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Process Heuristics: Extraction, Analysis,
and Repository Considerations

Kenton B. Fillingim, Hannah Shapiro, Christiaan J. J. Paredis , and Katherine Fu

Abstract—The motivation for this article is to present a method
for extracting heuristics from a team of mission architects, referred
to in this article as “designers” at NASA’s Jet Propulsion Labora-
tory (JPL). The method for this study includes both focus group and
individual interviews, as well as artifact analysis. The interviews
led to insights about the role of heuristics within a design team and
how documenting those heuristics can be of value to the team. The
heuristics generated allowed for an overview of how designers at
JPL perceived their own process heuristics. It was found that most
heuristics were comprised a single, positively framed step to be
carried out within the team, not just by an individual. Participants
were also able to produce mainly informal actions they take, rather
than formalized textbook approaches to design. It is hypothesized
that the process heuristics generated are universal enough to be
transferred out of the mission design domain and into another, if
desired.

Index Terms—Complex systems, design engineering, design
methodology, process design, psychology, system analysis and
design.

I. BACKGROUND

A. History of Heuristics and Biases

IN PSYCHOLOGY and economics, heuristics are known as
�procedures for problem solving that function by reducing

the number of possible alternatives and solutions and thereby
increasing the chances of a solution� [1]. They are a means
for simplifying information processing. In engineering, Koen
de�ned heuristics as strategies that are potentially fallible but
give direction toward solving a problem [2]. They are used by
the designer to guide, discover, and reveal. They do not guarantee
solutions, may contradict other heuristics, reduce search time,
and depend on the context rather than an absolute standard.
Using these characteristics, Koen argued that �all engineering
is heuristic.� Fu et al. [3] analyzed many different de�nitions
of heuristics and presented a composite de�nition of heuristics
in design as �a context-dependent directive, based on intuition,
tacit knowledge, or experiential understanding, which provides
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design process direction to increase the chance of reaching a
satisfactory but not necessarily optimal solution.�

Historically, heuristics have been often viewed in contrast
to other prescriptive decision-making methods. The �rational�
decision-making model began with von Neumann and Morgen-
stern [4] using a set of axioms to assign outcomes of an event with
a value known as utility. Utility theory considers the uncertainty
of the event, as well as the decision maker�s risk preferences.
From the perspective of the utility theory, a rational decision
maker should make decisions connected to the highest expected
utility. Howard [5] assisted in the development of �Decision
Analysis� by combining utility theory with Bayesian statistics,
a way to update probabilities given new information. For some
time, it was assumed that humans naturally make decisions in
a manner consistent with these models. For example, Friedman
and Savage [6] hypothesized that it is realistic to assume people
have consistent preferences that could be described by a utility,
with the objective to make this utility as large as possible. They
use an expert billiards player as an example: while the player
may not know or perform all the mathematical equations behind
each potential shot, they will consistently choose the shot they
believe will most likely result in the preferred outcome.

Tversky and Kahneman [7] led the way in presenting how
humans rely on heuristics that can bias decision making such
that the decisions are not consistent with utility theory. One
well noted example is the �representativeness� heuristic, in
which people will evaluate probabilities based on similarities.
The probability that A belongs to B is evaluated by the degree
to which A resembles B. This process may result in severe
errors in judgment when factors, such as prior probability or
sample size, are not considered. As an example, Tversky and
Kahneman [7] described a hypothetical individual, Steve, as
shy, tidy, meek, and having a passion for order. They then asked
subjects to judge which profession Steve is likely to hold, among
farmer, salesman, airline pilot, librarian, or physician. They
found that �the probability that Steve is a librarian, for example,
is assessed by the degree to which his is representative of, or
similar to, the stereotype of a librarian,� rather than the relative
proportion of the population that comprises librarians. Tversky
and Kahneman [7] did not intend for heuristics to prove humans
behave irrationally, but rather to show that the existing models
of rationality did not accurately describe humans [5], [8].

Other researchers attempt to justify heuristics as a rational
form of decision making, particularly when viewed from an
evolutionary standpoint. Haselton et al. [9] suggested natural se-
lection has allowed humans to deploy heuristics in a way that best
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serves the ��tness� of humans over time. Lo [10] also viewed
heuristics as developed for survival in a particular environment.
For example, heuristics developed by investors during the great
depression would differ from those in a booming economy. It
would not be fair to consider either sets of heuristics irrational,
because they were shaped to survive a speci�c economic envi-
ronment. As this environment changes, the heuristics may no
longer be bene�cial, and new heuristics must be acquired.

Gigerenzer [11] believed heuristics can exist as a rational
decision-making tool alongside logic and probability theory,
where each tool is valid given the right environment. The heuris-
tics have �ecological rationality� in situations where they are not
just cognitive limitations, but allow for better decision making
in situations in which other methods may struggle. For example,
the �1/N� heuristic (allocating money equally to N number of
assets in an investment portfolio) has been shown to perform
better than the portfolio optimization proposed by Markowitz,
when the environment contains large uncertainty, many assets,
and smaller learning samples.

The history of decision making is relevant to this article for
its ability to place relative value on each decision alternative
in question. The authors believe that this framework can be
extended to heuristics for justifying when one heuristic should be
used over another, if the heuristics are documented and described
in a suf�cient manner. Gigerenzer believed the results from
Tversky and Kahneman [7] were limited because they failed
to address the environment in which heuristics (such as the
representativeness heuristic) performed adequately or poorly
[12]. This was not to discredit their work, but rather to emphasize
the importance of context when considering heuristics in place
of other decision-making tools. Following a similar motivation,
Binder provides an updated framework for presenting heuristics
by pairing a context in which the heuristic is applicable to a
set of potential actions to be taken [13]. In mission formulation,
referred to in this article as �design,� an example heuristic in this
form may be, �If the space mission is to an outer planet (context),
use a nuclear power source (action).� This is the format used
for presenting heuristics in this article, as the authors believe
understanding the proper contexts in which a heuristic should be
used is a crucial �rst step in determining the value of a heuristic.

B. Process Heuristics

In a previous study by the authors, an overwhelming majority
of heuristics generated were focused directly on the artifact,
similar to the previous example heuristic for choosing a space-
craft power source [14]. The study presented in this article will
focus speci�cally on obtaining insight into how experts view
their own process heuristics. Process heuristics are those that
guide the design process, rather than the direct design of the
details of an artifact. For example, a process heuristic may be
�when aiming to generate novel systems concepts, consider us-
ing brainwriting.� Brainwriting uses �naturally occurring ideas,
without judgment, as starting points for concepts� [15]. Based on
the de�nitions and characteristics previously presented, this is a
process heuristic because the hypothetical designer understands
when to implement the brainwriting technique as a guide toward

a design solution. While brainwriting may not guarantee the
most valuable concept available, a designer may believe from
experience that its implementation will generate at least one
idea considered satisfactory. Yilmaz et al. [15] differentiated
process heuristics from �local� or �transitional� heuristics to
be those that de�ne relationships in one concept or transform
a current concept to a new concept. An example of this is the
�Substitute� heuristic�which may be written as �when aiming
to improve an artifact/system, consider substituting a design
characteristic, such as material, with another that accomplishes
the same function.�

Barclay and Bunn [16] de�ned process heuristics as consistent
with the editing stage of Kahneman and Tversky�s [17] prospect
theory because they assist with �deciding how to decide�.
Prospect theory describes individual decision making in two
phases: an editing phase and an evaluation-decision phase. The
editing phase manipulates prospects to simplify the evaluation-
decision phase. Editing operations are meant to facilitate the
task of decision making. An example process from Kahneman
and Tversky [17] is the cancellation operation, which tells the
decision maker to discard components from the evaluation that
are shared by all prospects. The cancellation operation may be
considered a process heuristic in design because it guides the
decision-making process, rather than selecting the details of an
artifact.

When comparing the use of heuristics to the current idea
of �rational� decision making, process heuristics should be
included in the discussion. In normative decision-making, the
rational designer makes decisions that maximize the expected
value of the design. Lee and Paredis showed that value max-
imization must consider not only the outcome resulting from
the use or sale of the artifact, but must also consider the cost
of the resources needed to execute the corresponding design
process in an organizational context [18]. Binder also discussed
how heuristics outside of artifact heuristics affect the value of a
product [13]. If it is desired to understand when to use heuristics
in a way that maximizes the expected utility of design, it is
bene�cial to study process heuristics applied by designers in
complex systems design.

Maier [19] described heuristics as lessons learned from one�s
previous experiences, as well as the experiences of others, that
serve as a complement to analytical processes. In systems archi-
tecting, the creation, and building of systems, the architecting
role is presented as more typically reliant on heuristics over
analytics. Each architect must use their own tool kit of heuristics
with careful judgment, as no two systems they encounter will
be the same. From a systems perspective, Maier [19] found
value in many different characteristics of heuristics, such as
reducing complexity, applying outside their original context,
and connecting to a portion of the design process. An example
heuristic presented by Maier [19] is �In partitioning, choose the
elements so that they are as independent as possible; that is,
choose elements with low external complexity and high internal
complexity.� Additionally, from an organizational perspective,
process heuristics can improve problem formulation and analy-
sis by identifying and preventing issues, such as Type III errors
[20], [21].
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This article aims to contribute to the theory of process heuris-
tics and the methodology for obtaining them from designers, em-
ploying the contextual application of complex systems design.
There are improvements to be made in the methodology such
that adequate information is extracted for future validation and
application of heuristics. There is new insight into characteristics
of process heuristics based on how they are presented by the
designers. This article will be the basis for future work by
the authors, creating a repository of heuristics that enhances
the heuristic competence of the designer. It will address what
information is needed to have a suf�cient repository and what
changes should be made in the methodology to obtain this new
information.

Von der Weth and Frankenberger [22] stressed the need
for heuristic competence in design because it gives designers
con�dence to attack novel problems. They de�ned heuristic
competence as having possession of a pool of heuristic knowl-
edge and the ability to appropriately apply that knowledge for
problem solving. On the other side, less heuristically competent
people may avoid new situations because of previous failures
with heuristics. Maier similarly believed that �knowing when
and how to use a heuristic is as important as knowing what
and why [19].� The authors of this article envision developing
a mental pool of knowledge into a documented repository with
which designers can appropriately apply heuristics when valid
and increase their competence with heuristics in design. The
authors performed a case study of designers at the Jet Propulsion
Laboratory (JPL) to understand how to target process heuristics
within the context of complex system design during extraction
and what factors and information should be considered when
developing this repository.

II. METHODS

A. Heuristic Analysis Through Case Studies

This article used a mixed-method case study of interviews
and document analysis to extract heuristics from designers at
JPL. The research methods chosen to study heuristics will
factor into how accurately heuristics and the environments in
which they are used can be portrayed. This section gives an
overview of how case studies have been previously used to
study heuristics, along with factors to consider when using those
methods.

Case studies investigate a case (individual or group) to answer
research questions by extracting and combining a range of
evidence within the case setting [23]. One key attribute of case
studies is the ability to collect data using multiple methods:
interviews, observations, document analysis, etc. The researcher
then works inductively to develop theory that is grounded in
evidence in the data. The qualitative data are often analyzed
through coding, a process for discovering patterns in the data
to be used for additional analysis [24]. One typical concern
about case studies is their ability to be generalized. Creswell [25]
described the case study as a �bounded system��meaning the
results are bounded by a particular time and place. However, Yin
[26] argued that case studies, just like controlled experiments,
are meant to expand and generalize theories over time.

It is easy to confuse case studies with other methods, such
as an ethnography. In an ethnography, the researcher is engaged
with the daily activity of the subjects as a participant-observer
for long periods of time [25]. The goal is to describe and interpret
these activities rather than to develop theory. Both methods
require a more natural setting than a controlled experiment.
Ethnographies have an intense study duration, lack of prior
theory or hypotheses, and emphasis on observational evidence
that separate them from case studies [26]. Ball and Ormerod [27]
addressed the complications of implementing ethnography into
design research. For example, it is often dif�cult to gain access
into a designer�s natural work environment for extensive periods
of time as a participant-observer. Design studies also tend to have
applied goals that aim to improve the design process, contrary
to true ethnographies meant to simply describe but not modify
the environment of focus.

Many studies of heuristics do not refer to themselves as
case studies or any other type of study. Many of them can be
assumed to be case studies by the method of data collection and
the targeting of a speci�c group. For example, Yilmaz et al.
[29] focused their study speci�cally on products considered
to be �innovative,� whereas Bingham et al [28]. interviewed
only corporate executives in entrepreneurial �rms. Previous case
studies of heuristics have been broken into four main modes of
data collection:

1) artifact analysis,
2) document analysis,
3) interviews,
4) surveys.
1) Artifact Analysis: Overall, most case studies in design

have relied on artifact analysis to infer how a designer uses
heuristics to reach a �nal product [29]�[38]. An artifact is de�ned
here as any tangible object produced by humans or nature [39].
An artifact can be physically present or represented by sketches,
photos, etc. The literature presented here contains a mix of
studies that examined concept sketches, patents, and �nished
products.

The product analysis method used by Yilmaz et al. [29] begins
with identifying a set of products to be studied. Heuristics are
extracted by hypothesizing actions that led to identi�ed features
and elements. The reliability of these heuristics is presented
through an interrater process of multiple coders. It is not meant
to say these heuristics are the exact processes taken by each
designer, but rather that it is possible to use the heuristics to
reach similar results. The process used by Yilmaz et al [29].
is similar to other studies identifying heuristics by patents or
product analysis, although there are some variations. To identify
environmentally conscious guidelines, Telenko and Seepersad
[30] added a life cycle analysis to existing products. Singh
added a �deductive approach� by hypothesizing new situations
in which design transformation is necessary, and for which
heuristics can facilitate that innovation [31]. In each study,
there is one clear theme�using a �nal product to hypothesize
intermediate actions. Only one study identi�ed obtained a se-
quence of sketches from an expert in industrial design, making
it easier to see the designer�s transitions from one idea to the
next. [32].
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TABLE I
ADVANTAGES AND DISADVANTAGES FOR INTERVIEW AND SURVEYS [45]

Some studies are now turning to computer-based models
for assistance with extracting or evaluating heuristics from
artifacts. McComb et al. [33] used hidden Markov models to
identify heuristics through intermediate design actions. A hidden
Markov model is a two-stage stochastic process, which �rst
describes state transitions within a discrete and �nite state space,
then generates outputs for every point in time [40]. The �hidden�
descriptor is attached because the sequence of outputs is the
only observable piece of the model�s behavior. Matthews et al.
[34] also took a computational approach to recognize patterns
in existing solutions. A veri�cation stage uses experts to judge
the accuracy, novelty, and importance of each heuristic per their
own beliefs. Both models attempt to �nd the intermediate steps
of a known �nal artifact. Binder, however, creates simulated
artifacts and compares two different approaches for designing a
pressure vessel: a heuristic approach and an optimization-based,
expected-utility maximization approach [35].

2) Document Analysis: Identifying heuristics through docu-
ment analysis is a method found in multiple studies [41]�[44].
For each document, a coding process is used to �nd patterns in
the data, and these patterns become represented as heuristics for a
domain. For example, Reap and Bras [41] studied prior literature
to present guidelines for environmentally benign design and
manufacturing. Concepts coded were grouped into categories.
The set of categories considered to be principles was reduced
using criteria, such as �strong presence in literature� or �foun-
dational importance in biology and ecology.� The literature was
then revisited to turn the phrases into descriptive principles.

Many studies describe their own reasons for not implementing
analysis of literature or similar records. Telenko and Seepersad
[30] decided against a literature analysis for environmentally
conscious guidelines due to the risk of unforeseen tradeoffs
and the possibility that they may not be applicable to current
environmental issues. Additionally, Bingham et al. [28] be-
lieved document analysis lacks the insight into organizational
processes necessary to fully describe a heuristic.

3) Interviews and Surveys: Methods, such as interviews and
surveys, may corroborate heuristics directly with the study par-
ticipants. Table I gives an overview of some common advantages
and disadvantages of the two methods according to Creswell
[45]. Studies using interviews to examine heuristics typically
followed the �semistructured� format using an initial prede-
termined set of questions, with room for follow-up questions
throughout the interview [16], [28], [46], [47]. Heuristics were

extracted by transcribing audio and coding the interview similar
to the document analysis technique. One unique contribution
from Bingham et al. [28] related the use of process heuristics
to better performance in organizational processes, although they
did not present a full set of extracted heuristics.

Surveys mostly use closed-ended questions in which par-
ticipants choose among a given set of responses. Open-ended
questions do not constrain responses, but they do require coding
the data for themes as part of the analysis. Many surveys combine
both methods by giving participants a set of responses, along
with the option to write-in an alternative response if the given
responses are not suf�cient. Only one study was found to use
surveys as a primary method for extraction and veri�cation of
heuristics by using the Delphi method [48]. Experts were sent
a predetermined set of heuristics and asked to rate the heuristic
according to its relevance in computer-supported collaborative
work. The survey gave the option of adding new heuristics to the
set as well. There were three rounds of surveys, with the surveys
edited based on previous ratings and additions. The end product
was a set of heuristics meeting the threshold of relevance for
collaborative creativity.

Most of the papers in this literature review came from
engineering- or design-based research, but there are other do-
mains, such as management, that are present as well. For exam-
ple, although process heuristics have an impact on design, the
studies cited that focus speci�cally on process heuristics provide
a management perspective through the use of interviews [16],
[28]. The reliance on interviews is potentially due to a lack of
physical artifacts present outside of a design context, as well as
the inability of archived documents to provide an adequate view
of the context. In this article, interviews have been paired with
artifacts derived from a workshop with participants to study the
use of process heuristics within a complex systems design team.

B. Experimental Procedure

Based on the de�nitions presented by Gillham and Yin, this
article is a case study of complex system design experts at the
JPL using a mixed-method approach of interviews and artifact
analysis [23], [26]. This article documents process heuristics
through a focus group interview lasting 30 min and was part of
a larger sequence of studies to develop a repository of heuristics
for a group of designers at the JPL. The group interview took
place within a workshop developed to present the authors�
current progress on heuristics research at JPL, followed by the
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designers discussing various aspects of their own heuristics and
how cataloging this information may be valuable to them. This
method gave the researchers the ability to facilitate interaction
and discussion with the participants, while ensuring they under-
stood heuristics and had the ability to see heuristics in their own
work. The participants in the workshop are all designers within
one speci�c group at JPL�s Innovation Foundry known as the
Architecture Team (A-Team). The artifact analyzed from this
study is an af�nity diagram of process heuristics used within the
A-Team. The study concludes with a second interview process
with two A-Team leaders, conducted postworkshop. Studying
this population of mission designers can be considered analo-
gous to other complex systems design teams, although this study
could be performed with designers of any group in any domain
of engineering.

Before performing this study, the researchers received IRB
approval at their institution to perform the human subjects study
as designed. Then, participants were recruited to the study by
email, and those that agreed to participate signed a consent form
before the study began. The study took place at JPL in the same
room used to conduct A-Team studies, known as Left Field. Left
Field is favored for its large whiteboard space, con�gurability,
and comfort. This location gave participants a comfortable,
familiar environment during the study. More information on the
A-Team and their work can be found in. [49].

In total, eight members of the A-Team participated in the
study. Two participants had participated in a previous study
with the research team, and the remaining members had no
prior af�liation with the research team before the workshop.
There was no compensation for participation. The workshop
began with a 30-min presentation to participants to deepen their
understanding of heuristics. This presentation began by de�ning
heuristics and the motivation for studying them. Then, heuristics
collected in a prior study with the A-Team were shown, along
with a preliminary analysis of those heuristics [14]. At the
end of the presentation, the focus group interview began. The
participants spent 30 min going through the following discussion
questions.

1) Have our current �ndings matched your concept of the
heuristics you use?

2) What are we missing in terms of how we are thinking
about the heuristics themselves, characterization, and or-
ganization/presentation?

3) What would be the most valuable way for you to interact
with your own catalog of heuristics?

After 30 min, the workshop then turned toward individual
brainstorming of heuristics. Participants were instructed to focus
speci�cally on process heuristics that guide the design process,
rather than the design choices for details of an artifact. An
example given as a process heuristic used in A-Team studies
was �When designing an A-Team study, split the requirements,
problems, and solutions into three different brainstorming pro-
cesses.� Each participant was given 10 min to write down as
many process heuristics as they could think of that are used
during A-Team studies, using the sticky notes provided. The
sticky notes method is the A-Team�s typical method of brainwrit-
ing, so this activity was something each participant was familiar

Fig. 1. Examples of sticky notes containing heuristics placed on the board.

Fig. 2. Example of heuristics grouped into categories during af�nity mapping.

with and comfortable with performing. They were encouraged to
write these heuristics in context-action form, although heuristics
were not rejected if they could not do this in the allotted time [14].
After the 10-min elapsed, all members placed their own sticky
notes on the �oor-to-ceiling whiteboard wall and attempted to
categorize the heuristics on the board, similar to how they would
in a typical A-Team study. This process is often called af�nity
diagramming in design [50]. Figs. 1 and 2 show some of the
sticky notes on the whiteboard and the attempt to group the
heuristics.

Once the data were grouped by the participants, two leaders of
the A-Team led the discussion for labeling the large categories
along with subcategories. This required some modi�cations to
the initial af�nity mapping performed by participants. They
broke the heuristics into subcategories after the workshop, with-
out the input of the rest of the participants. They did this based
on their own understanding of the heuristics listed and typical
A-Team language and processes.

After this process, the researchers interviewed both A-Team
leaders individually for more insight into the heuristic categories
and contexts surrounding the extracted process heuristics. These
interviews were in-person at JPL and lasted about 1 h each.
These interviews were not intended to extract additional process
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TABLE II
NUMBER OF HEURISTICS GENERATED PER PARTICIPANT

Fig. 3. Percentage of heuristics per primary category (n = 50).

heuristics, but to understand more about the environment in
which the current set of heuristics was being used. To generate
interview questions, researchers collectively studied the heuris-
tics and hypothesized additional information about the A-Team,
which may be missing. The information gathered from these
interviews is discussed throughout Section IV for each primary
heuristic category.

Data were collected during all interviews and the af�nity map-
ping process by recording all audio, then transcribing the record-
ings afterward for analysis. Artifacts collected during heuristic
generation included the physical sticky notes containing the
heuristics. The af�nity map containing heuristics and heuristic
categories was documented through photos of heuristics on the
�oor-to-ceiling whiteboard wall in their respective groups.

III. RESULTS

From the eight participants, 50 heuristics were produced
from the study over a 10-min brainwriting period. The average
number of heuristics per participant was 6.25 heuristics, with the
highest individual total being 12 heuristics and the lowest being
4 heuristics. The number of process heuristics generated per
participant is shown in Table II. The categorization performed
after af�nity mapping led to �ve main categories: people, tools,
resources, prestudy processes, and study processes. Study pro-
cess is the largest category with 50% of the heuristics, and the
other four categories contain the remaining 50%. The breakdown

TABLE III
SAMPLE OF PROCESS HEURISTICS GENERATED

Fig. 4. Typical A-Team study setup.

of heuristics by category is shown in Fig. 3. Example heuristics
from each primary category can be found in Table III.

IV. ANALYSIS AND DISCUSSION

The following sections are based on the �ve primary cate-
gories uncovered during the study. Each section describes the
relevance of the category to the A-Team through information
extracted during the interviews with A-Team leaders. Then,
highlights from the group interview considered relevant for
how heuristics impact that speci�c category are presented. The
analysis ends with an assessment of the process heuristics taken
from the study and the methodology for extracting them.

A. A-Team Heuristic Category: People

Fig. 4 presents an overview of the people typically present
in an A-Team study. The A-Team prefers 12�15 participants in
each study so that different strengths will overlap and lead to
an answer/solution. People in an A-Team study can be split into
three main groups: the client team, the A-Team (study lead,
assistant study lead, facilitator, and documentarian), and the
subject matter experts (SMEs).

1) Client Team: The client is the person/group internal to JPL
who is paying for the study, and the client lead represents the
client at all A-Team meetings. Clients approach the A-Team for
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