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Short summary

The thesis under review centers on the utilization of machine learning and deep learning techniques
for forecasting the returns of small-cap stock indices. Specifically, the study examines the efficacy of
Random Forest and LSTM models across several regional indices, encompassing the Russell 2000,
FTSE Smallcap, Nifty Smallcap 100, S&P/AXS Small Ordinaries, and B3 Smallcap Index. The primary
aim is to shed light on the potential advantages associated with the application of machine learning
methodologies in analyzing small-cap stock indices while discerning which modeling approach exhibits
superior performance.

The primary performance metric employed in this investigation is R-squared, which is claimed to be
the widely-used gauge for evaluating the effectiveness of predictive models. The the author concludes
that the LSTM model outperforms the Random Forest model across all indices; notably, that the FTSE
Smallcap index stands out with a robust R-squared of 61.1%, signifying its strong predictive
capabilities. Furthermore, the study implies that further refinements may be possible by tailoring
optimization strategies to each specific index or by integrating additional, albeit less readily accessible,
features into the analytical framework.

On page 27, the author claims that ,in order to achieve better models for each index it would

require more time and better computational resources that could get to the

outcome faster.” In this review | will try to explain justification for my decision to recommend giving him
more time to rewrite the thesis and to deliver those improved results.

Contribution

The author of the manuscript claims (on page 2) that the main contribution is ,a performace
comparison of Random forest and LSTM models on approximately 19 years of daily indices‘ data
using mainly technical indicators to forecast the excess returns as well as presenting how well the
models perform on small-cap indices from the USA, UK, India, Brazil and Australia.”

| disagree with meeting this goal. First of all, | am pretty convinced that the author does not fully
understand the methodology (see my critique in section Methods of this review) and just blindly uses
existing codes of machine learning techniques, which sounds fancy. Furthermore, | am conviced that
the author does not correctly understand the output of his calculations and in some cases reports
seemingly nonsensical numerical outputs and compares things which, in my opinion, cannot be
properly compared, at least not in the sense presented in the text (again, see section Methods below).
| came to this conclusion in light of numerous factual mistakes present in the manuscript in description
of the methods and their historical background, emphasized by inadequate use of literature (see my
critique in section Literature).

Methods

The author provides reasonable motivation for his project, although, | have to stress out already in this
first sentense of this section, that | do not consider Random forests and LSTM (Long Short-Term
memory) as concepts appropriate for students on the Bachelor’s level of studies, as there is a high risk
that even in the period of 12 months of intense work, the students may not grasp those concepts
correctly. | understand that with easy access to large libraries of codes, data sets and numerical
experiments (e.g. on Github) and generative Al tools effectively assisting with advaced coding, it may
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seem that advanced computational techniques are readily available also for unskilled students.
However, this thesis seems to be an example where it can go rather wrong.

Next, | provide some examples of factual mistakes in the presented material, namely in Section 3.

In section 3.1.1 the author claims that ,the Gini index measures ,how uncertain are we that an event
will actually occur“* and that we should aim at maximizing Gini index. Both claims are wrong. In fact,
the index measures the impurity or disorder of a dataset based on the distribution of class labels (or
target values) within it and in Random forests, the Gini index is used to evaluate and split data points
at each node of individual decision trees, which are later combined to form a Random forest
ensemble. By minimizing the Gini Index, one effectively creates subsets that are more homogeneous
with respect to the target variable, which leads to better decision trees and Random forest models.
That is, by selecting splits we aim at minimizing Gini impurity.

In section 3.1.2 the author claims that one should use Classification and Regression Tree (CART)
algorithm. However, he does not comment on the fact that there are multiple other alternative methods
which could be used for the same taks, e.g. ID3, C4.5, Gradient Boosting Trees, XGBoost, CHAID or
others. Also, the presented description of CART is rather non-informative and unskilled used would not
understand the basic features of the algorithm (this applies to numerous other occasions in the
manuscript).

Further, despite claiming that the focus of the thesis in on regression trees rather than classification
trees, MSE presented expression (3.1) is used only in regression trees while the described technique
for predicting targets in a decision tree (last paragraph of section 3.1.2) is true only for classification
trees, not regression trees. Also, the author does not explain what the input variables in (3.1), the
Liraining examples indexes” (in this gramatically wrong notation) are. It is not clear from the context
either. The use of unexplained (and inconsistent) notation is very frequent throughout the manuscript.

In section 3.1.5 the author includes some hyperparameters and provides a sketchy description,
however, | do not understand why he chose those particular three only, when there are potentially
many other hyperparameters to consider, e.g. thresholds (binary classification), number of trees, batch
size etc.

Section 3.2.1 about historical development of LSTMs is illogically outside Section 2 on Literature
review, and completely ommits early development on neural networks, namely that the concept goes
back to 1942/43 and the joint work of Warren McCulloch and Walter Pitts, who were the first to
propose a mathematical model of an articifial neuron. The author of this thesis also ommits to mention
Marvin Minsky and Dean Edmunds who designed the first artifical neural network in 1951. None of
these are included in the list of references and they very well deserve to be there.

In the text of section 3.2.6, subsection L2 regularization, the author refers to the particular
regularization as 12 regularization. This shows lack of knowledge between the general difference
between L2 and 12 in mathematics. Although in the literature on artificial neural networks some authors
use both terms to refer to the same specific regularization technique, it should be properly denoted as
L2 regularization nevertheless. Again, this does not makes me hopeful that the student possesses a
proper insight into this type of advanced methods.

In section 3.3.2, the author claims that Russell 2000 index was introduced in January 1984. This is a
lie. In 1984, only Russell 1000 was introduced. Russell 2000 was introduced not sooner than in 1985
and Russell 3000 in 1987. In fact, discussing the indices studied in the thesis, | do not understand the
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logic behind selecting those specific regions and indices for study in this thesis. It seems that many
economically important regions are omitted.

In section 3.4, the author uses the terms ,features® and ,indicators“ as a synonym for a model variable.
| find that rather confusing. Analogous to indices, neither in section 3.4 the author explains why he
selected those particular seven methods of data transformation. Furthermore, he does not provide any
reference to source literature for the reader to learn more about the presented techniques. Formula for
moving averages (3.4.1) is incomplete as the author does not explain what to do when i is strictly
lower than n. For EMA, the author does not provide the starting point for the recursive procedure, i.e.
he does not state how to establish EMA(n) with index 1; without that the reader cannot use the
presented formula. The MACD presented is in fact a only special type of MACD called fast line MACD.
There are other types besides the presented one. It is rather pitty that the author does not provide a
reference to Bollinger bands (section 3.4.6), because interestingly, although developed in the first part
of 1980s, John Bollinger published his results only in his 2001 one book with a funny title ,Bollinger on
Bollinger Bands®, nevermind that.

In section 3.5, the author claims that the min-max scaler ,performed better than others®, though he
does not say in what sense nor with respect to which other concepts. Also, refering to 2011 paper for
min-max scaler seems wrong. It was surely introduced earlier than that.

In section 3.6, the author claims that ,the risk-free rates are also included as a predictor in our model*.
| did not understand neither why is that nor which specific model the auther refers to.

In section 3.7, the author presents R-squared, although he completely ommits to say that this is meant
to be predictive out-of-sample R-squared. That is mentioned only in Chapter 5 Conclusion. MSE is
mentioned only in the last sentence of section 3.7, although | do not really understand how is that
helpful for comparing the performance of various models, cf Section 4. Perhaps this could be
discussed during the defense.

The fact that the author tries to compare qualitatively various models on various data sets/indices is
the most mind puzzling element of this thesis. | simply do not understand what it is helpful for.
Furthermore, tables in Section 4 quite frequently report negative values for R-squared. | found no
comment on this in the text. Despite occasionally refering to values which are not in those tables (e.g.
in section Russell 2000 | just cannot see that on the first line of Table 4.1 the minimum value is 10%,
sorry), Table 4.3 includes a very curious value of R-squared of -809.7 %. Is the author convinced that
negative values for R-squared are possible? Can R-squared go below -1? Curious indeed, and it
should be discussed.

Finally, in section 4.3 Final comparison, the author finalized my decision not to recommend this thesis
to be graded with a pass, by claiming that ,“for Russell, the predictions are 116.6% times better with
the LSTM model while the value of the metrics rose from 36.1% to 42.1%". | am conviced that
graduates of IES FSV UK should not be capable of such claims.

Literature

The literature review in Section 2 is too brief and clearly does not aspire to cover the topic discussed in
the thesis. Itis disappointing that the author did not include reference to the first paper which applied
machine learning in finance. Although there are occasional sections of the text which expand on the
literature review, the use of the literature sources is completely inadequate. Previously, | established
that the author ommits multiple key references. Already in the introdution to Section 3, the author
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claims multiple facts without providing references to original sources. | consider that to be a serious
negative practice which our students should learn to avoid (before submitting the thesis).

In fact, the author presents his own results, provides summary and goes immediately to conclusion
without any attempt to provide comparison of results from related works, either those works which use
different methods to study prediction models on the same indices, or those works which use the same
methods on different indices.

Moreover, the list of Bibliographical items at the end of the manuscript contains multiple shortcomings
such as inconsistent style of references, missing partial data in several items and, to my horror, it
contains a reference to nearly ten years old arXiv preprint, a preprint archive created at Cornell
University for authors in physics, mathematics, computer science and in other related fields. The
students should know to refer only to published manuscripts which went through proper reviewing
process.

Manuscript form

Athough claimed that the author used Al tools to enhance the quality of English in the manuscript,
there are numerous misprints or grammar mistakes. In this section, | would also like to express my
disgust of the author’s low standard of displaying mathematical expressions and of use of proper
LSlanted® font for mathematical notation displayed in plain text.

The displayed tables are in a rather small font to be comfortable for viewing in the printed form.

| did not count the number of characters, but the plain text seems rather close to the minimum
requirement of 25 norm pages.

Overall evaluation and suggested questions for the discussion during the defense

| tried to be as detailed as possible in selected points | chose to emphasize in order to support my
following recommendation. In my view, the thesis does not fulfill the requirements for a bachelor thesis

at IES, faculty of Social Sciences, Charles University and | suggest a grade F.

The results of the Turnitin analysis do not indicate significant text similarity with other available
sources.

For the discussion during the defense | suggest the following:

1/ Any question about the mathematical background of the presented methods in sections 3.1, 3.2 and
3.4. and explaining the proper meaning of the cencepts of 12 and L2 in mathematics.

2/ The student can provide full mathematical background to Gini index and its role in neural network
models.

3/ The student should explain detail the properties of used R-squared metric and provide rigorous
arguments for the theoretical range of its values. The student should also explain the interpretation of
reported negative values of R-squared.

4/ Additional potential questions are included in the sections above.
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EXPLANATION OF CATEGORIES AND SCALE:

CONTRIBUTION: The author presents original ideas on the topic demonstrating critical thinking and ability to
draw conclusions based on the knowledge of relevant theory and empirics. There is a distinct value added of the
thesis.

METHODS: The tools used are relevant to the research question being investigated, and adequate to the author’s
level of studies. The thesis topic is comprehensively analyzed.

LITERATURE REVIEW: The thesis demonstrates author’s full understanding and command of recent literature.
The author quotes relevant literature in a proper way.

MANUSCRIPT FORM: The thesis is well structured. The student uses appropriate language and style, including
academic format for graphs and tables. The text effectively refers to graphs and tables and disposes with a
complete bibliography.

Overall grading:

TOTAL GRADE
91 - 100 A
81-90 B
71 -80 Cc
61 -70 D
51 - 60 E
0-50 F
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