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1

Introduction

“Out of the necessity to find a better way to represent children’s conceptual understanding emerged the idea of
representing children’s knowledge in the form of a concept map… One of the powerful uses of concept maps is
not only as a learning tool but also as an evaluation tool” (Novak and Cañas, 2006).
Since the emergence of Concept Mapping, applications of the technique and its artifacts have expanded far
beyond representing “children’s knowledge”. Indeed, professional applications of Concept Mapping have
extended the technique into realms that stretch the notion of knowledge representation (Moon et al., 2011). A
primary use with adults has been the elicitation and representation of adults’ knowledge, particularly for the
purpose of preservation in the face of an aging workforce (Moon, Hoffman & Ziebel, 2008). After nearly two
decades of knowledge preservation activity, relatively little work has explored the organizational use of Concept
Maps elicited from experts. While some have suggested that such products could be used to accelerate the
achievement of expertise (Ziebell et al., 2008; Hoffman et al., 2015) and organize knowledge for transfer
(Schafermeyer & Hoffman, 2016), answering the question, “Now what do we use these?”, remains a daunting
challenge for professional Concept Mappers (Moon, Baxter & Klein, 2015).
This paper describes an attempt to get back to the roots of Concept Mapping as a means of both
representing and evaluating knowledge, in the context of professional work. We describe a pilot project in
which we used Concept Mapping to elicit and represent knowledge from domain experts, then demonstrated the
use of Concept Maps for assessing the mental models of other professionals. For the latter, we introduced Sero!
– a prototype Concept Map-based learning assessment software platform. The project produced a model for a
general approach for the organizational use of Concept Mapping and Concept Maps.
2

Project Motivation

Globally, human beings are facing serious challenges from demographic imbalances related to aging. In the
United States, for example, the number of people age 65+ will more than double, increasing from 13% of total
population in 2010 to 21% of total in 2050 (Hayutin et al., 2013; p.7). Thus, experienced, proficient workers
will populate the workforce as they near then enter retirement. Their eventual exit sets up the prospect of
widespread knowledge loss. David DeLong (2004) has chronicled four big costs of this trend for organizations:
reduced capacity to innovate, threatened ability to pursue growth strategies, increased incidence of errors, and
increased number of efficiency losses—and how they can wreak havoc across a variety of industries. Particular
segments of the economy will feel these costs more acutely, for example the utilities and power industries. The
sheer size of the problem for the utility industry in the U.S.—i.e., as of 2008, 65 percent of senior engineers
were eligible for retirement within three years—means that some of the costs will be unavoidable.
ReliabilityFirst is one of the eight Federal Energy Regulatory Commission-approved Regional Entities
responsible for ensuring the reliability of the North American Bulk-Power System (BPS). Early in the
company’s formation, a classic regulatory scheme was adopted, to enforce adherence to grid reliability and
cybersecurity standards and requirements. As time progressed, the regulatory scheme evolved to focus on
providing education and assistance to the power industry to move beyond simply compliance into reliability and
security “beyond the standards.” This evolution, coupled with the aging of the electric industry workforce,
highlighted the need to mitigate the risk of losing internal expert knowledge. Therefore, ReliabilityFirst retained
Perigean Technologies in 2015 for a pilot project demonstrating knowledge elicitation (KE), including Applied
Concept Mapping, for the preservation of expert knowledge.

2.1

Knowledge elicitation as a means of preservation

Knowledge elicitation (KE) is the process of scaffolding the expression of knowledge, wisdom and knowhow
through in-depth interviews and observations, about cognitive events, structures, or models (Crandall et al.,
2006). As suggested by the Electric Power Research Institute, “there is no right or wrong knowledge elicitation
method or set of methods. The choice depends on a range of considerations, some of which may not come into
play until knowledge elicitation is under way” (EPRI, 2002, p. 6-11) Applied Concept Mapping has been
employed extensively throughout the U.S. utilities industry as one knowledge elicitation method, primarily due
to its flexibility and efficiency (Kelley et al., 2013; Moon & Kelley, 2010; Hoffman & Moon, 2010).
2.2

Assessment as a means to reintroduce expertise

Learning assessment in adult workplaces is an understudied phenomenon (Vaughan, 2009). Several reasons
underlie the lack of attention, not the least of which is the organizational tension between learning and getting
the job done (Vaughan and Cameron, 2009). It is not entirely clear how prevalent the formal assessment of
learning is, though the use of cognitive assessments for the purposes of selection have been growing along with
the rise of other psychological assessments of candidate recruits (Weber, 2015). Such assessments are typically
focused on generalized knowledge and capabilities, rather than specific knowledge domains.
From what is known, learning assessment is carried out in formal and informal ways, with the latter
comprising methods such as providing on-the-spot feedback following task performances, which may not even
be recognized as an assessment activity (Vaughan and Cameron, 2009). Where it is formalized, it is often
employed for the purpose of granting some form of certification, reviewing performance, or enforcing
accountability. The “view that the purpose of assessment is to support current learning and foster further
learning has not tended to be the primary purpose of assessment in relation to industry training” (Bound and Lin,
p. 26). Despite being a sine qua non to the development of expertise (Hoffman, et al., 2015), “[a]ssessment is
often treated as separate from learning when it should be considered a part of learning” (Bound and Lin, p. 25).
Yet, the “demand for ongoing learning has implications for workplace assessment” (Vaughan and Cameron,
2009, p. 5). These include: who creates and proctors the assessment; when and why it might be given; and how
results might be used. In workplace settings, supervisors, mentors, and/or trainers may take on the role of
assessor and may or may not be responsible for the creation of the assessment. Also, the traditional boundaries
between formative and summative assessment are looser than in educational settings, which opens the door for
pragmatic learning assessment approaches. “Sometimes summative forms of assessment can be used in
formative ways—for example, written comments on tests or discussion of test results. The discussion occurs in
order to further the learner’s understanding of what (the test showed that) they do and do not know. Without that
discussion, the learner simply receives a judgement with no explanations and is unlikely to learn further from
that judgement on its own” (Vaughan and Cameron, 2009, p. 9).
The relative openness of adult workplace learning assessment environment offers an opportunity to use
novel assessment practices as a means to reintroduce expert-derived Concept Maps created through knowledge
elicitation back into the organization. Such a program can draw on the assessment approaches that have been
used with children, and faces many of the same and some additional new challenges.
3

Sero! – Learning Assessment Platform Using Concept Maps

Since 2012, the authors from Perigean Technologies LLC have been developing a software platform to enable
learning assessment using Concept Maps. The project has been built upon prior lessons learned in developing a
Concept Mapping game (also called Sero!; Moon et al., 2014) that stemmed from traditional motivations for
game development – i.e., fun. Sero! grew out of motivations aligned more closely with traditional applications
of Concept Mapping.
3.1

Motivations

Meaningful diagrams have for decades shown to be highly diagnostic of how learners organize and represent
knowledge across the novice to expert spectrum (see Ruiz-Primo & Shavelson, 1996; Shavelson & Ruiz-Primo,
1999). In an early example, Cooke and Schvaneveldt (1988) demonstrated how similar meaningful diagrams
(Pathfinder networks) revealed differences in memory structures and conceptual representations for naïve,
novice, intermediate and advanced computer programmers. The U.S. Department of Education calls for
Cmapping as one of the types of Interactive Computer Tasks that is “highly recommended” (WestEd 2010, p.

110; WestEd 2007, p. 171) for inclusion in every National Assessment of Educational Progress (NAEP) Science
Assessment at the 8th and 12th grade levels (National Assessment Governing Board, 2015).
3.1.1

Adult learner assessment using Concept Maps

Compared to the volume of research in K-12 and higher education environments, relatively little work has
explored Concept Maps for use in adult workplace assessment, learning and training contexts. Stevens (1997)
used pre-drawn fill-in Cmaps for assessing adult learning in a 40-hour training course called Hazardous Waste
Operations and Emergency Response, which was taught to personnel working with hazardous waste and offered
in various sites across the U.S. The Cmapping method was shown to have higher reliability than the control
(multiple choice test), and both were positively and moderately correlated in post-test use. In the context of a
Counter-Improvised Explosive Device (IED) training solution evaluation, Moon et al. (2010) demonstrated that
Cmaps provided an efficient means to model levels (novice, intermediate, and expert) of United States Marine
Corps personnel Counter-IED knowledge and skills. Knowledge and skill models were represented in Cmaps,
which enabled both quantitative and qualitative analysis of the differences across groups. Once modeled as
Cmaps, the same descriptions of expert knowledge were used to assess learning using Multiple-Choice Concept
Maps. When presented to learners in a pre-intervention / post-intervention assessment context, clear learning
performance differences were discovered.
More recently, Knollmann-Ritschel and Durning (2015) explored the use of Cmap-based assessment for
team-based learning in the context of military medical instruction. To assess understanding of content across a
learning fundamentals module at the Uniformed Services University of the Health Sciences, the researchers
replaced an individual assessment using multiple-choice questions with Cmaps, and combined the assessment
with a group assessment and application exercise whereby teams created Cmaps. Learner performance and
feedback from faculty and learners support the use of Cmaps in team-based learning. They also demonstrated
the benefit of Cmapping in knowledge acquisition, organization of prior and new knowledge, and synthesis of
that knowledge benefits across disciplines.
3.1.2

Assessment approaches and challenges

Strautmane (2012) offered a comprehensive review of the variety of assessment tasks. One method involves
starting a map from scratch, and asking the learner to generate and organize all of the content (i.e., concepts,
links, linking phrases, arrowheads, propositions). This is a highly unconstrained task that is notoriously difficult
to analyze. Additional constraints can be placed upon the task, and these constraints also simplify the process of
analyzing the learner responses. Learners can be provided a skeleton map with some content provided and some
content missing, and required to fill-in and/or organize the content by creating linking lines. This approach is
referred to as a generate-and-fill-in (GAFI), and it can be performed with or without any diagram organizing
tasks – i.e., spatial organization, arrowhead additions. A skeleton map can also be provided, along with a set of
content for the learner to use to fill-in the rest of the map. This approach is called select-and-fill-in (SAFI), and
it also does not require organizing tasks. The SAFI task can be made more complex by presenting distractor
content. A Multiple-Choice Cmap (MCCM) provides all of the content in the map but requires learners to select
content from provided choices, which can include distractors that can be drawn from within the same Cmap or
other sources (see Moon et al., 2010; Sas, 2010).
There are numerous challenges to implementing a Concept Map-based assessment system. Given the
proliferation of techniques available, it is no surprise that assessors and learner understanding of Cmaps and
their purpose can also hinder successful implementation, an issue that has been seen repeatedly in partial
implementations (Ayala et al., 2008; McClure et al., 1999; Schau et al., 1997). Guidance for selecting which
Cmap-based assessment technique(s) to use for which learning purpose is scarce in the literature. Ruiz-Primo
(2004) offers some guidance to assessors: “in order to better determine the cognitive demands evoked by
different mapping techniques, it is important to consider not only what is provided, but also the extent/amount of
what is provided, the significance of what is provided, and what is required from the examinees” (p. 3).
With regard to scoring, a wide range of rubrics and methods has been explored. They range from subjective
measures (e.g., number and appropriate inclusion/exclusion of concepts and propositions, structure of the map)
that are typically used with the more unconstrained tasks (see Besterfield-Sacre et al., 2004), to objective
measures of correctness that are feasible with more constrained tasks. McClure and colleagues (1999) compared
holistic, relational and structural scoring methods without and with the use of a master map unveiling a high
reliability for the latter. While challenges in scoring reliability were cited early in the research, (Ruiz-Primo,
Schultz, Li, & Shavelson, 2001), it has been broadly demonstrated that methods that compare the learners’

performance against a master/criterion/reference/expert map are the most valid and reliable method for scoring
Cmap Tests (Himangshu and Cassata-Widera, 2010).
3.1.3

Technology Gap

The time and labor required to manually set-up an assessment, analyze the maps, or transcribe their content
for analysis, can be considerable (Cañas et al., 2010). Above all else, this is the challenge that has thwarted
broadscale deployment of Concept Map-based assessment. Indeed, this challenge is only magnified in adult
workplace learning environments. Several prototype software tools provide rudimentary, prototype capabilities
to compare and assess Cmaps for the purposes of learning assessment (Liu, 2010; Strautmane, 2012). Yet, as
Strautmane (2012) has stated, “there is still a need for a [Cmap]-based knowledge assessment system that could
perform the assessment automatically with a little intervention by the [instructor]” (emphasis added, p. 5). Our
aim with Sero! is to attempt to meet the challenges described above with a software tool that enables learning
assessment using Concept Maps derived from domain experts.
3.2

Software description

Sero! is a browser-based application hosted in the cloud that enables basic functionality for designing,
distributing, and analyzing two Cmap-based assessment tasks (i.e., GAFI and MCCM). A notional view of the
Sero! architecture is shown in Figure 4.

Figure 1. Sero! notional architecture.

The Sero! research and development database (DB) utilizes a CouchDB cloud repository to store structured
JSON documents that represent users, assessments, and Cmaps. The client-side browser application renders the
app as a single HTML page using Angular.js and the D3.js rendering library to create force-directed graphs
based on Cmap data. The DB creates aggregate views and indexes that provide metrics about assessment data to
the application. CouchDB provides a RESTful API to add/edit/render documents and views.
In Sero!, the two user types are Assessor and Learner; Assessors create assessments then proctor them to a
class of Learners. Every user regardless of type will interact with Cmaps in different stages of completion by,
for example, manipulating the position of the nodes or changing the words inside the nodes to create different
propositions. This functionality is the heart of the application, first used by the Assessor to create new
assessments, then the Learners to complete the assessments, and again by the Assessor to provide feedback on
finished assessments. Manipulation of the graph in the user interface updates the local JSON representation of
the Cmap. This document is loaded to CouchDB via web services when the assessment is first created by the
Assessor and then updated when completed by a Learner.
To date, our internal software engineering efforts have focused primarily on architecture development and
basic graphical user interface (GUI). Sero! currently provides basic mechanisms for conducting two types of
Cmap-based assessment. Figure 2 shows the Sero! GUI from the learner and assessor views. In the assessor
view (left side of the figure), assessors can select which content will be assessed, assign an assessment type
(GAFI or MCCM), and generate distractors (for the MCCM). In the learner view (right side of the figure), the
concepts, linking phrases, and propositions in yellow are items that need to be addressed by the learner, either
by filling in content (i.e., GAFI method)—which requires recall—or selecting from alternatives (i.e., MCCM)—
which requires recognition.

Figure 2. Sero! GUI.

Having described Sero! and the motivations underlying its development, we now turn to our demonstration
project, which attempted an end-to-end implementation of a Concept Map-based assessment of adult learners.
4

Demonstration: Knowledge Elicitation Activity

The focus of the knowledge elicitation activities was to preserve any potential high level knowledge from the
three chosen experts, and to assess the organizational use of knowledge elicitation and transfer methods.
4.1

Process

Our KE process followed a modified version of the recommended technique (Crandall, Klein and Hoffman,
2006, p. 56-66). In the described technique, which is shown in Table 1:
one researcher acts as a facilitator and provides support in the form of suggestions and probe questions,
while the other acts as the mapper and captures the participant’s statements in the Concept Map, which is
projected on a screen for all to see. The mapper needs to be proficient at quickly and accurately conducting
the mapping work on the fly. This includes a facility for glancing to and from the computer monitor and the
projector screen to follow the facilitator’s guidance and the participant’s statements (p. 55).
In our demonstration, as in many KE sessions the lead author has executed, the roles of facilitator and
mapper are executed by a single facilitator/mapper. The most common reason for this modification is funding,
as one knowledge elicitor is cheaper than two. Having a single elicitor introduces many challenges and
advantages. The main challenge involves maintaining continuous engagement with the SME while also building
the map. The main advantage is the removal of coordination activities between facilitator and mapper.
The main challenge is very difficult to reconcile and is aggravated by other factors. In the experience of the
lead author, many SMEs prefer engaging directly with the facilitator/mapper, ignoring the projected, emerging
Concept Map altogether. Concept Mapping is often new to them, and given that they are sharing their intimate
knowledge, having a conversation may feel much more comfortable than building a diagram. In some cases,
projecting the Concept Map is not feasible.
For these reasons, the lead author’s technique for Concept Mapping KE as a facilitator/mapper typically
proceeds as shown in Table 1, which also contrasts the modifications of the recommended technique.

Recommended

Executed
with SME?

Modified

Step 1: Select the Domain and
Focus

Yes

Step 1: Select the Domain and
Focus

Step 2: Set up the ‘‘Parking Lot’’
and Arrange the Concepts

Yes

Step 3: Begin to Link the
Concepts

Yes

Step 4: Refine the Concept Map

Yes

Step 5: Look for New Relations
and Cross-Links, and Further
Refine the Concept Map
Step 6: Build the Knowledge
Model

Step 2: Set up the ‘‘Parking
Lot’’ and Arrange the Concepts
– while audio recording
Step 3: Link the Concepts,
Refine the Concept Map, Look
for New Relations and CrossLinks, and Further Refine the
Concept Map, Build the
Knowledge Model, if
appropriate
Step 4: SME review of Concept
Map(s)

Executed With
SME?
Typically, though
both may be provided
prior to the KE
Yes

No

Possibly, or SME
reviews alone

Yes

No

Table 1: Comparing recommended and modified techniques for Concept Mapping knowledge elicitation

The main contrast is the collapsing of steps 3 – 6 into a single step 3, which is executed by the mapper after
the KE session. The mapper uses the parking lot arranged concepts captured during the session, linking them
together based on the recorded statements from the SME. The draft Concept Map(s) are then provided back to
the SME for review, which can be done in a format most comfortable for the SME.
Formal comparison of the modified technique with the recommended technique has not been conducted.
We suspect the modified technique would yield greater volume, as the amount of discussion possible without
the burden of map-making during the KE session is likely greater. We also suspect that the modified technique
offers some efficiency gains – i.e., measured by propositions per minute (Hoffman, 2002) – especially if the
audio recording is played back at a faster rate than the original recording. Efficiency comparisons would also
need to include the time necessary for iterative review. We received different amounts of feedback from our
SMEs. One provided only a few minor changes, while another suggested major restructuring. Of course, with
either technique, a great deal of experience with KE and Concept Mapping is required (Moon et al., 2011).
4.2

Process

For an additional validation check of the elicited knowledge, we compared the Concept Maps we created to a
previously developed report — 2015 RF Regional Risk Assessment (RRA; ReliabilityFirst, 2015) — that
focused on topics that were relevant to the knowledge we elicited. The validation was fruitful, and helped to
cross-check the data-driven, quantitative RRA report with the qualitative results of the experts in the Concept
Maps, helping to illuminate to potential areas to research in the 2016 assessment
5

Demonstration: Concept Map Products

Our KE process yielded two Concept Maps per SME. One Concept Map described the specific domain – i.e.,
cyber, generation, transmission – and the second described aspects of the SMEs’ jobs and tasks – i.e., how they
performed analysis and outreach. In hindsight, it is not surprising that as the SMEs described the outcomes of
their work, they quickly got into the macrocognitive challenges involved in producing the outcomes (Lintern,
Moon, Hoffman & Klein, in press). While some of these aspects were described throughout the KE session, the
mapper was able to organize the content into distinct Concept Maps after the sessions. Sample, sanitized
Concept Maps are shown in the next sections; they were created using CmapTools (Cañas, 2004).

5.1

Risk Maps

Figure 3. Concept Map describing generation risks to the BPS

5.2

Job and Task Maps

Figure 4. Concept Map describing an analysis process for generation risk to the BPS

Figure 5. Concept Map describing an analysis process for transmission risk to the BPS

6

Demonstration: Findings

With our KE content captured, we next turned to our learning assessment demonstration. The scope of the
assessment was to ascertain what learners may already know, in the spirit of meaningful learning (Ausubel,
1968, p. vi). Three ReliabilityFirst personnel with various levels of experience in the domains, and one external
consultant with related industry experience, were asked to complete three Sero! assessments as
learner/participants.
6.1

Assessment set up

The first step in setting up the assessments was bringing the CmapTools-created Concept Maps into Sero!. The
mechanics for doing so were straightforward – export propositions as text, save as a .csv file, import into Sero!.
The prototype version of Sero! used for the demonstration rendered the Concept Map, and allows for basic
spatial manipulation. We did not import the Concept Maps in total, given their sizes. While there are certainly
constraints on rendering the Concept Maps for view-ability, there are likely also constraints on size with regard
to assessment. We opted to use Concept Maps with approximately 25 to 35 elements (concepts and linking
phrases), as these seemed manageable for any given assessment. This often required finding reasonable breaking
points within the larger Concept Maps, which in some cases required repeating content across assessments.
The next step involved determining which sections of the Concept Maps were amenable to assessment.
There were several considerations for making the determination. Sero! can currently enable GAFI and MCCM
assessment items. For more elaborate concepts or linking phrases, it was not reasonable to expect a learner to
generate matching content. But while elaborate concepts and linking phrases were appropriate for MCCM items,
it was necessary to determine what sorts of distractor content was appropriate in order to make selection
challenging. Here we drew on other content within the map where the item required several distractors. For
MCCM items at the linking phrases, we looked for linking phrases whose opposites or scales could be offered
for selection – e.g., increases/decreases, every 4/30/60 seconds. We also considered the relative importance of
concepts and linking phrases in the larger context of the Concept Map. Concepts and linking phrases that had
multiple outgoing and/or incoming connectors were deemed high priority for assessment. Linking phrases that
were central to demonstrating understanding of the domain were also deemed valuable for assessment. Finally,
we frequently used fans (Kinchin, 2008) as a queue for GAFI items, as these exercise recall skills.
6.2

Assessment taking

Our learner/participants were provided access to their three assessments via the Internet. Figure 6 shows the user
interaction for a GAFI item (left side of the figure) and for a MCCM item (right side of the figure) for one of the
transmission assessment Concept Maps.

Figure 6. Concept Map describing an analysis process for transmission risk to the BPS

6.3

Scoring

The prototype version of Sero! enabled scoring correct answers for the MCCM items, and a simple match for
GAFI items. Results were accessible in the assessor role, but not available automatically to the learner role. We
manually produced result sets for review by the participants by overlaying the assessment items (in yellow
highlight) with the comparative results, green for correct/match and red for incorrect/mismatch, as shown in
Figure 7. In this example, three items did not match, and one did.

Figure 7. Sero! results

6.4

Participant/learner feedback on process

Our participant/learners provided feedback on the process. All reported having enjoyed the process, and being
challenged by the assessment task. Regarding the individual assessment items, they found several points of
disagreement, particularly with the GAFI items. Their objections were warranted, given the immaturity of the
prototype Sero!’s basic matching algorithm.
Most importantly, all indicated that working through the Concept Maps revealed gaps in their mental
models of the domains. Interestingly, because the assessment context was not controlled, they all reported
executing information search strategies to seek answers for the assessment – strongly suggesting the capacity for
Sero! assessments to prompt self-learning activities.
7

Future Directions

Our project will continue along two pathways. We will continue to conduct KE with at-risk ReliabilityFirst
personnel. As of this writing, target topics and personnel are being selected.
We will also advance our development of Sero! through involvement in the U.S. Government’s Advanced
Distributed Learning (ADL) Initiative (www.adlnet.gov). ADL is developing a Training and Learning
Architecture (TLA), a set of standardized Web service specifications and Open Source Software designed to
create a rich environment for connected training and learning – i.e., an intelligent learning ecosystem. The
authors from Perigean Technologies LLC will be advancing Sero!’s design and development to provide the TLA
with a deep learning assessment capability to inform on learner progress and to prime learning content, toward
enabling a personalized learning environment for adults. Advancements will include maturing Sero!’s GUI,
comparison algorithms, mechanisms for cumulating and aggregating results, and integrating with the TLA.
8

Summary

This paper has demonstrated a general approach for organizational use of Concept Mapping and Concept Maps.
Beginning with knowledge elicitation and continuing through learning assessment, our approach holds great
opportunity to reduce the risks of organizational knowledge loss, and to create new opportunities for leveraging
this knowledge for improved risk management and employee engagement. Achieving such benefits requires
advances in techniques and software, which we have offered here.
9

Acknowledgements

Thanks to ReliabilityFirst for supporting this effort, and the ReliabilityFirst experts and their managers for
making time available for our demonstration.

References
Ausubel, D. P. (1968). The Psychology of Meaningful Learning; an Introduction to School Learning.
Ayala, C., et al. (2008). From formal embedded assessments to reflective lessons: The development of formative assessment
studies, Applied Measurement in Education, 21: 4, 315-334.
Besterfield-Sacre, M., Gerchak, J., Lyons, M. R., Shuman, L. J., & Wolfe, H. (2004). Scoring concept maps: An integrated
rubric for assessing engineering education. Journal of Engineering Education.
Bound, H., & Lin, M. (2010). Singapore Workforce Skills Qualifications, Workplace Learning and Assessment (II).
Cañas, A., Bunch, L. and Reiska, P. (2010) CmapAnalysis: An Extensible Concept Map Analysis Tool. Fourth Intl. CMC.
Cañas, A. J., Hill, G., Carff, R., Suri, N., Lott, J., Gómez, G., Eskridge, T., Arroyo, M., and Carvajal. R. (2004). CmapTools:
A Knowledge Modeling and Sharing Environment. First Intl. CMC.
Cooke, N. J., & Schvaneveldt, R. W. (1988). Effects of computer programming experience on network representations of
abstract programming concepts. International Journal of Man-Machine Studies.
Crandall, B., Klein, G., & Hoffman R. (2006). Working Minds: A Practitioner’s Guide to CTA.
DeLong, D. W. (2004). Lost knowledge: Confronting the threat of an aging workforce.
EPRI (2002). Guidelines for Capturing Valuable Undocumented Knowledge from Energy Industry Personnel.
Hayutin, A., Beals, M., & Borges, E. (2013). The aging US workforce: A chartbook of demographic shifts.
Himangshu S., & Cassata-Widera, A. (2010). Beyond Individual Classrooms: How Valid Are Concept Maps For Large
Scale Assessment? Fourth Intl. CMC.
Hoffman, R. R., Ward, P., Feltovich, P. J., DiBello, L., Fiore, S. M., & Andrews, D. H. (2013). Accelerated expertise:
Training for high proficiency in a complex world.
Hoffman, R., and Moon, B. (2010). Knowledge capture for the utilities.” 7th Intl Topical Meeting on Nuclear Plant
Instrumentation, Control and Human Machine Interface Technologies.
Hoffman, R. (2002). An Empirical Comparison of Methods for Eliciting and Modeling Expert Knowledge. Proceedings of
the 46th Meeting of the Human Factors and Ergonomics Society.
Kelley, M., Sass, M., and Moon, B. (2013). Maturity of a Nuclear-Related Knowledge Management Solution. Annual
Meeting of the American Nuclear Society.
Kinchin, I.M. (2008) The qualitative analysis of concept maps: some unforeseen consequences and emerging opportunities.
Keynote address at the Third Intl. CMC.
Knollmann-Ritschel, B, and Durning. S. (2015). Using Concept Maps in a Modified Team-Based Learning Exercise.
Military Medicine.
Lintern, G., Moon, B., Klein, G., and Hoffman, R. (In press). Eliciting and Representing the Knowledge of the Expert
Practitioner. Ericsson, K. et al. Cambridge Handbook of Expertise and Expert Performance, 2nd edition.
Liu, J. (2010). The assessment agent system: Assessing comprehensive understanding based on concept maps.
McClure, J.R., Sonak, B. & Suen, H.K. (1999). Concept map assessment of classroom learning: Reliability, validity, and
logistical practicality. Jnl. of Res. in Science Teach. 36(4), 475-492.
Moon, B., Baxter, H. and Klein, G., (2015). Expertise Management: Challenges for adopting Naturalistic Decision Making
as a knowledge management paradigm. 2015 Intl Conference on NDM.
Moon, B., Hoffman, R., Novak, J. & Cañas, A. (2011). Applied Concept Mapping: Capturing, Analyzing, and Organizing
Knowledge. New York: CRC Press.
Moon, B., Ross, K., & Phillips, J. (2010). Cmap-based Assessment for Adult Learners. Fourth Int. CMC.
Moon, B., & Kelley, M. (2010). Lessons Learned in knowledge elicitation with Nuclear Experts. 7th Intl Topical Meeting on
Nuclear Plant Instrumentation, Control and Human Machine Interface Technologies.
Moon, B. Hoffman, R., & Ziebell, D. (2009) How Did You Do That? Electric Perspectives.
National Assessment Governing Board. (2015). Science Framework for the 2015 NAEP
Novak, J. D., & Cañas, A. J. (2008). The theory underlying concept maps and how to construct and use them.
ReliabilityFirst (2015). 2015 RF Regional Risk Assessment Report.
Ruiz-Primo, M. A. (2004). Examining concept maps as an assessment tool. First Intl. CMC.
Ruiz-Primo, M.A.& Shavelson, R.J. (1996). Problems and issues in the use of concept maps in science assessment. Journal
of Research in Science Teaching, 33(6), 569-600.
Ruiz-Primo, M.A., Schultz, S.E., Li, M. & Shavelson, R.J. (2001). Comparison of the reliability and validity of scores from
two concept mapping techniques. Journal of Research in Science Teaching, 38(2), 260-278.
Sas, I. C. (2010). The Multiple-choice Cmap (MCCM): An interactive computer-based assessment method.
Schau, C., Mattern, N. & Weber, R.W. (1997). Use of fill-in-concept maps to assess middle school students’ connected
understanding of science. Paper presented at Annual Meeting of the AERA. Chicago, IL.
Schafermeyer, R. & Hoffman, R. (2016). Using Knowledge Libraries to Transfer Expert Knowledge. IEEE Intelligent Sys.
Shavelson, R. J., & Ruiz-Primo, M. A. (1999). On the psychometrics of assessing science understanding. In J. Mintzes, J.
H. Wandersee, & J. D. Novak (Eds.) Assessing science understanding.
Strautmane, M. (2012). Cmap-Based Knowledge Assessment Tasks and Their Scoring Criteria: An Overview. Fifth Intl.
CMC. Malta.
Vaughan, K. (2008). Workplace learning: A literature review.
Vaughan, K., & Cameron, M. (2009). Assessment of learning in the workplace: A background paper.
Weber, L. (2015). Today’s personality tests raise the bar for job seekers. Wall Street Journal.
WestEd and Council of Chief State Officers. (2010). Science Framework for the 2009/2011 NAEP.
WestEd & CCSO. (2007). Science Assessment and Item Specifications for the 2009 NAEP.
Ziebell, D., Hoffman, R., Feltovich, P., Klein, G., Fiore, S., & Moon, B., (2008). Accelerating the Achievement of MissionCritical Expertise: A Research Roadmap.

