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Introduction

Famed Green Bay Packers Coach Vince Lombardi once said, "If winning isn't everything, why do they keep score?"  In any professional sport winning is the key to success.  The National Football League, the primary professional football league in America, is no exception to this rule.  Winning facilitates greater profits and greater opportunity to attract marquee players, which together lead to more wins.  In other words, winning begets winning.  Therefore, because winning is so important to the National Football League in particular, franchises need to be focused on improving their team in ways that will facilitate a greater number of wins.  As with any other choice, economics comes into play.  Teams must allocate their time, effort and money into developing every aspect of their game.  The vital question is what area teams should focus on first:  Offense or Defense?  An old adage says, “defense wins championships,” but is that really true?  With the aim of enabling a more productive building process for NFL franchises, an analysis of offensive and defensive statistics will demonstrate the proper focus for improving winning percentage and therefore facilitating more winning.  Prior to conducting such an analysis it is necessary to understand the history and structure of the National Football League, appreciate the intense debate between proponents of offense and defense, and be familiar with past studies involving variables which affect winning percentage.
The first account of what is known today as football was played during the time of the ancient Greeks (Football:  Professional Competition and History).  This primitive form of football, known as “harpaston,” required more tenacity than today’s football because of its additionally violent nature (Football:  Professional Competition and History).  There is also evidence of similar contests played in Italy, Polynesia, and Alaska (Football:  Professional Competition and History).  The first rudimentary form of football played in the United States was in the colony of Virginia in 1609 and involved a ball made of a blown up pig’s bladder (Football:  Professional Competition and History).  Until 1895 football in the United States was merely an amateur affair.  In that year the first professional football games in this country commenced between teams from Latrobe and Jeannette, Pennsylvania (Football:  Professional Competition and History).  In 1920 the first professional football league arose (Football:  Professional Competition and History).  The American Professional Football Association, as it was called, gave way to the National Football League in 1922 (Football:  Professional Competition and History).  The National Football League slowly grew into prominence between 1922 and 1946 when it was challenged by the All-American Football Conference (Football:  Professional Competition and History).  After a four year rivalry the two leagues combined in 1950, which ushered in a time of prosperity for the National Football League (Football:  Professional Competition and History).  This period of popularity was greatly aided by the introduction of televised games in 1956 when the Columbia Broadcasting System began showing a select number of NFL games (Football:  Professional Competition and History).  In response to its increasing popularity the new American Football League began play in 1960.  The two leagues battled viciously until 1966 when they arranged for a merger (Football:  Professional Competition and History).  They devised a plan for an “AFL-NFL World Championship Game” to be played in January at the conclusion of each season (Football:  Professional Competition and History).  From that point on, the National Football League has increased the number of teams and augmented its dealings with its players to mature into the NFL of today. 
The NFL today consists of thirty-two teams divided into two conferences:  the National Football Conference and the American Football Conference.  These conferences are then further divided into four divisions:  East, West, North and South.  Each team plays four preseason games, followed by sixteen additional regular season games stretched out over a seventeen week span beginning in August and running to the end of December.  Upon the completion of the regular season, the postseason playoffs begin.  The four division winners automatically earn a berth into these playoffs with the remaining two teams with the best winning percentage receiving the final two wildcard berths.  Throughout the end of December and into January these franchises battle for a coveted position in the Super Bowl, the game which decides the year’s best team.  
Literature Review

Journalists, fans, commentators, coaches, players, owners, presidents and general managers all continue to debate the importance of offense and defense in football.  This debate has continued to heat up in recent years in response to league officials altering rules in favor of offenses nearly every year (Junker).  As a result scoring has steadily increased league-wide every year of the past decade (Junker).  The increased scoring numbers have caused many people to question the belief that defense wins championships.  Proponents of offense point to 2004 as a benchmark.  This year nine of the top ten offenses made the playoffs while only three of the top ten defenses were able to get a spot (Cobb).  A large number of teams centered on playing stifling defense failed to make the playoffs, including Miami, Chicago, Washington and Tampa Bay (Schatz).  In addition the average playoff team in 2004 ranked eighth in yards gained, an offensive statistic, yet only sixteenth in yards allowed, a defensive statistic (Schatz).  The shift this year was so profound that Jon Gruden, the head coach of the Tampa Bay Buccaneers, a strong defensive squad, plans on amending the team’s ideology in the off-season to become more offense-oriented (Cobb).  Despite these arguments, the defense supporters continue to argue defiantly in favor of a strong defense.  While most proponents of defense seem to view 2004 as an aberration, they have their own arguments to dispute the claims of the offense supporters.  For instance, while they concede that only three of the top ten defenses made the playoffs this year, compared to nine top ten offenses, they point to the final four of the playoffs where only two of the top ten offenses survived as compared to all three top ten defenses (Junker).  Furthermore, they contend that it is easier for a good defense to maintain consistency under varying conditions, whereas offense is more easily affected by outside factors such as crowd noise (Miller).  This fact is supported by the Super Bowl winning quarterback, Tom Brady.  
“It can be more difficult to play offense than it is defense.  Offensively, it needs to be so synchronized.  On every play, you need everybody doing the exact same thing.  When you call the play, you need everybody blocking their responsibility.  Defense, you stop one third down, they’re punting.  With offense, you need to convert every third down to stay on the field.  Defensively, you put a lot of pressure on by the way you play, the speed and the match-up ability.  Defense does win Championships” (Miller).
To compound these arguments supporters of a strong defense point to countless examples from past years to prove their point.  For example, in 2000 the Baltimore Ravens won the Super Bowl despite going an entire month during the season without scoring a touchdown (Miller).  Since the NFL and AFL merged only three of the thirty-four Super Bowl winners ranked worse than eleventh in the league on defense and in twenty-four of thirty-four games the team with the better defensive ranking during the regular season won the championship.  Like most issues, there is a camp that believes balance is the most important aspect of football strategy.  Advocates of balance point to evidence that since the easing of passing rules in 1978, sixteen Super Bowl winners finished in the top five in points scored, while eighteen of the Super Bowl winners since that time finished in the top five in points allowed (Schatz).  Neither are good indicators, thus illustrating that the most important component is balance.  Bill Belichick, the head coach of the 2001, 2003 and 2004 Super Bowl Champions, the New England Patriots, seems to be a believer in a balanced attack.  When asked which facet of the game is more important Belichick responded by saying, “Teams win championships” (Miller).  
While this argument lies at the heart of success in NFL games, there are other variables which affect winning percentages in the National Football League.  Examining these studies is vital to the understanding of additional influences on the dependent variable, winning percentage, discussed in the present study.  One possible variable examined in past studies on winning percentages in football is the preseason.  As mentioned, the NFL has four preseason games prior to the start of every season.  Recently, journalists have begun to claim that this part of the season is not necessary and should be abolished (Craig and Hall).  Therefore a study was conducted to test the basis for this argument.  The study utilized a multiple regression model to explain the effect of the preseason winning percentage on the regular season winning percentage (Craig and Hall).  It also included variables such as the performance of the team in the previous season with dummy variables for reaching the playoffs, appearance in the Super Bowl and triumphs in that contest (Craig and Hall).  This study also incorporates such variables as if a head coaching change was made and the number of veterans the team has on its roster (Craig and Hall).  At the end of the study the record a team earns in the preseason is determined to have a positive effect on winning percentage for the subsequent regular season (Craig and Hall).  Furthermore, the results illustrate that if a team reached the playoffs or Super Bowl in the previous season, then the predicted number of wins based on their preseason record is two games higher (Craig and Hall).  Also having an effect is a head coaching change, influencing the predicted winning percentage by one less win (Craig and Hall).  The impact of carrying a large number of veterans on a team was shown to have a positive effect for twenty-three of twenty-seven teams studied (Craig and Hall).  
Another study conducted analyzed the scores from past games and used them as a predictor of the outcome of the next games in relation to the typical betting line released by gamblers.  This betting line is based on an informal collection of information available throughout the mass media.  The data analyzed was taken from the outcome of 1,320 games played in the NFL regular season from 1968 through 1980 (Harville).  Results from this study showed that while investigating the scores of previous games can be useful, it is less accurate than the current betting line system (Harville).  The exception here was during the middle weeks of the regular season.  In weeks six through thirteen the predictions of previous game scores was very similar to the prediction of the betting line (Harville).  The hypothesis put forth in this study speculates that in the early part of the season one must take into account the team’s profile from the previous season, whereas at the end of the season it becomes important to take into account games that may affect playoff berths (Harville).  

One much discussed variable affecting winning percentage has been home field advantage.  Numerous studies have suggested that the home team playing in a given game has a higher chance of winning than the visiting team.  Recently, some researchers have disputed this theory in championship games of other sports (Kornspan et al.).  A study conducted for the National Football League, however, has found otherwise.  This study examined conference championship games in the NFL from 1970 to 1993.  It was discovered that there was a significant relationship between the location and the outcome of the Conference Championship games (Kornspan et al.).  Interestingly, the author presumes that the home field disadvantage in other sports occurs because athletes lose focus at home (Kornspan et al.).  He continues to hypothesize that because offense is focused on skill and defense is focused more on effort, such a loss of focus at home for skill players is offset by the tremendous effort on defense, thus explaining the old phrase, “defense wins championships” (Kornspan et al.).  

Yet another key variable to consider is the effect of time zones and travel on team performance.  Studies have shown the factors for excelling in athletic competition cycle throughout the day (Jehue, Street, and Huizenga).  Afternoons have proven to be the best period for athletic performance, demonstrated by a large portion of world records broken in the afternoon (Jehue, Street, and Huizenga).  Results for day games showed a negative variation when teams from the west coast were forced into the eastern or central time zone to play the game for that week.  Eastern and central teams, however, showed little variance due to travel (Jehue, Street, and Huizenga).  Results for night games, conversely, revealed an advantage to the west coast team whether the game was played in the west, central or east (Jehue, Street, and Huizenga).
While these studies are informative and interesting, they do not allow coaches and managers to devise strategies for enhancing their team’s performance.  Two additional studies have discussed this issue in an attempt to explain which factors directly relate to how a team wins a football game.  Both studies were conducted by Anthony J. Onwuegbuzie of Valdosta State University in Valdosta, Georgia.  The goal of both studies was to develop and test a multiple regression model which will aid in improving team performance and allow prediction of future winning percentages (Onwuegbuzie).  The first study entitled “Defense or Offense?  Which is the better predictor of success for Professional Football Teams?” employed Pearson’s product-moment correlation coefficients and an all possible subsets (APS) multiple regression analysis (Onwuegbuzie).  He examined twenty-four statistics measured during football games in the 1997 regular season in order to discern their effect on winning percentage.  Some of the variables that were found to have significant effects on winning percentage include turnover differential and total number of rushing yards gained by the offense (Onwuegbuzie).  From this data he was able to create an equation he believed would allow him to predict the following season’s winning percentage.  Also, based on Pearson’s product-moment correlation coefficients, he came to the conclusion that defense is more important than offense because of the significant negative effect (-.86) the statistic of total number of points conceded had on winning percentages during that year (Onwuegbuzie).

In his subsequent study Onwuegbuzie again evaluated key statistics gathered during the 1998 regular season to again distinguish whether offense or defense was a more important factor to winning percentage.  In addition, he also used his formula found during the first study with the aim of predicting each NFL team’s winning percentage.  During this study Onwuegbuzie analyzed a list of ninety-four statistics again utilizing Pearson’s product-moment correlations to study the effect of each on winning percentage.  Using the equation from the previous study he tried to predict each NFL team’s winning percentage for the 1998 regular season.  The findings of this study show turnover ratio and the number of rushing yards conceded by the defense as having a combined 75% explanation of winning percentage (Onwuegbuzie).  While turnover ratio can be attributed to both the offense and the defense, the number of rushing yards conceded is strictly a defensive statistic and therefore Onwuegbuzie again finds defense as having the greatest impact on team performance.  
Problem

Despite the fact that the findings of both previous studies seemed to show defense as the more important factor to winning, the continually changing rules and emphasis placed on those rules by referees warrants further investigation.  Especially in the previous NFL regular season of 2004, rules that favor the offense continue to be implemented.  An example of this is the increased emphasis on illegal contact rules for defensive backs (Schatz).  This, along with scoring incrementally increasing for the past decade and the favor seen for offense through ratings throughout television and radio, could have a significant impact on the findings of Onwuegbuzie (Junker).  Therefore, a new study was employed to again review the relationship between offense, defense and winning percentage and to prove once and for all whether defense does, in fact, win championships.  

Regardless of the new focus on offense, the expected outcome of this study is hypothesized to be that defense still wins championships.  The basis for this hypothesis stems from not only the studies performed by Onwuegbuzie, but also from the Super Bowl winners for the past few years.  The New England Patriots have won the Super Bowl two years in a row and in three of the last four years.  They have been able to accomplish this feat with a great defensive unit and less attention paid to offense.  In addition, the one year in the last four years in which they did not win the Super Bowl, it was won by the Tampa Bay Buccaneers.  Tampa Bay was perhaps the best defensive team of the past decade.  They faced the Oakland Raiders in that Super Bowl.  That year Oakland had the number one ranked offense and Tampa Bay was able to shut them down.  Based on all of this information, it is presumable that the old adage will prevail and defense will have a greater impact on winning percentage.
Methodology
The first step that will be undertaken during the initial analysis of the data will consist of summary statistics of the data.  These statistics will include the minimum, maximum and mean for each data set.  The summary statistics of the following data sets will be discussed:  “points for,” “points against” and turnover differential.  These data sets were chose because, according to previous studies, they have the greatest impact on winning percentage in the NFL.  This discussion will allow for a greater understanding of each data set collected.  In addition to each set of summary statistics there will be three graphs for each year the data was collected:  2002, 2003 and 2004.  These graphs will plot the relationship between winning percentage and “points for,” “points against” and turnover differential, respectively.  Again these data sets were chosen because of evidence from past studies that they are statistically significant for winning percentage.  The graphs will allow for a greater understanding of the effect of each of these variables on the dependent variable of winning percentage.
The final and most important method utilized for this study will be finding the correlation coefficients of each variable used in the analysis.  The correlation coefficient is a number between one and negative one which determines the relationship between two data sets.  The closer the correlation coefficient is to one the more data points that will fall on a positively sloping line.  This is said to be a direct relationship between the two variables.  The closer the number is to negative one the more points that will fall on a negatively sloping line.  This is said to be an inverse relationship between the two variables.  In this case the first variable, the dependent variable, will be the team’s performance measured by winning percentage.  The second variable, the independent variable, will be the statistics gathered in order to answer the problem presented.  The equation used for the correlation coefficient is as follows (Individual Activity:  Linear Correlation Coefficient):  


Description of the Data 
The next question is what data will be gathered to be used in the equation in order to find the correlation coefficient.  Based on the findings of Onwuegbuzie’s first two studies, turnover differential, points conceded by the defense and rushing yards conceded by the defense are included.  To represent the offense the opposite of those the two defensive statistics have also been collected.  They are points scored and rushing yards gained.  On top of using turnover differential, this number is broken up into giveaways by the offense and takeaways by the defense to determine which has the greater effect.  Other statistics gathered for the purposes of this study must have a converse variable on both offense and defense.  For example, rushing yards conceded by the defense has its equivalent included in the study- rushing yards gained.  The final statistics included in this study which satisfies the criteria are passing yards for and against and sacks gained and sacked given up. In order to add to the scope of this study, special teams, another aspect of offense and defense, are also be included.  These statistics are kick return yards for (offense) and against (defense) along with punt return yards for (offense) and punt return yards against (defense).  To summarize, the offense statistics gathered are “points for,” “passing yards for,” “rushing yards for,” giveaways and sacks given up.  The defensive statistics are “points against,” “passing yards against,” “rushing yards against,” takeaways and sacks gained.  The special teams statistics are represented by “kick return yards for,” “punt return yards for,” “kick return yards against” and “punt return yards against.”  Finally, because of the surprising effect found in the Onwuegbuzie study, the effect of turnover differential was again calculated.  
Analysis

The analysis of the study was done using Microsoft Excel and National Football League statistics for the 2002, 2003 and 2004 regular seasons.  The raw data for this study can be found in Figure A, B and C.  Then the average for the three years was found.  The statistics were gathered from the official website of the National Football League, namely NFL.com.  The statistics previously named for each team were entered into the Excel program as well as the formula for the correlation coefficient.  The findings for each statistics were as follows: 
	Correlation Coefficient

	Offense
	2002
	2003
	2004
	Average

	Points For
	0.676
	0.795
	0.632
	0.701

	Passing Yards For
	0.478
	0.470
	0.178
	0.375

	Rushing Yards For
	0.311
	0.152
	0.597
	0.252

	Giveaways
	0.417
	0.266
	0.599
	0.427

	Sacks Given Up
	0.414
	0.252
	0.468
	0.378

	Defense
	
	
	
	

	Points Conceded
	0.712
	0.623
	0.527
	0.620

	Passing Yards Conceded
	0.350
	0.211
	0.068
	0.164

	Rushing Yards Conceded
	0.427
	0.400
	0.560
	0.462

	Takeaways
	0.597
	0.596
	0.327
	0.507

	Sacks 
	0.590
	0.489
	0.528
	0.536

	Special Teams
	
	
	
	

	Kick Return Yards For
	0.086
	0.277
	0.211
	0.191

	Kick Return Yards Conceded
	0.123
	0.014
	0.106
	0.010

	Punt Return Yards For
	0.160
	0.167
	0.045
	0.094

	Punt Return Yards Conceded
	0.057
	0.218
	0.072
	0.029

	Turnovers
	
	
	
	

	Turnover Differential
	0.650
	0.651
	0.561
	0.621


In examining the summary statistics for the National Football League season of 2002, a number of interesting trends was discovered.  First of all, as expected the teams with the highest number of points for and lowest number of “points against” were near the top of the league in winning percentage.  Similarly, the teams with the lowest number of “points for” and highest number of “points against” were near the bottom of the league in winning percentage.  More significant, however, is the fact that the team with the highest number of “points against” had the worst regular season winning percentage and the team with the lowest number of “points against” had the highest winning percentage.  This fact was not true for the category of points for.  This leads to the conclusion that in 2002 a good defense was conducive to winning than a good offense.  Additionally, while the lowest turnover differential did not coincide with the lowest winning percentage, the highest turnover differential did predict the highest winning percentage, indicating that for 2002 being able to cause turnovers led to more wins.
As the summary statistics seem to support the findings of Onwuegbuzie, the data derived from the correlation coefficient for the 2002 regular season seems to also support his findings.  “Points against” has the correlation coefficient closest to one or negative one with an effect -71.2%.  While “points against” did have the highest correlation coefficient a close second was “points for” at 67.6%.  His study is further supported here by the 65% explanation of the turnover differential.  However, while Onwuegbuzie is supported with those variables rushing yards gained by the offense only has a 31.1% correlation.  Surprisingly, defensive sacks for the year of 2002 have a significant positive correlation at 59%.  The following graphs continue to support all of the previous findings for the 2002 regular season.  Paying attention to the trend line, the data points seem to be much closer to the line drawn in the graph describing “points against” more so than “points for” and turnover differential.  
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The findings in the regular season of 2003 seem concurrent with the findings from the previous season.  “Points against” again predicts the lowest and highest winning percentages for the year.  However, this season the lowest number of “points for” is able to also predict the lowest winning percentage.  While it is unclear at this point whether this is significant, it does seem to illustrate a growing importance for offense to win football games.  As opposed to the previous season, turnover differential is unable to explain either the lowest or highest winning percentage for the year, suggesting this statistic has a smaller impact on the winning percentage.  However, the mean for “points for” went down which may indicate a drop in its importance for this season.  Overall, the data from this season seems again to preliminarily support Onwuegbuzie’s findings.  

While Onwuegbuzie was supported in the initial analysis of the data for 2002 the correlation coefficient analysis completely discounts his findings.  In this regular season “points against” only explain -62.3% variance, while “points for” explains 79.5% of the variance.  In addition the correlation of every defensive statistic dropped from 2002 to 2003.  Conversely, the statistics representing special teams rose with the exception of “kick return yards against.”  Turnover differential, though, stays almost exactly the same from 2002 to 2003 at 65.1%.  The findings of the correlation coefficient are further supported by the subsequent graphs.  In this season, “points against” is much more skewed and further from the trend line, while with few exceptions “points for” is much closer to its trend line.  
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The initial analysis of summary statistics for the 2004 regular season seems to indicate a move back to the 2002 regular season.  For the third year in a row the statistic of “points against” is able to predict the lowest and highest winning percentages.  Unlike the 2003 regular season, “points for” is unable to predict any of the highest or lowest winning percentages.  However, the more important analysis for this regular season is yet to come.  
The statistics for the correlation coefficient of 2004 regular season again discount Onwuegbuzie’s findings.  While the correlation coefficient for “points for” decreases it is still the highest coefficient in the data set at 63.2%.  Whereas “points against” has dropped even more than the previous year to 52.7%.  Also, the correlation coefficient related to “rushing yards for” decreased even more to a point where it is too low to have any significant effect on winning percentage.  The most surprising correlation coefficient for the 2004 regular season was “passing yards against.” This statistic is expected to have a negative correlation, however, instead it is very close to no correlation and while it is too small to be significant, it lies slightly on the positive side insinuating a very slight direct relationship between the “passing yards against” and winning percentage.  Like the 2003 regular season, the graphs exemplify the findings of the correlation coefficient.  The data points for “points against” are much more skewed and further from the trend line, while “points for” shows a greater positive correlation, with its data points situated much closer to the trend line.  In this season, it seems the data points for “turnover differential” are also more closely situated around its trend line than “points against.”
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Lastly, the average of each statistic was taken over the three year period in an attempt to weed out any outliers.  “Points for” continued to have the highest correlation coefficient with 70.1%.  Turnover differential had the next highest correlation followed closely by points conceded with 62.1% and 62%, respectively.  On average, defensive sacks and takeaways by the defense were also found to be rather significant with coefficients of 53.6% and 50.7%.  Finally, “rushing yards for” only had, on average, a very insignificant correlation of 25.2% verifying again the difference in these findings and in Onwuegbuzie’s earlier studies.  
Conclusion

While the summary statistics are much less significant they seem to suggest that defense is the still most important indicator of the best team for a given season.  This is backed up by the ability of “points against” to predict the team with the highest and lowest winning percentages for each of the three regular seasons investigated.  The findings demonstrated by the summary statistics illustrate the need for further research into this topic.  However, the more significant of the correlation coefficient disproves the old saying that defense wins championships.  Not only does it disprove that old adage, but it also contradicts previous studies conducted on this topic along with the hypotheses of many fans, journalists, coaches, players and general managers.  This change is most likely reflective of the numerous rule changes in favor of offense and the fascination of television, radio and most fans with the ability of teams to score.  This is a trend being seen in many sports in America today.  Baseball is going through the same trend with increases in scoring from year to year and a higher emphasis on home runs, a strictly offensive statistic.  As a result of this trend offensive records have begun to fall in baseball and beginning in this year that trend has jumped into the National Football League.  The quarterback for the Indianapolis Colts, Peyton Manning, shattered the touchdown record previously set twenty years ago.  If the National Football League and its fans continue to focus on the high-powered offense, this trend will continue.  Until such time this analysis provides a benchmark for coaches and general mangers to understand that in order to build their franchises and keep their jobs it is necessary to focus on offensive talent first, because as Vincent Van Gogh once said, “Winning isn’t everything; it’s the only thing.”
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