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EXECUTIVE SUMMARY 

Dow Jones Industrial Average is an index compiled with the purpose of gauging the performance 

of growth in the industrial sector within the U.S and reflecting the condition of the economy. Starting 

with a value of 240.01 on October 1
st
, 1928, the DJIA has grown and crossed the 16,000 value on 

November 21
st
, 2013. To make this possible, continuous changes have been made to the initial 30 stocks 

that formed the average. The DJIA continuously aims to diversify the portfolio of constituent stocks to 

represent the financial, technology, retail, entertainment and consumer goods sectors and to expand both 

the size and trading activity of the member stocks. Comparisons may be made between the stocks 

exchanged during the Great Depression and the Financial Crisis time periods in order to evaluate the 

sectors which are weighted more heavily during specific economic conditions. 

In our paper, our focus was to dissect the different changes that have been made in the DJIA. We 

collected data from the CRSP database for all the companies that were added to and deleted from the 

DJIA. Moreover, we used graphical analysis to perform an event study to check price returns and trading 

volume movements around the time that a company change occurs. In addition we ran a regression of the 

DJIA and the returns on stocks of both added companies and removed companies to check the 

dependence of one factor over the other. We calculated an R-Squared of 36.4% for the DJIA and 

companies that were added and then executed a cubic regression to further increase it, as it provided a 

better fit for the residuals than simple linear regressions. 

Not only does this paper examine the changes of the individual stocks of the DJIA over time, but 

also compares the changes made to changes in the Consumer Price Index for All Urban Consumers (CPI-

U). As the DJIA constituents change based on fluctuations in the economic climate, so do the item 

categories in the CPI-U. A regression analysis was performed to compare the movement of the CPI-U to 

the value of the DJIA over time which aims to bring out the similarity between the styles of changes made 

either in the product basket or the companies in the respective indexes.  The output matched our 

expectation for a high relationship between the two.  
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Introduction to the DJIA 

The Dow Jones Industrial Average (DJIA) was introduced in 1884, founded by Charles Dow, 

Edward Jones and Charles Bergstresser. The index was compiled as a way to gauge the performance of 

the growth stocks in the industrial sector within the U.S. It is the oldest market index in the U.S. yet also 

one most often used as a benchmark in the world
1
. The DJIA is one of three Dow Jones Indexes, the other 

two being the Dow Jones Transportation Index and the Dow Jones Utility Index. The Transportation 

Index is composed of 20 stock companies providing rail, trucking, airline and automobile services, while 

the Utility Index comprises of 15 stock companies which provide electricity and natural gas in the U.S.
2
 

When it was first introduced in 1884, the DJIA featured 11 stocks, nine of which were rail companies. 

Though as the U.S. economy grew over time, the DJIA expanded in a parallel fashion to include 20 stocks 

in 1916, and to 30 stocks in 1928, which continues till date
3
. 

This index constituents are predominantly large-cap by size, traded on the New York Stock 

Exchange (NYSE) and NASDAQ National Market System (NASDAQ). The sectors largely represented 

within the index include those from the financial services, technology, retail, entertainment, and consumer 

goods industries. Certain metrics are observed when selecting the stocks to include in the index such as 

the company reputation, its sustained growth over a period of time, and the weightage of the stock on the 

sectors represented by the average
4
. 

How the DJIA is Calculated 

 Rather than being a market-capitalization-weighted index like the S&P500, the DJIA is a price-

weighted index and is therefore affected by changes in stock prices and not both price changes and the 

number of shares outstanding. This mechanism of price-weighting was developed to immunize the effect 

                                                           
1
 "The Complete History of the Dow Jones Industrial Average." Yahoo Finance. N.p., n.d. Web. 16 Nov. 2013. 

<http://finance.yahoo.com/news/complete-history-dow-jones-industrial-110041291.html> 
2
 "History of the Dow." History of the Dow. N.p., n.d. Web. 16 Nov. 2013. <http://www.money-

zine.com/investing/stocks/history-of-the-dow/> 
3
 "History of the Dow - Timeline of Companies." History of the Dow - Timeline of Companies. N.p., n.d. Web. 17 

Nov. 2013. <http://www.quasimodos.com/info/dowhistory.html> 
4
S&P Capital IQ< https://www.capitaliq.com/CIQDotNet/company.aspx?companyId=2667768> 
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of stock splits or other corporate actions on the value of the index. Thus, this index cannot simply be 

computed as the sum of the prices of the 30 constituents, divided by a factor of 30. For instance, for a 

$100 stock in a stock split, a 2-for-1 strategy will increase the number of shares and 

 reduce the price of each stock, decreasing the value of the index as a result. Therefore, to evade this 

problem, the Dow Divisor was developed. The formula to calculate the DJIA is as follows: 

     
                          

       
 

This unique divisor is updated in the event of stock splits or changes in the constituent stocks of the 

index, in order to maintain consistency in the value of the index to accurately represent market conditions. 

There have been countless studies that have analyzed the changes in the composition of stock 

indices and many of them propose that a company’s inclusion to the S&P 500 will possibly have a 

positive effect on the price of its stock. These reports have majorly focused on price and volume reactions 

correlated to the changes in the S&P 500 but have ended with varying conclusions. For instance, Lynch 

and Mendelhall (1997) studied the period between 1990 and 1995 and discovered that stocks added to the 

S&P 500 index record price increases from the time of the announcement till the change is actually put 

into effect and it declines after they have been incorporated in the index. They also found that deleted 

stocks undergo price declines between the time of announcement and delisting; however, their price 

increases after they have been delisted. Whereas, Beneish and Whaley (2002) studied the period between 

1996 and 2001 and noticed that there were short-term gains, both in price and volume, after a stock had 

been added and short-term losses after a stock had been taken out of the index.  

Why Changes are made? 

The Dow Jones Industrial Average and S&P Index are different in two distinct ways. While there is 

an existing service, that informs subscribers of the imminent changes in the S&P Index
5
, adjustments in 

the Dow Jones roster appear in the Wall Street Journal (WSJ). Second and more important is the reason 

                                                           
5 Lamoureux, Christopher and James Wansley. (1987). “Market Effects of Changes in the 

Standard and Poor’s 500 Index.” The Financial Review, 22(1): 53-69. 
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that no official index fund or derivative security is based on the DJIA. Thus, a modification in the 

composites of the DJIA does not pressure fund managers to re-allot their portfolios immediately. 

Since DJIA is less impressionable to any derivative or index fund effects for the reasons listed 

above, there have been relatively less studies conducted about the additions and deletions of stocks in the 

Dow. Beneish and Gardner (1995) analyzed 37 company changes made in the DJIA from 1929 to 1988. 

Their findings reveal that stock additions face no change in price or trading volume, whereas, stock 

deletions undergo notable price declines. Their paper insists that a stock addition in the DJIA does not 

notably impact the security because it is already traded voluminously. On the other hand, Beneish and 

Gardner claim that stock deletions are avoided in the news coverage even prior to the delisting and their 

dismissal further diminishes the prospect of being followed by analysts.  

We believe that before we delve into details, it is important for the reader to know why the changes 

are made to the composition of the DJIA. As already known, in 1928, the industrial average was grown to 

the current level of 30 companies. These 30 companies on the industrial average have historically 

accounted for an estimated 25% of the market value of all the New York Stock Exchange firms (The Dow 

Jones Investor’s Handbook, 1989).  

Over the 90-year period from 1929 to 2009, there have been 56 changes. The editors of the WSJ 

make the modifications without any discussion with the companies, the NYSE, or any official agency. 

The rationales for changes are: 

1. Over-time many firms have merged and reorganized themselves. 

2. To maintain the weights of different stocks. 

3. A finer portrayal of the American Industry. 

To further understand the significance behind “finer portrayal”, we have studied the WSJ articles 

supporting the changes and capsuled stated reasons as follows: 

I. Various alterations were made to the composites of the Dow to incorporate firms in developing 

industries. For instance, Addition of National Distillers in 1934, right after the lifting of the ban 
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on alcohol consumption; Eastman Kodak was added in 1930, a pioneer in the new photo market 

and Addition of American Express in 1982 to indicate the growing influence of services in the 

economy.  

II.  Few changes were also made to extend the number of industries represented. For instance, in 

1956, after the removal of National Steel, the index still comprised of U.S. and Bethlehem Steel. 

Nash Motors was first kept out of the index in 1932 because the index already included Mack 

Trucks, Chrysler and General Motors. 

III. Changes were also executed “to make the list more representative of active speculative 

stocks” and “to increase industrial coverage in the sense that the new companies have larger 

annual dollar sales than those taken out.” These announcements from the WSJ indicate that the 

editors desired to grow the size and the trading activity of firms in the index. 

While we know the various reasons for addition and deletion of stocks from the Dow, it is crucial to know 

how these changes affect the industry sector allocations over time and whether those changes reflect the 

economy.  

Changes in the Dow Stock-Sector Allocations over Time  

 At the time of inception in 1884, the DJIA was composed entirely of stocks within the industrial 

sector. As the purpose of the DJIA is to most accurately represent market conditions, this showed that the 

economy was geared entirely to the development in industrials at the time. At present, the DJIA looks to 

reflect a more diversified portfolio of stocks, with greater weights placed on the financial, healthcare, 

industrial and technology sectors. 

 Two time periods of influential economic conditions are the Great Depression between 1929 and 

1933 and the Financial Crisis between 2007 and 2009. Stock prices declined by 89% during the Great 

Depression, the DJIA shrunk by roughly 23% and lost between $8 billion and $9 billion in value. 

Additionally, unemployment rates peaked at 25% and businesses failed as the buying power of consumers 
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immensely declined
6
. During the Financial Crisis, unemployment rates peaked at 10% from a pre-

recession low of 4.4% by October 2009
7
. The DJIA dropped from a then all-time high of 14,279 in 

October 2007 to a low of 6,440 by March 2009, a decrease in value of 54.9%
8
. The cause of the crisis was 

rooted in subprime mortgage loans and other forms of irresponsible lending exercised by banks in 

countries like Europe and the UK, which led to the bankruptcy of numerous financial institutions. When 

analyzing the changes made to the DJIA during these two time periods, it is evident that during the Great 

Depression, a large weight was placed on including stocks within the consumer goods sector, with a 

contribution to the sector allocation by 73% to the DJIA (Exhibit 1). The stocks removed from the DJIA 

during this period were evenly spread, percentage-wise, amongst the consumer goods, technology, basic 

materials, services and industrial sectors (Exhibit 2). During the Financial Crisis, the stocks removed from 

the index were 50% from the consumer goods sector and 50% from the financial sector (Exhibit 3). The 

stocks included in the index were weighted to a greater extent towards the financial sector at 40% 

contribution to the DJIA, followed by an evenly divided weight amongst the basic materials, consumer 

goods and technology sectors (Exhibit 4). The common sectors for which the added stocks belonged to 

are consumer goods, technology and the basic materials industries between the two time periods, which 

shows that changes in stocks by sector allocation may be anticipated using historical data during 

comparable economic environments. For further analysis of this paper, we analyzed the changes in the 

DJIA using regressions, simulations and graphing techniques. The data collection process was as follows: 

Data Collection and Sorting  

We collected data from CRSP, which included the daily prices, returns, volumes and bid ask 

spreads of all companies that were added and removed from the DJIA. The data was collected for a period 

of one year before and one year after the change for each company and one week before and after for the 

                                                           
6
 "The Great Depression." Great Depression (1930's) News. N.p., n.d. Web. 20 Nov. 2013. 

<http://topics.nytimes.com/top/reference/timestopics/subjects/g/great_depression_1930s/>. 
7
Jones, Charles I. The Global Financial Crisis of 2007-20?? Rep. Economics Department Ohio State  

University, 12 Mar. 2009. Web. 04 Dec. 2013. <http://www.econ.ohio-state.edu/mccafferty/ 

econ502.02/CurrentEvents2009.pdf>. 
8
 "Dow Jones Industrial Average." 2007-2009 Global Financial Crisis. N.p., n.d. Web. 22 Nov. 2013. 

<http://www.epips.com/djia/2007-2009-financial-crisis.html>. 
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same. This was done in order to compare the performance of those stocks with the index itself for this 

time period. The companies that were selected included all the changes from 1928 to 2009, a period of 81 

years. We disregarded three of these companies as data was not available for them. The corresponding 

DJIA values for all these dates was then found through Bloomberg and sorted in excel to their respective 

companies using Pivot tables and V-lookup formula in Excel. 

Regressions against time 

To analyze the short term impact on companies for being added or removed from the DJIA, a 

regression against the 5 days before and after the change was conducted for all stocks from 1928 to 2009. 

This regression was performed to analyze whether stocks that are added and removed have a change in 

daily returns, bid ask spreads or volume returns once the change occurs. The independent variable for all 

the regressions performed for this concept was “Days before and after the change.” The dependent 

variables varied from the price returns, volume returns and the bid ask spreads for each scenario, for one 

week before and after the change occurred.  

Result: 

After conducting various regressions for all the aforementioned data values, it was observed that 

none of the regressions conducted were significant, as they had P-values greater than 0.05 and R-squares 

less than 5% for each case. For example, while regressing the price returns for the companies, one week 

after they were removed,  the P-value was 0.099973 (Exhibit 5), which concludes that time is not a 

significant factor in explaining the variation in price returns for the companies. The R-squared value was 

also 0.009336 (Exhibit 5), which shows that a minimal percent of variation in price after the removal of 

the stocks can be explained by the number of days that pass after it has been removed.  

Similarly, in the regression for Bid-Ask spreads for the companies that were added and removed from the 

DJIA against time, the P-values were all insignificant as they ranged from 0.470589 to 0.949937, in the 

week before the change was made for both the stocks that were replaced and the ones that were added to 

the DJIA (Exhibit 6 & 7). These high P-values again reconfirm the insignificance of time as a variable 

that influences change in the bid-ask spreads of the companies involved in the DJIA changes. A similar 
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result was obtained by regressing volume returns against the time period around the change.  

We concluded that linear regression was not a good method to measure the outcome of change in time on 

the price returns, volumes and bid ask spreads for the company. A graphical representation would provide 

a more visual explanation of what occurred for the companies that were added and removed from the 

DJIA for a period of one week before and after the change.  

Event Study for Changes using Graphical Analysis 

We performed a basic event study to check for trends in price returns on companies’ stock and 

volume traded during the addition or deletion of a company from the DJIA. The event study tracks 

fluctuations in returns and volume from one week before (-5 days) the change and one week after it (5 

days). The data was divided up into added and removed companies and then the total of the returns and 

volumes were graphed for each respective day from -5 to 5. In the graph for the returns of removed 

companies (Exhibit 8), we notice positive and negative fluctuations instead of the expected straight 

negative trends until the date of the change. After ‘day 2’, we see positive returns for the remaining three 

days and the companies achieved higher returns than they had a week before the change which was 

unusual as the expectation was that it would stay negative, both before and after the change.  

On the other hand, in the graph for the returns of companies that were added, we noticed that the 

level of returns at the end of the week after the change was almost the same as that of the prior week 

(Exhibit 9). As stated above, these stocks were very popular among investors and were already doing well 

which is the reason for returns at ‘-5’ to be high. The returns start to diminish, as the stock gets closer to 

the addition date which contradicts the expected belief that returns would be increasing till the day of the 

change. After three days, the returns grow sharply by 216.67% and finally ends the 10-day period 

providing a return of 16.96% (close to the return at ‘-5’). Spence Jakab in his Wall Street Journal article 

“Dow Exiles Handle Rejection Pretty Well” says that companies that have been removed have 

“collectively gained “173% on average, compared with 65% for new entrants”
9
. The graphs do reconfirm 

                                                           
9
 Jakob, Spencer. "Dow Exhiles Handle Rejection Pretty Well." The Wall Street Journal 07 Oct. 2013, Money & 

Investing sec.: n. pag. Print. 
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this statement as the removed companies see more gain in their returns. However, it is necessary to 

consider that this study is for a short investment period which makes it tough to check for a clear trend. 

Also, according to the Efficient Market Theory, including a stock or removing a stock from the DJIA 

should not affect either a stock’s price or volume if the change does not convey any new information.
10

 

Assuming strong market efficiency the random movements in the graphs already include the existing 

information of the change, thus showing no particular trend.  

We notice that, during the ten day period, the trade volumes for the companies that were removed 

declined (Exhibit 10). However, this fact does not mean that the market is inefficient but the decline can 

be attributed to the delisting as the market is now less aware of the stock and information related to it.  

“If inclusion in (exclusion from) the DJIA is followed by increased (decreased) scrutiny by 

analysts, investors, and institutions, the firm’s information environment is richer (poorer) and the stock 

will be traded more (less) widely and become more (less) liquid”
11

 

The graph for the trade volumes for companies that were added (Exhibit 11) validates the 

statement as the volume level goes through random movement and trades at a higher level at the end of 

the week after the change. It is important to keep in the mind that a single company could have affected or 

skewed the data on a particular day due to unique occurrences but the event study was conducted for the 

purpose of observing the overall changes in price returns and trade volumes. 

Having understood the short term impact of changes in the DJIA on the companies that were 

involved in the change, it is important to know how these companies affect the DJIA on a longer term 

before and after the change.  

Regression against the DJIA 

To analyze the performance of stocks that were added to the DJIA versus that of the stocks 

removed, we performed a regression of the prices and returns of those stocks against those of the DJIA in 

                                                           
10

 Freeman, Patricia A., Geungu Yu Jackson, and Phillip Fuller. DO RECENT CHANGES IN THE DOW JONES 
INDUSTRIAL AVERAGE SUPPORT THE PRICE-PRESSURE HYPOTHESIS? Rep. N.p.: Jackson State University, n.d. Print. 
11

 Beneish, Messod D. and Gardner, John C., 1995. Information costs and liquidity effects from changes in the Dow 
Jones Industrial Average list, The Journal of Financial and Quantitative Analysis, 30, 1, 135-157. 
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the same time period.  

             The daily returns of the DJIA were set as the dependent variables, as these returns are dependent 

on the stock price returns of all the companies present in the DJIA. We then used Daily Returns of 

companies that were added (After the Change) as the independent variable. Stock price returns for each 

company that was added to the DJIA was taken for a period of one year after the change.  

Result: 

As seen in Exhibit 12, the above regression resulted in an the equation: Y= 0.000293 + 0.416 X, 

Y being the returns in the DJIA and X being the returns of the stock prices of companies that were 

removed from the DJIA. This result shows that for every one percent that the company’s returns 

increases, the DJIA increases by 36.4%. This shows a positive linear relationship, which is also seen in 

the residual plot in Exhibit 13. The R-squared value in this regression is 36.4%, which means that 36.4% 

of the change in returns in the DJIA can be explained by a change in the returns in the company that was 

just added to it. The R-squared number seems high, as one company added to the DJIA only constitutes a 

small portion as compared to the other 29 companies, and thus cannot explain 36.4% of the variation in 

the returns of DJIA. However, the data used for this regression was taken over a period of 81 years, 

during which most of the companies that were added to the DJIA had a higher stock price than the ones 

removed, and hence, had a higher weighted price on the DJIA than the older company. Although the 

change in divisor reflects this change, the returns of a company added to the DJIA show that over a period 

of one year after the change has occurred, they account for little more than a thirds of changes in the 

returns on the DJIA. While any single company does not have such a big impact on the returns of the 

DJIA, this number represents an overall trend in one year post the change.  

 In comparison, an analysis was performed for the effect of the companies that were being 

removed from the DJIA one year before the change. As shown in Exhibit 14, the regression equation 

shows Y=0.00294 – 0.000048X, where X = the returns on the stocks one year before they were replaced, 

and Y = the Returns on the DJIA one year before these changes occurred. However, as the coefficient of 

X (-0.000048) suggests, the effect of the independent variable on the dependent variable is minimal. The 
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fact that it is negative is also surprising as it means that there is a negative effect on the returns of DJIA 

when the returns of the stocks increase. However, since the companies analyzed in the data set were only 

a small proportion of the actual DJIA, it shows that the change in the DJIA can be affected by many more 

factors than just this company. For example, an analysis of the performance of the other companies that 

remained in the DJIA, the economic conditions during those years and the consumer confidence in 

investment could also explain the unusual occurrence. Furthermore, the P-value is as high as 0.568, which 

shows that the returns in the stocks that were removed were not significant in explaining those of the 

DJIA. The low R-squared value of zero also shows that none of the variation in the DJIA for one year 

before the change can be explained by the variation in the stock returns for the same time period. From 

the two regressions above, it is seen that while the returns from the companies that were removed were 

not significant to the changes in the DJIA before a year of the change, the companies that were included 

in the DJIA could explain 36.4% of the variations in their returns for a period of one year after the 

change.  

 The vast difference in the regressions might also have been because the stocks follow another 

form of regression, and not just a linear pattern. By looking at the residual plot (Exhibit 13) for these 

regressions, it seemed that a non-linear cubic regression might be closer to predicting the behavior of 

these stocks affecting the DJIA than a linear regression. After performing a cubic regression, the results 

were much better fitted to the data than linear. For example, for the stocks that were added to the DJIA, 

the formula was Y1=  0.000159 + 0.4694 X1 + 0.1637 X1 – 3.527 X1, where Y1 is the return on the DJIA 

and X1 is the price of the stocks that were added to the DJIA analyzed over a period of one year after the 

change (Refer to Exhibit 15). The result was that the P-value for the cubic regression remained 0.000 but 

the R-squared value rose to 37.1%, thus explaining more variation using this formula. 

Furthermore, in case of the stocks that were removed from the DJIA, the new equation was Y2 = 

0.002926 + 0.003792 X2 – 0.000230 X2
2
 + 0.0000003 X2

3
, where Y2 is the change in the DJIA for the 

specified dates and X2 is the change in the stock price of the companies that were removed and analyzed 

over a period of one year before the change (Refer to Exhibit 16). In this scenario, the regressions were 
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still insignificant as the P-value was greater than 0.05. However, it improved significantly from the 

previous value of 0.568 to 0.151, which shows that the cubic regression is also a better fit for this data. 

Although these regressions explain how the DJIA returns are dependent on the returns of the companies 

added or removed, they tell us very little about which set of stocks performs better in the short term and 

long term. For this analysis, the next section of @Risk simulations gives a better idea about which stocks 

do better than the DJIA.  

Predicting Performance @Risk Simulations 

@RISK performs risk analysis using Monte Carlo simulation to show you many possible 

outcomes in a model and states how likely they are to occur. It mathematically and objectively computes 

and tracks many different possible future scenarios, then tells you the probabilities and risks associated 

with each different one.
12

 Using the mean and standard deviation of returns and volume calculated from 

the data collected for both companies added and deleted we simulated for future returns and trade volume 

levels. Our results show that there is a probability of 58.8% that stocks removed from the DJIA will 

perform better than the DJIA while the probability of the stocks added will perform better than the DJIA 

is only 47.9% (Exhibit 17). Also, we found that the probability that the volume for companies reduced 

after they were removed from the DJIA is only 52.1% which was surprising as the notion is that once a 

company is removed, a definite drop in trading volume is expected (Exhibit 18).  

Comparing the DJIA to the U.S. CPI Index 

The Consumer Price Index (CPI) measures the average change in the prices of goods and services 

that consumers would use in a typical day, over a period of time. The calculation of the index involves the 

collection of pricing data for a fixed basket of goods and services and comparing the price changes 

relative to a base level date, equated to 100. This index is predominantly used as an indicator of change in 

the general level of consumer prices or the rate of inflation in a particular economy. This nature of the 

index allows consumers to compare movements in its value against their personal income in order to 

                                                           
12

 @RISK: Risk Analysis Software Using Monte Carlo Simulation for Excel - at Risk - Palisade."  
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monitor and evaluate changes in their own financial situations. Similarly, the DJIA is often used as a 

benchmark to evaluate the performance of equity portfolios structured in a way to reflect the situation of 

the economy. In addition, ‘revisions’ are made to the CPI just as changes are to the DJIA when economic 

circumstances alter and the current portfolio of items in the CPI index no longer reflect typical 

consumption activity. These parallels drove us to analyze correlations between the changes made in the 

two indices over time. 

There are three main CPI series published every month in the U.S.: CPI for All Urban Consumers 

(CPI-U), Chained CPI for All Urban Consumers and CPI for Urban Wage Earners and Clerical Workers. 

The CPI-U is representative of the buying habits of residents in more urban or metropolitan areas, and 

therefore seemed the most appropriate to use as a comparative model against the DJIA. At the time of 

inception in 1919, the CPI Index consisted of the following major categories: food, clothing, rent, fuels, 

house furnishings and miscellaneous items. At present, the list of categories reads: food & beverages, 

housing, apparel, transportation, medical care, recreation, education & communication and other goods & 

services. This shows that over time, the original item structure underwent category-merging, additions to 

and deletions from the list in order for the typical consumer in a particular economic climate to be more 

accurately represented.  

Since the CPI’s inception, six revisions have been made to the index. The CPI-U began issuance 

in 1978, and since has experienced three of the six total changes. Some of the replacements made over the 

last few decades include “fast food” replacing “home cooking”, “word processors” for “pencil and paper” 

and “airline travel” for “train travel”
13

. 

To confirm the hypothesis that the DJIA moves along with the Consumer Price Index, a 

regression was carried out with CPI values as the independent variable and DJIA values as the dependent 

variable. The data used for this regression was all monthly data, as the CPI is not calculated more 

                                                           
13

 Armknecht, Paul A., Walter F. Lane, and Kenneth J. Stewart. New Products and the U.S. Consumer 

Price Index. Rep. The National Bureau of Economic Research, Jan. 1996. Web. 03 Dec. 2013. <http:// 

www.nber.org/chapters/c6072.pdf>. 
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frequently than once a month. Furthermore, the range of data was from 1929 to 2013, covering a total of 

1018 monthly data values for DJIA and CPI both.   

The regression equation produced was Y = -1427 + 53.7 X, wherein Y is the DJIA value and X is 

the CPI-U value for the month (Exhibit 19). This explains that if the CPI increases by a value of 1, the 

DJIA increases by a factor of 53.7, on an average, when all other factors are constant. Not only does a 

0.000 P-value show that CPI-U is a significant measure of DJIA, but it also has an R-squared value of 

84.8%, which suggests that the variation in CPI-U explains the variation in DJIA 84.8% of the times.  

However, if an investor wants to use this knowledge for the DJIA, a predictive model needs to be built. 

For this purpose, we used lag-variables to analyze the effect of a variable from a previous time period on 

a dependent variable from the current time period. Since the investors would not have access to the 

current CPI-U data for prediction, the model uses the value of the previous month.  

Exhibit 20 shows the regression carried out for monthly data of DJIA against the dependent variable of 

the CPI-U value for the previous month. This gave a regression equation of  Yn = -1422 + 53.4 Xn-1, where 

Yn is the DJIA value at the end of any month ‘n’ and Xn-1  is the CPI value for the previous month ‘n-1’. 

Since the P-value of 0.000 is significant and the model has an R-squared of 84.7%, it could be 

considered as a good predictive model. However, the Standard error value for the model is as high as 

1589.82, which means that the prediction could be off by that amount. Since the DJIA changes every 

minute of the market being open, a model where its value changes by 1589.82 is really not valid. For 

example, the last data point for CPI-U is for October 2013. If we use that amount to predict the DJIA 

value for November 2013, we get a fit of 11082.6, which is 4206.69 points away from the actual value of 

15289.29! Such a great deviation in the monthly value for DJIA would not benefit any investor, especially 

for intraday purposes. Hence, we conclude that the model is irrelevant despite of a 0.000 P-value and a 

great correlation coefficient. However, the positive correlation between the CPI-U and the DJIA helps an 

investor to decide whether there will be an upward or downward movement in the DJIA in the long run, 

depending on the inflation rate.  
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CONCLUSION 

There is always a lot of debate related to the changes in the DJIA. Financial experts, analysts and 

investors have struggled to create a standardized outcome for every time after a company is added or 

removed. The main rationale of making changes in the DJIA is to maintain a portfolio that most 

accurately showcases the state of the economy or to balance the weight of the stocks for unbiased 

movement in the index. While our paper shows an understanding of how the DJIA sector allocations 

changed over times of financial crisis, it also analyzed various short term and long term regression 

models. The short term regression models of price returns, volume and bid-ask spread against time failed 

to produce any significant relationship or predict changes in independent variables. Even the graphical 

analysis did not exhibit any specific trend overall, but they conclude over a period of 10 days before and 

after the change, the returns on the removed stocks are higher. This claim has been supported by the 

@risk findings as well as many other researchers and reports.  

 The paper further discusses longer term regressions where yearly data for a company is taken and 

regressed against the DJIA. Both linear and cubic regressions were performed and it was concluded that 

the cubic regressions was more successful in explaining variation than the linear regression. However, 

both the regressions supported the fact that companies that were added into the DJIA had a more 

significant impact on the DJIA for a year after the change than the companies that were removed had on it 

for a year before the change.  

 To further understand how the DJIA could be impacted by external factors, an analysis of the 

similarity between the CPI-U and the DJIA has been performed, as both of them aim to reflect the U.S. 

economy. Since we found that CPI-U usually explained more than 84% of the variation in the DJIA, we 

built a predictive model using lag variables, so investors could predict the DJIA based on the CPI-U of 

the previous month. However, even after getting a triple zero P-value and an R-Squared of more than 

84%, we concluded that the model has a high Standard Error and thus investors cannot exactly predict the 

DJIA, but can signify towards an upward or downward trend for the long run.  
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EXHIBITS 

 
Exhibit 1: Sector Weights of Stocks Added to the DJIA during the Great Depression 

 

Exhibit 2: Sector Weights of Stocks Removed from the DJIA during the Great Depression 
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Exhibit 3: Sector Weights of Stocks Added from the DJIA during the Great Recession 

 

Exhibit 4: Sector Weights of Stocks Removed from the DJIA during the Great Recession 
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Exhibit 5: Regression output for Price returns for removed stocks against time  

 

Exhibit 6: Regression output for Bid ask spreads of added stocks before the change 

 

Exhibit 7: Regression output for Bid ask spreads of added stocks after the change 

 
 
 
 



21 
 

Exhibit 8: Time Series Plot of returns of deleted stocks. 

 
 
Exhibit 9: Time Series Plot of returns of added stocks 
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Exhibit 10: Time Series Plot of volume of deleted stocks 

 
 
Exhibit 11: Time Series Plot of volume of added stocks
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Exhibit 12: Regression Analysis between DJIA returns and Price returns for one year after the 

change for companies that were added to the DJIA 

 
The regression equation is 

Returns DJIA AIY = 0.000293 + 0.416 Returns AIY 

 

 

11140 cases used, 2538 cases contain missing values 

 

 

Predictor         Coef    SE Coef      T      P 

Constant     0.0002933  0.0001446   2.03  0.043 

Returns AIY   0.416294   0.005215  79.82  0.000 

 

 

S = 0.0152622   R-Sq = 36.4%   R-Sq(adj) = 36.4% 

 

 

Analysis of Variance 

 

Source             DF      SS      MS        F      P 

Regression          1  1.4841  1.4841  6371.11  0.000 

Residual Error  11138  2.5944  0.0002 

Total           11139  4.0785 

 

 

Regression 13: Residual plot for Price returns for one year for companies that were added  
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Exhibit 14: Regression Analysis between DJIA returns and Price returns for one year before the 

change for companies that were removed from the DJIA 

 
The regression equation is 

DJIA Returns BOY = 0.00294 - 0.000048 Returns BOY 

 

 

7107 cases used, 2657 cases contain missing values 

 

 

Predictor           Coef     SE Coef      T      P 

Constant       0.0029373   0.0006552   4.48  0.000 

Returns BOY  -0.00004791  0.00008400  -0.57  0.568 

 

 

S = 0.0538165   R-Sq = 0.0%   R-Sq(adj) = 0.0% 

 

 

Analysis of Variance 

 

Source            DF         SS        MS     F      P 

Regression         1   0.000942  0.000942  0.33  0.568 

Residual Error  7105  20.577576  0.002896 

Total           7106  20.578518 

 

Exhibit 15: Cubic regression analysis for DJIA returns and Price returns for one year after the 

change for companies that were added to the DJIA 

 
 
The regression equation is 

Returns_1 = 0.000159 + 0.4694 Returns + 0.1637 Returns**2 - 3.527 Returns**3 

 

 

S = 0.0154818   R-Sq = 37.1%   R-Sq(adj) = 37.1% 

 

 

Analysis of Variance 

 

Source        DF       SS        MS        F      P 

Regression     3  1.39859  0.466195  1945.02  0.000 

Error       9901  2.37314  0.000240 

Total       9904  3.77173 

 

 

Sequential Analysis of Variance 

 

Source     DF       SS        F      P 

Linear      1  1.34693  5500.96  0.000 

Quadratic   1  0.00104     4.24  0.040 

Cubic       1  0.05061   211.17  0.000 
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Exhibit 16: 
Cubic regression analysis for DJIA returns and Price returns for one year before the 
change for companies that were removed from the DJIA 
 
The regression equation is 

DJIA Returns BOY = 0.002926 + 0.003792 Returns BOY - 0.000230 Returns BOY**2 

                   + 0.000003 Returns BOY**3 

 

 

S = 0.0538161   R-Sq = 0.0%   R-Sq(adj) = 0.0% 

 

 

Analysis of Variance 

 

Source        DF       SS         MS     F      P 

Regression     3   0.0070  0.0023240  0.80  0.492 

Error       7103  20.5715  0.0028962 

Total       7106  20.5785 

 

 

Sequential Analysis of Variance 

 

Source     DF         SS     F      P 

Linear      1  0.0009423  0.33  0.568 

Quadratic   1  0.0000615  0.02  0.884 

Cubic       1  0.0059681  2.06  0.151 

 
 

Exhibit 17: Simulation comparing DJIA to Stock additions/deletions with respect to time periods 
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Exhibit 18: Simulation showing companies that were added/removed at time ‘0’.

 
 
Exhibit 19: Regression Analysis: DJIA Monthly values versus CPI-U Monthly values for same time 

period 
The regression equation is 

DJIA Monthly = - 1427 + 53.7 CPIU Monthly 

Predictor        Coef  SE Coef       T      P 

Constant     -1426.84    75.80  -18.82  0.000 

CPI Monthly   53.6558   0.7117   75.39  0.000 
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S = 1589.82   R-Sq = 84.8%   R-Sq(adj) = 84.8% 

 

Analysis of Variance 

Source    DF        SS         MS        F        P 

Regression       1   14366076112   14366076112   5683.83  0.000 

Residual Error   1016   2567974772      2527534 

Total            1017  16934050884 

Exhibit 20: Regression Analysis: DJIA Monthly values versus CPI-U Monthly values for the 

previous time period 

 

The regression equation is 

DJIA Monthly = - 1422 + 53.4 CPIU Monthly previous 

1017 cases used, 1 cases contain missing values 

 

Predictor            Coef     SE Coef       T      P 

Constant        -1422.30    75.77    -18.77  0.000 

CPI Monthly previous   53.4059   0.7111     75.11  0.000 

S = 1587.74   R-Sq = 84.8%   R-Sq(adj) = 84.7% 

 

Analysis of Variance 

Source  DF           SS       MS          F      P 

Regression   1   14221165967   14221165967   5641.24   0.000 

Residual Error   1015   2558741603      2520928 

Total             1016   16779907571 


