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Abstract

Aninvestment advisory is a service-oriented organisation that buys and sells shares, on behalf of
their customers. Thegoal of this studyis to identify a profit/loss pattern for four quarters in call
recommendations (Buy/Sell). However, there seems to be a very few or no effort to generate
performance indicators for investment advisors based on historical data on their investment advice.
The inherent advantage of dealing with Bayesian modelling has been attempted using the necessary
models applying adequate underlying parameter transformation. The variation in four quarters could
be achievedthrough the measure of heterogeneity and the odds ratio is used to quantify the measure
of associations between the variables of interest. To do Bayesian analysis, the complete exercise was

conducted using R and R-Stan.
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Introduction give inflation-beating returns, making them a

. . better alternative than real estate or gold.
People buy stocks to build their wealth over g

. . When it comes to investing in the stock
time. While some people assume that stocks

) . . market, many have short-term strategies.
are a high-risk investment, several studies y g

. Whil ks m incredibl latile in
have shown that holding the correct shares for lle stocks may be incredibly volatile i

. . . short bursts, buying in the correct stocks can
a long period of time (five to ten years) may ying

help traders earn quickly.
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A stockbroker is a financial market agent or
middleman who deals in securities. Their
major goal is to buy and sell stocks on behalf
of their clients. Stock brokers serve as a link
or point of contact between stock exchanges
and customers. Share brokers might work
alone or as part of a brokerage business. The
vast majority of stockbrokers work for a
brokerage firm, dealing with a wide range of
individual and institutional clients.
Stockbrokers are typically paid on a
commission basis; however, this varies
depending on the work. Brokerage firms and
broker-dealers  are  referred to as

stockbrokers.

Various research academics conducted several
studies on this issue, including behavioural
patterns of investors toward investment,
capital market, secondary market, equity
market, stock broking, and stock brokers.
According to Srinivasan and Hanssens
(2009), analysts' recommendations have
considerable influence on organisations' long-
term  performance  because  analysts'
recommendations are more compelling than
other information channels for public
investors due to their specialised reputation.
Mohanraj and Kowsalya (2017) conducted
research on investor satisfaction with stock
broker service quality in the Coimbatore

District. Hou, Zhao, and Yang (2018) explore
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the link between analyst information

connection and  earnings  forecasting
performance and build an information
transmission network based on all research
reports produced on Shanghai and Shenzhen

Stock Exchange equities from 2008 to 2016.

Kalaiselvi and Sangeetha (2018) conducted
research on the ratio analysis of chosen stock
brokerage organisations. Wang and Jiang
(2019) conducted research that suggests
financial analysts can act as an information
bridge between brand equity and a firm's
long-term performance by making expert
stock investment recommendations to public
investors. Pan and Xu (2020) investigated
whether analysts' cash flow estimates boost
the profitability of their stock
recommendations and if this positive effect

changes with business earnings quality.

There is a scarcity of study on the
performance of stock brokers and their impact
on investing decisions. The goal is to have a
good knowledge of the factors described in
the data and to develop a model to understand
the performance in every Quarter, based on
the stock broker's recommendations using a
Bayesian statistical technique. The odds ratio
was used to achieve association measures
between the variables of interest, and the
measure of heterogeneity was determined as

the significant measure of this study. The
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posterior distribution is generated using
MCMC, which is essentially leveraging
Markov chains to address multiple issues
using a common operating system. Andrieu et
al.,, (2003) go into further depth on the
development and use of various MCMC
approaches. Gelman et al(2017)STAN'’s
language stan, a probabilistic programming
language, was utilised with R to do Bayesian
analysis. All computations were performed in
R, a publicly accessible software tool
designed specifically for statistics (Chambers,
J. (2008)). Section 2 presents a representative
data set with a full explanation of the
variables; Section 3 includes the methods and
models used in the research; Section 4
presents data treatment and interpretation; and
Section 5 presents the comments and

conclusions drawn from the analysis.
Dataset Description

The data set used in this study was obtained
from a stock trading business that was granted
permission solely for academic purposes.
They are involved in making trading
recommendations based on careful study in

technical and proven models. They developed

an app, which is a superior equity market
analytics and research tool that utilises NSE
and BSE data, with analytics and visualisation
alerts. It is a piece of the mission of educating
ordinary investors on the opportunities to
generate wealth in the equity market. This is a
typical rectangular data set with 6111
observations and 23 variables from the time
period (January 2020 - December 2020).

Whenever there is an opportunity to
investigate a data set, the focus is on
identifying the variables involved in the
process and the relationships between the
variables from which the uncertainty may be
deduced. On the other hand, there is an
interest in forecasting future occurrences
related to the subject. Such an endeavour
needs a significant amount of prior
information or understanding about the
process, as well as a science to learn from
data using a suitable technology. The aim lies
in understanding the Quarterly performance
of the investment advisory across call
recommendations. The details of the variables
which are considered in this study is as

follows:

Table 1: Description of the variables involved in this study

Variable

S.No Description

Name

Nature Details
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1 Call_Status
2 Call_Result Outcome status - P or L
3 Quar

Buy / Sell status when the call is initiated Factor

Quiarter (Jan - Dec) of the transaction Factor

2 levels
Factor 2 levels

4 levels

When a call is launched, the call status is
either buy or sell, as recommended by the
advice. The accompanying figure 1 shows
that there wasa total of 3023 buy and 3088
sell calls for the year 2020.

Call Status(Buy/Sell)
YEAR-2020

3023

Call status

call_Status [ ewr [l 5o

Figure 1: Distribution of Call Status

(Buy/Sell) in Recommendations.

The outcome value of a call is the profit or
loss determined before deductions. Figure 2
shows that a total of 4180 calls resulted in
profit, and around 69 percent, with the
remaining calls resulting in loss, being

approximately 31 percent.
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Call Result(ProfitiLoss)
YEAR-2020
4180

- -
000
o
o

Call result

Cail_Resut 1 pron [ voss

Figure 2: Distribution of Call Result
(Profit/Loss).

When looking at the comparison of Call
Result and Call Status, it is clear from the
Figure 3, that profit calls are quite high in sell
call recommendations compared to Buy call
recommendations. Considering the loss status,
it is quite high in Buy call recommendations

compared to sell call recommendations.

Distribution of Call result w.r.tc Call status
Year. 2020

1017

Figure 3: Comparison of Call Status with Call

Call stalus

call_status [ suy [l =e0

Result.

Quarters signify four quarters in a year,

ranging from Q1 to QA4.Considering, the
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profit/loss outcomes across four quarters,
from Figure 4 it is clear that Profit is quite
high in the 1% Quarter and similar way the
loss too.

Distribution of Profit/Loss across four Quarters

YEAR-2020
0-

e 1432

1000-

702

500-
338 359

Profit Loss
Call result

quar [ ot oz | as

Figure 4: Distribution of Profit/Loss across

four quarters

From Figure5, it is clear that while comparing
the Buy/Sell call recommendations across
four quarters, calls are quite high in the 1°
quarter in both the call recommendations.

Distribution of Recommendations(Buy/Sell) across four Quarters
YEAR-2020
1103
1031

Call Status

Quar [ ot [l 02 1 o3 1 0

Figure 5: Distribution of Call
Recommendations (Buy/Sell) across four

Quarters.
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In the same way, it is important to consider all
the three variables by attempting to connect
all the three variables Call status, call result
and quarters. By this attempt, it would further
give us a better clarity and understand the
association between them and the most
important notion is “variability” to understand

the variation across four quarters.

Quarter-wise distribution of Call result w.r.to Call status
Group: Call Status
a4

a1 a2z a3
713

600- 500
B 400- 390 375 378
3 318

268
200-
' i 177 i
0- .
F’r‘nﬂt LD‘SS Pr‘DN LD‘SS F’r‘ﬂm LD'SS F’r‘nﬂl LD‘SS
Call result

cal_staws | euy [l sen

Figure 6: Distribution of Call status and Call

Result across four quarters.

From the Figure 6, it is clear evident to
understand the association between all the
three variables. Calls are quite high in 1% and
2" quarter. Almost, equal number of buy and
sell call recommendations in profit in the 4"
quarter. A scientific approach exists for
finishing and/or assisting the investigation
process. This might aid in measuring
variability and understanding the evolving

nature of a significant variable.
Methods and Materials

The odds ratio can be used to evaluate the

strength of the link between the variables of
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interest. It has evolved into one of the most
important  tools for comparing two
proportions. It's a straightforward 2 x 2
contigency  table  analysis  measure.
Agresti(2012) may be referenced for a better
understanding of the odds ratio and its
applications, as well as acceptance of it as a
superior summary measure in the random
effect model when comparing binomial
proportions. The odds ratio, which is
commonly employed in medical research, can
be an effective tool for detecting if categorical
forecasts and observations are connected.
Furthermore, as mentioned in Stephenson, D.
B., significance tests on the logarithm of the
odds ratio can be used to assessif the talent is
purely due to random sampling (2000).
Finley's standard set of tornado forecast is
used in this study to demonstrate the

principles.For a probability n of a success, the

odds are defined to bet = ——

(1-n
The ratio of the odds n; and n, in the two
rows,

 _  m/0-ny)
T2 n2/(1—ny)

is called the odds
ratio.

When the odds ratio is greater than one, the
subject in the first row is more likely to have
the first response than the subject in the
second row. If the odds ratio is between zero

and one, the subject in the first row is less
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likely to have the first response than the

subject in the second row.

Bayesian approaches have been used to solve
issues in a variety of domains, including
archaeology, as cited in Buck, C. E., et al
(1996). Dorfman, J. H. proposed a Bayesian
method to econometrics (1997). Pollard, W.
E.(1986) used Bayesian statistics in his
assessment studies. The goal is to demonstrate
the essential concept of the Bayesian method,
which begins by assigning priors to all
unknown parameters, then defines the
probability of the data given the parameters ,
and lastly determines the  posterior
distribution of the parameters given the data.
Gelman, A., et al, provide a detailed
explanation of the practical approach to data
analysis and issue resolution using Bayesian
approaches (2013). Gelman, A., and C. R.
Shalizi (2013) provide an essential but not
exhaustive list of materials discussing the
theory and practise of Bayesian statistics.
Another component of Bayesian method is
the need for calculations, which has witnessed
a significant increase in algorithms such as
Markov Chain Monte Carlo (MCMC) Smith,
B. J. (2007) and Denwood, M. J. (2016) might
be considered for R implementation. Stan
supports comprehensive Bayesian inference
for continuous-variable models using Markov

chain Monte Carlo techniques, as mentioned
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in Carpenter, B., et al., (2017) and Gelman,
A, etal., (2015).

Though the intent and purpose of various
strategies varies, the underlying statistical
model is the random effects model. The
random effect model is essentially a two-stage
hierarchical structure based on a normal
distribution. The majority of research,
including the most recent (Langan et al.,
2017), use normally distributed models with
proper adjustment of underlying parameters.

In Random Effect Model, if A; is an effect

size estimate of a corresponding true effect

2
i

size ©; with the within-study variance o
then we could estimate®; , i=1,2, ---k from
the sample data; let us denote these estimated
values as A; i=1,2, ---k; that is 8; = A, i=1,2,
---k. Here we estimate Odds Ratio based on
the independent binomial distribution for the

two rows.

This study includes a normal model for a log
transformed Binomial parameter. The models
are presented in a schematic way as given
below:

Scheme I:

X~ Bin (ny,064)

XZ ~ Bin (nz,ez)
Then defining, Q = logit (6;) — logit (6,)

which is log-odds ratio. For k tables, we
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define = logit (91)—2Hogit (CD))

0; = logit~1(u + /)

0, = logit™ (1 -¥/,)

Scheme II:

n~N (1, 05)

Q~ N (d, 7%

Scheme III:

d ~ N (m_d,s_d)

°~ inv-gamma (ty,T,)

All hyper parameters p,, 0§, Ty, m_d,s_d
are appropriately chosen and the choices are
presented as for Scheme 11, N (0,10%) are for
mean parameter and in Scheme I1ll, the hyper
priors in inverse gamma distribution are
retained with (3,1).

The entire exercise has been carried out in R
and R-Stan has been used to do Bayesian
analysis.

Data treatment and interpretation

The primary goal is to provide a model or a
quality indicator to stock brokers based on
their call recommendations. The stock trading
business has provided a data set for one full
year (2020). The following are the many
stages of data treatment:

This study is presented in the form of a two-
fold contingency table that categorises two
dichotomous variables. In this scenario, the
two levels of X, are Buy and Sell in terms of

call status, and X, are Profit and Loss in terms
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of call result. Each cell count is the number
those accounts for the combination of X; and
X, . Quarters are the stratifying factors.
Changing a rectangle dataset obtained from
the brokerage into a 2 x 2 data set with k
levels (Quarters) which is clearly seen from
the table below.
X1 /X,  Profit Loss

Buy 713 390
Q1

Sell 719 312

Buy 600 268
Q2

Sell 670 264

Buy 318 182
Q3

Sell 410 156

Buy 375 177
Q4

Sell 375 182

After the data has been analysed and the
proper linked variables identified, the final
result will be a k x 2 x 2 data set that will be
retrieved for the model. The purpose of this
effort was to harness the benefits of Bayesian
modelling in dealing with such models. The
basic purpose is to build posterior
distributions  using the best approach
available. Bayesian analysis for complicated
models may be made relatively simple by
usingg MCMC to simulate posterior
distributions. A Markov chain is founded on
the fundamental idea that the future is

exclusively determined by the present and not
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by the past. So, the most important aspects of
MCMC are understanding where to begin,
where to stop, and how to allow them to mix.
The most important component is selecting

independent samples.

Trace plot Quarter wise Odds for PnL
ita[2]
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Figure 7: Trace plot for the Quarter wise

analysis

|||||||||||||||||||||

Figure 8: Density plots for Quarter wise

analysis

A wide range of MCMC convergence
measurement, posterior summarization, and
data visualisation applications are accessible
when R is used as the MCMC home
environment. Before analysing the model's
outputs, many diagnostics must be checked to

determine whether the Markov chain has
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converged to its stationary distribution. The
above trace plot for the model with several
predictors evaluated in this investigation does
not appear to be divergent. None of these
graphs reveal any concerning departures from
normality as a gauge of convergence.
Convergence, on the other hand, does not
show any evidence of considerable

divergence. The posterior sample can be

displayed using a trace plot, which shows
samples over iterations. A trace graphic
depicts the sampled data per chain and node
during iterations. It allows us to visually
assess the convergence and mixing of the
chains. Convergence, on the other hand,
reveals no significant divergence for any of
the models.

Table 2: Combined Odds Ratio for month wise analysis; LL and UL are lower andupper

limits of 97.5% confidence interval.

Quarter Estimate LL UL

Q1 0.794106 0.664526 0.950154
Q2 0.878969 0.717971 1.078474
Q3 0.676632 0.523507 0.870569
Q4 1.014262 0.793479 1.304908
Overall 0.83 0.469904 1.437622
Heterogeneity 0.3 0.111371 0.796744

From Table 4, it is clear evident that all the
estimates are less than 1, except for the 4™
Quarter.Overall estimate is less than 1,
indicating that the Sell call recommendations
has higher odds for profit than buy call
recommendations in all the four quarters.
Especially, to note that the individual OR
value is greater than 1 in the 4™ Quarter
indicating that the Buy call recommendations
has higher odds for profit than sell call
recommendations. It is important to note that

there is a positive measure of heterogeneity of
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about 30% across four quarter of the year
2020.

Quarter wise Odds for Profit

Heterogeneity measwe = 0.3

Figure 9:Forest plot of the point and interval
estimates of individual odds ratio

corresponding to various Quarters.
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From the forest plot it is clear than odds ratio
estimate is greater than one only in the 4™
Quarter, showing higher odds for profit in
Buy call recommendations. There seems to be
a positive measure of heterogeneity of about

30% across four quarters.
Conclusion

Investment advice is an essential component
of individual and/or corporate financial
planning.  Bodies involved in  such
consultation use a variety of strategies for a
wide range of financial items. This is
accomplished in the setting of a very volatile
and uncertain global financial market and
environment. Many organisations, including
regulatory bodies, use very complicated
analytical methodologies to report on business

or sector performance.

An investment consultant advises clients on
which equities to add to their financial
portfolios and looks for profitable businesses.
Accounting, economic, and technical study on
various organisations and stocks is performed
by competent stock brokers. They understand
the client's requirements and financial goals
and, as a consequence, advise them on the

best investment possibilities.

In this study, the advisory's suggestions and
the results based on those recommendations

are examined throughout four quarters. This
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model shown that the adviser generates a
higher profit on sell call recommendations
than on buy call recommendations. The R
stan functions were used to swiftly fit

Bayesian models.

Working in this statistical framework requires
comprehension of a new set of basic ideas
relevant to model creation, estimation, and
inference. It is advantageous for a number of
reasons, including the inclusion of prior
distributions, which allows useful structure to
be incorporated at each level of a model, and
regularisation, which benefits in model
maintenance. The  posterior  predictive
distribution is easy to use and effectively
propagates  parameter  uncertainty into
predictions; and the language we may use to
discuss our findings is straightforward to
comprehend and allows wus to make
probability assumptions regarding parameters

of interest.

* It is obvious from the preceding model that
the advisory generates a substantial profit on

sell call recommendations.

» With the exception of the fourth quarter, the

profit in sell call suggestion is higher.

* The buy call recommendation has a better
chance of profiting solely in the fourth

quarter.
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« Across four quarters, there appears to be a
positive measure of heterogeneity of roughly
30%.

According to the findings of this study,
Bayesian modelling offers a lot of potential in
terms of offering analytical tools that may
integrate historical / domain information via
suitable prior considerations. When assessing
the relationship of acceptable factors, this
research provides several chances for better
comprehending the data.

Overall, it is obvious from the results of this
study that the advisory produces a solid profit
in all of the quarters in sell call
recommendation, which is a significant

characteristic.
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