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Problem Statement

The specific management problem is that there is a
lack of research into the techniques to handle the
unreliable and incomplete data problem found in the
U.S. cost estimation discipline.

Purpose

The purpose of this quantitative study was to:

-Test and measure the level of predictive accuracy of
missing data theory techniques that were referenced
as traditional approaches in the literature,

-Compare each theories’ results to a complete data
matrix used in support of the U.S. defense cost
estimation discipline, and

-Determine which theories rendered incomplete and
missing data sets in a single data matrix most reliable

and complete under eight missing value percentages.

Significance

This study is important because “reliable and
comprehensive cost data is essential to produce credible
cost estimates as required in both (policy) statute and
regulation” and not addressing how to physically handle
missing values when building a cost estimate can no
longer afford to be ignored in the context of the U.S.
defense cost estimation discipline (Morin, 2017; 10 U.S.
Code § 2334, 2017).

Theory or Framework

The theoretical framework for this study was grounded
in missing data theory, a theory that describes the
different ways in which missing data can be handled.
This includes but is not limited to complete case analysis
techniques such as the listwise delete and direct
imputation techniques such as single imputation and
multiple imputation (e.g., linear regression).
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RELEVANT SCHOLARSHIP

- U.S. public policy requires data
reliability/completeness in cost estimation

Statistical method to perform this One Group Pretest-Posttest Design

« Effect of U.S. public policy on cost Bata Set 1: |
Original Data Set 1: Data Set 1: Data Set 1:
1 1 1 ih  Numerical Mod 1 Mod 2 Mod m
estimation data reliability/completeness B | | cveero [k Modm
. . . . = __ | | - Compare %
Gap' EXpandlng Optlons to handle the ."‘ Missing data technique = treatment (1, 2, ..., ', ;‘::-';LF:I'_:-:.‘“
estimator’s unreliable/incomplete data
problem Data Set 1: Data Set 1: Data Set 1: /
L { Mod 1 Mod 2 Mod m
] . . ] [x% missing) (% missing) B (#% missing)
° Predicted Predicted Predicted
How other disciplines handle unreliable/ s i B

Value (B) Value (B) Value [B)

incomplete data problems

«  Could missing data theory improve data e T sz 4018 (o008

reliability/completeness?
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Research Question Participants/Secondary Data

Obtained synthetic data from a non-proprietary U.S. cost
estimation data repository from a corporate university course.
Used software effort data from 30 out of 55 analogous
fictitious paired software resource data reports (SRDRs)
programs used in an assigned case study from the corporate
university’s BCF 250 Software Cost Estimation Course

To what degree can missing data theory (MDT) techniques
accurately solve cost estimator’s and engineering manager’s
unreliable and incomplete data problem when data values
are missing from a representative U.S. Defense Cost
Estimating data matrix?

Procedures

-Used IBM SPSS 25 Missing Value Analysis to calculate
Multiple Imputation-Linear Regression (MI-LR) “Predicted
Values”

Data Analysis

-  Data was analyzed from the results of 4,704 pre-
experimental treatments in this one group pretest-
posttest no control group/pre-experimental design.

-Used Microsoft Excel to calculate listwise delete (LD) and

Single Imputation-Mean (SI-Mean) “Predicted Values” *  All numerical values generated from the pretest and

posttest numerical values used the ratio/scale of

-Used Microsoft Excel to record, test and measure each MDT measurement.
technique

- |l used absolute error and relative error calculations,
-Used IBM SPSS 25 to conduct Two Way Repeated Measures approximation error terms, to measure the predictive
ANOVA due to LD posttest values not being a feasible accuracy of each application of traditional missing data
technique to go through all phases of the pre-experimental theory techniques (Kreinovich, 2012).

research design
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FINDINGS

There were 28 data sets in which all 30 synthetic and Tiered Predictive Accuracy Calculated MDT =1 MDT=2
) Results (Approximation Error Ranges) LD sI- Mv:aﬂ

d nalogous software programs were used as pOtentlaI Within 80.1% or more of Onginal Value

cases for the pre-experimental treatments, randomly Within 60.1% to 80.0% of Original Value

resulting in 1,568 trials being conducted as an Within 40.1% to 60.0% of Original Value

Within 20.1% to 40.0% of Original Value
Within .001% to 20.0% of Original Value

intervention per each MDT technique.

The degree to which all three empirically tested MDT
technique results came closest to the “ground truth” ; ¢ Results 1o Assess Interactio | Senveen Approxmaror ;’ai}f@f”‘g"“ﬁg’”
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The estimated marginal means chart on the bottom
right provides a graphical illustration that the means
are not equal for the dependent variables in each
MDT technique that went through all phases. If an
interaction occurred between the means, the
horizontal blue line and diagonal red line would have
touched at least at one or two points. No interaction
occurred between the two dependent variables in the
SI-Mean or MI-LR techniques. MDTTechnique (V#3)

Estimated Marginal Means
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Interpretation

The key finding was that out of the three missing
data theories applied, SI-Mean had the strongest
level of predictive accuracy when experimental

results were assessed at the individual data set level.

Out of the 28 data sets results (Tables A1-A28), SI-
Mean had a lower absolute and relative error in 16
data sets compared to only eight having the least
amount of approximation error in MI-LR techniques.
Considering many studies before me have
acknowledged that multiple imputation has better
prediction accuracy. Both techniques performed
equally well on data sets 11, 12, and 26.

Limitations

The research design of this study was limited based
on the instrumentation selected to test predictive
accuracy.

Not having a control group for the one group
pretest-posttest pre-experimental research design is
a weakness for experimental designs.

Recommendations

This research and quantitative study provides a different
perspective to address a problem, since 1972, that could
potentially be mitigated by applying missing data theory
as hands-on-options address the U.S. cost estimator’s
unreliable and incomplete data problem based on this
study’s pre-experimental research

Social Change Implications

This study provided an opportunity for societal change
by investigating how cost estimators, engineering
economists, and engineering managers could benefit
from additional options that directly:

* Improve data incompleteness;
* Create better estimate predictions; and

* Ultimately reduce taxpayer funds that are spent on
defense acquisition cost overruns (Schwartz &
O’Connor, 2016).
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