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1.0 EXECUTIVE SUMMARY

Implementing an appropriate analytical approach has the potential to augment and enhance the
decision-making process for military analysts within an Intelligence, Surveillance, and
Reconnaissance (ISR) environment leading to high confident, future recommendations.

Currently, there is not a standardized approach when processing complex, military scenarios.
Moreover, structured analytic techniques (SAT) coupled with information workflow
methodologies have been shown to improve critical thinking and logical reasoning during
decision-making, even when confronted with ill-defined intelligence. The objective of this study
was to evaluate the effectiveness of SATs as a decision-support tool by correlating identified
essential elements of information (EEI) with solution accuracy through visual network text
analysis. The study consisted of 150 participants who were randomly assigned to one of two
SATs with intelligence information provided in either incremental or complete sections. The
SATs included a method for defining analytical questions (MDAQ), a scaffolding approach, and
a control condition. The findings indicate that providing participants with the MDAQ approach
significantly enhanced EEI detection and solution accuracy compared to scaffolding and control.
This discovery provides underlying evidence that implementing a MDAQ approach as a
decision-support tool has the potential to enhance critical thinking and relational EEI correlation
resulting in improved performance.

2.0 INTRODUCTION
2.1 ISR Overview

ISR military operations collect vital information with respect to our near-peer adversaries’
ground locations, movement patterns, and threat capabilities in order to support future forecast
predictions and enhance situational awareness (Pawgasame 2016; Liu et al. 2019). These
operations require Joint All-Domain Command and Control (JADC2) cooperation across air,
land, maritime, cyberspace, and space domains in order to properly assess the situation and
reduce uncertainty (Caballero et al. 2021). There are five key intelligence collection disciplines
(Multi-INT) to support the mission. This includes: open-source intelligence (OSINT), human
intelligence (HUMINT), signals intelligence, (SIGINT), geospatial intelligence (GEOINT), and
measurement and signature intelligence (MASINT) (Lowenthal & Clark 2015; Mugavero et al.
2015; Stottlemyre 2015). Individually, each discipline represents their own storyline and
narrative aligned with the information collected. However, the aggregation of all the available
collected intelligence from each discipline enhances transparency, reduces tunnel-vision, and
supports ISR requirements.

Although obtaining multiple sources of information can help support high confidence predictions
of future events, there are still several obstacles that can influence and deter the decision-making
process. One of the biggest obstacles for ISR analysts and strategic planners is data processing
and comprehension (Novak & Burita 2019). ISR collections capture a tremendous amount of data
from imagery, full-motion video, and technical reports which requires synchronization and
validation across multi-INTs. In addition to the large quantity of collected intelligence data, the
findings can be ill-defined, incomplete, inaccurate, or vague. This is a crippling problem for
analysts, resulting in increased lead times (Hersey & Wang 2013). With the real-world
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constantly changing, if there is a significant time delay in the data processing phase, the
intelligence may no longer be reliable at a decision-critical time.

In order to combat this obstacle, ISR analysts implemented the processing, exploitation, and
dissemination (PED) phase of the intelligence cycle into their workflow process (see Figure 1).
In all, there are five main phases of the intelligence cycle which includes (1) planning, (2)
collection, (3) processing and exploitation, (4) analysis, and (5) dissemination (Johnson 1986;
Herring 1999). The planning and collection phase refers to the mission and operational
environment to answer intelligence gaps requested by leadership to gain an advantage in the
battlefield. During the processing and exploitation phase, analysts are required to clean and
structure the data into a readable format. This phase takes the greatest amount of time as it is
absolutely essential that the data is accurate and can be analyzed in order to detect relational
indicators and observables to support the decision-making process for future military actions
(Scarff et al. 2013). The analysis phase is when the data is examined and correlated to answer the
intelligence gaps. Lastly, the data is disseminated to the stakeholders and military leadership.

Over the past few decades, the Department of Defense (DoD) has made it a priority to implement
the PED phase of the intelligence cycle into ISR platforms in an effort to augment and enhance
the decision-making process (Haugh & Douglas 2017; Schoening et al. 2015; Wollocko et al.
2015). However, until a standardized decision-support tool can be leveraged by analysts, data
overload and processing time will remain to be an issue leading to under-informed decisions.
Previous research has discovered that incorporating analytic tool suites, software programs, and
automation coupled with PED could reduce data overload and support analysts’ future prediction
accuracies (Dominguez et al. 2005; McFarlane et al. 2016; Yang et al. 1998; Lusher & Stone
1997). Granted, improvements can still be made, as it is not yet clear which methodologies or
technologies will afford the greatest benefits in operational environments.

Planning

Processing, . Processingand o
Exploitation, and ', Analysis  Exploitatio

Dissemination (PED) .

Figure 1. The Five Phases of the Intelligence Cycle
with focus on the PED Phase 2.
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2.2 SAT

One concept that has been employed within academia and industry when assessing complicated,
vague information to support the decision-making process is SATs (O’Hare & McGuinness
2015; Lin et al. 2012; Belland et al. 2017). SATs were originally developed as a support tool to
help students mitigate errors and reduce pre-existing biases during cognitive tasks (Dhami et al.
2016). Previous research has discovered that incorporating SATs in an academia setting
enhanced critical thinking, logical reasoning, decision-making rationale, and output performance
metrics (Hiedemann & Jones 2010; Richards 2016; Brunzel 2021).

SATs are developed based on three main categories which include diagnostic techniques,
contrarian techniques, and imaginative thinking (Scott 2020; Dhami et al. 2019; Artner et al.
2016). Diagnostic techniques are designed to formulate analytic statements, assumptions, and
gaps into clearly identifiable statements. The analysis of competing hypotheses (ACH),
scaffolding, and key assumption check are examples of diagnostic techniques. Contrarian
techniques are aimed to diminish pre-existing biases and modify the current thought process.
Devil’s advocate, team a/team b, and high-impact/low-probability analysis are examples of
contrarian techniques. Imaginative thinking engages a new perspective that can lead to
alternative outcomes. Brainstorming, red team analysis, and alternative futures analysis are
examples of imaginative thinking (Gaeta et al. 2021; Chang et al. 2018).

While these techniques and many more can support and facilitate operators’ decision-making
characteristics during an intricate task, the scaffolding technique closely aligns with the strategic
guidelines’ intelligence analysts are familiar with when performing their assessments. The
scaffolding technique focuses on strategic learning and metacognition to enhance content
comprehension (James & Okpala 2010). The foundation is structured upon identifying a problem
statement, generating and selecting possible solutions, justifying the selection, testing and
evaluating the results, and incorporating feedback into the system (Nelson 2022). Previous
research has discovered a change in baseline performance when operators integrated a
scaffolding technique leading to improved content comprehension and mitigating previously
existing assertions (Gelder et al. 2020; Dabarera et al. 2014; George 2010). More recently, SATs
have been embedded into military environments to improve output performance metrics
(Coulthart 2017; Pherson & Heuer 2020). However, very little research has been conducted to
determine the effectiveness of the scaffolding technique on decision-making within an emulated
ISR setting (Nelson et al. 2022).

The question remains, can a current SAT be an effective decision support tool for ISR operations
in theater? With that, a group of ISR subject matter experts (SME) came together at Wright-
Patterson Air Force Base (AFB) to discuss the current SAT options. The outcome was the
development of a new SAT known as the MDAQ. MDAQ is a structured approach which
enables operators to assess the problem statement, process and identify EEI, hypothesize and
create relational correlations, and convey a decision with high confidence. It is a continual-loop
process that aims to induce active deep thinking and logical reasoning, leading to an increase in
detection of EEIs to enhance the decision-making process. The ability to accurately detect subtle,
embedded EEIs and indicators that are not immediately obvious or comprehensible within
muddled intelligence could significantly improve ISR decision-making capabilities regarding
future planning. To obtain greater understanding on the efficacy of SATs as a decision support
tool within military ISR operations, further investigation on granular level needs to be conducted
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in order to gain insight into the operators’ decision-making process (Coulthart 2016).
2.3 Visual Network Text Analysis

There are several empirical approaches that can be used to determine the effectiveness of SATs
as a decision support tool which include comparable discoveries, quality of information, and
output performance metrics (Sharma et al. 2013; Eierman et al. 1995; Udo & Guimaraes 2017).
Although these approaches can provide valuable insight, they do not detect and identify essential
observables and indicators that are the foundation of how the results are quantified. To clearly
understand the sentiment behind decision-making outcomes based upon open-field text and
speech-to-text responses, visual network text analysis needs to be performed.

Text analysis is a widely used and extremely powerful technique that provides the capability to
ingest, parse, and identify EEI within large unstructured communication datasets (Welbers et al.
2017; Popping 2015; DiMaggio 2015). However, there are challenges associated with open-field
text and speech-to-text responses that need to be addressed. These challenges include
grammatical errors, improper spelling, and word abbreviations, which are all too common within
collected intelligence (Macdonald et al. 1982; Ittoo et al. 2016). To mitigate these challenges,
fuzzy matching and logic can be used. This technique identifies semantic words based on
similarities, rather than exact matches (Zhao & Mao 2017; Buckley et al. 2000; Mehl 2006). The
output leads to clearly defined communication responses.

Once unstructured datasets have been cleaned, structured, and unified through fuzzy matching
and logic, a visual network can be constructed. Visual network text analysis is a visual
representation that supports analytic reasoning and decision-making outcomes assembled upon
existing knowledge, understanding, and rationale through textual exploration (Brandes &
Corman 2003; Saktheewaran et al. 2020; Goodall 2011; Drieger 2013). The visualization
displays text mining features and nodes representing word frequency with respect to EEI
identification and performance metrics. The display from the visual network can provide
underlying evidence to support the effectiveness of SATs as an ISR decision support tool.

As previously mentioned, intelligence is collected across multiple INTs which then require
analysts to validate, structure, analyze, and disseminate in near-real time to inform future military
direction. The evaluation of SATs as an ISR decision support tool coupled with a visual network
text analysis can provide invaluable insight that can help support military tool development and
capabilities (see Figure 2). Therefore, the intention of the research study was to evaluate two
SATs, the MDAQ and standard scaffolding, and a control condition as a foundational baseline
for the development of current and future ISR decision support tools.
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Figure 2. A Conceptual Decision Support Workflow for PED for Multi-INT Collections with regard to each SAT.
3.0 METHODS

3.1 Participants

The study protocol was approved by the U.S. Air Force Research Laboratory (AFRL)
Institutional Review Board (IRB) (FWR20140043H). The goal of this effort was to evaluate the
effectiveness of (SATs as a decision support tool for future ISR tool development. In order to
obtain a foundational baseline for performance, the study was tested on individuals who had no
prior military experience to reduce the effect of analytical training and pre-existing biases. A
similar research study evaluating SATs on decision-making outcomes conducted by Belland et
al. 2017 discovered a pairwise comparison of 0.27 for pooled standard deviation of subjects and
a mean difference of 0.23. Using a standard power of 0.80, an effect size calculation was
performed, resulting in a sample size of 25. Therefore, 150 participants recruited from Amazon’s
Mechanical Turk (MTurk™) completed the research study. MTurk™ is a widely used online
survey creation and data collection tool where participants can support research activities.
Participants were excluded from the study if they did not meet the following criteria: must be 18
years old or older, speak fluent English, retain basic computer skills, located within the U.S.,
obtain a 95% study approval rating or higher on MTurk™, and could not have previously
participated in similar research studies involving SATs or have prior analytical training.

Participants who did not pass attention checks within the experiment or provided nonsensical
long form responses were excluded.

Of the 150 participants who completed the study, 63 were male and 87 were female with an
average age of 40 years old (SD = 10). Participants were randomly assigned to one of six groups
(N =25 in each): (1) MDAQ with intel presented incrementally (MDAQic), (2) MDAQ with
intel presented in a complete section (MDAQaun), (3) scaffolding with intel presented
incrementally (Scaffoldingic), (4) scaffolding with intel presented in a complete section
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(ScaffoldingAll), (5) control with intel presented incrementally (ControlInc), or (6) control with
intel presented in a complete section (Control All).

3.2 Task and Experimental Design

A between-subjects experimental design was implemented, where participants were randomly
assigned to one SAT (MDAQ, scaffolding) or a control condition and given the content in either
incremental sections or all at once (see Figure 3). All participants were provided with the same
content containing one subtle EEI for each person of interest (four total EEIs within the intel). It
is important to note that the task was reviewed and selected by our in-house ISR SMEs based
upon similar characteristics and challenges intel analysts face within complex military
operations. The ability to understand and measure analytical processes, logical reasoning, and
attention to detail through EEI detection and decision-making based upon different SATs will be
invaluable in supporting the development of current and future ISR tools that can be transitioned
into military operations. If the participants were provided the content all at once, they would read
the full intel and then provide open-ended text responses in an attempt to correctly identify EEIs
and the associated relationship. If participants were provided the content in incremental sections,
they would read the intel in five subsections. Following each subsection, they had the
opportunity to provide an open-ended text response in an attempt to correctly identify EEIs and
the associated relationship. After completing the main task, participants were provided
demographic questionnaires to allow for a post-hoc correlation analysis. The task took
approximately 20 minutes to complete but each participant was given up to one hour to finish.
Participants were instructed to take their time and focus on decision- making accuracy over
speed.

33 Data Analysis

Statistical analysis and visual network text analysis were performed using R Statistical Analysis
Software Program (R version 4.1.2). R is an open-source programming language for statistical
computing and visual representation of datasets (Wessa 2009; Goslee 2011). An analysis of
variance (ANOVA) was conducted comparing SATs and information workflow (i.e., incremental
vs complete) focusing on (1) overall correctly identified EEIs and solution accuracy (2) correctly
identified EEIs based on person of interest. A visual network text visualization was generated to
represent EEI identification by SAT and solution accuracy. The independent variables were
SATs (MDAQ, scaffolding, control) and the information workflow methodology (increment,
complete). The dependent variables were EEI identification performance and solution accuracy.
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Figure 3. SAT Methodology and Information Workflow Process.

4.0 RESULTS

4.1 Solution Accuracy: EEI Identification based on SATs and Information Workflow

First, we wanted to determine if solution accuracy was derived from coupling SATs and
information workflow. An ANOVA was conducted and revealed a statistically significant
difference between SATs and information workflow with respect to solution accuracy (F5,144 =
4.13, p <0.01) as seen in Table 1. Moreover, it was discovered that providing MDAQInc lead to
the highest solution accuracy compared to all other conditions (17 out of 25 participants — 68%).
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Next, we wanted to determine if EEI identification was the foundational reasoning resulting in
greater solution accuracy between conditions. Therefore, open-field text analysis was conducted
focusing on EEI identification between SATs and information workflow. An ANOVA revealed
there was a statistically significant difference between SATs and information workflow when
participants identified 0 EEIs (#5,144 = 10.55, p < 0.01) and four EEIs (F5,144 = 11.70, p < 0.01).
The majority of the participants assigned to the control and scaffolding groups were unable to
identify an EEI within the intel (Controlan 19 of 25 (76%), Controlinc 13 of 25 (52%),
Scaffoldingan 17 of 25 (76%), Scaffoldinginc 19 of 25 (76%)). Only the MDAQ groups had
participants who were able to correctly identify all 4 EEIs (MDAQaun 6 of 25 (24%), MDAQinc
11 of 25 (44%)). This discovery provides validity to the concept that SATs and information
workflow does significantly influence EEI identification leading to improved solution accuracy.
The bar chart represents the number of correctly identified EEIs with respect to SATs,
information workflow, and solution accuracy (see Figure 4).

Table 1. An ANOVA was conducted comparing SATs and Information Workflow for Correctly Identified EEI.
Statistical Significance at an Alpha of 0.05.

Comparison of Structured Analytic Technique and Information Workflow for Identified EEls

Control Control MDAQ MDAQ Scaffolding  Scaffolding Between p-

EEls Groups
All Inc All Inc All Inc value

F-Test
0 (7162/) 13 (52%) 5(20%) 3 (12%) 17 (68%) 19 (76%) 10.55 <0.01

(o]

1 3 (12%) 8(32%) 7(28%) 4 (16%) 6 (24%) 3 (12%) 1.11 0.36
2 1(4%) 3(12%) 3(12%) 3 (12%) 2 (8%) 3 (12%) 0.30 091
3 2 (8%) 1 (4%) 4(16%) 4 (16%) 0 (0%) 0 (0%) 2.04 0.08
4 0 (0%) 0 (0%) 6 (24%) 11 (44%) 0 (0%) 0 (0%) 11.70 <0.01

Solution 4/25 10/25 7/25 17/25 6/25 7/25 113
Accuracy (16%) (40%) (28%) (68%) (24%) (28%) ) <0.01

Accuracy.
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4.2 Visual Network Text Analysis: Which EEIs were Correctly Identified based on
SATSs and Information Workflow

Lastly, we investigated the correlation between each of the four EEIs (labeled based on their
chronological order within the intel as EEI 1-4) and SATs using a visual network text analysis.
When correctly identified, each EEI embedded within the intel provided the participant with
critical information directed towards the appropriate solution. An ANOVA was conducted and
revealed there was a statistically significant correlation between SAT and EEI 1 (Fs,144 = 10.04, p
<0.01), EE12 (Fs,144 =9.22, p < 0.01), EEI 3 (Fs,144 = 10.22, p < 0.01), and EEI 4 (Fs,144 = 13.10,
p <0.01) as seen in Table 2. In addition, it was discovered that the MDAQ group was able to
identify and correlate the detection of EEI 1 (F2,147 =19.97, p <0.01), EEI 2 (F2,147 =20.38, p <
0.01), EEI 3 (F2,147 = 25.73, p < 0.01), and EEI 4 (F2,147 = 31.98, p <0.01) more efficiently
compared to the control and scaffolding group leading to higher solution accuracy during the
decision-making process (see Figure 5).

Table 2. An ANOVA was conducted comparing SATs and Information Workflow for Identification
for Each EEL
Statistical Significance at an alpha of 0.05.

Comparison of Structured Analytic Technique and Information Workflow for Each EEI

Control Control MDAQ MDAQ Scaffolding  Scaffolding Between p-

EEI Groups
All Inc All Inc All Inc value

F-Test
1 4 (16%) 7 (28%) 12 (48%) 18 (72%) 3 (12%) 2 (8%) 9.22 <0.01
2 3 (12%) 3 (12%) 11 (44%) 19 (76%) 4 (16%) 5 (20%) 10.04 <0.01
3 3 (12%) 5 (20%) 15 (60%) 15 (60%) 2 (8%) 2 (8%) 10.22 <0.01
4 1 (4%) 2 (8%) 11 (44%) 14 (56%) 1 (4%) 0 (0%) 13.10 <0.01

@ control-all @ Control-inc @ MpaQ-Al @ MDAQ-Inc @ Scaffolding-All @ Scaffolding — Inc

~ |
t 1

D nnllﬂlﬂ . I H 1 ﬂ!!lll‘. . _..I'II 14—

@ contral —All I Control —inc @ MDAQ-AI @ MDAQ - Inc @ Scaffolding — All ) Scaffolding — Inc

Figure 5. Representation of a Visual Network Text Analysis Displaying Identified EEIs by SAT
and Information Workflow leading to Solution Accuracy.
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4.3 Demographics and Personal Characteristics

There were no statistically significant correlations between demographics (i.e., age, gender,
education level, gaming experience) and detection of essential elements of information leading to
performance enhancement.

5.0 DISCUSSION

The U.S. military relies heavily on ISR collections to derive decision-making assessments with
respect to our adversaries’ ground movement patterns, threat level capabilities, and future
allocation of resources (Karvetski et al. 2020). If intel analysts misconstrue subtle information
within ISR collections, it can produce an increase in errors, an increase in lead time, and induce
pre-existing biases resulting in poorer decision-making outcomes. Moreover, multi-domain
collected intelligence is commonly ill-defined, incomplete, or vague, resulting in operators
relying on intuition instead of data-driven evidence. Therefore, it is imperative that a decision-
making tool can be leveraged to combat these issues and enhance future military decision
recommendations.

Prior research has shown that implementing SATs when confronted with complex, convoluted
information can improve decision-making outcomes (Covey & Lovie 1998; Miller 2017).

Specifically, scaffolding has been shown to improve content comprehension, critical thinking,
and decision-making rationale. Previous literature has discovered that promoting scaffolding as
an instructional framework enhances an operators’ ability to understand and translate
complicated content into simplified information. In this example, the instructional framework
initiated probing questions in an effort to increase active deep thinking and problem-solving
characteristics. Although this concept manipulates the operators’ thought process through a
structured approach, the framework allows for the operator to continually engage and construct
their own problem statements and recommendation (Clark & Graves 2005). Another study
conducted by Pata et al. 2006, discovered that employing scaffolding within a collaborative
workspace can augment and enhance decision-making skills. In this effort, the operator had to
progress through the scaffolding approach multiple times to generate situational awareness and
invoke relational decisions based on the content fragments. The results displayed improved
decision-making recommendations through enhancing pattern recognition (Pata et al. 2006).

Unlike previous literature discoveries, incorporating a scaffolding approach coupled with either
incrementally or complete intelligence, did not enhance decision-making outcomes when
confronted with simulated ISR content. In addition, there was not a significant enhancement in
detection of EEI. This discovery provides further support to the thought that there may be
limitations to the effectiveness of scaffolding on cognitive processing and decision-making when
confronted with complex military environments (Xun & Land 2004; Doo & Heo 2020). We
anticipated that there may be limitations associated with current SATs which led to the
development of the method for MDAQ by ISR SMEs at Wright-Patterson AFB.

This study investigated if incorporating SATs, specifically scaffolding and MDAQ, could
augment the decision-making process by improving detection of EEL. We believed this would
lead to higher solution accuracy when provided with unstructured, emulated ISR intelligence in
both incremental and complete sections. Since MDAQ is a newly developed SAT, there is little
previous literature on the effectiveness of the design and approach. Nevertheless, the findings
provided underlying evidence that when participants were instructed to follow the MDAQ
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approach, there was a significant enhancement in EEI detection compared to scaffolding and
control. MDAQm. and MDAQAaun identified approximately four times as many EEIs compared to
Scaffoldingine, Scaffoldingan, Controline, and Controla. The enhancement in detection of EEIs
improved decision-making outcomes resulting in a significant performance difference. In
addition, the majority of the participants within the control and scaffolding groups were unable
to identify a single EEI embedded within the intelligence. On the other hand, the MDAQ group
was the only group that was able to correctly identify all four EEIs (11 of the 25 participants in
the MDAQm and 6 of the 25 participants in the MDAQan). MDAQ may be demonstrating these
difference by driving deeper cognitive engagement and processes. This discovery provides
valuable insight that following the MDAQ approach, an in-house ISR developed SAT, enables
critical thinking and logical reasoning leading to improved decision-making outcomes.

Previous research has shown that quantified performance metrics were the key indicators when
evaluating SAT efficacy during the decision-making process (Friedman & Zeckhauser 2016).
However, little to no research has been conducted evaluating critical thinking and logical
reasoning collected from open-field responses when providing an SAT. Therefore, this study not
only focused on output performance metrics but also the relational aspects of open-field inputs
and the decision-making process using visual network text analysis. A visual network text
analysis is a representation displaying the relational component between key works and
indicators (Yoon & Park 2004; Saura 2021). The findings showed that the MDAQ group was
able to accurately identify EEIs and show a direct relationship/correlation to the solution
compared to both, scaffolding and control. Incorporating a visual network text analysis to
represent EEI detection and solution accuracy for SATs strengthens the argument that the
MDAQ group was able to process, comprehend, and disseminate information more effectively
leading to improved decision accuracy.

Lastly, there were limitation with this research study that need to be addressed in the next
iteration which include the evaluation of additional SATs, physiological measurements to
evaluate workload and cognitive stressors, and including military personnel as participants to
determine if this research can be transitioned into a military environment. However, the
discoveries from this study are very promising and provided valuable fundamental insight that
incorporating MDAQ could improve detection of subtle EEIs leading to improved performance
compared to a scaffolding and control approach.
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7.0 ACRONYM LIST

ACH Analysis of Competing Hypotheses

AFRL Air Force Research Laboratory

ANOVA Analysis of Variance

DoD Department of Defense

EEI Elements of Information

GEOINT Geospatial Intelligence

HUMINT Human Intelligence

INT Intelligence Collection Disciplines

IRB Institutional Review Board

ISR Intelligence, Surveillance, and Reconnaissance
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JADC2 Joint All-Domain Command and Control

MASINT Measurement and Signature Intelligence
MDAQ Method for Defining Analytical Questions
MTurk Mechanical Turk
OSINT Open-Source Intelligence
PED Joint All-Domain Command and Control
SAT Structured Analytic Techniques
SIGINT Signals Intelligence
SME Subject Matter Expert
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