MN4118 Lab 4 – Distribution & Assignment Exercise
General

This is a manpower-specific application of LDW: distribution and assignment. The problem is taken from the article by Gates and Nissen, "An Empirical Investigation of e-Employment Market Designs" (2002). This exercise extends use of LDW beyond simple numerical attribute scales (e.g., as used in the best-automobile problem).

Detailing Problem

You are responsible for detailing ten sailors, and twelve billets are currently open. Representing the command, use LDW to model the command's preference function associated with Job 1. Take into account the sailors' preferences to the extent possible. Recommend the best sailor for this job. Then repeat this procedure for each of the other eleven jobs. 

On your first pass, include all ten sailors as candidates for each of the twelve jobs; that is, even though you recommend a particular sailor (e.g., Sailor 1) for a specific job (e.g., Job 1), you will still include this sailor in your consideration of the other jobs (e.g., Job 2, 3, etc.). Final assignments of sailors to jobs will be based on the results of all twelve LDW models and analyses. Characteristics associated with the jobs, jobs requiring assignments, and sailors requiring assignment are presented in Tables 1, 2 and 3 below, respectively.

In Table 1, four job characteristics are listed: 1) promotion prospect, 2) location, 3) grade, and 4) training. These factors differentiate various jobs from one another and are generally considered by sailors when evaluating alternative job assignment opportunities.

Table 1 Job Characteristics (Adapted from Gates and Nissen 2002)

	Promotion Prospect
	Location
	Grade
	Training

	Low
	Eastern US
	E4
	None

	Moderate
	Western Europe
	E5
	General

	Average
	Western US
	E6
	Equipment Operator

	High
	West Pacific
	
	Equipment Maintainer

	Excellent
	
	
	


In Table 2, five characteristics are listed for each of twelve jobs requiring assignment. The first four characteristics correspond to those listed in the table above. The fifth, preference, lists each command's preference with respect to whether sailors' past performance or training is considered most important in terms of assignment.

Table 2 Job Characteristics (Adapted from Gates and Nissen 2002)

	Job
	Training
	Grade
	Promotability
	Location
	Preference

	1
	General
	E6
	Moderate
	West Pacific
	Performance

	2
	None
	E5
	Average
	Eastern US
	Performance

	3
	None
	E4
	High
	Western US
	Performance

	4
	None
	E6
	High
	Western US
	Training

	5
	Operator
	E6
	Average
	Eastern US
	Performance

	6
	Maintainer
	E6
	Excellent
	West Pacific
	Training

	7
	Operator
	E4
	Moderate
	Eastern US
	Training

	8
	General
	E5
	High
	West Pacific
	Training

	9
	None
	E4
	Low
	Eastern US
	Training

	10
	Operator
	E4
	High
	Eastern US
	Training

	11
	Operator
	E6
	Average
	West Pacific
	Performance

	12
	Maintainer
	E4
	Low
	West Pacific
	Training



In Table 3, each of the ten sailors requiring assignment is listed along with the sailors' corresponding information in terms of six attributes: 1) grade, 2) training, 3) performance, 4) current location, 5) preferred location, and 6) preference.

Table 3 Sailors and Information (Adapted from Gates and Nissen 2002)

	Sailor
	Grade
	Training
	Performance
	Current

Location
	Preferred

Location
	Preference

	1
	E5
	General
	Promote
	Eastern US
	Eastern US
	Promotion

	2
	E5
	Operator
	Must Promote
	Western Europe
	Eastern US
	Promotion

	3
	E5
	Maintainer
	Don't Promote
	Western Europe
	Eastern US
	Location

	4
	E4
	Maintainer
	Promote
	West Pacific
	West Pacific
	Promotion

	5
	E4
	None
	Must Promote
	West Pacific
	West Pacific
	Promotion

	6
	E6
	None
	Early Promote
	Eastern US
	Western Europe
	Promotion

	7
	E4
	None
	Early Promote
	Western Europe
	Western US
	Location

	8
	E5
	None
	Don't Promote
	Western US
	Eastern US
	Promotion

	9
	E4
	Maintainer
	Don't Promote
	Western US
	Eastern US
	Promotion

	10
	E5
	Operator
	Early Promote
	Western US
	Eastern US
	Promotion


Setup Detailing Decision Model for Job 1

Each job has characteristics reflecting differences across the various commands. Thus, a different LDW model must be setup for each job. However, because all jobs share the same characteristics, all twelve LDW models will be quite similar. Begin with Job 1, and develop a scheme for representing alternative values for each of the six job characteristics in LDW (i.e., utility values). For instance, the characteristic training has four alternative values: 1) none, 2) general, 3) operator, and maintainer. Notice these are labels, not numbers, which are associated with a nominal scale. Even with such a nominal scale, however, certain values are preferred to others, so we can establish a rough ordinal ranking scheme for use in LDW. 

There are myriad different ways to establish such a ranking scheme for each job characteristic. The key is to be both logical and consistent; that is, whatever scheme you establish should appropriately rank alternative candidates, and all candidates and jobs should be evaluated using the same scheme once it is established. 

For training, Job 1 indicates general training is required. One approach to establishing a ranking structure is to assign numerical values to different kinds of training. For instance, we can assign the number 2 to general training, the number 1 to other kinds of training, and the number 0 to no training. Other numbers (e.g., +1, 0, -1; 5, 50, 500) are equally valid, provided the preferred kind of training (i.e., general in this case) consistently is assigned a higher numerical value (e.g., we are indicating that higher numbers represent superior alternatives).

For grade, Job 1 indicates E6 is required. Similar to our numerical assignment for training above, we can assign the number 2 to E6, the number 1 to E5, and the number 0 to E4. This reflects the command's preference for E6 over other grades, and it preserves an order with E6 > E5 > E4 in terms of ranking.

The other job characteristics are a bit less intuitive, for the sailor's preferences determine the numerical assignments. For promotion, Job 1 indicates the level of promotability is only moderate. Thus, a sailor with a strong preference for jobs with good promotion opportunities would not represent as good a match for this job as another sailor that lacks such strong preference (e.g., one that considers location more important than promotion). We can use a binary scale (i.e., 0, 1) here: assign the number 1 if the sailor prefers location, and the number 0 if the sailor prefers promotion. 

Similarly for location, Job 1 is in the West Pacific. Thus, a sailor with a preference for duty in the West Pacific would represent a better match for this job than another sailor preferring duty elsewhere in the world (e.g., Eastern US). We can also use a binary scale here: assign the number 1 if the sailor prefers a West Pacific location, and the number 0 otherwise. Notice, we could have also included some order—perhaps based on distance from the preferred location—to the non-West Pacific locations (e.g., assign a 0 for Western Europe, a 1 for Eastern US, a 2 for Western US, a 3 for West Pacific). Again, the key is to be logical and consistent.

For the command's preference, Job 1 indicates the command stresses performance. Looking at the four performance levels associated with sailors, one can see a natural ordering is inherent in these levels: early promote > must promote > promote > don't promote. A natural numbering scheme would be: assign the number 3 for early promote, the number 2 for must promote, the number 1 for promote, and the number 0 for don’t promote. As above, myriad alternative ranking schemes are equally valid here.

Finally, although not explicitly noted in Table 2, most detailers are also concerned with PCS cost, which is largely a function of distance from a sailor's current location to the next duty station. We can order the sailors' current locations with respect to distance to the West Pacific (i.e., where Job 1 is located) and assign numerical values accordingly: assign the number 3 for West Pacific, the number 2 for Western US, the number 1 for Eastern US, and the number 0 for Western Europe. This numerical ranking scheme is summarized in Table 4.

Table 4 Numerical Ranking Scheme

	Job Characteristic
	Ranking Scheme (i.e., scoring Sailor attributes)

	Training
	General = 2, other = 1, none = 0

	Grade
	E6 = 2, E5 = 1, E4 = 0

	Sailor preference
	Location = 1, promotion = 0

	Preferred location
	West Pacific = 1, other = 0

	Performance
	Early promote = 3, must promote = 2, promote = 1, don't promote = 0

	PCS cost
	West Pacific = 3, Western US = 2, Eastern US = 1, Western Europe = 0


Simple Analysis

A simple analysis can be performed without using LDW, just by summing these numerical scores for the various sailors. The ten sailors' scores are assigned and summed in Table 5. Notice these numerical values reflect how well each sailor scores in terms of the command's preferences for Job 1. Specifically, Sailor 1 scores 2 for training (General), 1 for grade (E5), 0 for promotability (promotion preference), 0 for location (not currently in West Pacific), 1 for preference (performance = "promote"), and 1 for PCS cost (current location = Eastern US). Simply summing these score across the row for Sailor 1 produces a total of 5. The other nine sailors and corresponding scores are determined in this same manner. 

Based on this simple scoring scheme, notice Sailor 10 (i.e., with 7 of a possible 12 points) appears to be the best match for Job 1, with Sailors 4, 5 and 6 a close second and Sailor 1 just behind them. This simple analysis assumes the command has equal weights across the six attributes; that is, it assumes training is just as important as grade, which is just as important as promotability, and so forth. It is rarely the case that all attribute weights turn out to be equal in terms of importance as such, so LDW modeling adds some sophistication to the analysis. This simple analysis also assumes the scores are interchangeable across the six attributes; that is, a one-unit increase/decrease in the score for grade is exactly equivalent to a one-unit increase/decrease in the score for training, promotability, location or any of the other attributes. Again, this is rarely the case, and LDW adds some sophistication to the analysis through explicit manipulation of utility functions for each attribute. Still, as a quick approach, this simple analysis enables a rough ranking of the sailors. Based on such a rough ranking, for example, one may choose to exclude Sailors 3, 7, 8 and 9 from the LDW model (e.g., because their rough scores are much lower than those for the other sailors). 

Indeed, one could begin a program of data collection and analysis, through which every job in the Navy/Marine Corps is analyzed in terms of the sailor characteristics (e.g., past performance, training, preference) that serve as the best predictors of future performance in a particular job. For instance, one could regress Yi = f(xj), where Yi represents the performance on job i and xj represents a vector of characteristics associated with Sailor j. With a scoring scheme such as the one outlined above, one may then be able to establish a threshold score (e.g., 6/12), below which no sailor will be assigned to a particular job. Remembering our data-planning discussion in class, we could establish a CSF of making good sailor/job matches and work from there to identify the data necessary. This is left as an exercise to consider at home.

Table 5 Sailors' Numerical Scores for Job 1 – Rough Analysis

	Sailor
	Training
	Grade
	Promotability

(Preference)
	Location

(Preferred)
	Preference

(Performance)
	PCS cost

(Current)
	Total

	1
	2
	1
	0
	0
	1
	1
	5

	2
	1
	1
	0
	0
	2
	0
	4

	3
	1
	1
	1
	0
	0
	0
	3

	4
	1
	0
	0
	1
	1
	3
	6

	5
	0
	0
	0
	1
	2
	3
	6

	6
	0
	2
	0
	0
	3
	1
	6

	7
	0
	0
	1
	0
	3
	0
	3

	8
	0
	1
	0
	0
	0
	2
	3

	9
	1
	0
	0
	0
	0
	2
	3

	10
	1
	1
	0
	0
	3
	2
	7

	Max
	2
	2
	1
	1
	3
	3
	12



It is also important to note this simple analysis ignores the sensitivity of the result to changes in attributes. For instance, say the command ignores the performance attribute (e.g., because the job entails only moderate chances for promotability). This is equivalent to saying the weight for performance goes to zero. What would be the effect on our results? Table 6 displays the associated changes. In this case, Sailor 4 appears to be the best match (i.e., with 5 of a possible 9 points), replacing Sailor 10 from above, with Sailors 1, 5 and 10 close behind. This reveals how sensitive the results appear to be on the choice of attributes to consider.

Table 6 Sailors' Numerical Scores for Job 1 – Sensitivity to Promotability

	Sailor
	Training
	Grade
	Promotability

(Preference)
	Location

(Preferred)
	Preference

(Performance)
	PCS cost

(Current)
	Total

	1
	2
	1
	0
	0
	1
	1
	4

	2
	1
	1
	0
	0
	2
	0
	2

	3
	1
	1
	1
	0
	0
	0
	3

	4
	1
	0
	0
	1
	1
	3
	5

	5
	0
	0
	0
	1
	2
	3
	4

	6
	0
	2
	0
	0
	3
	1
	3

	7
	0
	0
	1
	0
	3
	0
	1

	8
	0
	1
	0
	0
	0
	2
	3

	9
	1
	0
	0
	0
	0
	2
	3

	10
	1
	1
	0
	0
	3
	2
	4

	Max
	2
	2
	1
	1
	3
	3
	9



As another example of sensitivity, say the command is concerned with performance but not concerned with PCS cost (e.g., the ship is departing and needs to be staffed now). As above, this is equivalent to saying the weight for PCS cost goes to zero. What would be the effect on our results? Table 7 displays the associated changes. Now, Sailor 10 again appears to be the best match (i.e., with 5 of a possible 9 points), but he or she is tied with Sailor 6, and Sailors 1, 2 and 7 are close behind. As above, this reveals how sensitive the detailing decision is to PCS cost. Sensitivities to the other attributes can and should be performed accordingly.

Table 7 Sailors' Numerical Scores for Job 1 – Sensitivity to PCS Cost

	Sailor
	Training
	Grade
	Promotability

(Preference)
	Location

(Preferred)
	Preference

(Performance)
	PCS cost

(Current)
	Total

	1
	2
	1
	0
	0
	1
	1
	4

	2
	1
	1
	0
	0
	2
	0
	4

	3
	1
	1
	1
	0
	0
	0
	3

	4
	1
	0
	0
	1
	1
	3
	3

	5
	0
	0
	0
	1
	2
	3
	3

	6
	0
	2
	0
	0
	3
	1
	5

	7
	0
	0
	1
	0
	3
	0
	4

	8
	0
	1
	0
	0
	0
	2
	1

	9
	1
	0
	0
	0
	0
	2
	1

	10
	1
	1
	0
	0
	3
	2
	5

	Max
	2
	2
	1
	1
	3
	3
	9


Setup LDW Model for Job 1

To setup a LDW model for Job 1, we follow the same general procedure used before on the automobile-selection problem. For instance, the overall goal and measures must be established, and data must be input for each of the alternatives. Notice, the overall goal should be something along the lines of "Best Sailor for Job 1," and each sailor represents one alternative. The data to be input into the matrix represent each sailor's scores across the six attributes. We then need to assess the weights, adjust utilities as necessary, and run the analysis using LDW's various features.

Setup LDW Model for Jobs 2 – 12

When we complete the analysis for Job 1, the same procedure can be used to evaluate Jobs 2 – 12. For instance, one can perform the rough analysis as above for each of the other eleven jobs, then LDW can be used to setup and analyze the associated detailing-decision model. This is left for a homework exercise.

Homework

For each job (i.e., Jobs 1 – 12), setup a LDW model and run the analyses until you are satisfied with the results. Turn in your ranked list of sailors for each of the twelve jobs. Also, based on your analysis, assign each sailor to the job representing the best match, along with a brief explanation for why you feel each match is best. This homework will be used for discussion in lab the following week and is mandatory.
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