Psychology 513  Case Study

Developing an Expectation Based on Multiple Regression

Prediction of Materials/Storeroom Personnel Requirements

 This study consists of real data.  It is based on an analysis of personnel requirements in the Materials/Storeroom operation at Sequoyah Nuclear Plant.  The original study was conducted by Troy Brady and V. Earl Brown, Jr., both of whom are graduates of the I/O program.

As part of a general reduction in staffing within TVA, the number of personnel deemed necessary for the Materials/Storeroom operation at Sequoyah in 1991 was set at the industry average for "Double Unit" plants, of which Sequoyah is an example.  That number was 52 persons.  The decision was also made to reduce the number of M/S personnel to 30 by the end of 1992.

Troy and Earl felt that Sequoyah was not representative of the "industry" average on several variables (IV's) which might affect the number of persons required to run the M/S operation.  They decided to conduct a survey of nuclear plants to determine the relationship of M/S personnel needs to these IV's.  They wanted to see if personnel needs were related to these variables, and if so, what Sequoyah's M/S personnel need (DV) would be expected to be when its profile on these variables was taken into account. 

A questionnaire was mailed to 41 nuclear plants throughout the U. S.  Persons receiving the questionnaire were asked to provide information concerning the respondent's nuclear plant on the following variables:



Name


Description


YRS


Years in Operation



TOTALPER

Total number of plant personnel (in 1000's)



STSHWK

Stores shifts per week



NOUN

Number of units



TOMW

Total Megawatts



UNGC1

Dummy variable coding reactor supplier



UNGC2

Dummy variable coding reactor supplier



UNGC3

Dummy variable coding reactor supplier



UNGC4

Dummy variable coding reactor supplier



INNOIT

Number of inventory items



INTODO

Inventory Dollar Value



TOTRAN

Total transactions



SPER

Number of Materials/Storeroom Personnel

  Responses were received from 25 of the nuclear plants, a 58.5% response rate.   (The names of those plants which didn't respond were sent to the nearest anti-nuclear protest group.)  The data are presented below.

Materials / Stores Personnel Data


YRS
TOTALPER


 |       |
STSHWK


 |       |   |
NOUN


 |       |   |    |
TOMW


 |       |   |    |   |
GC'S


 |       |   |    |   |



INNOIT
INTODO


 |       |   |    |   |            |       |
TOTRAN


 |       |   |    |   |            |       |      |
SPER (The DV)

 ID
 |       |   |    |   |            |       |      |     |
Y-HAT
RESID

 1
21
0.303
5
1
0.582
1
0
0
0
15.177
19.2
25.191
17
19.918
-2.918

 2
2
1.218
10
1
0.900
1
0
0
0
50
38.5
50.918
38
24.807
13.193

 3
12
1.003
15
1
0.825
0
0
0
1
37.910
20.8
68.173
15
15.012
-0.012

 4
10.5
2.700
5
1
0.809
0
0
1
0
35
33
39.912
27
13.796
13.204

 5
5
0.800
21
1
1.150
1
0
0
0
36.200
38
38.450
47
34.700
12.300

 6
13
0.890
15
2
1.660
0
1
0
0
48.050
55
105.500
41
36.065
4.935

 7
3.5
1
17.5
1
1.150
1
0
0
0
54.123
40.5
33.700
21
35.026
14.026

 8
21
1.700
21
3
3.300
1
0
0
0
60
80
39.922
101
87.005
13.995

 9
20
0.300
5
1
0.490
1
0
0
0
20
17.5
5.500
6
15.059
-9.059

10
10
0.700
14
2
1.786
1
0
0
0
28.850
24.5
59.400
25
20.901
4.099

11
18
0.536
5
1
0.665
0
1
0
0
45.808
25.9
18.053
15
18.942
-3.942

12
12
1.150
14
2
1.620
0
1
0
0
40.890
53
42.912
33
32.535
0.465

13
18
0.455
15
1
0.777
0
1
0
0
22.530
12.5
52.427
14
12.890
1.110

14
12
1.167
5
1
1.130
1
0
0
0
21
13.7
50.858
32
23.759
8.241

15
3.5
1.378
12
1
1.104
0
1
0
0
82
57.8
36.512
44
40.486
3.514

16
3
2.600
21
3
3.810
0
1
0
0
84.548
106.4
50.772
92
98.217
-6.217

17
0
1.400
15
2
2.300
1
0
0
0
31.900
24.1
39.912
24
26.353
-2.353

18
8
1.220
7
2
2.360
1
0
0
0
43.190
39.2
78.613
41
46.268
-5.268

19
16
1.111
5
1
0.873
0
0
0
0
26.500
69
30.300
11
11.031
-0.031

20
12
2
5
2
1.666
1
0
0
0
40.537
33.8
14.994
23
25.747
-2.747

21
4
1.111
14
2
2.290
1
0
0
0
51.500
49.3
27.633
39
47.464
-8.464

22
4
0.825
10
2
2.500
0
0
1
0
50
42
78
35
36.044
-1.044

23
5
0.736
5
1
0.900
1
0
0
0
41.500
32.9
22.860
22
23.737
-1.737

24
18
0.370
5
1
0.536
0
0
1
0
14.200
45
14.600
9
21.214
-12.214

25*
8
2.122
21
2
2.342
1
0
0
0
50
56
55.259
52
57.478
-5.478

* Sequoyah

Means and Standard Deviations

                           ID         YRS    TOTALPER      STSHWK        TOUN

  N OF CASES               25          25          24          25          25

  MINIMUM               1.000       0.000       0.300       5.000       1.000

  MAXIMUM              25.000      21.000       2.700      21.000       3.000

  MEAN                 13.000      10.380       1.187      11.500       1.520

  STANDARD DEV          7.360       6.516       0.642       6.021       0.653

                         TOMW       GUNC1       GUNC2       GUNC3       GUNC4

  N OF CASES               25          25          25          25          25

  MINIMUM               0.490       0.000       0.000       0.000       0.000

  MAXIMUM               3.810       1.000       1.000       1.000       1.000

  MEAN                  1.501       0.560       0.240       0.120       0.040

  STANDARD DEV          0.891       0.507       0.436       0.332       0.200

                       INNOIT      INTODO      TOTRAN        SPER      

  N OF CASES               25          25          25          25      

  MINIMUM              14.200      12.500       5.500       6.000      

  MAXIMUM              84.548     106.400     105.500     101.000     

  MEAN                 41.257      41.104      43.215      32.960     

  STANDARD DEV         17.815      21.884      22.952      22.892      

Examination of the data matrix and the summary statistics associated with SPER doesn't paint a very pretty picture for Earl and Troy.  The mean number of persons in M/S operations in the 25 responding plants was 32.96, say 33.  Sequoyah's current number is 52, almost 20 greater than the average of the responding plants.  If these were the only data available, it would have to be concluded that TVA's proposed reduction to 30 persons represents an appropriate (perhaps overdue) adjustment in the number of persons employed in Sequoyah's M/S operation.

The histogram below illustrates Sequoyah’s position in the distribution of No. of persons in M/S operations in the 25 responding plants.
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Troy and Earl’s key insight was that Sequoyah’s M/S personnel needs shouldn’t be based on the simple examination of no. of personnel in other plants.  Instead, it should be based on an examination of the relationship between personnel no.’s and the various factors which might influence personnel needs.  They felt that an examination of that relationship would show that Sequoyah’s needs were greater than many other plants, because of the unique combination of factors present at Sequoyah.

The results of a multiple regression analysis are as follows.  
The choice of this particular regression equation (from the several hundred possible) was made after many hours of deliberation.  Our interest at the present time is not in how it was arrived at, but in interpretation and use of the results.  The output is from a program called MYSTAT.  It was used in PSY 510/511/513 before the Windows version of SPSS became available.

DEP VAR:    SPER      N:   25    MULTIPLE R:  .940    SQUARED MULTIPLE R:  .884

ADJUSTED SQUARED MULTIPLE R:  .826     STANDARD ERROR OF ESTIMATE:        9.538

  VARIABLE    COEFFICIENT    STD ERROR     STD COEF TOLERANCE    T    P(2 TAIL)

CONSTANT          -50.280       14.344        0.000  .          -3.505    0.003

     YRS            0.948        0.418        0.270 0.5115707    2.268    0.038

    NOUN          -27.924       12.255       -0.797 0.0591602   -2.279    0.037

    TOMW           29.594        9.731        1.151 0.0504738    3.041    0.008

  INTODO            0.699        0.155        0.668 0.3295306    4.508    0.000

   GUNC1           47.569       12.594        1.053 0.0931126    3.777    0.002

   GUNC2           42.298       11.830        0.805 0.1425701    3.576    0.003

   GUNC3           35.037       12.631        0.508 0.2160119    2.774    0.014

   GUNC4           42.886       15.534        0.375 0.3927553    2.761    0.014

                             ANALYSIS OF VARIANCE

   SOURCE   SUM-OF-SQUARES    DF  MEAN-SQUARE     F-RATIO       P

 REGRESSION      11121.295     8     1390.162      15.280       0.000

   RESIDUAL       1455.665    16       90.979

DEP VAR:    SPER      N:   25    MULTIPLE R:  .888    SQUARED MULTIPLE R:  .789

Prediction of Sequoyah's M/S personnel needs

Note that the multiple R in the above output is quite high and that the F statistic testing the significance of the relationship of SPER, number of M/S personnel, to the combination of independent variables exceeds the .001 critical value (alternatively, the P associated with the F is less than .001).  This clearly indicates that SPER is related to the independent variables.

The question then is:  in light of the above relationship, what would Sequoyah's M/S personnel needs be expected to be.  The answer can be obtained by plugging Sequoyah's values of the independent variables into the regression equation.   The prediction equation, from the above output, is

Predicted SPER = 


 -50.280 + 0.948*YRS    - 27.924*TOUN  + 29.594*TOMW  + 0.699*INTODO


         + 47.569*GUNC1 + 42.298*GUNC2 + 35.037*GUNC3 + 42.886*GUNC4

Plugging Sequoyah's values on the independent variables yields the following

Predicted SPER for Sequoyah 


= -50.280 + 0.948*8      - 27.924*2     + 29.594*2.342 + 0.699*56


         + 47.569*1     + 42.298*0     + 35.037*0     + 42.886*0

= -50.28  +   7.584        - 55.848       + 69.3091      + 39.144

               + 47.569       + 0            + 0            + 0

The result is 57.478, five persons more than were actually employed at the time the study was conducted.

Scatterplot

The following scatterplot shows the relationship of actual SPER numbers at the 25 plants to the numbers which would be predicted based on the above equation.  As can be seen, Sequoyah's actual SPER value is slightly less than would have been expected.  Note that the relationship is linear over the whole range of SPER values.
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Conclusion

This result suggests that Sequoyah's profile on the independent variables would lead to the expectation that there would be 57 or 58 persons in the M/S operation.  Thus, even though the average number of persons in the responding plants was only 32, the fact that Sequoyah is 8 years old, has two units, produces 2.342 megawatts of power, has a $56 inventory dollar amount, and uses the supplier represented by GUNC1 makes its M/S expected personnel requirements considerably higher than the average amount.  In fact, Sequoyah's profile on the independent variables makes its expected personnel requrements greater than the current number of persons in the M/S operation.  

On the basis of this analyis, Earl and Troy might consider arguing that rather than decreasing Sequoyah's M/S personnel numbers in the future, the number of persons in the M/S operation should be increased.
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