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Abstract — The objective of the paper is to identify predictive
models in stock market prediction focusing on a scenario of the
emerging markets. An exploratory analysis and conceptual
modelling based on the extant literature during 1933 to 2020 have
been used in the study. The databases of Web of Science, Scopus,
and JSTOR ensure the reliability of the literature. Bibliometrics
and scientometric techniques have been applied to the retrieved
articles to create a conceptual framework by mapping interlinks
and limitations in past studies. Focus of research is hybrid models
that integrate big data, social media, and real-time streaming data.
Key finding is that actual phenomena affecting stock market
sectors are diverse and, hence, limited in generalization. The
future research must focus on models empirically validated within
the emerging markets. Such an approach will offer an insight to
analysts and researchers, policymakers or regulators.

Keywords — Bibliometrics, emerging markets, stock market
prediction, systematic review.

I. INTRODUCTION

Research in the field of stock market goes back to the early
1930s. Apart from concrete theories, most studies have
contributed to merging and sub-diverging of academic
disciplines and varied findings. The earliest real stock market
recorded in human history was Amsterdam stock exchange in
1602. Securities or shares/stocks that are comprised of different
companies or firms can be grouped and tracked under a
common notion called a stock index. Before the turn of the 21st
century, this very definition has paved the way to different
notions with the rise of electronic financial markets [1]. It is
human psychology that investors and other stakeholders in this
market wish to get profit regardless of actual economies
involved in the transaction environment. From the perspective
of academic disciplines of Statistics and Finance, researchers
started looking into how the stock market behaves or prices can
be predicted [2]. Three key theories have been developed from
the earliest studies: random walk hypothesis (RWH), efficient
market hypothesis (EMH), and noisy market hypothesis. In the
current study, some major contributions are as follows.

1. The research growth of stock market prediction models

documented from 1933 to 2020 are extracted from Web
of Science and Scopus.
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2. The authors analyse the major factors, such as most
productive and influential researchers, highly cited
journals.

3. Detailed synthesis of top papers on the basis of the total
citations received till date from both databases.

4. The visualization of the highly influential works and
inter-referencing in this field are displayed using citation
data.

5. In addition to bibliometric methods, theoretical
implications are discussed from the influential papers on
the practice of emerging markets to provide the areas for
future studies.

Bibliometrics or scientometric analysis is the research field
to analyse current trends in the literature of a specific research
field and delivers procedures and impetuses for future research.
Earlier, [3] have provided precise explanation of a bibliometric
study. Similarly, one study by [4] has given the motivation to
work in this area. Rest of the paper is organised as follows.
Section 2 provides a review of literature. Section 3 introduces
the research methodology. The framework is proposed in
Section 4. Finally, conclusions are drawn in Section 5.

II. LITERATURE REVIEW

In the current study, two research questions are addressed.
Research Question 1: Which are major predictive models for
stock market prediction in emerging markets? This leads to the
investigative question IQ1: Why is there a dearth of research in
stock market forecasting models focused on sector/industrial
categories in emerging markets? Research Question 2: What are
emerging research themes of stock index forecasting in this
scenario? The investigative question is IQ2: How can different
theoretical frameworks of prediction models be validated in the
Indian context?

In effort to answer these questions, a systematic but not
exhaustive review is first carried out. Only scientific
manuscripts are considered in the literature review. Any tertiary
sources or industry reports etc. are not considered. Then Indian
context works are compared on the basis of methodological
variations, findings and contributions towards an overall
research theme, and field of interest. Beginning with the
theoretical perspectives, a random walk hypothesis (RWH)
proposes that changes in stock prices have the same distribution
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and are independent of each other; therefore, past movement or
trend of a stock price or market cannot be used to predict its
future movement [5]. As a Nobel winning work, an efficient
market hypothesis (EMH) is consistent with the random walk
theory, which states that asset prices fully reflect all available
information in the market. A direct implication is that it is
impossible to “beat the market” on a risk-adjusted basis since
market prices should only react to new information. There are
three variants such as ‘weak’, ‘semi-strong’ and ‘strong’
denoting a varying degree of this effect. “Noise” as a financial

concept affecting information was theorised by [5] and further
it was developed into a coherent framework in the market
environment by [6]. It contrasted the efficient-market
hypothesis claiming that prices of securities were not always the
best estimate of the true underlying value of firm. The study
found that prices could be influenced by speculators and
momentum traders, or insiders and institutions that often
participated in market for reasons that were distinct to normal
trade conditions.

Prediction based models

/
Random Walk Theorv (Paunl Coomer, 1964)

ra

Statisfical forecasting (Cowles, 1933) —

Noisy Market Theory (Fischer Black, 1986) | | |
) J\

ANN for prediction with Fundamental < | |'

and Technical analysis (Lam, 2004) H o\

Market performance via social media: Case ‘..--'/

of banking industry crisis (Jiang ef al, 2014) \ f

4 -

_— Technical analysis using computer (Hansen, J, 1956) |

_‘ Pattern Recognition for stock forecasting (Felsen, 1975)

¥
Efficient Market Hypothesis (Engene Fama, 1969)

’:.

¥

' Computational algorithms, statistical inference (Lo ef al, 2000) '

Neural networks and statistical techniques
(Paliwal and Kumar, 2009)

L 3

Machine learning: an econometric approach
(Mullainathan and Speiss, 2017)

¥

) Need for the study i P!

Fig. 1. Literature map (created by the authors).

Figure 1 depicts the mapping of the selected research
literature from 1933 to 2019 along with theoretical mapping to
studies. The interest in prediction models arose after 2000 and
they were widely used in various areas such as business and
accounting, finance, managerial applications, and operations
research etc. In the case of stock market prediction, there is a
lack of universal consensus as to which methods to adopt.
Previously, studies shown recommending both parametric and
non-parametric models for forecasting purposes.

Considering stock market as a dynamic system [7], there is a
retrospection need of prediction as posed by [8], who expressed
scepticism over relying on modelling in qualitative sense solely.
The question of modelling with regard to quantification was
proposed. Earlier, econometric theories were rigorous in
mathematical formulation and widely used by analysts and
stakeholders.

[2] quantified the financial services of stock investment
prediction during 1929 to 1932 and statistically found that they

were worse than an average of common stocks annually. These
results indicated that most of them were by chance rather than
skilfully exhibited by analysts. With the development of digital
computers and technologies, researchers started looking for
applying them in practical problems. [9] mentioned the benefits
of using computer in the stock market analysis from the
perspective of technical analysis. The system was developed for
the New York stock brokerage firm. Findings concluded that
the categories of task should be done by an analyst; segregating
of technical and fundamental indicator variables and
complexities involved was assumed during the computation
steps. The study suggested the type of analysis required on past
history to determine validity, checking of other current theories
of market analysis. In the later period, a technical analysis as a
branch of active investment plan and research gained after [10]
gave foundational ideas involved in the process.

During this period, investment management slowly began to
evolve as an interdisciplinary field consisting of financial
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analysts, engineers and industry professionals. For ex: [11] by
using a decision model elaborated five theories intended for an
investment analysis that could be applied to stock selection and
market forecasting tasks. On the basis of experimental
techniques using New York composite index datasets from
1970, it supported an earlier finding that an investment analysis
required the processing of complex information patterns. Also,
that the investment policy had to reflect a number of
fundamental, psychological, technical, and other factors. Even
at this stage, statistical methods retained their importance and
were the primary evidence in suggestions.

A study [12] briefly reviewed the statistical classification
methods of stock analysis and stated that efficient market
theories tended to deny the possibility of a detailed analysis.
Application of logit, probit, and tobit techniques for involving
qualitative dependent variables was of importance.

Major issue of earlier studies was the elimination of vital
fragment from population when choosing a priori groups for an
analysis. From financial research literature, [13] gave an insight
into the fundamental analysis and its roots that helps in
investment decision making.

[14] in a seminal study solely surveyed a technical analysis,
various smoothing techniques such as nonparametric kernel
regression. They inferred an approach incorporating the essence
of technical analysis to identify regularities in the time series of
prices by extracting nonlinear patterns from noisy data. Daily
returns of individual NYSE/AMEX and NASDAQ stocks from
1962 to 1996 were used along with bootstrapping and Monte
Carlo simulation procedures. They concluded that a technical
analysis could add value to the investment process.

[15] tested an experimented nonparametric model, such as
ANN incorporating both technical and fundamental factors.
The predictor attributes included 16 financial statement
variables and 11 macroeconomic variables. Data of 364 S&P
companies during the period of 1985-1999 were used. Results
supported the ability of a neural network to significantly
outperform the minimum benchmark based on a highly
diversified investment strategy. Intuitively, financial statement
variables and macroeconomic variables together cannot
produce significantly higher returns than an average index and
such integration better suits during economic recession.

[16] stated that neural network models were preferable when
the relationship between variables was not known or was
complex. Weakness of neural networks was a lack of
interpretability of weights during the model building process.
In this respect, a statistical model clearly stands out as it allows
for the interpretation of coefficients of the variables. They
opined that combining the features of both techniques enhanced
overall prediction/ classification performance.

[17] conducted the innovative study that effectively deployed
an experimental setup with methods to use social media data for
stock modelling. They focused on a specific stock market, such
as banking. Using methods such as an authorship analysis, topic
analysis and sentiment analysis on social media, they developed
a stock prediction regression model for the Bank of America.
They found that a crisis affected social media discussion topics

and that different stakeholder groups/topics had distinct effects
on market predictions.

[18] explained caveats and importance of prediction in
estimation and policy modelling avenues. According to them,
machine learning can also be used to build a benchmark for
revisiting and testing well-known theories. The study also
revealed that systematic variation captured in R’ as a model
fitness measure could not provide adequate answers to
particular phenomena of interest.

III. RESEARCH METHODOLOGY

A. Strategy for Research

The Scopus database and Web of Science were used to
extract the relevant manuscripts. Few articles were retrieved
from the JSTOR in case of older publications according to the
topic. The keyword used to retrieve results was “Stock market
index prediction”. From the results obtained, the document type
“Journal” was selected to filter such articles. Under this method,
exploration of corpus of literature included 545 articles,
grouped in 15 clusters using association strength of similarity
and the total number of reference links was 16881. Figure 2
shows the bibliographic coupling visualization from Scopus
data using VOSviewer. The blue colour dots indicate older
research articles and yellow dots show more recent ones. The
analysis technique follows the method by [19].

Finally, the most top 10 influential articles as per Google
scholar metrics until Nov 2020 are:

i.  [20] Paper on Support vector model. 1628 citations.

ii. [21] Study on effects of liberalization and emerging

markets. 1640 citations (Interdisciplinary).

iii. [22] Empirical study on Istanbul market prediction. 637

citations.

iv. [23] Compared neural networks. 567 citations.

v. [24] Brought difference in classification and estimation

models. 454 citations.

vi. [25] Designed optimization for back propagation

improving generalizations. 426 citations.

vii. [26] Tested adaptive fuzzy system for Istanbul market.

391 citations.

viii. [27] Case study using a genetic algorithm for decision

support. 367 citations.

ix. [28] Fuzzy rule system. 355 citations.

X. [29] Used a hybrid model. 340 citations.

As shown in Fig. 3, the journal Expert Systems with
Applications had most articles that also had a high impact
factor. It was followed by Physica A Statistical mechanics and
its Applications journals not having articles prior of 2000. The
overall trend shows a spike in 2009 due to the effect of global
recession and renewed scholarly interest continuing to 2015.

There is a clear opportunity for Indian/emerging markets to
test with innovative ideas, stimulate thought and practice to
advance the field. Figure 4 shows density visualization.
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Fig. 4. Density visualization (source: Scopus).

Density visualization uses association strength, i.e. the
similarity s; between two items i and j is calculated as follows:

Cii
Si' = .
" ww

(1)

Here in Eq. (1), ¢; denotes the number of co-occurrences of
items 7 and j and w; and w; denote either the total number of
occurrences of items i and j or the total number of co-
occurrences of items [19]. Here, the yellow nodes are high

B. Systematic Review of Articles

Table I explains top 3 articles thoroughly. Interestingly, [30]
a major survey work did not find a single Indian empirical
study. It may be noted that many influential articles found in the
Web of Science also appear in Scopus results. Hence, they were
omitted to avoid repetition while conducting review process.
Findings support efficacy of neural network models over
statistical methods though constant model updating is needed.

impact papers, blue are citing works.

TABLE I
HIGHLY CITED RESEARCH WORKS
Author/ I . . R
study Objective/s Methodology adopted Sampling/ Variables Findings
[20] To forecast the direction of daily | Support vector machine with Sample of 2928 trading
change in the Korean composite Gaussian radial basis function. day’s data from January | gym performs better than CBR at 5 %
stock price index (KOSPI). Experiments with artificial neural 1989 to December1998 | statistical significance and has more
networks (ANN) using back (10 years). generalizability.
propagation for case-based 12 technical indicators.
reasoning (CBR).
[22] Predicting the direction of the Two models using ANN and SVM | Daily closing price
movement in the daily Istanbul (support vector machines). from 2 January 1997 to | Average performance of ANN model
Stock Exchange (ISE) National 31 December 2007. (75.74 %) is significantly better than
100 Index. Application of 10 SVM model (71.52 %).
technical indicators
derived from data.
[23] To compare performance of Multilayer perceptron (MLP), Daily stock exchange
ANN models in forecasting time | dynamic architecture for ANN, rates of NASDAQ from | (lagsical ANN model MLP
series used in market values. GARCH-MLP models, EGARCH- | 7 October 2008 to outperforms DAN2 and GARCH-MLP
Autoregressive Conditional MLP Models. 26 June 2009. with a little difference. Longer periods
Heteroscedastigity (ARCH) Model performance is measured over 17-day forecasting are hard by a
model, Generalized ARCH . using mean square error (MSE) & First 146 days are used simple technical analysis (only using
(GARCH) model, Exponential mean absolute deviation (MAD). for training and cross- previous index values or variables
GARCH (EGARCH) model and validation and last 36 derived). Needs fundamental analysis
Dynamic Architecture for ANNs used for testing. (index with global, national economic,
(DAN2) are used. market & ratio analysis etc.).
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Fig. 5. Subject classification of papers (source: Web of Science).

It is seen here that with the results found: 347, Sum of the
Times Cited: 8078 and Average Citations per Item: 23.28.
Figure 5 shows a Tree Map of academic research on stock
market prediction. Bigger boxes show a higher number of
articles. The leader is computer science and artificial
intelligence (AI) with 227 papers. 16 papers are in statistics and
probability area (Web of Science classification).

There is an increased interdisciplinary research work found
in both databases. Further analysis is performed with
Bibliometrics method like [19]. Number of articles for
Bibliometrics coupling: 10, number of links: 23 and total link
strength: 96. Research conducted focused on neuro-fuzzy
systems [31] also in the forecasting models [32].

C. Overview of Indian Perspective Works

In Table II, influential works are described. Since this
approach used a broader term of scope, Web of Science and
Scopus databases were again researched with the keyword
“stock market index prediction”. This narrowed down the
articles that focused on particular index/demography rather than
the whole market. Filtering to “India” was used in the field
country for the Indian context. The retrieved articles were 3 in
Scopus and 1 in Web of Science. One published study was
common in both.

TABLE II
INDIAN PERSPECTIVE STUDIES
S1. Authors Objectives Methods / Research Findings Limitations & Theory directions
no theme
1 [33] Predicting the direction of | Machine learning. Performance of all prediction Macro-economic variables such as
movement in stock price models improve when technical currency exchange rates, inflation,
index for Indian markets. parameters are represented as government policies, interest rates etc. yet
trend deterministic data. to be used. Adaptive market hypothesis
may be used in model performance
metrics.
2 [34] Five methods combined to | Using BSRCTB Data mining methods show that Can be correct 50 % of the time

predict day’s closing price. | (Combinatorial designing a user interface for significantly, but the algorithm still gives

Typical Price (TP), Technique) of prediction model is feasible. error consecutively. The algorithm

Bollinger Bands, Relative methods. generated both an increase and a decrease

Strength Index (RSI), CMI in predictions, but the results were not

and Moving Average consistent.

(MA). Since it does not work across spectrum of
stocks, the behavioural investment theory
can be tested in future works.

3 [35] Predict the volatility of Artificial neural Error increases in the validation Retraining of the prediction model

Bombay stock exchange. networks. period of model. Chances of over- | suggested in every 6 months needs to

parameterization. incorporate structural changes within a
specific market. Statistical learning theory.
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D. Keyword Analysis

Following this method, Fig. 6 shows the visualization of
keywords in research manuscripts. The keyword dataset was
retrieved from the articles in Scopus (only Indian). Total of 147
articles were included in the analysis. The dataset had a total of
1222 keywords (comprised both author and index keywords).
Minimum occurrences of keyword were fixed as 5. Therefore,
72 keywords met the threshold.
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Fig. 6. Keyword analysis (source: VOSViewer).

Here, the yellow colour indicates the keyword in newer
publications. Trend is in shift to financial markets, electronic
trading, machine learning and artificial intelligence, multilayer
perceptron, extreme learning machine, random forests,
evolutionary algorithms etc. These models implement learning
systems, sentiment analysis methods for predictions.

IV. THE PROPOSED FRAMEWORK

Independent factors Dependent variable
Financial or i * > Stock market
i i sector
Economic j P
| 1
Mediating/Moderating effect ! e

#
/

Fig. 7. Conceptual framework for future work (developed by the authors).

Figure 7 shows the proposed framework for evolving future
research works. Here, instead of treating social factors as
independent construct, studies must assume parameters that
have a mediator effect while assuming a broader scale of stock
prediction models of particular markets. Considering the lack
of empirical studies in this area, such an approach provides new

implications for policy makers and industry practitioners as
well. According to this framework, three hypothesized relations
need to be subject to an empirical validation. Appendix I and 11
list the studies categorised based on factors surveyed with
regard to research propositions.

Proposition 1 (P;): The financial or economic factors have a
significant and positive impact on the specific sector/industry
of stock exchange of emerging market. Even though this
relationship is heavily researched, there are lots of unanswered
questions. A lot of intricacies and complexities for
understanding such include regional differences, local
economic factors propagated in media or news [36].

Proposition 2 (P,): The social factors have a moderating or
mediating effect on the relationship between financial
conditions to a particular sector/industry in stock exchange of a
country. This proposition holds much value in terms of bringing
changes in the market landscape. It can be attributed due to the
advent of technology, smartphone penetration or big data and
social media influence [37]. It has been proven in earlier
research with regard to social media platforms and their impact
on stock market [38]-[40].

Proposition 3 (P3): The stock market fluctuations in a specific
industry have an observable impact on the social fabric. Very
less research has been conducted in this dimension. Social
factors may also be manifested in terms of technological
progress [41] and corporate social responsibility (CSR) [42].
These propositions put forth a call for empirical work towards
testing them as hypotheses in varied contexts. For example, the
impact of disclosure by companies facilitates information
aggregation and market reaction [43]. Method such as partial
least squares (PLS) is also feasible [44]. Additionally, a data
envelopment analysis (DEA) can aid in efficiency and
performance estimation for investment decision making [45].

V. CONCLUSION

After the comparative analysis of foreign and Indian context,
few inferences have been found critical. Subsequently, pitfalls
of research in past Indian studies have been summarised. Social
media, big data sources have not been used in most of
framework studies, at least in major Indian works. Additionally,
investor sentiment and group dynamics have been the primary
factor of stock market outcomes that require more empirical
Indian studies [46], [47]. The usage of hybrid models being
rarely experimented gives mixed results, so they hold potential
in the scenario of emerging markets [48]-[50] that consider the
security aspects as well [51].

Using the aforementioned models, both quantitative and
qualitative factors can be incorporated in model building and
prediction purposes [52], [53]. Economic and policy
implications of stock market models specific to sectors are
rarely explored yet they can be developed. It is of interest and
optimism that future researchers will combine the existing
tools, big data sources and state-of-the-art methodology to
provide solutions to analysts, policy makers & regulators.
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