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Proofing a basic systems
engineering model through
empirically-based cognitive testing

Background

The scientific study of engineering systems and design
requires both theoretical models and empirical testing.
This research addresses the gap In our knowledge of
testing theoretical descriptive models of engineering
systems design with design behavior derived from
empirical studies.

Methods

This project develops a cognitive characterization of
englineering systems and design (ESD) through an
empirical protocol analysis of teams of professional
systems engineers designing under controlled
conditions and it to the INCOSE engineering
systems design descriptive model.

1) Collect empirical protocols
2) Coding protocols and INCOSE
3) Modelling design cognitive behaviors / descriptive model
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The main finding Is this...
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Figure 1. INCOSE cumulative occurrences of
design Issues

Table 1. Markov model of design issue transitions
for INCOSE descriptive model

| R | F | Be [ Bs | S | D
R | 003 | 058 | 013 | 008 | 017 | 000"
F | 002 | 000" | 077 | 014 | 004" | 004"
Be | 004 | Ol | 005 | 002" | 069 | 009
Bs | 004 | 003" | 002" | 01l | 049 | 030
S | 008 | 019 | 018 | 033 | 003 | 018
D | 022 | o1 | on | 004
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Figure 3. INCOSE FBS design patterns
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Figure 2. Empirical protocol cumulative
occurrences of design Issues

Table 2. Markov model of design issue transitions
for empirical protocol descriptive model

| R | F | Be [ Bs | S | D
R | 000 | 020 | 020 | 020 | 030 | 010
F | 000 | 023 | 020 | 027 | 0.27
Be | 003 | 006 | 027 | 022 | 028 | 014
Bs | 002 | 001 | 015 | 033 | 036 | 014
S | 000 | 0035 ] 04 | 038 | 032
D | oo 026 | 033 | 016
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Figure 4. Empirical protocol FBS design patterns



