
Proceedings of the 2015 Industrial and Systems Engineering Research Conference 
S. Cetinkaya and J. K. Ryan, eds. 
 

Impact of Visual Models on Risk Attitude and Decision Tradeoffs in 
Aircraft Component Repair 

 

Aaron Thomas Joseph 
Honda 

Greenburg, Indiana 
 

James H. Schreiner 
University of Illinois – Industrial and Enterprise Systems Engineering Department 

Urbana Champaign, Illinois 
 

Deborah Thurston 
University of Illinois – Industrial and Enterprise Systems Engineering Department 

Urbana Champaign, Illinois 
 

Abstract 

Designers employ both structured and unstructured decision processes.   Normative decision processes typically 
prevail during the early phases of product development, design and construction. As the product is being 
manufactured and placed into service, decision processes can become more decentralized, and become more 
heuristic in nature.  While necessary and useful, heuristics can sometimes cloud the decision makers’ comprehension 
of tradeoffs under uncertainty.  The specific problem addressed here is that heuristics can quickly become out of 
touch as emerging technology replaces traditional technology. This paper presents a method for use during the 
operations and maintenance phase to include interactive and visual models to improve the decision makers’ 
understanding of the problem regardless of the degree of decision making structure, and thus lead to greater decision 
quality.  An example using the aviation industry’s migration towards composite airframe fuselages illustrates the 
method.  The manufacturing process often entails on-site component repair, which requires making difficult 
decisions under uncertainty.  In this case, the decisions required during the repair process are complex. Nine 
engineering graduate students took part in this proof in concept research with a conclusion that a full experimental 
design is warranted to establish statistical significance in their assessments of tradeoffs under uncertainty and risk 
attitude. Results of applying the new method indicate the benefit of equipping decision makers with interactive 
visual models as we observe changes in risk attitude and clarity of understanding tradeoffs under uncertainty.    
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1. Introduction 

1.1 Background Motivation 
Decision maker expertise, system architectures, emerging technologies, team or organizational culture, and the type 
of decision making approach can all influence the quality of decisions.  More descriptive, heuristic based decision 
making can inadvertently breed many types of bias into the decision process.  More normative, analytical decision 
making can consume significant time and force the decision maker to assess tradeoffs under uncertainty, a task at 
which many are not adept. Technical design and operational complex decision making provides us with the perfect 
nexus of risk, uncertainty, and ever emerging use of technologies.  Even the most senior expert has difficulty dealing 
in the changing complex decision environment.  So how can we help those technical decision makers better 
understand tradeoffs under uncertainty, and increase their understanding of risk?  The answer likely resides within 
technologies that many high tech engineering firms already own.   
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Use of mathematical models and virtual reality technology is commonly sought, but rarely operationalized in a 
comprehensive manner.  Simulations and robust modeling might be tied to initial design, but could these decisions 
help engineering managers throughout a project’s life cycle make tough decisions? This paper will present the 
importance of defining a method for the engineering manager to consider these issues.  System decisions during a 
project life cycle typically will become less analytical as one moves away from the design phase, and more 
descriptive in nature as heuristic short-cuts resulting from years of experience are employed. Is it important to revisit 
these heuristics and assess how our understanding of tradeoffs under uncertainty and risk attitude might change?   
Today's engineering manager must be adept at using mathematical modelling and virtual reality throughout the 
system life cycle.  Even simple models can help the decision maker in assessing their own heuristics, and knowing 
when to adopt a more normative decision process.  The commercial aircraft industry represents one such 
environment for exploration. 

Aircraft repair for composite materials has become a complex decision problem in recent years and thus a good area 
for investigating decision-making procedures.  Previously, airframes were primarily aluminum, but as shown in 
Figure 1, newer airframes like the Boeing 787 are as much as 50% composite in nature, and the percentage of 
titanium components continues to grow as well.  This paper will show how simple mathematical models and visuals 
could help the decision maker better understand the tradeoffs of cost, airframe weight, and repair integrity with these 
new materials and the corresponding procedures to repair. 
 

 
 

Figure 1: Material use in airframe  
 

 
1.2 Literature Review  
Leading aircraft corporations have been undergoing a marked shift in their material choices and associated 
manufacturing processes. Industry trends have been from primarily aluminum airframes to increasingly greater use 
of carbon fiber and polymer composite materials. Advancements in this methodology have resulted in new products 
such as the Boeing 787 and Airbus A350. These designs contain large percentage of carbon composite materials 
such as carbon-fiber-reinforced polymer material. Typically, this design allows for greater fuel efficiency as well as 
greater strength-to-weight ratio, which ideally allows for greater service life. However, these new materials can 
significantly impact component repair costs both during initial product assembly and over the entire service life. 
Aircraft repair operators often need to rethink maintenance protocols and introduce new repair methods. Could the 
use of simple visual interactive simulation systems influence the risk attitude in a complex problem with multiple 
attributes, and could those simulations enable a better understanding about tradeoffs? 
 
Repair operations for aircrafts have traditionally centered on replacing damaged areas of metal frames with sheet 
cut-outs composed of either aluminum or titanium alloys. Bolted repair involves attaching the metal sheet repair 
patch and securing it onto the damaged area via bolts. This method is relatively quick and is typically used for field 
repairs that require reduced repair service turnaround time [1]. Bonded repair is more time-intensive with 
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specialized materials and processing operations required for preparing and treating the repair patch in order to 
properly bond it onto the damaged area. The benefit involved is that less stress areas are introduced when compared 
to the bolting technique resulting in a relatively stronger repair result. Holes required for the bolts introduce stress 
concentration areas that can lead to cracks in the metal frame later in service life [2]. The introduction of carbon 
composite materials introduces new decisions for repair operators. Traditional repair options such as bolted and 
bonding repairs need to be altered to accommodate compatibility with composite materials [1]. Challenges include 
making repair operations on par with those of metal airframes in terms of repair speed and ease of training. There 
are also issues of damage that result from use of composite materials. One of the best examples is delamination 
which occurs when repeated stresses cause the material to crack internally, leading to need for repair. 
 
A body of research has grown around descriptive, heuristic focused decision-making and why certain decisions 
might not be made with the best quality. Tversky and Kahneman identified decision heuristics and bias which affect 
the decision both in frame and outcome [3].   Heuristics such as Representativeness and Availability are common 
during early stages of problem diagnosis where a decision maker might reference a similar experience, or rely on 
recently recalled information, respectively.  Once a decision is made, we can see an Anchoring type heuristic used 
where initial information carries a greater weight and there is a tendency to want to confirm initial information 
rather than decide within the context the current state of affairs. Decision heuristics often lead to misrepresentations 
of the decision problem and adversely affect estimations of frequency and risk [5-7]. Cognitive biases can be 
inadvertently created by the use of heuristics, and lead to poor decision quality. Biases can adversely affect accurate 
perceptions of base rates leading to suboptimal judgments [8-9]. 
 
Decision based design helps integrated normative approaches to making tradeoffs under uncertainty into the 
engineering design process [10-12]. The work presented in this paper will use techniques in decision based design to 
help assess tradeoffs and risk attitude. 
 
2. Research Approach 
The research design focused on those steps which would be critical before any sort of multiattribute utility analysis 
could be performed on an aircraft repair. Four different scenarios of composite airframe damage would be presented, 
each scenario representing different levels of severity and geometry in the damage itself.   
 
The approach addressed three hypotheses; 

• H1: Enhancing a traditional 3-d experience with visual representations of the relevant mathematical model 
can help the decision maker more clearly comprehend the tradeoffs within the problem space as compared 
to the traditional methods. 

• H2: This enhancement of the traditional 3-d experience with mathematical model visuals will result in the 
decision maker assigning different weights to the attributes in the tradeoff assessment.  

• H3: This enhancement of the traditional 3-d experience with mathematical model visuals will result in a 
significantly different degree of risk aversion as reflected in the utility function.  

 
Research included two primary steps including first a validation of a decision maker’s understanding of the strength 
of tradeoffs and overall risk attitude, minus any visual or interactive systems.  Only static text and charts were 
presented which most nearly replicates current practice; this step in the experiment would be named the 
‘Traditional’ approach.  There were nine undergraduate and graduate students in various engineering disciplines 
who participated and would assess their understanding of the tradeoffs and degree of risk aversion in order to 
replicate the single decision maker system currently employed in repair type decisions. This would occur via a 30 
minute questionnaire following a thorough review of the repair problem scenarios. 
 
After a one week delay, the same group of decision makers would then be provided the same set of decision 
problems but with visuals on the extent of the damage through digital photos, and be provided a corresponding 
interactive mathematical model spreadsheet which would illustrate how the type of repair chose would impact the 
directed attributes to be assessed.  The division of Traditional and Enhanced Traditional groups enabled the isolation 
of the visuals and interactive technologies might have on the decision maker subjects.  

  



Joseph, Schreiner and Thurston 
 

 
 
3. Problem Example and Experiment 
The first step involved each subject's viewing a background informational packet to help them understand the 
concept of aircraft repair and some of the issues behind composite airframe repair by different sources of damage. 
Subjects were introduced to three repair options: Bolted, Composite Bonding and Quick Composite Bonding with 
advantages and disadvantages of each. Four generalized attributes were defined in order to help the decision-makers 
(students) understand tradeoffs and implications of their choice including repair material costs ($), repair downtime 
(hours), added service life (years) and repair weight added (lbs).  
 
The Traditional group phase involved the introduction of four decision scenarios involving a damaged airframe. The 
sources of damage included two from an environmental source and two from a human source on different parts of 
the aircraft. These four repair decision scenarios would require the participant to study the four attributes, identify 
potential tradeoffs, and then choose a repair option among the three. After a review of the scenario and data, the 
subjects were given a questionnaire in order to assess how well they understood the decision problem as provide a 
basis of comparison with the Enhanced Traditional Group.  
 
The first five questions were used to validate the subjects’ repair choices as well as their understanding of when each 
repair was best used. It was determined that 92% of the responses correctly captured the repair characteristics and 
chose the most suitable repair option. This validated that participants were able to understand background materials 
provided outlining the relevant attributes of aircraft repair and that the questionnaire could be used for further 
analysis during a demonstration research phase. 
 
3.1 Attribute Tradeoff Comprehension  
The first section focused questions that dealt with the how well subjects understood strength and relationships of 
tradeoffs among attributes. A Likert scale was employed to capture the strength and nature of the relationship as 
shown in Figure 2. The questions had data driven relationships pre-defined so that subjects’ overall mean value 
responses for each question could be compared against the actual relationships.  The participant answered each 
question using the scale to determine the degree of strength in the attribute relationship. Figure 2 shows an example 
of the type of questions used as well as scale used for determining relationship degree. 
 

 
 

Figure 2: Questionnaire section 1 describing attribute relationships 
 

3.2 Assignment of Attribute Weights 
The second section presented a lottery scenario for each of the four attributes.  A hypothetical repair with the best 
value for one of the attributes was taken as the “certain” amount meaning the repair chosen would perform with that 
specification.  This repair type was compared to a hypothetical lottery presenting a fully ideal and a least ideal 
prospect as shown in Figure 3. The subjects were to choose a value between 0-100 where they were just indifferent 
between the uncertain lottery and the certain equivalent in order to identify how they truly valued each attribute. The 
responses would be used to capture how many subjects changed their attribute valuation based on Enhanced 
Traditional visuals and cost models. 
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Figure 3: Lottery method used to generate attribute indifference probabilities 
 

3.3 Assessing Risk Attitude 
The third section involved questions that assessed the participants’ utility function and the resulting degree of risk 
attitude. The lottery method in Figure 4 would help map five points from 10-100 with three user-defined value point 
scores. This would generate a utility curve with either a concave or convex shape depending on user’s response. The 
responses would be used to determine if visuals and cost models in the Enhanced Traditional setting would alter risk 
behavior between the Traditional and Enhanced Traditional group experiences.  
 

 
 

Figure 4: Value point generation from lottery method 
 

The Enhanced Traditional scenario included actual pictures of aircraft damage along with an interactive Microsoft 
Excel file.  A subject-operated input scrollbar as seen in Figure 5 allowed for the type and dimensions of the repair 
chosen to be input, and this would result in a low/average/high value estimate to illustrate the cost difference 
tradeoffs under uncertainty based on the four attributes.   This integrative, interactive spreadsheet mathematical cost 
model and actual pictures of the damage distinguished Traditional and Enhanced Traditional throughout the project. 
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Figure 5: Attribute cost model available in the Enhanced Traditional setting 
 

4. Analysis 
The results of the questionnaire were divided into the three sections corresponding to each hypothesis.  Our 
demonstration experiment results were gathered to provide the initial sources of data which could provide insights 
into decision-making issues that would be encountered when mathematical models are present. 
 
4.1  Hypothesis 1: Understanding Tradeoffs 
Enhancement with a visual representation and interactive mathematical cost model can help the decision maker 
more clearly comprehend the tradeoffs within the problem space as compared with traditional methods.  Mean 
response values were collected for both the Traditional (μT) and Enhanced Traditional (μET) settings. In five of the 
six attribute tradeoffs, we experienced a strengthening of the understanding, indicating that in fact the ability to 
comprehend tradeoffs within the problem space was clearer as we see in Table 1.   
 

 
Table 1: Summary of attribute relationships and expected mean behavior 

 
There were 2 of 3 positive relationship responses that had the means increase from Traditional to Enhanced 
Traditional groups. There were 2 of 2 negative relationship responses that had the mean values decrease from 
Traditional to Enhanced Traditional groups albeit by a small amount. This shift followed the hypotheses for negative 
relationship. There was one neutral relationship question that had the mean increase from Traditional to Enhanced 
Traditional. This mean value for the neutral relationship question for enhanced traditional was still in the neutral 
area (5-6) although clearly a more positive relationship was inferred by the subjects. While the sample size is not 
large enough to conclude statistical significance, the trends observed can provide the basis for future exploration, 
possible using immersive 3-D technologies. 
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4.2 Hypothesis 2: Assigning Attribute Weights 
Enhancement of the traditional experience with mathematical models and visuals will result in the decision maker 
assigning different weights to the attributes in the tradeoff assessment.   The results indicated that in 82% of the 
subject responses, the 'k' weight values were either strengthened or weakened by a factor of 66% to 100%.   
The results from Table 2 show that participants changed their given attribute probability weight by either increasing 
or decreasing the value when moving from Traditional to Enhanced Traditional settings 
 

 
 

Table 2: Probability weight assessments 
 

These results indicate that further study is required into which visuals and which elements of the interactive 
mathematical cost model cause attribute valuations to strengthen or weaken.  Understanding how the subjects decide 
on the appropriate level of change could also be a part of an expanded full experiment.  In addition, immersive 
virtual 3D computing environments could also be explored for this same hypothesis. 
 
4.3 Hypothesis 3: Risk Attitude 
 Enhancement of the traditional 3-d experience with mathematical model visuals will result in a significantly 
different degree of risk aversion as reflected in the utility function. The third and final section of the experimental 
study was focused on describing the participants’ risk behavior and how this would change when moving from the 
Traditional to Enhanced Traditional setting. It was believed that there would be some change in behavior due to 
presentation of aircraft damage visuals and cost model feedback that would alter their initial judgments due to more 
viscerally available imagery. The method of assessment was through generation of utility curves via lottery certain 
equivalent method.  Utility curves would be generated using the exponential curve: 
 

𝑈𝑈(𝑥𝑥) = 1 − 𝑒𝑒−𝑥𝑥/𝑅𝑅 
 
The Enhanced Traditional tools created a movement in 6 of 7 subjects from risk averse to risk seeking curves, or 
became more severe in risk seeking in magnitude.   These curves varied in magnitude, and as we can see in Figure 6, 
some orders of magnitude were significant, and some were very negligible.   The conclusion was that in general 
there was a shift that with interactive models and visuals, in fact decision makers' increased understanding of the 
problem caused a greater likelihood for risk acceptance in order to properly repair the airframes.   
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Figure 6: Example of Utility Curve Comparisons 
 

This trend of either wholesale curve shifting or slight changes in data points indicating alternate risk behavior 
seemed to suggest that the aircraft damage visuals and cost modeling available to the participants had some effect. 
The aircraft visuals and user interaction appeared to affect their willingness to undertake greater perceived risk by 
choosing repair effectiveness scores that may have contained weaker attribute values when compared to the 
hypothetical lottery repair options. This indicates an area of further research for use in a 3D virtual environment 
where images and elicitation of user actions could be tailored towards guiding certain actions under risk. 
 
The questionnaire did contain final questions regarding virtual reality technology, and thoughts on how it might 
affect tradeoff understanding and risk attitude.   The results were anecdotally clear that there was a desire to see how 
a splicing of a 3D model with an interactive mathematical model would influence decision makers.  Of the models 
presented however, 34% thought the interactive cost model was the most relevant 22% thought understanding 
previous decision heuristics; and 15% stated that static probability distribution charts were most influential. 
 
5. Discussion 
To review, the two tiered method in capturing influence of the interactive mathematical models could be applied in 
operational decision making situations.   This methodology was able to capture how decision makers could use 
mathematical models to clarify unavoidable tradeoffs, and their willingness to make tradeoffs under uncertainty.  
The enhanced visualization through static visuals coupled with interactive models was validated in each of the three 
hypothesis. 
 

• H1: 2/3 Positive Relationships strengthened; 2/2 Negative Relationships strengthened; 1/1 Neutral 
Confirmed  

• H2: 82% adjusted (strengthened/weakened) their tradeoff weights by as little as 66% and as much as 100% 
• H3: 85% adjusted their risk attitude to a more risk seeking posture 

Further study in a full experiment would need to further consider cognitive heuristics and how they might have 
brought bias into the results.  The anchoring heuristic might have played a part in moving from the Traditional to the 
Enhanced Traditional, and so separation of iterations might play a factor.   The availability heuristic could also be an 
issue in that the subjects were provided the interactive tools on one screen only; use of a multi-screen lab could 
ensure that their ability to quick reference did not skew the data.  Further experimental design additions will allow 
us to capture these dynamics. 
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This study also provided some information on how to further refine the experimental study in terms of research of a 
similar nature. The use of decision attributes should be either all positive or negative in connotation to not confuse 
subject i.e. costs are seen as more “negative”. This seemed to cause some initial confusion in the subjects. It seemed 
that direct manipulation of data (such as with Excel file) was the best tool for subjects to understand impact followed 
by pictures of aircraft damage.  Next steps would be showing how a change, such as repair patch size, could be 
drawn on a representation of an airframe and then output the resulting changes in costs/revenue. 

6. Conclusions and Future Work 
The methodology and results presented in this paper indicated three significant areas of future work in order to 
refine the methodology. First, studies at differing points of the design and project life cycle should be examined to 
determine how the decision makers risk attitude and tradeoff understanding would change over time given ones 
experience with the system or project.  With this, the development of a full comprehensive experimental test could 
be developed for rapid implementation across disciplinary fields. 

Second, development of a taxonomy of prevalent cognitive heuristics and potential biases could be developed for 
each element.  The three hypothesis presented in this paper focus on the root enablers for any decision maker to 
grasp before any normative decision analysis calculations would ever be made.   An understanding of how heuristics 
and bias plays into each of the three subjective assessments could become a powerful reflective tool for the decision 
maker prior to the more analytic portions of the work being done. 

Finally, development of a 3-D and mathematical mapping model could empower decision makers to focus resources 
towards their decision making efforts.   Understanding how many human resources to commit, or when to 
implement a 3-D immersive technology have always been challenges for a corporation.   A map of 
recommendations describing when one, the other, or both can be most effectively and efficiently used could 
revolutionize how an engineering manager aligns their organizational architecture to support these efforts. 
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