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Introduction 

According to the AMF (the French Financial Markets Authority), 150,000 is the number of 

new individuals who have made their entrance in the stock market since January 2020 despite 

or supported by the various events of this year. Indeed, it must be recognized that the first 

months of this new decade have been quite tumultuous on all fronts (health, economy, ...) 

and on an international scale. Finance has been affected by these paradoxical consequences. 

It is due  on the one hand to the withdrawal of a large number of traditional investors due to 

the uncertainty brought by the Covid-19 but, on the other hand to an increase in popularity in 

France among new social stratification convinced that the situation is a golden opportunity to 

start in the stock market. 

150,000 is also the number of small new investors in the markets who have had to bow to 

the dictatorship of EPS (Earning per share), dividends and other terms worth of a slang 

reserved for finance only. In the same vein, short selling was the subject of all questions when 

it was banned in the midst of 2020 financial crisis by the AMF. The term has never been so 

searched on Google, reaching its second research peak in one day since the website's creation 

in 2004. (Google trends, March 17, 2020). 

This investment strategy remains quite controversial within Finance world. Banned for a 

while in Europe, many still wonder whether it should be considered totally illegal especially 

because it exerts negative pressure on share prices that are victims of it and by extension, 

accelerates the fall of indexes during periods of crisis. However, strong advocates of short 

selling such as Jim Chanos, the largest fund manager specializing in short selling, explains that 

short selling is nothing more than a market safeguard, allowing bad values to be unmasked. 

During this study, we will try to question the usefulness of short selling, or at least its 

uselessness advocated by many financial and economic actors, by testing its direct impact on 

business bankruptcies1 in the US over the last ten years. More specifically, the aim will be to 

observe any improvement in Altman's bankruptcy prediction model by adding a variable, short 

interest, representing the extent to which a company is exposed to short selling. 

Thus, we will build this research around this question: Could taking short selling into 

account in Altman's business failure prediction model improve its accuracy? 

 

 
1 Bankruptcy" refers to companies that have invoked Chapters 7, 11, 13 of the U.S. Bankruptcy Act 
(en.wikipedia.org/wiki/Bankruptcy_in_the_United_States). 
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To answer this question, we will first address the different concepts and models used in 

this research. We will then see how our data was collected and structured before discussing 

the methodology adopted. Eventually, we will end our study on the results obtained. 
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Introduction to short-selling 

For most seasoned financiers who will read these lines, the short-selling system 

remains fairly well known, but it is still important not to leave anyone at the stage of this study 

that could be of interest to even the least initiated.  

"The profit of one is the damage of the other", if short selling had to be popularized in 

one sentence, it would be Montaigne's maxim that should be enunciated. 

To fully understand this process, imagine that on a beautiful summer morning, you pick 

up your phone and a fortune teller with a very strong accent will guarantee you the end of the 

drought as early as next year. Without really knowing why, you believe it and decide to use 

this information, which is as convincing as your stubbornness to believe it, to make money. 

Anticipating an increase in corn production in 2021 and therefore a drop in price thanks to 

this future feeding rain, you borrow from your uncle 1 ton of corn that you will return in 

exactly 1 year. In the meantime, your neighbor buys it back for $100 and you now have one 

year to return the borrowed merchandise. The following year, chance or luck, rain like corn 

flows and prices drop drastically. So you buy back the ton you owe your uncle for the modest 

sum of $10 and make a profit of $90. It is how short selling works except for a few details; you 

simply have to replace the commodity with shares. 

The latter consists of earning money thanks to financial crises or corrections in the 

financial markets. This principle therefore ultimately consists of selling a share that one 

borrows in the hope that it will lose value and then buying it back at a lower price and thus 

pocketing the difference. 

 

 

 

 

 

 

 

 

 

 



 

Can we prevent companies from going bankrupt as a result of their exposure to short selling? 

 

7 

Figure 1 : Short selling system 

 

 

In this table, the large arrows represent stock trades and the thin arrows represent 

currency trades. 

 

When we decide to short sell a share, there is a time between the moment we sell our 

borrowed shares and the moment we buy back these same shares. We will say that our 

position is still open, namely it still allows us to generate gains or losses. To get a clearer 

picture of the dimension of short selling on a company, short interest remains one of the best 

solutions. It is calculated by considering the number of shares sold short on still open 

positions. Thus, for each company it will be calculated in this way: 

 

𝑆ℎ𝑜𝑟𝑡 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 % =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑎𝑟𝑒𝑠 𝑠𝑜𝑙𝑑 𝑠ℎ𝑜𝑟𝑡 𝑜𝑛 𝑜𝑝𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑎𝑟𝑒𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑚𝑎𝑟𝑘𝑒𝑡
             (1) 

The more the short interest increases, the more the number of people believing in the fall in 

value grows. 
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Introduction to the Altman bankruptcy prediction model 

Professor Edward Altman published a research paper in 1968 in which he explained that 

he could predict the bankruptcy of a company based on some accounting data. The idea 

resulted in a linear combination of 5 factors weighted by coefficients. These coefficients are 

the result of an estimation conducted on several bankrupt or surviving firms in order to obtain 

the weights to assign a lower score to the firms that declared bankruptcy and a higher score 

to those in the other group. 

 

Known as the Altman Z.Score, it is still widely used today to represent the health condition 

of a company and is present on all stock market data sheets. By providing a good transcription 

of companies’ finances, using this model will allow us to understand whether short selling 

influences the risk of a company's bankruptcy. Its calculation formula can be different 

depending on the sector and country considered. 

For private companies used in our study, it is defined as follows: 

 

𝑍. 𝑠𝑐𝑜𝑟𝑒 = 1,2𝑋1 + 1,4𝑋2 + 3,3𝑋3 + 0,6𝑋4 + 1,0𝑋5 

 

With: 

𝑋1 =
(Current Assets −  Current Liabilities)  

Total Assets
 

𝑋2 =
Retained Earnings   

Total Assets
 

𝑋3 =
Earnings before interest and taxes 

Total assets
 

𝑋4 =
Book value of equity  

Total liabilities
 

𝑋5 =
Sales  

Total Assets
 

 

From the score we obtain, we will be able to characterize the financial situation of the 

company. The score is discriminated as follows: 

 

Z.score>2.99 : The company is in a security zone 
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1.81<Z.score<2.99: The company is in the grey zone2  

Z.score<1.81: The company is in a distress zone, it is in danger of going bankrupt in the 

following years. 

 

Simulations have been conducted to show the validity of this test and it is 70% accurate 

in predicting bankruptcy 2 years before the event and 85% accurate in predicting it 1 year 

before. 

Finally, the Z.Score is a tool based on financial data which must be fully complete, if the 

quality of the financial information is not perfect the Z.Score result will be distorted. It 

therefore applies to listed companies with a legal obligation to provide all accounting 

documents, but due to their opacity and their extensive use of off-balance sheet items, the 

prediction model does not apply to financial companies such as banks. 

  

 
2 The grey zone indicates a risk of bankruptcy for the company without being relevant. It will not be 
possible to make a clear statement on its financial health and, consequently, its future. 
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Data presentation 

Most of our financial data was obtained from the specialized website www.gurufocus.com 

rated A+ (highest rating) by the Better Business Bureau, which is the rating agency for business 

reliability in the US. The number and dates of bankruptcies were acquired from the University 

of California's database (www.webbrd.com) of bankrupt companies in America. A first sample 

is composed of 200 companies that have gone out of business at least once since 2012 and 

the second contains 1000 companies that have never gone bankrupt since 2010. They are all 

American (from the New York Stock Exchange) in order not to impact the results by a 

difference in short selling regulation. After their bankruptcy declaration, several companies 

were removed from the marketplace to integrate the OTC3 market, which means that their 

shares are no longer traded on a centralized and regulated market but directly with the other 

party. This does not matter to us because we will only consider their data at 1 year (± 6 

months) before their bankruptcy. 

 

50 firms in the first sample and 75 in the second sample were deleted due to lack of usable 

data. 

 

In total, we have 1200 observations spread over 8 quarters according to the date of 

bankruptcy for the first sample and 8000 observations for the second sample. We have 

deleted all Z.Score established from 2018 to 2020 for the group of companies that have never 

gone bankrupt. Indeed, the model's prediction could still be correct if some of them go 

bankrupt in the upcoming months following this study. 

 

The companies making up our two samples belong to several sectors of the economy, but 

no financial companies were taken into account. These companies are associated to their 

Altman Z.Score and their short interest in quarterly frequency since December 28, 2012. For 

the group of companies having filed for bankruptcy, we will also associate their bankruptcy 

date to avoid selecting post-bankruptcy data in our model. This is ensured by adding a binary 

variable associated with the firm's scenario (1 if the firm went bankrupt, 0 otherwise). 

 

 
3 "Over-The-Counter", a decentralized market where players sell financial products without an 
intermediary. 

https://www.gurufocus.com/new_index/
http://webbrd.com/
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Altman's Z.Score is calculated on the basis of quarterly information provided by companies 

to regulators. The difference in size of the two samples will allow us to first isolate the effect 

of short interest on the probability of bankruptcy by constructing a sample with similar Z.Score 

distributions and then to apply our future model to firms with different random Z.Score 

distributions. 

 

Companies come from a variety of sectors and during data manipulation, the proportion 

of each will remain similar in our two samples. 
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Method 

Unlike other bankruptcy prediction models, the Altman model calculates a score from a 

discrete linear discriminant analysis4 and not directly a probability of bankruptcy5, which will 

allow us to calculate "adjusted" Z.Score without necessarily recalculating all the variables of 

the model. 

We will study all our data under the Rstudio software based on the R programming 

language for reasons of use and optimization of calculations.  

First of all, we select observations in the second sample having the same Z.Score 

distribution with medians, means, quartiles, and standard deviations very close to our sample 

of bankrupt firms. 

The idea of this “adjusted” Z Sore is to try to improve our bankruptcy prediction model, 

considering the short selling of companies. In the best case scenario, we'll get at the end of 

this first stage, a very distinct "adjusted" Z.Score distribution between the two groups, with 

bankrupt firms that are mostly present in the distress zone and firms that have never filed for 

bankruptcy located at least in the grey zone. 

Below is the equation of the “adjusted” Z : 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑍. 𝑠𝑐𝑜𝑟𝑒

= 1,2𝑋1 + 1,4𝑋2 + 3,3𝑋3 + 0,6𝑋4 + 1,0𝑋5 + 𝑐 ×  𝑆ℎ𝑜𝑟𝑡. 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 

(3) 

 

<=>  𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑  𝑍. 𝑠𝑐𝑜𝑟𝑒 = 𝑍. 𝑠𝑐𝑜𝑟𝑒 + 𝑐 ×  𝑆ℎ𝑜𝑟𝑡. 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 (4) 

« c » represents the coefficient associated to our variable “Short.Interest”, which will 

be tested for accuracy in order to observe the value that maximizes the accuracy of our model. 

In other words, we will be looking for the “c” that will allow to have our ideal distribution. To 

do so, we simply need to engage a loop in our code testing, for each of the coefficients "c", 

the model accuracy for our data. We will perform our tests for a coefficient "c" between 0 and 

10,000 with a step of 0.1. 

At the end of this first step, we will already be able to assess the impact of short selling 

on corporate bankruptcy filings. We will then apply our model to a large number of randomly 

 
4 Explain and predict an individual's membership in a predefined group (here "Bankruptcy") based on 
its characteristics measured using predictive variables (accounting data) 
5 Like Zmijewski's model of a percentage probability of bankruptcy. 
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assigned observations in order to observe the validity of our new Altman model on different 

distributions of Z.Score. 

 To remain consistent with our model, the discrimination value of Z.Score delineating 

the grey zone distress zone also changes. We set our new limit:  

𝐿𝑜𝑤. 𝐿𝑖𝑚𝑖𝑡 =  1,81 + 𝑐 ∗ 𝐷 (5) 

We will conduct two different scenarios to evaluate the new limit: 

- D is equal to the average short interest of the group of companies that went bankrupt 

- D is equal to the average of the short interest of the two groups weighted by their 

weights. 

 

As for the boundary between the grey zone and the green zone, it will not be useful to 

calculate it since our study focuses solely on the accuracy of bankruptcy predictions. 
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Results 

After having conducted a selection on the firms Z.Score observable characteristics, we get 

two samples with the same distribution illustrated below:  

 

Figure 2: Z.Score Observations distribution table 

 Figure 3: Distribution Characteristics of the distributions of our two samples 

Source : www.gurufocus.com 

Source : www.webbrd.com 
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All our Z.Score observations grater than  5 have been removed for both groups in order to 

remove too high values which could distort our study. It has no impact on our data which now 

peaks at 1100 observations for our first group and 1600 for our second group. 150 firms are 

present in the first group and 163 are present in the second one. 

Once the samples are built, we merge them for the rest of our analysis. We find a very low 

accuracy in the model due to many companies with a very low score that have never gone 

bankrupt (see accuracy calculation). 

We suspect a negative influence of short interest on our probability of bankruptcy, but in 

order to ensure this, it is necessary to perform a simple regression of the binary variable 

"Bankruptcy" on short interest, using the probit6model.  

We are getting to a positive correlation between bankruptcy probability and relative 

amount of shares sold short (short interest) significant at 99.99%. The more the firm is victim 

to short selling, the more likely it is to go bankrupt. 

According to our calculations, the marginal effect at the short-interest average on the 

probability of a firm's bankruptcy is 1.05 per cent. In other words, a relative increase in the 

number of shares sold short of 1% entails a 1.05% increase in the default probability of the 

firm. It is important to recall that we don’t take into account the firms’ Z.Score but only an 

assumed relationship between the probability of default and short interest.  

For now, these figures only relate to our sample and cannot be inferred statistically 

due to the lack of explanation of the model. with an R² 7 of around 50%, which still makes 

sense since we cannot foresee the bankruptcy of a firm with this single variable. Nevertheless, 

we deduce that short interest therefore has a negative influence on the Altman Z.Score and 

as we expected, the coefficient associated with short interest in our score equation is 

 
6 The Binomial regression model applied to probabilities or binary variables allow us to obtain a 

regression line between 0 and 1. 

7 The R² refers here to the share of the variance in our probability of business bankruptcy explained by 

its short interest. That is, to what extent the short interest variable allows us to explain or not the 

bankruptcy of a firm in our model.The more variables we add, the bigger our square R will be. A 

"good" R square is at least 60%. 

Source : www.gurufocus.com 
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negative: the higher the probability of bankruptcy, the lower the Z.Score. Thus, we will run 

our test of the accuracy of the coefficient "c" for values between 0 and -10 000. 

 

 

 

We then proceed to the « accuracy » test which looks for the value of the coefficient 

"c" allowing us to increase the precision of the model for our values after maximization under 

conditions: 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 % =
|𝐹 − 𝐺|

𝑁
 

(6) 

 

We maximize: 

 

𝑀𝐴𝑋 
|𝐹 − 𝐺|

𝑁
 

 

 

With:                                                                                 S.C : 𝑍. 𝑠𝑐𝑜𝑟𝑒 "𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑" = 𝑍. 𝑠𝑐𝑜𝑟𝑒 +

𝑐 ×  𝑆ℎ𝑜𝑟𝑡. 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 

Figure 4: Regression line between the probability of bankruptcy and the Short Interest 

Source : www.gurufocus.com 
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F = ∑ 1(𝑥𝑍.𝑆𝑐𝑜𝑟𝑒 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑,𝐵𝑎𝑛𝑘𝑟𝑢𝑝𝑡𝑐𝑦=1 < 1,81 + 𝑐 ∗ 𝑚𝑒𝑎𝑛 (𝑆ℎ𝑜𝑟𝑡. 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡))𝑛
1

8:  The 

number of firms that went bankrupt with an adjusted Score Zone located in the new Distress 

Zone. 

 

𝐺 = ∑ 1(𝑥𝑍.𝑆𝑐𝑜𝑟𝑒 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑,𝐵𝑎𝑛𝑘𝑟𝑢𝑝𝑡𝑐𝑦=0 < 1,81 + 𝑐 ∗ mean(𝑆ℎ𝑜𝑟𝑡. 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡))𝑛
1  : The number 

of firms that never went bankrupt but still have an adjusted Score Zone located in the new 

Distress Zone. 

𝑁 =The total number of firms 

 

With this new model, we get insignificant results with a superficial increase in accuracy of 

2% for scenario 1 maximized for a coefficient "c" equal to - 4.5. No improvement also for 

Scenario 2. We cannot get better results by taking short selling into account in our calculation 

of Altman's Z.Score for our sample. By choosing companies randomly without pooling 

distributions, the results of our new model lower even the prediction of the old model at 

around 15 points. 

  

 
8 1 is an indicator variable equal to 1 if the condition is fulfilled, otherwise, it is set to 0. 
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Conclusion 

This paper discusses the improvement of a 50-year-old model with a hunch that many 

people share: increased short selling of a stock heralds its imminent bankruptcy. 

In order to validate this hypothesis, we tried to improve the predictions of the Altman 

model by adding a new variable reflecting the level of discovery sales of a company. It turned 

out that none of our different samples or coefficients associated with short interest allowed 

us to obtain convincing results. We found a slight 2% improvement in bankruptcy predictions 

when the Z.Score is distributed identically. On the contrary, when we randomly select 

companies, our model is proved less efficient than the original with 60% predictions for the 

adjusted Z.Score versus 75%. 

Thus, we conclude that short selling does not allow us to improve Altman's prediction 

model, but an opening on the improvement of our model is conceivable and requires 

improvement in the selection of data on the short selling of companies. 

With the development of Hedge Funds and other funds specialized in short selling such 

as Muddy Watters or Kynikos Associates, considering their positions could allow us to filter by 

obtaining better quality data. These funds engage in short-term positions with huge amounts 

of money after having carefully studied the accounts of each security they intend to attack. 

Companies are structured to give the impression of being healthy with an equally good 

Z.score. Convinced that the victim company is nothing more than over, their very often 

revealing positions are so impactful that they often make the whole market react. 
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