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[bookmark: _Toc180895758]I.	INTRODUCTION
	Every organization finds it essential to retain their most qualified and trained individuals in order to maintain a work force that is competent and proficient.  Decreased employee retention forces organizations to utilize less capable individuals in demanding positions.  This affects the overall performance and ability of an organization to meet its mission.  The Society for Human Resource Management recently completed a study analyzing the factors affecting job retention in the United States.  Organizations utilize human resource professionals in order to develop methods that increase employee retention and satisfaction.  The professionals focused on the factors that most correlate with retention such as career opportunities elsewhere, better compensation, burnout and dissatisfaction with potential career development at their organization.[footnoteRef:2]  In US Jobs, approximately three-fourths of current employees are either actively or passively job searching due to the recent improvement in the job market and job opportunities since the beginning of 2006.[footnoteRef:3]  In such a competitive job market, it is economically important to maintain highly competent individuals in our business world.   More importantly, with our country’s armed forces engaged in full-scale deployments and combat operations in both Afghanistan and Iraq, it is vital to defense and security of our nation to retain the most proficient and capable officers in the United States Armed Forces. [2:  Jessica Frincke, “2006 US Job Retention Poll Findings” (Study, Society for Human Resource management and CareerJournal.com, 2006), 25.]  [3:  Frincke, 3.] 

	Recent trends highlight the need for highly qualified officers in the armed forces and understanding the factors that currently affect retention.  According to a study analyzing the retention effects of each officer-commissioning source, both military and civilian trends affected the recruitment, retention and necessity for high quality individuals. [footnoteRef:4] Our reliance on technological advancements increases our military’s need for intelligent and critical thinkers capable of learning and maintaining dynamic skills.  In addition, it is essential to maintain a force capable of performing in high op-tempo deployments to combat zones such as Afghanistan and Iraq.  These deployments have strained our military personnel under its current numbers, particularly in the United States Army and Marines.  Factors that positively affect retention such as pay, retirement benefits and health-care are essential to maintain our force.  Factors that threaten our force include possible reductions in military budget, American public opinion, and a robust economy with low unemployment rates.  Our current economy provides military personnel with outlets to other job opportunities with better monetary compensation.  In addition, the private sector demands high quality and skilled individuals, similar to those necessary for our armed forces.  Such demand creates a competition between the private sector and the military.[footnoteRef:5] [4:  Turgay Demirel, “A Statistical Analysis of Officer Retention in the U.S. Military” ( Masters Thesis, Naval Postgraduate School, 2002), 2.]  [5:  Demirel, 2.] 

 [image: ] 
[bookmark: _Toc165320216]   Figure 1:Typical Methods of Becoming an Officer in the Military	[footnoteRef:6] [6:  Demirel, 12.] 
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[bookmark: _Toc165320221]Table 1:Comparison of Accession Sources[footnoteRef:7] [7:  Demirel, 29.] 

	In order to become an officer in the United States Armed Forces, future officers must undergo training through one of four commissioning sources: Service Academies, the Reserve Officer Training Corps (ROTC), Officer Candidate School (OCS) or Direct Appointment.[footnoteRef:8]  The typical methods of becoming an officer in the military are illustrated in Figure 1.[footnoteRef:9]    Service Academies including the United States Military Academy (USMA), the United States Naval Academy (USNA) and the United States Air Force Academy (USAFA), provide intense four-year programs that develop highly trained officers at the highest monetary cost to our government.  Service Academies have the highest military obligation of five years active duty and three years reserve.  ROTC provides training varying from two to four years with an extremely diverse representation of our nation at the second highest monetary cost to our government (with scholarships).[footnoteRef:10]  ROTC graduates have an active duty service obligation of two to four years and three to six years in the reserve.  OCS provides intensive and rapid training for ten to sixteen weeks transforming a group composed of mostly college graduates into commissioned officers at the lowest monetary cost of training to our government.  OCS service obligation includes at least four years active duty and up to four years in the reserve.  Direct Commission appointments, usually reserved for professionals that have already acquired a degree in medical, legal and religious fields, enter a condensed program of three to five weeks providing military indoctrination and orientation.[footnoteRef:11]  The percentages of officer accessions with relation to each commissioning source are illustrated in Figure 2.  The comparison of duration, benefits, service obligation, rank upon graduation and federal government cost per graduate are illustrated in Table 1. [8:  Demirel, 11.]  [9:  Demirel, 11]  [10:  Demirel, 17-18.]  [11:  Demirel, 28.] 
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[bookmark: _Toc165320217]Figure 2:  US Army Officer Accessions by Source[footnoteRef:12] [12:  U.S. Army Human Resources Command, “U.S. Fiscal Year 2007 (FY2007) Officer Accessions” in U.S. Army Human Resources Command [Web Site]; available from <https://www.hrc.army.mil/site/Active/opdistacc/default.htm>; accessed 24 March 2007.] 


	In this study, we will focus on the current retention of active duty officers in the United States Army.  The United States Army currently faces a critical shortage of field grade officers.  Following the post-Cold War drawdown recruiting and retention levels for the three largest services had dropped.[footnoteRef:13]  During the drawdown, the active duty Army Officer Corps was reduced from 91,000 to 69,000.[footnoteRef:14]  While we can partially attribute the current shortage of field grade officers to this drawdown, it did not cause the increase in attrition rates that we notice today.  The Army has taken steps to mitigate the attrition of its officers through promotion opportunity, promotion timing, increased accessions, and a branch/post/graduate school for service program.[footnoteRef:15]  The Army is focused on developing methods to increase retention of USMA graduates, one of the major sources of Army officer accessions.  [13:  Tamar A. Mehuron, “USAF People:  Recruiting, Retention and Demographics,” Air Force Magazine, January 2001, 10.]  [14:  Congressional Research Service, Army Officer Shortages:  Background and Issues for Congress, (Washington D.C.: RL33518, 2006), 7.]  [15:  Congressional Research Service, 8-13.] 

	In 2005, USMA announced an updated mission statement replacing “a lifetime of selfless service to the nation” with “for a career of professional excellence and service to the Nation as an officer in the United States Army.” [footnoteRef:16]  This change reflects the changes made in the military academy following the Cold War reduction in forces and serves to address the dwindling retention rates of USMA graduates.  USMA is currently aligning itself with the new mission statement in recruitment efforts, admissions, and in the overall West Point experience to increase retention of their graduates. [16:  General William R. Richardson, “Getting West Point Back on Mission,” Military Review, March-April 2006, 69.] 

  In this study, we will focus on the current retention of active duty officers in the United States Army. Particularly, we researched data from one USMA class.  The data for the members of the USMA Class of 1989 spans from high school throughout their military career. We will analyze it with data mining software (QUEST) in order to focus on the factors of individual cadets that most strongly correlate to retention beyond their initial 5-year service obligation.
	 








[bookmark: _Toc180895759]II.	Background
[bookmark: _Toc180895760]A.  Background 
The mission of the United States Military Academy (USMA) is "To educate, train, and inspire the Corps of Cadets so that each graduate is a commissioned leader of character committed to the values of Duty, Honor, Country and prepared for a career of professional excellence and service to the Nation as an officer in the United States Army."[footnoteRef:17]   USMA is one of four commissioning sources for the US Army.  In addition to USMA, the Reserve Officer Training Corps (ROTC), Officer Candidate School (OCS), and direct commissions account for all other officer accessions each year.  In Fiscal Year 07, the Army accessed about 4600 active duty officers with USMA graduates comprising 21% of these accessions.  ROTC provided 55% of incoming officers, while OCS provided 22% and 2% came from direct commissioning (professionals accessed into special branches: Chaplain, Judge Advocate General and Army Medical Department).[footnoteRef:18]  Until recently, the authorized strength of USMA’s Corps of Cadets has been limited to no more than 4,000 on the day before the last day of the academic year.[footnoteRef:19]  The FY2003 National Defense Authorization Act authorized the Secretary of the Army to increase the Corps of Cadets by 100 per year during the years 2003 through 2007 and established a new maximum enrollment of 4,400.[footnoteRef:20]   Historically, USMA and ROTC have been the primary sources of Army officers, with OCS providing a “surge” capability and advancement opportunity for talented enlisted personnel.[footnoteRef:21]   [17:  United States Military Academy at West Point, “USMA Mission” in United States Military Academy at West Point, [Web Site]; available from http://www.usma.edu/mission.asp, accessed 19 March 2007.]  [18:  U.S. Army Human Resources Command, “U.S. Fiscal Year 2007 (FY2007) Officer Accessions” in U.S. Army Human Resources Command [Web Site]; available from <https://www.hrc.army.mil/site/Active/opdistacc/default.htm>; accessed 24 March 2007.]  [19:  Congressional Research Service, 10.]  [20:  Congressional Research Service, 10-11.]  [21:  Congressional Research Service, 22.] 

[image: ]
[bookmark: _Toc165320218]Figure 3:  FY2007 Projection by Year Group[footnoteRef:22] [22:  Congressional Research Service, 2.] 


	The Army’s shortages of captains and majors are illustrated by Figure 3.  The vertical bars show the expected strength of each Year Group, while the solid sloping line reflects officer requirements for each year group.[footnoteRef:23]  Based on shortages experienced by year groups 1991 through 2002, the Army projects an officer shortage of 120 Lieutenant Colonels, 2,195 Majors and 393 Captains for an aggregate shortage of 2,708 for FY2007.[footnoteRef:24]  The Army defines “critical shortage” as 85% or less.  Currently, only 82.5% of all requirements for the rank of Major are projected to be filled.  If this trend continues  and projected shortages increase we expect 80.5% of all requirements for major to be filled for FY2008 and shortages in excess of 3,000 annually are projected to persist through 2013.[footnoteRef:25]  Issues include critical positions being vacant or filled with inexperienced officers and additional attritions due to deployment tempo.  Attrition averages are about 28.8%, yet in year group 2000, attrition jumped to nearly 35% for the United States Military Academy as illustrated in Table 3.[footnoteRef:26]  If we can identify the factors during the USMA experience that result in increased commitment and lower attrition, we can recommend USMA to focus upon these factors and possibly reverse this trend. [23:  Congressional Research Service, 2.]  [24:  Congressional Research Service, 3.]  [25:  Congressional Research Service, 3.]  [26:  Congressional Research Service, 6.] 
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[bookmark: _Toc165320222]Table 2: Retention of USMA Classes 1995-2000[footnoteRef:27] [27:  Congressional Research Service, 6.] 


In terms of the USMA Mission, our study will assist the Academy in focusing upon certain aspects during a cadet’s time at the Academy and qualities prior to attending the Academy that directly correlate to a successful career of professional excellence as an officer in the Army.  We utilized QUEST, a data mining technique, on a wealth of information from the USMA Class of 1989 in order to identify critical factors.  The correlating factors that we find will assist USMA in completing its mission.  If we find the correlation of particular factors to be significant, we will recommend that USMA focus upon these in order to improve their ability to complete the mission. 
In terms of analytical methods, this study focuses on employing and understanding the QUEST method developed by Wei-Yin Loh and Yu-Shan Shih of Wisconsin University.  Our data is drawn from the USMA Class of 1989 (N=1425 at entry and 1059 upon graduation).  The QUEST method is similar to previous methods of data mining that we have applied to the Class of 1989’s data.  Previous methods include multivariable logistic regression, neural networks, decision trees, clustering and association rules.  QUEST is similar to the FACT method in that it utilizes split point selection.  However upon this method, proving to be better than a purely exhaustive search in terms of variable selection bias and computational cost.  We will utilize this method to find predictor variables that correspond to performance at USMA and in the Army.
[bookmark: _Toc180895761]B.  Objective and Research Questions
1.  The Objective
The primary objective of this study is to identify the predictor variables for USMA classes that most strongly correlate with retention of graduates beyond their initial 5-year service obligation.
2.  Research Questions
	This study addresses the following research questions:
1.  What factors from the USMA admissions process, the USMA experience and active duty Army experience most strongly correlate with retention beyond the five-year service obligation?
2.  Are our findings conclusive enough to predict the future retention of officers from particular predictor variables in cadets?
3.  What recommendations for future study, if any, can we extrapolate from the data that we find?
4.  How does the QUEST method compare to other methods previously utilized in the Class of 1989 data set?


[bookmark: _Toc180895762]C.  Justification of Study
In terms of the USMA Mission, our study is focused on identifying certain aspects as well as specific qualities prior to, during and after a cadet’s time at the Academy and prior to the Academy that directly correlate to a successful career of professional excellence as an officer in the Army.  If we find a correlation of particular factors to be significant, as defined in our methodology, we will recommend that USMA focus upon these in order to improve its ability to complete the mission.  With respect to analyzing USMA class data and retention in the United States Army, current methods of research resulted high misclassification rates: Logistic Regression Model (36.82%), Classification Tree (42.33%), Neural Networks (44.97%) and Naïve Model (48.69%).  Research has yet to utilize the QUEST data mining software in the prediction of retention.  It is therefore essential to analyze this data with a different data mining technique, on a wealth of information from the USMA Class of 1989, in order to identify critical factors impacting retention.

[bookmark: _Toc180895763]D.  Definition of Terms
· OCS:  Officer Candidate School.  A officer training school utilized in each service for the purpose of training and commissioning officers rapidly.
· Predictor Variable:  A variable analyzed in data mining that we attempt to correlate with some sort of result.  EXAMPLE:  Predictor Variable: (USMA Performance Academically) corresponding to a measure of success (Commissioned Officer remains in service beyond Active Duty Service Obligation)
· Pruning:  A process that attempts to remove unnecessary splitting and data from the bottom of a decision tree to the top.  This process should have a negligible effect on accuracy of prediction.
· ADSO:  Active Duty Service Obligation.  The time required for a cadet to serve following their commission into the U.S. Army.  West Point’s ADSO standard is 5 years active duty and 3 years in the reserves.  Recently West Point has implemented branch, post or graduate school incentives for agreement to extended ADSO following graduation.
· Misclassification Rate: The rate in which data mining algorithm will predict the incorrect outcome.  One example of misclassification:  It is the rate in which our algorithm incorrectly predicts a cadet to stay beyond five-year retention or leave the army when the known true result contradicts the prediction.  We find this data by analyzing our algorithms predictions with respect to known outcomes.
· Binary Splits:  QUEST utilizes binary splits (two outcomes) instead of additional splits (more than two outcomes) in order to reduce unnecessary outcomes.  This is reflected and illustrated with respect to two different classification trees techniques utilized to classify flowers.  EXAMPLE:
BINARY SPLIT		     NON-BINARY SPLIT
[image: ] [image: ]
· QUEST:  (Quick, Unbiased and Efficient Statistical Tree), a decision tree algorithm for data mining developed by Wei-Yin Loh and Yu-Shan Shih..  Advantages of this algorithm include speed, pruning and lack of bias with respect to categorical variables.  
· Classification Tree:  A type of data mining in which large data sets are processed through an algorithm that splits data into various categories with the intent of creating the most homogenous classification in the final node
· Bias:  With respect to classification trees, bias is purity of a data mining algorithm’s decision to create a split. Bias in an algorithm is any factor that reduces accuracy of prediction due to an algorithm’s calculation.  For example, if an algorithm was more inclined to make splits on numerical variables instead of categorical variables it would be biased and therefore detract from precision.
· Categorical Variable:  A variable that has multiple discrete outcomes that cannot necessarily be placed in order.  For example, 
· Ordered Variable:  A variable that has some order of magnitude for values either increasing or decreasing.
· Stopping Mechanism:  A mechanism in classification tree algorithms that simply stops the creation of new splits once the desired size of a tree is reached.  It does not take into account the accuracy decreased by simply cutting off the extra branches of the tree.  This data is relevant to this project as we explore a spectrum of possibilities across the board.
· Data Mining:  A process that uses a variety of data analysis tools to discover patterns and relationships in data that may be used to make valid predictions












[bookmark: _Toc180895764]III. DAta and MODELING
[bookmark: _Toc180895765]A. DATA

	Our data can be broken down into three significant portions:  data prior to entry, data during the West Point experience and data following the West Point experience.  The United States Military Academy implements a rigorous admissions process.  We draw our pre-USMA data largely from the admissions process.  The data during the West Point experience is drawn throughout the cadets’ time at the Academy and includes variables such as the cadet’s performance militarily, academically and physically.  The post-USMA career data is related to length of service, commission date and branch in the Army.  Variables utilized in our study are available in Table 3 (Appendix).  All three phases provide unique information regarding every individual cadet.  In our study, we attempt to draw correlations between unique data variables and retention beyond the minimum service requirement in the United States Army.
	In this study, we draw a majority of data from each cadet’s admissions file, which includes subjective questions and performance metrics from high school. The high school data is summarized in overall potential scores for physical, leadership and academic pillars of West Point.  These scores are compiled from high school activities, standardized test scores, and the physical aptitude exam score.  The subjective information ranges from reasons for application to USMA, family history and opinions on aspects of a military lifestyle.  Cadets are ranked throughout their time at West Point based upon their performance in each pillar of cadet life.  The data also draws information from the cadet’s experience at West Point including their cumulative physical, military and academic ranking upon the completion of their senior year.  The most limited data that we have regarding the cadets is from the time period following graduation.  We are limited to time spent on the active duty, status with respect to their Army career, commission date and branch of service.  This contains our binary output variable of retention in the active duty Army beyond the five-year mark.
	There are three issues that are worth noting due to their effect on our data. The first is the effect of Reduction in Force on the Class of 1989.  Our criteria variable is binary, which limits our observations.  The final issue involves the propensity for college bound high school students to overstate high school activities in the application process.[footnoteRef:28]  The military began a post cold war drawdown in 1989, the graduating year of this class.  This drawdown decreased military work force and budget by 41% and affected this graduating class by forcing active duty army officers into retirement prior to the 5-year mark.[footnoteRef:29]  This action may have forced out individuals who would have had potential careers as active duty Army officers.  Nonetheless, officers from the class of 1989 also left on their own terms at the minimum service obligation and many officers are still on active duty from the class. [28:  Sarath Rednam, “USMA as a Screening Mechanism:  Producing Quality Officers Committed to a Career in the Military Based Upon Pre-Admission and Academy Performance” (Bachelors, USMA, 2006), 7.]  [29:  Demirel, 7.] 

  Our outcome variable, service beyond the five-year active duty obligation, is a binary variable limited by the data mining software that we utilized, QUEST.  If our outcome for prediction was not limited to a binary variable, length of career could be taken into account.  Instead of valuing a 7-year active duty service equally with fifteen years of active duty service, it would account for more acute differences in the careers of graduates.
  While applying to a competitive university such as USMA, applicants may exaggerate the data made available to the admissions department.  While GPA and standardized test scores are not changed, high school activities that are incorporated into leadership and physical potential scores may be overstated.  For example, assisting with minimal meetings in student government could be interpreted as “Yes” for participation as a senior class officer.

[bookmark: _Toc180895766]B. Methodology
	Data mining is a process that uses a variety of data analysis tools to discover patterns and relationships in data that may be used to make valid predictions.[footnoteRef:30]   In this study, we analyze one category of data mining known as decision trees.  Through decision trees, a large wealth of data is processed through an algorithm that splits data into various categories with the intent of creating the most homogenous classification in the final node.  Ideally, the categorical splits would result in a relationship between data that would show, through a series of value based splits, predictor variables with 100% correlation to an output variable.  Realistically, these algorithms create trees that minimize the misclassification of data prediction in the final node through attaining the most optimal values and variables of data splitting.  We used QUEST (Quick, Unbiased and Efficient Statistical Tree), a decision tree algorithm for data mining.  Our goal was to create a decision tree that would illustrate the variables that most significantly correlate with active duty Army service beyond the five-year service obligation.   [30:  Two Crows Corporation, Intro to Data Mining and Knowledge Discovery, 3d ed. (Potomac, MD:  Two Crows Corporation), 1999, 1.] 

The most popular approach to decision trees (classification) utilizes the exhaustive search method.  One problem encountered by utilizing such a method without consideration is the bias encountered in variable selection.  This method has the tendency to select variables that have more splits.  This has a negative impact because the final tree, while fitting the data, is inclined to have unreliable prediction accuracy. [footnoteRef:31]   QUEST serves as an alternative to this method by using an algorithm with negligible bias.  This difference is illustrated by comparing the QUEST and FACT methods.  Though both methods have no variable selection bias when utilizing only ordered variables, the introduction of categorical variables causes a substantial bias in FACT.  In this biased algorithm, splits are more inclined to occur for categorical variables rather than ordered variables.[footnoteRef:32]  For this study, the Class of 1989 data has a wealth of both categorical variables and ordered variables.  It is therefore imperative to utilize a split selection method that has negligible bias between the two.  Furthermore, the QUEST algorithm utilizes bottom up pruning rather than a stopping mechanism.  Pruning and stopping mechanisms are used to prevent a classification tree from growing without bound.[footnoteRef:33]  The stopping mechanism is a simpler method that stops the production of a tree once reaching maximum intended growth.  Pruning is a more accurate method because it prunes a final tree from the bottom up while ensuring that it does not compromise accuracy.   [31:  Wei-Yin Loh and Yu-Shan Shih, “Split Selection Methods for Classification Trees,” Statistica Sinica 7 (1997): 816.]  [32:  Loh and Shi, 824.]  [33:  Two Crows Corporation, 16.] 

	It is important to define how we determined the significance of factors following the classification tree’s splits.  In both results, the classification tree utilized splits on a total of thirteen factors, yet we determined that only three factors to be significant.  We utilized an objective approach at the data focusing on the definition of factors and the number of previous dependent factors utilized for splitting.  With respect to the definition of factors, if the results contradicted each other and presented no clear pattern the results were not considered significant (example: “High School Counselor/Teacher”[footnoteRef:34]).  With respect to the number of previous factors, we believed that splits higher in the tree had more significance than splits lower in the tree.  This assumption was made to avoid complicated, criteria with multiple dependent variables for retention.  An example of result hinged on multiple dependent criteria would be the following statement: Cadets who did not participate in yearbook, had an ACT-Math lower 27, did participate in student government, and did not like calling an officer Sir or Ma’am will be retained in the Army beyond five years.[footnoteRef:35]  We concluded that the value of exploring such a chain of dependent, complicated factors similar to the example would be negligible. [34:  Paragraph 2.i. (Found in this report under Quest Five Fold Cross Validation Analysis).]  [35:  Note:  The order is a purely hypothetical situation only utilized as example.  ] 

In our study, we analyzed data in the following fashion with the QUEST algorithm.  Priors for each class are estimated and we produced trees with equal misclassification costs.  This was done because we found that the cost of losing a candidate that has a potential for career in the Army (Predict: No, Result: Yes) was just as valuable as selecting a candidate for admission that did not serve beyond the initial service obligation (Predict: Yes, Result: No).  We selected the minimum node size of the constructed tree to be one.  We chose this because we did not want to limit or prune any significant predictor variables solely because the split did not yield more than one node.  We chose to utilize a univariate splitting method.  This method causes splits on single variables rather than linear combinations of variables, which are difficult with a vast number of categorical variables.  Following the example of Shih, we utilized the standard alpha value of .05 because it was the best value for the unbiased variable selection method in Quest.[footnoteRef:36]  We utilized the exhaustive search method for split points because it was the standard for our binary outcome variable with two classes.  We utilized zero SEs (The SE number represents the smallest possible tree size when pruned) for the pruned tree, producing a tree with the smallest cross validation estimate of error.[footnoteRef:37]  Cross Validation was used instead of test sample pruning to allow freedom of analysis through a range of different fold numbers in cross validation.  With the freedom to utilize Cross Validation, we could freely adjust our tree size in order to explore multiple possible predictor factors.  We utilized the standard ten fold cross validation as well as numbers ranging from two through twelve to broaden our analysis of possible predictor variables.  A test sample estimate was implemented for the final tree.  These decisions produced multiple trees that we could analyze further for feasible predictor criteria correlating to active duty Army service beyond the five-year service obligation. [36:  Yu-Shan Shih, “QUEST User Manual” (National Chung Cheng University, Taiwan, 2003), 8.]  [37:  Shih, 8.] 
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