and Passive), a generic grammatical correctness task (Mix) and a purely semantic one (Humor).

Our evaluation, conducted in terms of compression exploiting the MDL method, shows that the
considered models acquire knowledge both related to grammar and related to a specific aspect of
semantics, with very high performance for Coordinate structures, Passive and Humor. However, the Mix
task shows a very low compression which denotes a limited capability of a NLM to discern whether a
sentence is correct or not in general and without focusing on a single, specific aspect. The learning
trajectories we analysed showed that most of this knowledge is acquired early and, for the most part, the
compression is stable or (only for the last layer) even decreasing. The performance decay phenomenon
is probably due to the specialisation of the last layer in the Masked Language Modeling task for which



it is trained [21, 40].

Moreover, we have analysed the different layers of the considered models grouping them in three
groups: the Bottom layers (the third closest to the input), the Middle layers and the Top ones. Generally,
the best results are obtained by the Middle layers, whereas the Bottom layers provide the worst results,
especially for the grammar tasks.

As future work, we want to explore the performance decrease of the last layer with more tasks and
verifying possible explanations. Moreover, this analysis requires the access to open source model which
provide the embedded representations of words and sentences. An important development would be to
devise similar procedures to analyse closed source models.
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