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ABSTRACT

There are many misconceptions about the benefits and application of pilot studies, but conducting tests without
performing them in advance can be a costly mistake. One misconception is that access to test assets is necessary.
Although it can be challenging to run a pilot study without the actual resources used in the test, simulation provides
a means to overcome this and validate the effectiveness of the intended design. This paper presents the approach and
results from a pilot study enabled through simulation. The project underlying this study is a test event investigating
process performance. The team realized the value of incorporating a pilot study, but access to the systems and
operators was hot possible. They innovated a technique by combining Markov transition state modeling with process
mining footprints to generate simulated data. Although simulated, its realism proved sufficient to inform a data
collection plan optimized for a small team, and it indicated the main test was feasible. By analyzing the resulting
data against investigative questions, the data collection strategy was refined in ways unforeseen before simulating
the process. The pilot study clarified assumptions, refined instrumentation, and assessed the utility of expected data.
These results demonstrate the power of pilot designs, even when resources are not available. This paper closes with
insights extensible to other types of analyses and particularly those involving testing and process mining.
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BACKGROUND AND CONTEXT

This paper presents results of how a simulated pilot study aided a team plan for a test and evaluation event. The
team had no access to field data and no resources to conduct a formal pilot event prior to the main test. Recognizing
the inherent risks of entering a test “cold”, the team innovated a technique to develop a synthetic dataset that for use
as if it were actual field data. The project focused on testing standard operating procedures that are process-oriented,
which require the careful completion of a series of activities to attain a desired end state. Testing the process will
involve the observation and recording of human-executed procedures because it has no automated feedback and
control systems. The value of this paper’s contributions is in the innovations, approaches, and results it presents.
This paper purposely presents the project generally in order to encourage the extensibility of this work to other
process-centric tests or studies.

Testing a Process

Testing the performance of standard operating procedures is challenging because one must evaluate a process
subject to human interpretation and execution of written instruction. Coincidentally, human judgment is an expected
activity in the completion of this process. Therefore, the test must be able to discern whether an outcome results
from discrete, logical procedures or human execution of those procedures. In this project, the system under test
focused on

e aprocess
¢ relying on the transfer of data
¢ involving geographically separated work units.

The test will investigate the effectiveness of the standard operating procedures and the results of human activity in a
time-sensitive environment. Test professionals rely on non-subjective measures to analyze and evaluate the system
under test, which in turn require data. Pilot studies are important because they help determine if the data are
objective and sufficient to conduct analysis and evaluation.

Processes and Process Modeling

The online Oxford Dictionaries defines process as “a series of actions or steps taken in order to achieve a particular
end” (Process, n.d.). The human experience is full of processes. In fact, the human experience is itself a process
(e.g., birth, grow, age, death). The many processes surrounding us come from any imaginable domain - medical,
social, financial, engineering, artistic, management, to name a few. This paper resulted from a creative process. The
team decomposed the end state - this paper - into steps: ideate, storyboard, assign writing sections, draft, refine,
monitor progress, finalize, and submit.
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Aalst (2011), a leader in the field of process modeling, developed a branch called process mining. Process modeling
is a structured method of describing a process as activities and relationships to one another. The relationships are
sequences of activities traversed in order by causal dependencies. He notes, “The process model may also describe
temporal properties, specify the creation and use of data, e.g., to model decisions, and stipulate the way that
resources interact with the process (e.g., roles, allocation rules, and priorities)” (2011, p. 4). Figure 1 presents a
process adapted from Aalst (2011) and augmented to label each activity a through h. This example process uses a
model notation style called Petri Nets; however, there are dozens of industry-recognized notations. Process mining
techniques can automated the generation of Petri Nets by analyzing event logs from actual process data to determine
the order, sequences, and causal relationships.
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Figure 1. Petri Net. A method of communicating and analyzing process models (Aalst, 2011).

Models help people think about the process and articulate analyses results. There is a cautionary note, however. Box
(1979) famously quipped, “All models are wrong but some are useful". Analysts are wise to take into account the
difficulties in modeling anything. Regards process modeling, Aalst highlights three warnings one may encounter
when working through models:

e The model describes an idealized version of reality
e Inability to adequately capture human behavior
e The model is at the wrong abstraction level (2011, p. 30)

Nonetheless, Box acknowledges that models are useful. One thing the team held paramount in its approach to
designing a test was that domain expertise was an extremely important element to create a better process model and
increase outcome success.

Role of Domain Expertise

The team consisted of not only analysts but also domain experts from the field. They worked together to develop the
measures to evaluate the procedures. This is an important point. Give a data science professional a dataset and to be
sure, the analysts will find "something". However, will they find something relevant to the evaluation? Their
intuition may produce useful data, but adding domain expertise helps extract relevant insights from that data.

During this project, the design of the pilot study relied upon the knowledge and experience of the domain expert to

provide the context of the roles, information analysis, and decision-making required of the people involved with the
process under test. Throughout this project, the analysts relied on domain experts to share knowledge of the process.
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They worked together to understand the sequence of expected operator activities, the information flow, and the
process structure. Domain expertise provides the necessary insights to the transitions within the process.

SIMULATING PILOT STUDIES

Pilot studies exist in many disciplines ranging from engineering to medical research, the social sciences, finance,
and manufacturing. Piloting is a method to assess the feasibility of a practice or study under conditions of
insufficient information to make decisions about funding, resources, schedule, and risk. A pilot study is an
investigation or exploration to demonstrate that the methods and procedures envisioned for the main study are viable
for use at a larger scale (Thabane et al., 2010). An African proverb captures the essence of pilot studies, “You never
test the depth of a river with both feet” (Thabane et al., 2010, p. 1). Baker (1994) notes many reasons for
conducting pilot studies:

Developing and testing adequacy of research instruments

Assessing the feasibility of a main study

Assessing whether the research protocol is realistic and workable

Assessing the likely success of proposed methods

Identifying logistical problems which might occur using proposed methods
Estimating variability in outcomes to help determining sample size

Collecting preliminary data

Determining what resources are needed for a planned study

Assessing the proposed data analysis techniques to uncover potential problems

The goal of the team’s simulated pilot study was to assess the feasibility of the research questions and determine if
analytical methodologies were appropriate to the main study in the test plan.

Challenges

Field data were not available to inform the team as to the actual process under study. Additionally, the team had no
access to those who would execute the procedures during the test. The primary focus of a pilot study is feasibility
assessment. Issues for consideration include reliability of the outcome, feasibility of measurement, process
challenges, resource constraints, management issues, and scientific treatment (Lancaster 2004; Thabane et al., 2004).
It is common to conduct pilot studies to gather data for calculating sample sizes, particularly where data from
previous studies do not exist to inform the process (Thabane et al., 2010). This was also a consideration in this
simulation.

Options Available for the Project

Innovative teams can find multiple options to surmount technical challenges. In this project, the team identified
three options:

e Option A - design the main test without conducting a pilot study
e Option B - convene a group of experts to aid in designing the main test
e Option C - simulate synthesized data representative of field data typical from a pilot study

The first two options did not allow the team to assess feasibility of the research questions sufficiently. They
researched the literature for methods to simulate and validate synthetic field data. Successful use of simulation
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appeared in case studies like the development of the Boeing 777. Nearly all of the design work occurred
computationally. This not only avoided cost, but also helped determine design feasibility. It increased the fidelity of
interface data so the modules integrated easily after fabrication (Kossiakoff, Sweet, Seymour, & Biemer, 2011).
Likewise, in the medical field, Barhak (2015) discusses generating individual records using Monte-Carlo techniques
to create study populations for use in chronic disease studies. Although there are no people involved, the data
generated for each individual in the synthetic population abides by rules of inheritance seen in actual populations of
individuals. Researchers can use these populations to conduct sensitivity analysis or hypothesis testing.

After the literature review, the team selected Option C to simulate synthesized data representative of field data
typical from a pilot study. The team recognized the pilot data would need to be representative of the main test.
Therefore, the team developed clearly defined simulation project objectives. Table 1 shows the objectives
established for the Pre-Test phase. The figure also shows how these support the activities during and after the test.

Table 1. Simulation in Testing. A three-phased approach integrating simulated piloting with testing.

Pre-Test During Test Post-Test
¢ Simulate event logs o Create data collection logs e Examine information process
¢ Create process from event logs from sample flow
e Inform possible data collection | e Use expert observations o Analyze key process activities
nodes from simulation o Apply data collection surveys | o Compare predicted to actual
¢ Decide on sampling strategy and interviews outcomes
e Outline analytic structure

Simulate Event Logs
As previously mentioned, there is no existing data on the process under test. The simulation would produce event
logs that could in turn be processed using process mining technigues to generate a process mapping for analysis.

Inform Data Collection
The team needed to understand the test elements in order to generate a plan for the main test. The process mapping
and analysis of synthetic field data would show which data elements were required and where to collect them.

Sampling Strategy
Having a sense of data requirements, a sampling strategy would be developed and checked against runs of the
simulation to assess sample size and assess how missing data in the synthetic data set would affect the analysis.

HIGHLIGHTS OF THIS SIMULATED PILOT STUDY

The team focused on the challenge of simulating the information process flow, executed primarily by humans, to
determine the feasibility of gathering these types of data. The pilot study involved simulation of a Markov transition
matrix. Simulation offered the benefits of low cost and completeness because the team could code it themselves and
the team's domain experts had sufficient knowledge to develop models and validate them. This section presents
highlights of the approach used in the pilot study, the pseudocode used to create the simulation, and discussion of
the steps used to refine the synthetic dataset.

Markov Models and Process Mining
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The process under test contains three states: data
transmission, data receipt, and alternate means to
retransmit data. A Markov model depicts states.
Rabiner (1989) defines a Markov model as a “system
which may be described at any time as being in one of a
set of N distinct states, Si, Sz, .., SN” (p. 259).
Moreover, for observable Markov models, one can
postulate the process is in some state S; at time t and
will be in another state Si+1 at time t+1. State transition
probabilities describe the likelihoods of moving among
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Figure 2. Markov Model. Notional depiction of state
transition probabilities for the pilot project.

states in a Markov model. Figure 2 depicts the process under study expressed as a Markov Model. The rows
represent the state S; and the columns represent the state Si+1. The cells contain the probabilities associated with

moving from state S; to state Se+1, as p(St, St+1).

Aalst (2011) represents process models using
footprints that have characteristics similar to a
Markov model. Figure 3 shows the footprint
representation of the Petri Net process model
presented in Figure 1. The notation indicates the types
of transitions possible from one activity to another.
The forward arrow (—) and backward arrow (<)
indicate a one-way transition is possible between
states. Parallel lines ( || ) indicate a transition is
possible in either direction. A hashtag (#) indicates
that no transition is possible between those two states
at any time.
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Figure 3. Process Footprint. Used in process modeling.

The team innovated a technique to generate synthetic event logs by blending a) the directionality of the process
footprint with b) the stochastic nature of Markov models and c) state transition probabilities. This development by
the team results in a probability-based process footprint and is a hybrid designed for use in process simulation.
Figure 4 provides an excerpt of the project process footprint and its transformation into a Markov-like state
transition matrix. It is not a true Markov model because it does not model processes that converge to a steady state
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Figure 4. Process Footprint (left) to Transition Matrix (right) excerpts. The result of transforming the
process mining approach with Markov models.

based on initial conditions. True Markov models result in a vector representing the expected values of the state
distribution after repetitive cycles sufficient to attain steady state. Rather, the team’s hybrid approach uses properties
of Markov models - transition probabilities - to inform a single pass through a process. Unlike Markov models,
which revise their state probabilities over time, the probability-based process footprint does not change over time.
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Figure 4 also shows that in transforming the footprint to a transition matrix, there is not a one-to-one replacement of
possible moves on the footprint into transition probabilities. This is because the footprint shows both forward (—)
and retrograde («—) movements. State transition matrices do not have probabilities associated with having been in
another state. They focus on probabilities from time t to t+1.

The Approach

Rabiner (1989) used Markov models in the field of speech recognition, which he defined as a process. His work
rather nicely explains the application of Markovian approaches for process modeling. Rabiner solved three
fundamental problems necessary to use Markov models for the speech recognition process:

e evaluating probabilities of a sequence,
e determining the appropriate sequence states, and
e adjusting parameters of the model to better explain real world.

Those solutions extend to this project. Having devised a hybrid technique of process footprints enhanced by a
Markov model, the approach to modeling a pilot design enabled through simulation relied on a development process
characterized by three attributes.

1. Engage domain experts early. A critical lesson of analysis is to understand the problem with the aid of
domain experts. In this case, operators familiar with the process under study enabled the project team to
capture key elements likely to influence the assumptions coded in the simulation.

2. Use an incremental development style. This attribute appears fundamental, but it is important. When
writing the simulation code, the team wrote it in a building-block approach — implementing a step and
checking it. The project used two pieces of open-source software for its development environment: Python
(Python Software Foundation, 2015) and PRoM Process Mining (Process Mining Group, 2015).

e  Python generated the simulated data and converted it into XML format
o PRoM executed the XML to simulate a stochastic process flow for analysis. This resulted in
descriptive statistics for process flow (i.e., average, min, and max), variance, and choke points
Using Python resulted in faster development cycles because of the code interprets and executes at run time.
This is not the case in compiled languages like C++ or Java. Traces in the code allowed developers to
immediately see impacts of the incremental build and adjust at that time.

3. lterate between domain engagement and incremental development. Incremental development based on
domain wisdom allowed the domain experts to get a feel (a proto-validation) of how well the developing
code base was representing the process.

Overall, this approach fit the team’s needs, personality, and resources. Reflecting upon this approach, it was an
important contribution to the overall success of implementing a usable simulation.

Implementation of Simulation
The simulation generated synthesized data representative of field data typically gathered during a pilot study. The
data was nothing more complex than traverses (called traces) through an operational process. Data collected

manifest itself as a sequence of letters representing which process activities executed in which order during a
particular trace. The simulated process possessed these characteristics:
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Sixteen discrete activities, referred to by the letters a through p

The process must begin with activity a and end with activity p
Activities execute according to probabilities of a Markov model
Activities may appear multiple times or not at all in any trace sequence

In real execution, activities will depend on peoples' actions at multiple locations. They may occur in parallel or in a
serial fashion. A cue initiates each activity in the process. The simulation gathered traces in order to determine
descriptive metrics of process performance, variations of traces through the process, and conformance of the process
as compared to the objective process model. The Python codebase is available for review and collaboration at the
Git repository found at https://github.com/jgendron/ProbabilityProcessFootprint (Gendron, 2016). Here is the
pseudocode for the simulation algorithm based on standard lexicon as presented by Dalbey (n.d.).

INIT Traces to empty list
SET Paths equal footprints possible in Markov transition state matrix
SET Probabilities equal probability for each state transition
SET Start to A
SET End to P
SET Event to Start
SET Replication to number of simulated traces desired
FOR 1 to Replication size

INIT Trace to empty list

STORE first element of Trace as Start

WHILE Event NOT EQUAL End
OBTAIN Event as randomly drawn element from Paths
APPEND Event to Trace
ENDWHILE

COMPUTE string transformation of list Trace

APPEND Trace to Traces

SET Event to Start
ENDFOR
COMPUTE frequency of each occurrence of Traces
WRITE list of frequencies to file

Refining the Synthetic Data

Capturing the simulated process proved challenging - requiring multiple refinements to the simulation until the
domain expert’s instinct could validate an output process mapping. The key elements of the solution were the
Markov transition footprint stored as a Python dictionary data structure and a process flow simulator using a random
number generator to pull samples from that dictionary. A reasonable question for readers unfamiliar with the Python
language is, "How random is the pseudo random number generator in the Python library?”

Python uses the Mersenne Twister as the core generator. It produces 53-bit precision floats and has
a period of 2**19937-1. The underlying implementation in C is both fast and threadsafe. The
Mersenne Twister is one of the most extensively tested random number generators in existence
(Python Software Foundation, 2016, para. 4).
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Additionally, the team conducted its own validation of the random samples extracted from the transition dictionary
and found them to be satisfactory for project needs. The refinement and validation of the Markov transition occurred
over four iterations:

e The first iteration used simplified Markov transition probabilities as a proof of concept. They uniformly
distributed across all possible outcomes. For instance, if there were four possible states from time t to time
t+1, then the initial probabilities were each set to 0.25. The results were not realistic, but they validated
process traces in order to verify no critical errors existed.

e The second iteration took a more thoughtful approach. The domain expert considered each of the states and
revised the probabilities. This iteration was perhaps the most surprising of them all. It demonstrated how
reality could mismatch performance based on a non-data centric weighting of possible outcomes. The
transitions deviated greatly from what the domain experts expected to see in actual operations.

e The third iteration provided the largest improvement. It focused on refining transition probabilities to
produce reasonable process traces. As the simulation ran, it captured and aggregated all instantiations of
traces. The team reviewed outliers manifest as the most common and least common frequencies. This
allowed the domain expert to see the most and least common types of process flows.

e The last iteration proved to be the most important. The domain expert altered the transition matrix by
removing unallowable transitions and greatly reducing probabilities on extremely unlikely transitions. The
result was a Python dictionary containing process flows that the domain expert could review for frequency
as well as logic flow.

Having no prior process data, there was no gold standard to compare to the process simulation results. Domain
experience was the best available validation of the simulated pilot. The data indicated the model was running well
and provided the necessary data.

RESULTS AND EXTENSIBILITY

Pilot studies result in an assessment of test or study feasibility as well as insights to adjust goals and ensure scientific
rigor. The team developed research questions to investigate analytical methodologies before choosing to pilot. A
logical plan to apply the results of this methodology and analytical rigor to the larger study would follow. The
team’s developments are extensible to other types of analyses, particularly in tests involving process flows or
process mining where event log data does not exist prior to the test.

Pilot Study Results

The criteria for pilot study success is assessing feasibility. According to Thabane, et al. (2010), these objectives
provide the basis for results interpretation and making a decision whether to proceed to the larger study. The team
recognized four options available in light of the situational context:

Stop: main study not feasible

Continue, but modify protocol: feasible with modifications

Continue without modifications, but monitor closely: feasible with close monitoring
Continue without modifications: feasible as is (Thabane et al., 2010)

HowpnpR

Although simulated, the synthetic field data proved sufficient to inform a data collection plan optimized for a small
team. The outcome of the simulated pilot study was successful and the team decided to continue without
modifications. This gives indications the three-phased approach in Table 1 is feasible. The pilot study success is due
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to the knowledge and understanding provided by the domain expertise working in concert with analysts. The
combination of domain expertise, statistical, and computational skills resulted in a simulation that produced
synthetic data of sufficient quantitative rigor to substitute for otherwise unavailable field data. The pilot study
clarified assumptions, refined instrumentation, and assessed the utility of anticipated data.

Clarified Assumptions

Many assumptions changed during the pilot study. For example, prior to piloting the process flow, the domain
expert provided estimated probabilities of moving among feasible states in the Markov matrix. Simulation results
from the pilot study indicated errors by as much as 500 percent. A known limitation of human cognition is
forecasting. Once the domain expert reviewed the iterations of pilot results, the transition probabilities converged to
levels producing more likely outcomes.

Refined Instrumentation

Having determined the efficacy of the revised test design, data collection instruments changed accordingly. Data
collection fields changed to ensure they mapped to the synthetic output. This increases the likelihood of collecting
data that could create a dataset like the one resulting from the simulation.

Utility of Data

A byproduct of simulating field data in a pilot study is that the analysis process is testable. The team extracted,
transformed, and loaded simulation data into the PRoM analytic suite and treated it like real field data. This
accelerated the creation of SQL queries and scripts suitable for PRoM upload. These SQL queries are now ready for
the main test. PRoM libraries helped animate, summarize, and analyze the synthetic data. This provided a good
proof of concept for the analytic process designed for the actual test.

Extensibility to Other Tests and Process Modeling

Insights learned from this project are extensible to other types of analyses - particularly in tests involving process
flows or in process mining where there is no database containing preexisting event log data.

Testing

This project showed that simulating field data could serve as a pilot study to refine testing assumptions and to
determine data collection requirements. For example, in some test environments multiple tests execute to
accomplish these goals. In this project, the time constraints and the lack of opportunity for retesting will require the
test to work the one and only time it executes. Simulating a pilot study is applicable to other tests without resources
for pilot studies. Additionally, one may argue that simulating a pilot study prior to an actual pilot study has even
greater applicability.

Process Mining

Aalst (2011) presents the activity of process mining event logs from database sources as an optimal method of
developing process models. In their absence, people knowledgeable about the process can create process models
based on how they believe processes execute. However, these are best guesses of process flow. There is often a great
discrepancy between expectations and reality. This project demonstrates it is possible to build better process models
without the benefit of event logs. A team can brainstorm possibilities, simulate them, and then run them in the
PRoM tool - refining the models iteratively. The challenge is gathering the proper domain expertise. Fortunately,
this expertise is often available to teams. Gathering those insights with the benefit of iterations within a simulation
leverages the knowledge to refine project assumptions early in a project’s lifecycle.
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CONCLUSIONS

The team’s pilot effort provided an excellent opportunity to assess feasibility of the larger scale study, without the
benefit of operator participation. This pilot study succeeded with well-defined feasibility objectives, a focused path
for analysis, and a plan to determine success based on the objectives. Given the potential pitfalls of applying
inappropriate methodologies to a full-scale study (i.e., logistics, resources, time, risk, and schedule), the pilot study
afforded a tremendous opportunity to identify methods suitable for the main test and increase the likelihood of its
success. Analyzing the simulated pilot study data against investigative questions refined the data collection strategy
in ways unforeseen before simulating the process. Simulated mapping of the information process flow proved
accurate and the data collectors were able to successfully practice with the data collection instruments on a small
given sample. By choosing three focused questions for investigation, engaging domain experts early, using an
incremental development style, and iterating between domain engagement and incremental development, the team
learned that domain experience was the best way to validate the simulated pilot and obtain the data.
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