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Abstract
This exploratory case study examines the interactions between a high-level domain expert engaged in political analysis and the output of a semi-automated commercial open-source analytic system. The study used an in-context think-aloud methodology to extract rich information on the analytical strategies used by the expert as he addressed a typical socio-political analytical task. The task involved the political stability of the uranium-mining region of Northern Niger and included access to relevant processed open source information.  The focus of the research was on the cognitive processes of the analyst, including analytic strategies and information gathering behaviors.  Three main strategic patterns were observed: (1) the population of a pre-existing cognitive model with relevant information; (2) the identification of relationships between model elements; and (3) the application of analytic judgment to these relationships. The findings in this study reveal misalignments between expert analytic processes and the current design of open source systems, but they also strongly suggest that, designed and used appropriately, automated open-source analytic systems have a valuable role to play in supporting the cognitive tasks of high-level analysts and in helping ensure that experts consider key lines of inquiry that directly impact analytic conclusions. The findings of this study have application for shaping the co-evolution of intelligence analysis and computerized open-source extraction systems.

Introduction
High-level expertise in any field is a rare commodity. This expertise is not well understood, particularly in a field like intelligence analysis where many consider analysts’ work to be an art (Johnston, 2005). The emergence of new types of information systems calls for an improved understanding of how experts function so that these systems can be designed to better enhance the expert’s processes.  Furthermore, deeper understanding of an expert’s cognitive processes and analytic strategies could be of significant help in improving the analytic results of novice analysts.

In order to provide insight into the design requirements for evolving open source analytic systems, it is necessary to first understand the expert analysis processes being supported. A literature search failed to uncover previously published research reporting specifically on the analysis processes of intelligence domain experts engaged in high-level, strategic analysis and decision making. Therefore it was necessary to lay the initial groundwork for understanding this important but little explored terrain and to help find promising approaches for further research. We took an exploratory case study approach to help us gain an initial understanding of this rarely explored area. 

One reason this is a little studied area is that there are not many “experts” of this class for any given topic. Fortunately for this type of research, large numbers of subjects are not necessary. In think-aloud protocols for usability, for example, one is far better than none, and “most usability problems are detected with the first three to five subjects” with “additional subjects… unlikely to reveal new information” (Turner,  Lewis & Nielsen, 2006).Thus understanding how even one high-level domain expert approaches the intelligence analysis task proves immediately beneficial for a number of purposes, including learning how experts fit new information on a current situation into their rich schema of domain knowledge and experience. 

Knowledge of expert analytic patterns will enable us to better utilize the services of the few high level domain experts in both traditional intelligence analysis and in the exploitation of the new capabilities of large automated open source systems. Some of the questions in this context are: 
· Can general purpose analysts aided by an open source system perform at a level similar to a domain expert? 
· To what degree can automated systems be used to: 
· free up more time for the expert to address difficult abstract high-level analytic problems?
· extend the expert’s analysis into areas and insights they might not have otherwise achieved?
· Can improved design requirements for automated open-source systems increase the likelihood of achieving these goals?  

Understanding the cognitive processes of a high-level expert and observing how he integrates computerized open-source reporting into his analytic processes helps point the way towards answering these and similar questions. 

Related Research 
Specific previous research on the analytic processes of high-level intelligence analysts engaged in political analysis is not available, however there are considerable bodies of related research that inform this study.
Intelligence Analysis
The internal processes by which expert political analysts carry out their work have been the subject of relatively few research studies. The studies that have been done tend to focus primarily on the Intelligence Analysts themselves. Rob Johnston’s (2005) in-depth study of the culture of Intelligence Analysts touches on their cognitive processes while focusing primarily on an anthropological view of how the surrounding culture determines and shapes the observable analytic tradecraft. Heuer’s ground-breaking study Psychology of Intelligence Analysis (1999) is more directly relevant, but is primarily concerned with the impact of basic psychological processes such as perception, memory, attention span, and reasoning. He focuses on the way in which these fundamental psychological processes limit and shape the possible analytic conclusions.  Katter, Montgomery and Thompson (1979) take the view that intelligence analysis is what intelligence analysts do. This perspective focuses on observed behavior rather than internal, not directly observed, cognition. Nonetheless they do provide a very extensive review of the cognitive psychology literature up to that time. They also examine how those findings relate to single source analytic processes, placing memory in the central role in their model of analytic cognition and concluding, at least for problems like signals analysis, that all meaning is constructed by a mix of memory and sensory input. Lefebvre (2004) advocates a simple two-step model of analytic cognition consisting of pattern recognition followed by trend analysis. The significance of the recognized patterns are, however, referred simply to mental models, presumably generated during an analyst’s education and experience. Those researchers whose goals are the design of tools to aid political analysts must necessarily give some consideration to the cognitive activities they are trying to enhance (Elm et al. 2004). However, current tools development tends to focus on structuring the results of cognition, enhancing data gathering capabilities, and facilitating the storage and usage of partial analytic results. They do not attempt to integrate with or directly impact the analyst’s high-level, core cognitive processes. 
Expertise Research
A large body of potentially relevant research is found in the experimental psychology studies of expertise and expert performance (Ericsson, et al. 2006a). Generally the focus in this domain is on those skills where expertise can be clearly defined and measured, such as chess, music, and athletics, rather than those domains where expert performance is more ambiguously defined. Nonetheless, the application of think-aloud protocols (Ericsson, 2006b) has shown that the cognitive structures of experts are more elaborate and populated by richer representations than that of non-experts. However, the domain of expertise does make a substantial difference. The mental models of expert medical diagnosticians (Norman, et al. 2006) have essentially no overlap with that of Historians (Voss and Wiley, 2006) or Chess players (Gobet and Charness, 2006). This motivates the need to specifically study expert intelligence analysts.

A line of research focused on how to elicit knowledge from experts, typically in order to inform the programming of expert systems, is not directly relevant to the current work since the focus is on capturing the detailed knowledge or information schemas of the expert, rather than on the cognitive processes. The typical methods used to capture expert knowledge are exhaustive interviews, task analysis or contrived tasks (Hoffman, et al., 1995) -- none of which can reveal an ongoing cognitive process in interaction with new input. We have found no studies within this branch of Psychology directly on the processes of expert political analysts. 
Education and Decision Making
Some relevant research is available from the fields of education and decision-making. Bloom (1956) presents a taxonomy of levels of cognition useful for assessing educational goals. While his ideas have been much revised (Krathwohl, 2002) they still provide a solid framework for classifying the cognitive processes an analyst must carry out as they work. The taxonomy begins with Remembering, goes through Understanding, Analyzing, Applying, and Evaluating to arrive at Creation. Interestingly, Bloom begins his taxonomy where Katter, et al. leave off, and is therefore a useful perspective for looking at the cognitive aspects of high-level all-source political analysis. Higher cognitive processes are also key to the study of how people make decisions in a complex world. Newell (2008) reviews the cognitive models used to explicate human decision making. He places learning in the central position, arguing that past experience as recorded in memory is the foundation of a learning process that enables experts to efficiently reach effective decisions, even in complex and uncertain environments.  Flowers and Hayes (1982) studied the cognitive processes involved in the process of writing. They capture the activity through think-aloud protocol and develop themes to build a model of cognitive processes that explains this complex behavior. In a more recent study, Atman et. al. (2007) investigate the cognitive processes involved in the design process of an expert (professional) versus a novice (students). Atman’s study also uses verbal protocol analysis. Both Flowers’ and Atman’s studies investigate cognitive processes involved in tasks that are analytical and creative in nature and are thus more similar to the task of interest for this study than more observable physical tasks. 
Instability Variables	
There is a large body of research aimed at understanding the variables that may be related to socio-political instability.  Much of the automated processing of open source collections is aimed at applying these variables since they have been shown to be correlated with instability. It seems likely that an expert charged with the task of evaluating the likelihood of future instability would touch upon most if not all of the significant variables revealed in this literature. In order to produce a list of these relevant variables, this paper uses three quantitative systems taken from Collier (2004), Fearon (2003) and the Failed State Index (2009). Each of these studies looks across a large number of cases and attempts to relate specific mathematical combinations of quantitative measures to a variety of instability measures. Collier focuses primarily on civil wars, Fearon on instability and FSI on state failure. Since these systems are based on quantitative measures they necessarily use available statistical sources as stand-ins for more qualitative variables. For example, they might use years of male schooling as a stand-in for the ability of the state to provide adequate social services. An expert analyst, not being constrained to numbers, can consider the qualitative aspect of state services directly and in a broader context. 
Open Source
Recently, with the revolutionary changes in the Internet media environment, the field of open source collection is undergoing rapid growth and substantial changes. There are now readily available in the vernacular, massive amounts of timely electronic open-source material. This has prompted the development of new computerized tools that collect, mine, and extract valuable information from this continuing stream (Veratect, Buzzmetrics, Cyberalert,  Google Zeitgeist, MarkMonitor, eBeagle,  Internet Seer, Agent Logic). What is not clear is what impact these tools will have on the cognitive work of senior experienced analysts, nor how they will interact with the analyst’s current techniques and cognitive processes.  It is also not known whether, in the end, these new tools will improve the analytic product. We do know that the all source analyst relies heavily on open source (Lowenthal, 2000). We do not know how new capabilities to collect massive amounts of open source information affect the analytic processes – after all, the ability to push massive amounts of data into the mental work space of an expert may not be an unalloyed good.  It is the need to begin to explore questions like these that primarily motivates the present study.
Methodology
Our methodology followed precepts of Grounded Theory (Becker, 1993) and case study research which are used to explore qualitative problems which are little understood, but can be observed in selected data. The basic idea in grounded theory is to ground the research in direct observation, take a phenomenological perspective, and try to iteratively evolve a theoretical framework which can encompass the findings. This framework is then expected to generate hypotheses to guide additional observation. As discussed earlier, we chose a case study approach to address a narrow slice (i.e. single subject’s representation) of the larger phenomenon of interest that is intended to help in initial discovery and framing of hypotheses for further research (MacNealy, 1997). 

In this study we used a think-aloud protocol, augmented by video and screen capture, to unpack the cognitive and analytic processes of a very high level expert political analyst as he attempts to answer realistic analytic questions concerning the potential instability of the nation of Niger.
Participant
Dr. Daniel Chirot, professor of International Studies and Sociology at the Jackson School of International Relations at the University of Washington, was recruited to be the research subject. He has been a student of the African Sahel region for 40 years. He has lived for two years in Niger, has written 10 books of political analysis, and is currently a consultant for CARE in Africa with a portfolio that involves Cote d’Ivoire and Niger.  He has worked as an analyst for USAID and for the United States Institute of Peace -- where he has been a Senior Fellow. His most recent book, Why Not Kill Them All (Chirot and McCauley, 2006), examines in part modern ethnic conflicts in Africa. He has served as expert reviewer for the work of some of the world’s most prominent analysts.  In short, Dr. Chirot is one of a handful of serious, genuine experts on the subject of social unrest in the Sahel. 
Instruments
Prior to the session, two commercial semi-automated open-source information products were prepared; one a spread sheet containing brief descriptions of 103 open-source documents that the commercial system deemed to be relevant; and the second, a written White Paper, prepared by an experienced general analyst at the commercial company. The White Paper summarized the major open-source findings and assessed their importance. The participant, who worked in his study (his usual place of work), was asked to use any other information sources he wished. 
Tasks
We began by selecting a challenging political analysis problem from which a set of three specific questions were formed. The participant performed a 2-hour analytic task while thinking aloud. The analytic session was videotaped for post-session analysis by the research team. The challenge used in this study concerned the current socio/political stability of the uranium producing region of northern Niger. This would be the kind of analysis that a mining corporation might be expected to do before making decisions to invest in exploration or in mineral development. Specifically, the task given to the analyst was to answer three rather general, but realistic, questions:
1) Why is the north of Niger where the uranium deposits are found so unstable?
2) What sorts of events would indicate the direction in which the situation is going?
3) What are the current chances of the situation getting better, staying the same, or getting worse?
During the analytic session a Think-Aloud Protocol (Ericsson, 2006a) was used to capture the cognitive analytic process as well as any observable information processing activities. This rigorous methodology elicits verbal reports of thought sequences and produces a valid source of data related to cognitive analytic processes.  The participant was encouraged to “think aloud,” leading to verbal reports of thinking that differ from introspective responses that are elicited separately from the on-going analysis. The protocol session was conducted in the home study of the participant and was recorded by videotape. Conducting the study in context also allowed observation of the participant’s information system and the various visual references in his normal place of work.[footnoteRef:4] Three observers were in the room. One operated the recording equipment and photographed artifacts and tools used by the participant. One intervened occasionally to ensure that the participant adhered to the requirements of the protocol, and the third took notes on the steps in thinking as the analysis went forward. Care was taken not to shape, bias, or influence the analytic or information gathering processes.[footnoteRef:5]  [4:  It was interesting to note that the photograph hanging on the wall above the participant’s desk was of a Tuareg—the tribe of Northern Niger.]  [5:  A tape of the session, along with the transcript, coding data, an author’s version of this paper and other relevant information is available from the Research Works section of the University of Washington Library. ] 


Before the session began, the participant was given instructions on his role in a think-aloud protocol.  The session began with the first analytical question and the participant receiving two documents from a commercial open-source analysis company, generated by that company’s information collection and analysis system. The commercial system creates intelligence through meticulously analyzing huge amounts of available open source information using specialized summarization tools, native speakers, and human analysts that lightly categorize relevant documents. It has traditionally focused on early indicators and warning in the area of public health, but is being expanded to include indicators of social unrest. The first document was a summarized and categorized list of articles related to Niger and the Uranium region. The second document was a white paper written with the help of the first document by an all-purpose expert analyst at the Company. Thereafter, the research subject addressed the three questions in order utilizing the materials in his office, the two documents provided, as well as Internet searches, note taking, and thinking.
Analysis Methods
The post session analysis focused on the cognitive processes revealed and on how the open-source information impacted these processes.

After the session, the transcript of the tape was broken into meaning segments and each segment was classified as described below. Meaning segments were produced by breaking the verbal data at (1) the end of a sentence;  (2) a change of subject; or (3) the use of a conjunction such as “and,” “so,” or “but.” After the session, the three observers watched and discussed the video tape with the purpose of identifying repeated patterns of cognitive processes exhibited in the think-aloud protocol. Sections of the tape were reviewed several times and the subject’s behavior was discussed. The observer responsible for recording the session then transcribed the words in the tape and indexed each sequential segment. This produced 1227 segments.

Nine samples of 10 sequential segments each were taken from the transcript of each of the three tasks and the two coders collaboratively coded these samples, discussing and detailing the coding criteria (presented in the following section) and refining the definitions of the codes. Both coders then coded the transcript independently and inter-coder compatibility was calculated on Cohen’s k. Since the segments were often very short, coding was context based (i.e. codes were assigned while examining the context in which they appeared). This allowed a fine grained coding that tracked rapid changes in cognitive activities but did not allow each segment to be independently code-able.

To understand and code the expert’s segments frequently required extensive background in the geography, history, politics, and culture of both the regions under study and, more broadly, the relationships of those factors to global geopolitical events. For example, the subject would refer to a similar situation in Nigeria, or mention the visit of Ambassador Wilson to Niger – using those references as shorthand for explaining what he was thinking. Without knowledge of these references it was difficult for a coder to determine what the subject was expressing or the process being described in his think-aloud verbalizations. For this reason we used one expert coder, an experienced Intelligence Officer[footnoteRef:6] with extensive background knowledge of Africa. A second coder with a background in usability studies also coded the transcript, thus adding a second type of expertise and allowing some estimate of coding reliability. Both the kind of expertise needed to code the think-aloud transcript of a high level expert and the time of the expert analyst himself are rare resources. This combined with a lack of relevant established theories to understand the phenomenon of expert political analysis helps explain the dearth of comparable studies and reinforced using a case study approach in this initial phase of research. [6:  Dr. Timothy Thomas, the CIA Officer in Residence at the University of Washington, 2008-2010, served as one coder.] 

Classification Coding
Following are the classifications of meaning segments developed and used by the coders.

PEEM: Populating Existing Expert Models: This code is used when the subject is filling out an abstract structural model of the situation from remembered concrete facts and objective relationships. It includes naming a model element, adding basic attributes that give the element some characteristic feature, and adding well-accepted and specified relationships between model elements.  Segments coded as PEEM must easily fit into the developing mental model. Attributes of a model element that are value laden or completely abstract with no precise concrete meaning are not PEEM. General statements that are analytic conclusions are not PEEM, even though the expert believes them to be an accurate statement about characteristics of a model element. Examples of PEEM are: “Actually uranium is not that scares a resource” or “there was a trans Saharan trade route.”

MMSEI: Model Modification Stimulated by External Information: This code is applied when the subject receives information from source material that causes him to add model elements, relationships or model attributes --- even if he had that information in memory. The observation that the added elements were directly stimulated by the material he read or consumed makes the segments MMSEI rather than PEEM. Examples are, [While looking at the White Paper] “Niger is the world’s 4th largest producer of Uranium” or [Immediately after looking at Spread Sheet] “The Tuareg movement is more broadly based than just in Niger.”

AJ: Analytic Judgment: Here the code signals that the participant is making a value judgment, an analytic conclusion that follows from the model, or a statement of a model attribute that is not certain, extremely abstract, not concrete, or involves the interpretation of the assumed opinion of other people. It includes hypothetical statements that are used to justify analytic conclusions. Examples are: “if they say ‘Doctors Without Borders, you can come back,’ that would be a good sign” or “there would be a conflict anyway, of some sort.”

ST:  Story Telling is coded from when the subject begins to tell a story during the think aloud until he signals that the story is finished. Stories begin with some statement like “Once when” and end with something like “Well anyway.” Stories are segments recalled from a memory of a past personal experience or from something he was told in the past. They have a narrative, characters, some kind of dramatic element, and convey meaning indirectly through the events of the story. An example is when the subject tells a story of his relationship with two Tuareg youths, one of whom he was surprised to find out was a slave to the other. 

IASB: Information and Analytic Strategy and Behavior: This is anything that references how the expert gets information, how he processes information, or how he plans to seek more information or how and why he values particular information. It also includes similar statements about how he will analyze the information. Examples are: “I may have to go to the library and get it,” or “what did the president of Niger say recently about this in the last week or two.”

Instability Variables
In addition to coding the analysis session using the above classification, we also considered known instability variables in order to determine the degree to which they were used by the expert analyst. We produced a combined list (Table 1 below) that condenses the variables listed in each of the three reference papers (Collier 2004; Fearon 2003; & Failed State Index 2009) into a single combined list of 12 variables. The think-aloud transcript was examined to determine if and where the participant considered any of these 12 variables. There was no attempt to map each segment of the transcript to a variable; rather sections of the transcript were annotated to show that issues related to a variable were being considered. 
Table 1. List of Instability Indicators
1. Large Population / Demographic Pressure
2. Primary Commodity Concentration
3. Low GDP per capita / Economic Condition
4. External Intervention / Diaspora or Foreign State
5. Fractionalization / Ethnic, Religious, or Social
6. Geographic Division / Rough Terrain
7. Human Rights Violations / Lack of Press Freedom
8. Poor State Services / Education, Economic, or Infrastructure
9. Weak State Legitimacy / Lack of Democracy
10. Uncontrolled Security Services / Police, Army, Intelligence
11. Prior War / Insurgency
12. Negative Geopolitical Forces / Colonialism, Cold War


Results and Analysis
Coding results
The two independent coders achieved substantial agreement (Cohen’s kappa = .70), reflecting that the subject clearly made distinctive verbalizations that fit within and could be identified by the code descriptions.  We show this agreement in two ways.  
Figure 1 provides a color-coded chart of the coding for sequential segments.  It shows that the two raters were in substantial agreement concerning the general flow of the session, and that the session was successfully coded by the method used.
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Figure 1: Codes on a timeline. 
In Figure 1, the code pattern on the top was assigned by the CIA officer and the pattern on the bottom was assigned by the usability expert. Figure 1 also indicates the three points when the subject was prompted to address each of the three questions.
Table 2 (below) also shows considerable rater agreement on the assignment of segments to specific codes.  The diagonal green values indicate the number of instances where both coders gave a segment the same code while the white and pink boxes indicate instances of disagreement.  
The two greatest areas of disagreement, indicated by the pink boxes, were observed where the CIA expert felt a segment reflected a commonly known fact from the subject’s memory, hence PEEM, while the usability expert felt the statement was

	 
	Coder 2: Usability engineer

	Coder 1: CIA officer
	 
	PEEM
	MMSEI
	AJ
	ST
	IASB
	∑

	
	PEEM
	255
	21
	52
	9
	2
	339

	
	MMSEI
	34
	113
	12
	0
	3
	162

	
	AJ
	25
	14
	188
	1
	12
	240

	
	ST
	1
	0
	3
	56
	9
	69

	
	IASB
	20
	35
	18
	7
	337
	417

	
	∑
	335
	183
	273
	73
	363
	1227


Table 2: Agreement Matrix
an abstract judgment rather than a concrete model element, hence AJ. For example, stating that France produced more of its electrical power from nuclear than any other country was regarded as a fact by the CIA rater, and a judgment by the Usability rater. There was also some disagreement in judging whether a segment reflected an information strategy as the CIA rater thought, or model element obtained from the information source. For example, when the subject noted that some work was done by the economist Paul Collier, the usability rater felt that was added to the model and the CIA rater felt it was simply a source description.  
The Mental Model
The model constructed by the expert analyst for the given problem consisted of (1) specific elements (such as ‘Tuareg’, ‘Uranium’, ‘Country of Niger’, etc.), (2) their associated attributes (such as ‘have slaves’; ‘mined in Arlit’, ‘part of Sahel) and (3) the relationships between them (such as ‘causes trouble for’, ‘has high regard for, ‘produces money for’). The analyst clearly brought a basic framework for his mental model to the session that appeared to be independent of content and was not explicitly described in the think aloud. The model itself was slowly elaborated within this framework in a non-linear fashion as the session proceeded, interspersed with episodes of information gathering and analytic judgment. The participant initially populated the model with known elements and their attributes, then introduced relationships between the elements and occasionally made an analytic judgment concerning the relationship. Certain elements that were repeatedly mentioned were considered to be major elements. Relationships that were tangential to the argument or merely described a major element were considered attributes of that element. 
As the model population proceeded, the subject created more elaborate and important relationships among the major elements.  These relationships, which were characteristically introduced later in the session, were used primarily to ground analytical judgments. The mental model was specified so completely by the think-aloud protocol that a graphical representation of it could be constructed. That map is shown in Figure 2 below. 
Analysis of Coded Segments
MMSEI and PEEM Segments
The distinction between the PEEM and MMSEI codes does not refer to model construction per se, but rather to the apparent source of the information that was being used to construct the mental model. This distinction was made in order to elucidate the impact of the open source system on the cognition of the expert. Examination of the final map reveals that all the elements specified in the think aloud were almost certainly available in the expert’s memory before the session began.  This is also true of most of the attributes and relationships. 
This does not mean the open source information had no impact on the expert process analysis. In some cases, open source information led the expert to refine a relationship between model elements, such as when an article summary reported that NGOs were concerned that the government of Niger was not sharing uranium profits. Surely the expert knew the profits were not being fairly shared, but he did not appear to know that NGO’s had reported this. Similarly it seems probable that while the expert certainly knew that Niger was a major uranium producer, he did not necessarily know it was the 4th largest producer in the world (as reported in another open source summary). These are examples of the type of refinements the open source system provided the expert’s mental model. We would anticipate that novice or general analysts would respond to the open source system output in a very different way, in that much of the specific information would not be in their memory, and therefore we might expect that they would use the open source system to introduce new elements to their mental model, rather than simply make refinements of existing relationships.
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Figure 2: A static representation of the participant’s mental model derived from the think aloud protocol. Each element in the model is annotated by a list of attributes and directional relationships between them are noted. 
Since the primary purposes of this exploratory study was to assess the impact of the output of a semi-automated open-source tool on a high-level expert, the MMSEI segments in which the subject inspected these products were carefully examined. The expert read the analytic piece presented and commented that it was based on the output of a keyword based open source search. He noted that such types of reports required additional background information that cannot be obtained solely from aggregates of news articles. One apparent benefit of reading the piece was to highlight the information not included in the report. That then stimulated him to fill in that specific material from his memory and add it to the mental model. An example of this was adding attributes to the element ‘Tuareg’ to include such things as a declining salt trade and the historical role of slavery. It also served the useful benefit of reminding him to include all model elements that were specifically mentioned in the piece, and even to provide, in a few cases, some refinements of which he was apparently not aware.
Analytic Judgment Segments
Examination of the segments coded AJ revealed five separate cognitive sub-processes being used to directly reach analytic conclusions (see Figure 4).  These were:
1) A process where theory is used to support a conclusion. An example is the theory advanced by the expert that young men between the ages of 16 and 22 trained in an insurgency are likely to turn to banditry when the insurgency ends. This supports the conclusion that an uptick in banditry in Niger is a sign the insurgency is weakening.
2)  A process where hypothetical “what ifs” are used to support a conclusion.  For example, the expert noted that if the government invited Doctors Without Borders to return, it would be a sign that the situation is improving. 
3) A process where conclusions are drawn from analogous situations.  For example, the expert noted that banditry increased during the wind down of the IRA insurgency in Ireland. 
4) A process where references to narrow specific events are used to indicate a larger process is underway. For example, the expert noted that an arrested reporter had been recently released and this led to the judgment that the government might be opening communication. The expert went on to note that open communication would decrease the likelihood of instability. However, a hypothesized re-arrest would be a very negative sign, and the expert alerted himself to monitor for that event. 
5) A process where the expert employs a value system to develop the implications of the totality of the conclusions. For example, the expert noted that a scenario in which the government attempts total militarily suppression of the Tuaregs would simply “keep going on until they are all dead or expelled” and the situation could get “nasty.”
These five processes were coded as “AJ” and each was used multiple times during the session, but tended to be concentrated at the end of the session. The processes appear to be grounded in the mental model discussed in the previous section, but can be applied independently of the content (i.e. they would still apply in a model with a different domain).

Figure 4. The five analytic processes used by the expert to reach analytic conclusions.
Analytic Judgment segments were related to the model building done in the PEEM and MMSEI segments in that the model provided the framework which grounded the analytic conclusions.  However, the conclusions themselves were developed from AJ processes that can be generalized to any analysis situation.  For example, the model shows a relationship between the Southerners of Niger and the Tuaregs which specifies that the Southerners could massacre Tuaregs. The related analytic judgment that real massacres are unlikely to occur comes from an AJ process that in analogous situations, massacres have not occurred because they would be too time consuming and difficult to carry out.
A likely explanation for the increased use of AJ processes near the end of the session is that the final question called for projection into the future. This invoked the application of expert analytic judgment to the entire completed model. This process typically involved the use of hypothetical scenarios in which pseudo-model elements were constructed and given hypothetical attributes and relationships. These hypothetical scenarios were then used to produce and justify sensible high-level analytic conclusions. An example is the expert’s creation of a hypothetical scenario in which the governments of Algeria, Libya, Mali and Niger jointly agree to recognize that Tuaregs have a problem, and further agree to take action to aid them. The conclusion is that this would decrease instability. Again, these judgments were not directly linked to the mental model; rather they appeared to represent a separate cognitive activity evoked by the need to produce immediate analytic conclusions. 
While the information available from the open source system rarely evoked either changes in the model or stimulated new analytic judgment processes, there were instances were open source information led to important analytical results.  In most cases, the open source system provided “merely” additional content that was already represented in some form in the model.  In these cases, the expert analyst quickly moved on.  In those cases where the open source information stimulated AJ processes, it occurred because the information reported specific events that might indicate the presence of larger processes that might be in play or served to link existing theories to the current situation.  This indicates that a more thorough understanding of AJ processes could be used to identify those elements of open source information that will be most useful and impactful on the expert analysis process.
Story Telling Segments
The subject engaged in a considerable amount of story telling. While story telling is not always recognized as an analytic process, the act of organizing information into narrative elements served a clear and important role in this expert’s analysis. The expert often verbalized a sequence of events that related to some central character and traced a short plot line that led through a dramatic conflict and finally to a resolution. In doing so, he activated and justified the inclusion of memories needed to populate the model and to evoke in the analyst’s mind the relevant values and atmospherics that motivate the effort needed to proceed with the analysis.
Stories are easily recognizable because they are highly formulaic, the elements being most famously identified by Campbell (1949). Figure 3 gives a transcript of one such story, showing how it can be broken down and tagged with Campbell’s elements. 


Figure 3: This story, taken from the transcript starting on segment 125, illustrates the story telling mode and shows that the stories rather precisely followed a classic story format (Campbell, 1949).
In telling a story, the expert can evoke a rich interconnected set of relevant elements, in this case the desire of France for uranium and the surreptitious nature of that desire.
In a second example, the expert told a story about meeting two boys, one of whom turned out to be the slave of the other.  This story was used to justify the inclusion of ‘have slaves’ as a current characteristic of the element ‘Tuareg’ in the mental model. It also was used to invoke that Tuaregs have value systems that differ from people in Southern Niger (and most of the rest of the world).  Again, much is going on during story telling.  Is the analyst using stories to keep himself interested?  Is he preparing a narrative for presenting his final set of judgments in a coherent framework?  Given the richness and complexities of story telling, further examination of the story process in other analytic situations will be required to elucidate the analytical significance of the story telling process. 
It should be noted that in a verbal protocol, it can be difficult to distinguish between story telling as representing cognitive analytic processing and story telling as “teaching” motivated by the presence of observers in the room.  For example, when the expert would think about Tuareg tribesmen, he might point out a picture of them hanging on his wall, or even get up and fetch a picture to show it to the observers. While it seems likely that he would have referred to these pictures even if he were alone, the act of fetching, showing them to the observers and describing what they looked like, was an additional effort designed explicitly to help the observers understand an element of his mental model – in this case the Tuaregs. We think that, in the main, the expert was following the protocol rather than introducing information specific for the observers.
Also of interest was the use of romantic style and images in the expert’s story telling, rather than highly realistic documentary descriptions of actual Tuareg life. This corresponded to the abstract nature of the model elements, which were not concrete detailed descriptions of actual artifacts, but rather were abstract stereotypes used to hold high-level relationships that formed a substrate for the overall analytic conclusions. This suggests that story telling might form a bridge between the more precise and factual output of the open source system and the more abstract categories and themes of the analytic judgment.
IASB Segments
The segments coded IASB reflected efforts to organize and seek information, to plan activities, and to give a structure to the analytic process. These segments were not directly related to the specific components of the mental model under consideration, but were of a general nature and would apply to any number of different analytic tasks.  For example, the expert chose to go online and check a French news source, noting that the French press would pretty much cover the important issues, and pulled a book down from his shelf, observing that it was edited by a well know anthropologist. 
IASB segments indicated the strategies guiding how the expert proceeded with the analysis, such as noting that what he had done so far was background, or noting that it would be better to go to Niger and talk directly with the government. These segments reflected the high level of general analytic skills the expert brought to this specific problem. It seems likely that the explicit mentioning of what information he was collecting and why, was a response to the protocol instructions to express what he was doing in words so they would appear in the transcript. None the less, these segments did reveal that considerable thought was devoted to the issue of information gathering and organization throughout the session.
A subset of IASB segments focused on gathering and reviewing geographic information, including neighboring countries and geographical features such as rivers, deserts, mountains, and trails. While not generating particular model elements, this information was used to bind both the stories and the model elements to a geographical frame of reference. 
The open source information included elements designed to address IASB segments, such as a categorized aggregated list of collected open source articles.  While the categorization was supposed to include analytical aids (e.g. categories indicated articles as representing “Weak Rule of Law” or “Political Turmoil”) it was used primarily by the expert as a way to quickly and efficiently scan the topics covered in a wide variety of sources. The categorization of each article in the list was apparently ignored by the participant who did not use it in the construction of the model or, for that matter, in the support of his analytic judgment. The expert was more interested in sources that were unfamiliar to him, noting that checking each of these sources in turn would have been an arduous task.
Tools used by the subject included a lap top computer that displayed the spread sheet provided, a web browser used to search current newspapers, a pencil and notepad used as a recall aid, and a library of relevant books that he had read. None of these tools were used extensively, nor did they appear to have a dominant impact on the cognitive activities associated with the expert analysis.
Trends in code frequency
Trends in frequency of the coded segments described above can be seen as indicating different components of cognitive effort expended by the expert over the course of addressing the three top-level analytical tasks.  Figure 4 below shows the proportion of each code applied in 8 successive time slices of the analytic session. For this figure, the codes applied by either of the raters were counted, producing 2454 codes in total.
[image: ]
Figure 4: Code variation in the session
Perhaps the most striking characteristic of the changing percentage of codes is that the number of Analytic Judgment segments increases as the session progresses.  In the early stages the analyst populated his mental model of the situation, hence PEEM and MMSEI, and as the end of the session neared he shifted to extracting finished results from the model. Story Telling is concentrated in the early stages, where the subject is setting the scene and embedding himself in the analytic problem. The stories appear to serve both as a way to establish his credibility as an expert and to help him recall the events that he will use to populate the mental model of the existing situation.
Interestingly, nearly one-third of the expert’s analysis was “cognitive infrastructure,” finding and deciding the information of interest and determining strategies for doing this.  31% of the segments were coded as IASB, reflecting the significant cognitive effort related to information seeking and analytic strategies. This percentage was relatively constant over the course of the session, with the exception of a spike at the very beginning where the expert laid out a plan of attack.  Smaller spikes appeared where the subject paused in his analysis to note the characteristics of the information being used.  The organization of the information appears to be a continuing task, necessary for the success of the more significant model building and analysis. Thus, even an expert who is already aware of most of the information being provided, actually spends a substantial amount of time dealing with the foundational tasks of finding, sourcing, and organizing basic information. This might be seen as an excessive amount of mundane cognitive activity and a candidate for replacement by semi-automated methods of gathering and organizing large amounts of potentially useful information.  However, would automatic strategies of organization result in a more standardized but less insightful model?  It is not clear how central the human conduct of IASB activities is to the analyst’s ultimate product.
Forty-two percent of the coded segments (MMSEI and PEEM) were related directly to the construction of the mental model, either from memory or from information being consumed during the session. The majority of this activity (66%) was devoted to recalling model elements and relationships from memory; the rest came directly from examining material presented during the session. The protocol did not permit the raters to determine whether the new information consumed might have already been in the expert’s memory, or whether it was information he did not previously know. In other words, at best only one-third of the model content was derived from the open source material, and probably far less.  On the other hand, it seems reasonable to conclude that even if the open source material merely stimulated the recall of previously stored knowledge, it still was a valuable aid to the cognitive processes used to construct the mental model. 
Instability Indicator Variables

The output of the open source system included a human-generated categorization of each document, using categories such as “Political Turmoil” and “Localized Radicalization.”  These categorizations were done quickly by lower level analysts and the categories themselves are similar to the instability indicators shown previously in Table 1.  Apparently the categorization of documents were intended to be used to support a quick assessment of potential instability by more or less counting the number of open source reports in each instability category. The expert essentially ignored this categorization of documents.  

To help understand why the open source categorization scheme was not used, we examined the transcript to see whether the expert considered the 12 indicator variables that have been reliably correlated with instability (Table 1). We found that the expert mentioned all 12 indicators in at least 5 different places during the session. Fractionalization and External Intervention were the most frequently mentioned (10 times each), while Population, State Services, and State Legitimization were considered at 5 points each. However, the expert did not appear to use any of these indicators as predictive variables, nor did he include them specifically in either the model or the analysis. Rather he introduced them in a tangential, descriptive way, such as observing that Tuareg raiders could hide in desert mountains, or noting that Niger is a poor country. He did not highlight or emphasize these observations as indicators (e.g. he did not say, Niger is poor therefore it is likely to be unstable).

The standard categories of societal instability were developed using statistics from a large number of countries in order to uncover statistically significant relationships. As such these studies looked for variables that applied as broadly as possible. The analytic problem given in this study, in contrast, had no requirement to apply the findings in any broader context. While the expert was clearly aware of the standard categories of societal instability, he looked deeper into the open source material in order to find a more local and timely variable. Such a variable would be more useful in predicting immediate changes than “variables” that for this case were actually constant over the period of concern. 

The primary indicator the expert actually used was the degree to which the State showed that it was genuinely attempting to treat the minorities fairly and was trying to provide improved state services to its citizens. This qualitative variable is not unique to this expert, as it is also explicitly developed by Rotberg in his 2003 Brookings study, where it is also treated as a central predictive variable. However, it is not used in the three quantitative studies discussed earlier (Collier 2004; Fearon 2003; & Failed State Index 2009) since it does not have a widely applied numerical index estimating its value.  After examining the totality of the transcript it appears this variable reflects to some degree the personal value system of the expert. This is revealed by the expert’s use of value laden terms, such as “tragic”, “nasty”, or “needy children.”  The statistical indicators in contrast do not involve any value judgments. While it is not clear from the transcript whether a guiding value system was critical for the selection of this variable as the key indicator of instability, it seems likely that it was. If so, the role of the expert’s values in analytic thinking should be more closely examined in the future. 

Since the open source commercial system’s categorization scheme did not provide useful information on State treatment of Tuaregs over the period of time being considered, it was generally ignored.  The system did, however, provide documents that addressed the expert’s key indicator--the Government’s treatment of citizen’s rights and possible motivations. For example a story of the expulsion of Doctors Without Borders indicated to the expert that the State was more concerned with preventing criticism than with providing services. Similarly, a series of articles on the imprisonment and subsequent release of a reporter who wrote on possible Uranium-related pollution was viewed as an ambiguous indicator, with the imprisonment being strongly negative and the release positive.  Certainly the open source schema could have been based on categories that would have better reflected the expert’s concerns and better supported his analysis.  This appears to be an important opportunity to better align open source analysis with expert analysis.

Discussion 
This paper describes and explores a rare process-- a senior expert with 40+ years of analytic experience and extraordinary in-depth and personal knowledge of a region of interest engaged in speculative analysis based, in part, on the output of an extensive open source intelligence system. A central takeaway of this exploratory case study is that while the open source output contributed some value, it did not play as strong a role in the analysis as it might have had it been better aligned with the analytic processes of the expert. 
The expert was observed to construct a mental model populated primarily by facts and relationships from his memory and augmented by input from open-source material. This model consisted of key elements, lists of element attributes, and relationships between elements. While populating the model occurred primarily in the early portion of the session, it continued until late in the session for those elements from memory (PEEM), but not from the open source input (MMSEI).  Separate from model construction, the expert made judgments based on the model and the application of five analytic judgment processes. A shift from model construction to analytical judgment occurred over the session and appeared to be accelerated by the nature of the third question, which demanded a judgment as to what were the indicators of future trends. This overall cognitive process was revealed with reasonable clarity by the think-aloud protocol and confirmed by the successful content analysis for the major steps in the process; namely populating the developing model (PEEM), adding information from open source (MMSEI), and making judgments from the model (AJ).  
The impact on the expert’s analytical processes of the semi-automated open source material was primarily seen in two areas:
1) Model construction
i. The open source material prompted some shaping of thought sequences that were primarily drawn from memory but prompted and occasionally informed by the new material
ii. In some cases, the absence of information in an open source document served to focus the expert’s attention on that missing element.  In recognizing what was missing, the expert was prompted to recall information that filled the gap.
iii. At times, factual information from an open source expanded model details, but did not impact the overall model structure
2) Analytic judgments
i. Once the expert had established an important process indicator, he scanned the lists of open source document summaries to see if there were current examples.
ii. Occasionally, the expert found evidence that was important enough to be useful in reaching an analytic conclusion. For example, having determined that government treatment of its citizens was a key indicator, he found an article on the ejection of an NGO working in the south to support a conclusion that the situation might be worsening.
Overall, the open source material reinforced or enriched information from memory, but did not independently provide model elements and only occasionally supported analytic conclusions.  The open source material also impacted a small number of organizational processes (IASB) by making the expert aware of new information sources.
The open source article summaries were broken down into categories intended to reflect instability indicator variables.  This breakdown provided by the open source system had no impact on the expert’s model or his analysis. Thus this study indicates that while the open-source system provided some aids that were useful to the expert, this usefulness was limited to refinements of his mental model and to providing some evidence to support analytic conclusions. Its attempts to guide analytic result through preprocessing of open source material had little or no impact. 
The fact that the analyst did not use the categorizations provided does not mean he did not attend to known indicators of future political instability. On the contrary, he covered each of the major indicators that are discussed in relevant literature, but did so in a way that treated them as relatively fixed characteristics of the present situation, not as useful predictors. Rather, for an indicator of future instability, the expert sought one that varied within the time frame of interest, and for which evidence of its value could be gleaned from the open source. As previously stated, his primary indicator was the government’s motivation to genuinely aid its citizens in a fair way. Evidence for this motivation could be directly obtained from the content of open source reporting, whereas evidence for the quantitative value of the classical indicators did not appear.
The “think aloud” protocol used in this study clearly has limitations. The observers were often not sure to what extent the verbalizations were attempts to communicate with the observers (though the observers only engaged in minimal conversation with the analyst), and to what extent they accurately reflected analytic cognitive processes. This was particularly evident during those session periods classed as “story telling.” On one hand the analyst seemed to be telling a story that the observers would find entertaining; on the other, it is reasonable that the analyst would have considered these stories as they served analytic purposes such as encapsulating and illustrating some element that was included in the model. In spite of these potential ambiguities, the think-aloud protocol clearly served to produce rich and useful results for this exploratory study.
The findings reported above are in close agreement with the observations of Katter, et al. (1979): “Truth is seldom hidden in the data: it is constructed by the analyst, with the data playing a relatively small role.”  These authors’ focused primarily on the more elemental aspects of analytic cognition, such as perception, sensory processes and memory, and only on single source image intelligence (IMINT) and signals intelligence (SIGINT) analysts, while this study focused is on higher-level cognitive processes like mental model construction, story-telling, analytic strategies and judgment which are central to the work of the senior all-source analyst. Nonetheless, Katter, et al. came to similar conclusions as the present study in that they identified conceptual models in the analyst’s mental store of knowledge as central to the analytic task. As currently designed, automated open source systems are unlikely to provide more than the guiding, alerting, and stimulating functions observed here. However redesigned to be more aligned with the way expert analysts work (see Pirolli & Card, 2005), future open source systems may play a stronger role in the higher-level cognitive processes of model construction and analytic judgment.
Significance and Future Work
While this exploratory case study adds significantly to the understanding of the cognitive activities of a senior expert analyst as he attacks a typical problem, it leaves many questions unaddressed. The most important question is what differences would have been observed if more analysts of differing expertise level had been observed. Current results suggest that the open source system would have been more useful to novice analysts who could not bring the same level of regional knowledge to the task. For this reason, they would likely have examined the system output in much more detail and perhaps used it to extract model elements or be influenced by the categories presented in the open source system. Further research will be required to test this speculation.
A somewhat surprising result of this study was the high percentage of the expert’s processes (31%) that went into planning, organizing and executing his information and analytic strategy. This suggests that there is yet another important way to redesign open source systems in support of expert analysts—providing analytic support tools that can reduce cognitive overload by supporting these “administrative” processes.  For such new tools to help an expert analyst, they would have to be designed within the context of the cognitive patterns discusses in this study. For example, tools that helped the analyst construct his own filters on new data or map new information directly onto his model might be helpful.  So might tools that let the expert capture and communicate his existing model more clearly and efficiently.  There are many avenues for future work in this area, including usability testing and work process mapping.
Observations and comments by the analyst as he consumed the open source product suggested that certain changes in the interface might have made it more useful. For example, the analyst wanted a way to view the open source material differently, such as focusing on local reporting from neighboring countries.  He would also have appreciated the ability to search the corpus from which the open source material was taken on the basis of related topics rather than specifically on Niger and Uranium.  Such topics might have included “desertification in the Sahel;” “foreign insurgency and counter insurgency activities in Chad, Algeria, Mali and Mauritania;” or “health and economic status of settled nomads in the Sahel.”  These needs might be accommodated through a more powerful interface that allowed the expert to “replace” the lower-level open source system analysts with user-driven search and organizational capabilities.  Incorporating and evaluating interface capabilities that give greater power to the expert analyst is another important area of future investigation.
Another area of potential future investigation is the use of identified expert processes in the training of lower-level analysts, especially those who work within open source systems and filter information for expert use. If those analysts who provided the summaries in this study were trained in the analytic processes of the expert, would they do a better job in filtering the open source information for his consumption?  Also in this case, the “white paper” from a general purpose analyst naturally lacked some elements that were specific to the significance of the ethnic history and tensions in Northern Niger.  Would a short session on the key indicators used by the regional expert have resulted in a greatly improved analytic product?
While many questions remain unresolved, as would be expected from a case study based on a single analyst, this study identifies both the value to and limitations of semi-automated open source systems for the work of expert analysts.  It also suggests future design improvements that might increase that value and minimize those limitations.
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"Once, when I was in the southern part of the desert looking for a group of Tuaregs, when I was working for the ministry of education, we were trying to set up a literacy program that could service the Tuaregs."  [story starts in ordinary time]

 

"I ran into a team of young Frenchmen who were happy to see me." [call to action]

 

"They were a little suspicious when they found out that I was American, but the French were always very forgiving of anyone who speaks good French" [transition to mythical space]

 

"And they were in much better position than I was in, they had wine, good food and we sat around." [hero overcomes resistance]
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"There was uranium there and France was interested in it and one of them actually said, 'Well we are not suppose to tell you this, but probably you know it already’ and I said, 'I don’t know anything about it. Probably people should know about it' ” . [hero acquires the gift to be had in mythical space]

 

"…anyway the Uranium mine was developed." [hero returns to ordinary space with the discoveries of his adventure] 
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