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Abstract

There is an ongoing dialogue regarding the difficof effectively measuring executive
development and identifying a general basis fa tl@velopment. The focus of this dissertation
was to explore the link between executive develagraad developed cognitive ability. The
context in which this study was conducted was ti& E@nergy industry, with a specific
consideration of the nuclear power industry. leskow can an executive’s complex reasoning
be measured without direct reliance on aspect®wiaih, context, or culture? 1 also asked what
are the common developmental experiences of itsldpment? This study demonstrates a
methodology for and results of performing cognitilevelopment measurement. The chosen
research instrument was the Model of Hierarchiaah@lexity (MHC) which incorporates a
technique to discern the hierarchical stages oéldgwnent. Integral to the use of MHC, my
study employed a Rasch analysis and statisticaéssgn techniques. | found this methodology
to be well-suited for reduced bias measuremerawallg for a graphical depiction of the
revealed hierarchical stages of developed compasaning. | believe this methodology will
prove significant in providing a cognition-centefeamework that informs both executive
development program design and the post-developasseissment methodology.
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CHAPTER ONE: INTRODUCTION
Problem

Worldwide, companies are becoming aware of thebietikveen executive development
and developed cognitive ability (see, e.g., Dowrgpageorgiou, & Stough, 2006; Granello &
Underfer-Babalis, 2004; Green, 2004; 2002, p. 5pta8ke & Maynes, 2002; Spitulnik, 2006;
Zhang, 2002). This knowledge is critical for theSUnuclear power industry where such
development is further linked to operational parfance and safety (Martin, 2007; Tan &
Gallupe, 2006). Additionally, forecasted for néature resurgence (Weil, 2007), the nuclear
industry is projected to enter a period of robusingh at the same time that its workforce is
aging (Weil, 1999), resulting in retirements (Hsom, 2007) and the departure of experiential
knowledge (DeLong, 2004). Newer, younger execstivél have to fill the void (R. Miller,

Dean FPL Group University, personal correspondehage 24, 2008; A. Domijan, Director of
Power Center for Utility Explorations, University 8outh Florida, personal correspondence,
October 19, 2008).

The link between executive development and develapgnitive ability is the focal
point of the research presented here. Firstjmportant to clearly delineate a methodology
whereby cognitive development can be effectivelasueed. This study centers on such a
measurement methodology. Second, it is equallyrtapt to clearly identify the contributing
experiences to this development. The study preddmdre, using statistical regression analysis,
seeks to identify the general area of contribuéirgeriences that correspond with higher
developed complex reasoning stages.

This will inform the scholarly community relative tlesign considerations of future
development programs. | hope to add voice to oapdecurrent development practices borne of
coincidence experiences (educational and work)daodf deliberate and concentrated
development protocol.

To add foundation to the subsequent literatureskewdaf chapter 2, the remainder of this
introduction explores the problem in two partstsEil briefly explore measurement schemes of
executive development. Second, | explore the ctoemcepts relative to contributing
developmental experiences. Subsequently, | véatesthe problem, the purpose of this study, my
research question, my hypotheses, assumptionsnaiations of the study, and provide the
definition of terms used throughout.

Executive Development: Measurement Schemes

The first prominent issue relative to executivealegment centers on assessment or,
more specifically, what to measure. Some suggesittiban be something thataghibited This
can include a set of qualities (Bornstein & Smit@96), characteristics (Decrane, 1996),
behaviors (Mendonca, 2001), or competencies (MaRdrISenn, & Childress, 1994). Viewed
variously, development could be measured as thedstration of qualities or as an expanded
repertoire of competencies.

Similarly, parallel positions taken in this is tmeasurement centers on what executives
are (e.g.,risk taker (Gardner, 1995; Wolniansky, 1990), cleaagent (R. E. Quinn, 1996),
change leader (Bardwick, 1996; Kotter, 1996), ewstrd of culture (Schein, 1997)) or by what
theydo (e.g.,employ a collection of actions (Bornstein & Smit®96), change the larger system
(R. E. Quinn, 1996), “tapping the wellsprings ohtan motivation” (Kouzes & Posner, 1987, p.
xvi), or setting direction (McFarland, et al., 1994



These measurement schemes employ context and dgpegiiic constructs. As such,
there is a conflict between development and itssmeament. Development is the “orderly
change” in an individual's complex reasoning (Ste#eong & Commons, 1992, p. 548).
However, traditional post-development measurememrses rely on intellect-focused
education or skill-based performance training (Camsn& Pekker, 2005).

The literature suggests that coincident with thgaarzational change effort that
executives would assume new roles (Covey, 19960&€i®90), acquire new skills (Kouzes &
Posner, 1987), and be well-prepared to lead thegehéBlanchard & Hersey, 1993; Conger,
Spreitzer, & Lawler, 1999; Hesselbein, GoldsmithB&ckhard, 1996; Schein, 1997). ltis
posited that the executive engages in “reinventam'tealignment” of self (R. E. Quinn, 1996,
p. 139). However, a question remains: How is thaignment measured?

The research proposed here will demonstrate thetugive development can effectively
be measured as a function of intellectual behafimther, that it is separate from measurement
notions which are linked to domain, context, oitard. For the purpose of this research,
executive (senior, middle, or lower) is definedaative policy makers and heads of functional
areas through general managers with authority andmresponsibility for entire business entities
or major divisions or departments of such. Whileognizing that leaders may exist throughout
the organization (Decrane, 1996), this study fosusethose individuals that hold a position of
organizational authority.

Executive Development: Developmental Experiences

The second problematic issue in executive developmehe complex array of concepts
relative to contributors to development. While depenent activities include awareness,
motivation, and skill-building (Stringer & Cheloh2003), there is a debate centered on the
mechanism by which these are employed. Rodwell§P@vhile examining effective
management development, proposed that the acadettiirg is considered the “key avenue” of
development. Some, however, while critical of ¢fe@eric mass-production in academia
(Leavitt, 1989), nevertheless suggest a structomechanism for the development exercise.
Others contend that it cannot be structured, hheraexperientially derivede(g.,emerging from
the circumstances of life (Gardner, 1995; Hand@6)9 learned by observation or workplace
experience (Stringer & Cheloha, 2003) or simplystuactured, self-discovery” (Eastburn,
1987). However, another question remains: Whatldgvnental experiences are employed in
the process?

Problem Statement
There is on-going dialogue regarding the problereffectively measuring executive
development and identifying the general contribsifor this development. Both aspects hinder
the design of effective development programs. ot for both is the emphasis on intellect-
based education or skill-based training versusna@atration on the fundamental aspect of
development, namely that of cognition.

Study Purpose
The principal objectives of this research werestfito show that hierarchical stages of
executive complex reasoning can be measured wathiorganizational setting and, second, to
identify the common developmental experienceshhse contributed to the development. With
this research | foremost hope to add to the exexdievelopment literature. My basic contention



is that the stage of complex reasoning is a meadlgrecutive development. My presumption is
that most measurements of executive developmehinitite corporate environment are based
on intelligence and skill development.

Secondarily, it is my hope that this research adéquately introduce a potential means
to measuréntellectual behavio{movement in time), as necessary in the paradigmat
representation of underlying cognitive patterrtss hoped that by so doing that | can open a
dialogue in the discipline of developmental neugsition that moves dynamic-systems-based
cognitive development research from the physichblmr of infants (see, e.g., Kelso, 1995;
Thelen & Smith, 1994) to that of the intellectuahlavior of adults.

Research Question
How can the hierarchical stages of complex reagpbpénmeasured in an organizational
setting without direct reliance on aspects of domedntext, or cultural bias? And what are the
common developmental experiences of the developgment

Statement of Hypotheses
The organizational executive experiences dispaadevarious developmental
circumstances throughout their careers that resulissequential movement in the order of
hierarchical complex reasoning stages. It folloentthat executive development:

1. Positively correlates to a combination of educatad experience;

2. Can be ascertained by focused examination withentkieorized psychological
dimensions of organizational tasks;

3. Correlates with higher stages of complex reasoning;

4. Can be measured by the order of hierarchical coxtplef reasoning stages that
is divorced from concepts of skill-based performegnc

5. Can be measured divorced from concepts of domaihcantext in which the
assessment is conducted.

6. Can be conducted in such a way as to reduce cuittias

There are discernable stages of developed inteliebehavior required of and manifest
in the executive. Further, there are contributiegelopmental, experiential, and maturational
circumstances for the acquisition of these stagesmplex reasoning. Therefore, executive
development is orderly change to stages of higbemptex reasoning brought about by
complementary experiences.

Assumptions and Limitations
Generalizability
A potential limitation of this study is the&neralizability or, more specifically, the
“quality of a research finding that justifies théarence that it represents something more that
the specific observation on which it was basedbide, 1998, p. G3) of findings derived from a
relative small sample size. Sample size is a comtim@eme in discussions of generalization of
research results, or as it is also referred “exleralidity” (seee.g.,Babbie, 1998 p. 244). As
examples, James Kalat cautioned that small sangadersy yield “uncertain” any
generalization claims (1993, p. 56). It is atttdzito Auguste Comte (19th Century French



philosopher), providing a similar view, that geriziation is dependent upon a “sample of
sufficient size” (see, e.g., Easterby-Smith, Thofgé&owe, 1997, p. 23).

The selected instrument for application, the MH&s heen repeatedly demonstrated to
be applicable, as Commons contendedamy‘situation regarding task difficulty and
performance” [italics added] (2006, p. 20). Expagdn Piaget’'s work, Commons, et al.
(1984a) approach mimics that of Piaget. SchwasZ@©99, p. 324) comments of Piaget’s work
seem to also reflect Commons, “it is characterimstiof convergence in that they apply to the
change and development of all individuals, in alitexts, and across all contents and second by
an emphasis on the strong connection between theatyod, and application.” It is, then,
considered generalizable by the instrument’s awuhdrthe repeated demonstration of such by
Commons and his colleagues. MHC has been incagzbiato such diverse studies as those
centered in society (Commons & Rodriguez, 19903].9%e workplace (Commons, Krause,
Fayer, & Meaney, 1993), and politics (Commons &1&h, 1994). It has been incorporated
into doctoral dissertation research with, simitattis study, small sample sizes, such as Ross
(2006) in her 8-subject analysis of citizen’s regasg complexity or Bowman (1996) in her 10-
subject review of organizational work practiceGeneralizability, then, is not assumed to be
compromised by this study’s small sample sizeecbgnize that research as that reported here
can “tolerate imperfect sample” size (Blair & Zirddh 2006). However, there are other factors
that could impact the claim of research generaiiitgb

Research generalizability, to be valid, has tovallas Kalat (1993) contended, that
similar results would be achieved with a differpapulation or, said a different way, that the
“patterns observed in a sample will also be presetite wider population” (Easterby-Smith et
al., 1997 p. 41) or, still differently, in the “téavorld (Babbie, 1998 p. 244). Some of these
factors are explored next.

Paramount factors that could potentially influetius study were those of testing and
instrumentation (for expanded discussion, see, BakhB98 pp. 240-245). Testing and retesting,
as well as varying measures could influence rebgaadicipants’ behavior. This phenomenon
has been alleviated from this study by the stittemence to vignette construction (Commons,
Goodheart et al., 2005). Modeled after similar ptaxity scenarios (see, e.g., Commons,
Rodriguez, Adams, & Goodheart, 2006), | understhatithe vignettes used in this study
positively correspond to the guidelines for redubis, sequentially more complex vignettes
(Dr. Commons, personal correspondence, Januar3(2a).

Other potential influencing factors include thoseliffusion (communication between
research subjects), compensatory rivalry (compergsédr perceived difference between
research subjects), and subject compensation.eTaetors were rendered invalid by the
employed Internet-based research instrument. djzatits did not know other participating
subjects and could not, then, communicate nor coenpdh them.

Another important potentially influencing factorttgat of selection bias. While there
could be a naturally emerging bias from those thate to participate(g.,similar attitudes),
there was no bias on the part of the researchéeiselection process. Participation solicitations
were sent, without prescreening or pre-selectmthousands of U.S. energy industry personnel.



Definition of Terms

Behavior:The way in which a person, organism, or group redpdo a specific set of
conditions, specifically anything that the organidoes involving action and response to
stimulation within time. Important to this studythe notion that it includes a recurring or
characteristic pattern of observable actions quaeses.

Cognition The mental activity, act, or process of acquirmg processing information as
necessary in perceiving or knowing; processes ergbhe to imagine, gain knowledge, to
reason about knowledge, and to judge its meaning.

Cognitive patternsCoherent structures of complex reasoning formethe concept of
self-organization from Dynamic Systems Theory.

CompetenciesAs explained by Hoffmann (1999), two discrete megs of the term
have evolved through common usage, generally es@dess behaviors or standards of
performance. This notion is reflected in Baca atadZgnann’s (2006) definition, “certain
characteristics of individuals which, when exhibjtallow total rewards” and Castillo’s (2005)
“group of specific abilities defined in observablehaviors that produce a competitive and
advantageous result.” For this study it is definedhe individual’s complex behavioral system
comprised of knowledge, skills, and abilities differs from developmental stage in that it deals
with behaviors rather than cognition.

Complex reasoningrhe ability to form or have an awareness of tHationship between
or among theoretical, conceptual, or intangiblagjea foundational concept in definitions of
intelligence.

Complexity Authors speaking of complexity, such@smplexity: The Emerging Science
At the Edge of Order and Chaf#&/aldrop, 1992), admit that complexity is a “sudbjthat’s still
so new and so wide-ranging that nobody knows dwate to define it” (p. 9) and, as explained in
Harnessing Complexity: Organizational Implicatianfsa Scientific Frontie(Axelrod & Cohen,
2000) it is generally accepted that a precise definitemains in the future. For this study it is
defined as many individual parts with enormous diifg acting in a coordinated fashion to
evolve into macro-stage order.

Culture The social norms (mores, customs) by which ot aed reacts to
circumstances for survival, literally or, in thesesof organizational life, metaphorically. Within
the workplace these are typically “learned” throegiperience rather than formally
communicated to new employees. (Such norms amedddrom experience, generally, and not
taught). These represent traditions by which eggs#e act within their work environment.
Schein contended that culture is a discernablgeépabf shared basic assumptions” (1997, p.
12) that have worked well in group problem solving.

DevelopmentThe vertical or, as theorized by Michael Commams eolleagues
(Commons, Richards, Ruf, Armstrong-Roche, & BredzitB84), hierarchical representation of
sequentially more complex cognition. Developmeravidenced by “orderly change” (Stevens-
Long & Commons, 1992, p. 548) in an individual’'srgaex reasoning in forming relationships
between ideas and concepts. It embodies, thematiens of thinking, “critical thinking,”
reasoning, “abstract reasoning,” complex reasorang,cognition. Development is, then, not
the acquisition of additional, horizontally-oriedtknowledge, skills, and abilities that constitute
no higher or more complex reasoning stage.

Development stagd he hierarchical representation of sequentialbyercomplex
behaviors, popularly linked to early cognitive dieyenent research conducted by Piaget and
Inhelder (1958) andeo-Piagetiartheorists (Commons, Richards, & Armon, 1984) sagtKurt



Fishcher (Fischer, Hand, & Russell, 1984), Juarcirdd_eone (1984), and Michael Commons
(Commons, Richards, Ruf, et al., 1984). Adoptethis study, as it is traditionally defined,
develop stage is “a new organization, whether psipgiical, biological, or social, that is
‘higher’ or more mature than the last” (Stevens-4@&Commons, 1992, p. 22).

Development stage 10-Formdhe last defined Piatian stage, characterizddgasal,
employing empirical or logical evidence in coording “if... then” relationships connecting two
abstract variables.

Development stage 11-Systemaditthis postformal developmental stage elemehts o
abstract systems cooperate and, thereby, constultivariate systems. Relationships are
considered in context.

Development stage 12—Metasystemahicthis stage there is collaboration of formal
systems and, thereby, construction of supersysterti;system or metasystems. Metasystems
are formed from a system of relationships.

Domain Similar to the general definition of domain, falfl of thought or activity,” as
adopted for this study it is defined as the “geliation of sets of tasks... [that] are abstracted
properties of sets of tasks” (Richards & Commo®841 p. 94); “A set of tasks that share
certain qualities in common. Such tasks are simildoth their actions and the objects acted
upon (content)” (Commons, Goodheart, Miller, & DaeeGilpin, 2005, p. 22).

Dynamic systems theor§The qualitative study of differential equation®orton, 1995,
p. 46) which “describe the way systems change woatisly over time” (Gleick, 1987, p. 46).

Dynamical system#\ body of mathematics. It describes a systemstate of which
changes as a function of time.

Executive, senior-levehctive policy makers of the firm.

Executive, upper/middle/lowedreads of functional departments through general
managers.

Executive developmenthe process by which an ordered change in coarpksoning
ability in forming relationships between ideas aondcepts is brought about, including that of
informal experiential learninge(g.,increasing workplace demands such as progressiongh
organizational positions), and formal experieneeg.(seminars, workshops, courses).

Hierarchical Complexity Scoring System (HCSBje scoring system developed as a
complement to the Model of Hierarchical CompleXiBommons, Goodheart, et al., 2005).

Hierarchical complexityCommons’ (see 2005, pp. 7-8) description is agtbfdr this
study, namely that the hierarchical complexity ima@hematical representation of the
complexity of a task, the subtasks of which areiedrout in a specific order. Also referred to as
vertical complexity, it refers to the number ofwesions that the coordinating actions must
perform on a set of primary elements in order twceasfully complete the task.

Intellectual behaviarA way of acting, reacting, or functioning (reasw) in a specific
and recurring way or characteristic pattern of olsgle actions reflecting responsive complex
reasoning to internal or external motives. It isipeal as the operational definition of intelligence
(Haken, 2003b) and is linked to cognition relativdehavioral decision theory.

Intelligence Described by 52 researchers in the field asefty general capability that,
among other things, involves the ability to reagman, solve problems, think abstractly,
comprehend complex ideas, learn quickly and lesmm fexperience” (Deary, Spinath, & Bates,
2006, p. 690), it is the faculty of thought andseg the ability to learn or understand or to deal
with new or trying situations



Model of Hierarchical ComplexitfMHC): A method of examining universal patterns of
development that are based on a General ModebgkeSEheory (Commons & Richards, 1984a,
1984b; Commons, Richards, & Armon, 1984) whichtuim, is based on the hierarchical
complexity of mathematical models (Coombs, 197Ihe order of stages in accordance with
MHC are “hard distinct stages varying only in tlegcees of hierarchical complexity”
(Commons, Goodheart, et al., 2005).

Neuroplasticity The ability of neurons to change the way thelydve and relate to each
other (Cozolino, 2002), make new connections (C2001; Katz & McAllister, 1999; Katz &
Schatz, 1996), and bring about observable cognitiamge (Schwartz & Begley, 2002;
Schwartz & Beyette, 1996).

Organizational leaderFor this study, leader is defined as an execyével individual
who assumes ultimate authority over and respoitgildr entire business entities or major
divisions of such, including aspects of cultureatien or management (see, e.g., Schein, 1997, p.
5), with a definitive set of “followers” (see, e.¢kouzes & Posner, 1987, pp. 30-31).
Recognizing that leaders may exist throughout tigarzation (Decrane, 1996), this study will
include those executives that have advanced threagbus levels of defined organizational
responsibility and are, then, identified by forreakcutive-level organizational positioresd.,
the organizational chart, job descriptions).

Paradigmatic representatiofiProposed by Hermann Haken (1983, 1984), it isitten
that one system can represent another (see HaB@8aR It has been mathematically
established (Le Van Quyen, 2003, p. 77; citingaegeby Taken, 1981) that “meaningful
references about underlying dynamic structure” #ihaf themselves, un-measurable can be
discerned via an observable variable of an assatmtstem.

Phase shiftThe nonlinear, discontinuous transition behawioa system through state
space (defined below).

Postformal developmeritVhile some contend that Piaget did not negleceigpment
past his theorized stage of formal operations @ge,lLourenco, 1996), many contemporary
development theorist contend that there are devetopal stages that progress past that
described by Piaget and Inhelder (1958) as an emdipadevelopment. These are described,
therefore, apostformaloperations (see, e.g., Fischer, et al., 1984; Rish& Commons, 1984;
Sternberg, 1984). This study incorporates theonadf such postformal development stages.

Recursion The process by which the output of the lower-pai#ions forms the input of
the higher-order action.

State spaceA mathematical construct of a multi-dimensioniang which, according to
Thelen and Smith (1994), constitutes “an abstanstruct of a space whose coordinates define
the components of a [dynamic] system” (p. 56)is the collection of all possible values for the
variables for the state of a dynamic system (seedoction in Norton, 1995).

SystemA bounded set or structure that has organizédranting components exhibiting
order, patterns, or purpose that, according toBemalannfy (1969), satisfies three conditions:
a) the behavior of each element has a behavidegdtedn the whole, b) the behavior of the
elements have a consequential, interdependentgtatibnal effect on the whole, and c¢) while
subgroups of elements have an effect on the wholge has an independent effect (see
expanded description in Skyttner, 1996).



CHAPTER TWO: LITERATURE REVIEW
Literature Review Organization

Our general hypothesis is that as the organizdtexecutive experiences disparate and
various developmental circumstances throughout tiaeeers there results a sequential
movement in the order of hierarchical complex reaspstages. This notion forms the
framework upon which | structured the literatureieey.

| sought to systematically segregate out from ttekrly discourse the integral
hypotheses that constitute this general idea. Ak lnsought in the literature review to more
fully understand the opinions and ideas relativtheoquestions “Can such development be
measured?” and “What are the contributing expegsinic the development?” To explore this,
the literature review is organized in two partsttPantended to be foundational, informs the
reader of the general discourse in the area ofugxecdevelopment. Part Il is a study-specific
review of literature relevant to cognitive develggt both the measures of and contributing
experiences of development.

Part | is organized in three sub-parts. First;gati one is an exploration of the general
concepts of development and the notion that exezaevelopment is evolving into greater
importance. Various foundational rationales angl@ed upon which this sub-part is
constructed. Second, sub-part two is that theg¥e assessment of this development is equally
important. Third, sub-part three explores the psimgical dimensions in which development is
made manifest in the organizational setting. Es®arch instrument vignettes incorporate this
notion.

Part Il is organized in three sub-parts. Firsh-part four is a conceptualization of stage-
like cognitive development. Second, sub-part fszan exploration of the current state of
cognitive stage measurement. Discussed withins#tsion are various methodological issues
such as employed terminology, use of performancaded assessments, and environmental
aspects of the measurement processes. Finalhpatisix is the concluding argument.

Lastly, the presumption of the hypothesis and #search question is that the current
state of executive development measurement is quede. Underlying aspects of this sub-part
are explored, including the oft-switched terms aévelopment” and “training” and the
consequential impact to development program desligihjery, and employed assessment
methodologies. The conclusion is the notion thate is a need for improved executive
development measurement that is a) linked to cmgnib) is separate from performance
measures, c) that reduces biases borne of perfos¥tzased ties to domain, context, and culture,
and d) forms an absolute scale. This forms thadaork upon which is constructed the
research hypothesis and research question.

Part I: Foundational, Executive Development
Sub-part 1: Importance of Executive Development

General Conceptualization of Development

As Lockman (2001) contended relative to earliemiinge development concepts, they
were meant to “serve as a window onto the origirg/mbolic thinking, means-ends problem
solving, spatial knowledge, self-environment diéietiation and so forth — in short, cognitive
capacities.” Stevens-Long and Commons (1992) sfwkas “orderly change” in an
individual’s complex reasoning ability in forminglationships between ideas and concepts.
General concepts of development are constructéduwndational concepts of cognitione(,
thinking, reasoning).



Executive development is similarly about cognitidackson, Farndale, et al. (2003)
found in their exploration of executive developm#att it results in “high levels of cognitive
skill” or, as McClelland (1993) explained, it mlisad to “a visionary who must think in more
abstract terms.” Reflective of this, Galagan ()9@ported that a survey by the Board of
Governors of the American Society for Training &elelopment (ASTD) found that
development practitioners believe that executivastrohange mindsets (a person's frame of
reference that is fixed) or, as defined by Mrocz&kwLinowes, et al. (2002) in their study of
changing mindsets, their “mental associations.”

The notion of changing cognitive ability coincidemth development is what Garavan,
Barnicle, et al. (1999) spoke to relative to depatental trends which point to the need for the
executive leader tthink in terms of a multicultural and transnational peive. Part of this
development is suggested to include charigedght procestoward a systems orientation
(Limerick & Cunnington, 1989) which is also the e Senge (1990) spoke to relative to the
“learning organizations” when he suggested the feechanagers to “stathinkingin terms of
the systems archetypes”(p. 95) [italics added}evew of the scholarly literature suggests that
the notion of development is inextricably linkedthat of improved cognitive ability and that it
is of increasing importance.

Beyond the expected aspects of education, thatiter suggests that experience plays a
critical role in development, including that of @apt (Bernthal, Cook, & Smith, 2001), coaching
(Cramm & May, 1998), mentoring (Walsh, BorkowskiReuben, 1999), or a friend’s feedback
(Guinn, 1999). Each of these experiential aspsdtseorized to aid in deriving meaning from
the experiences.

Research suggests that development results frofiselaenless” integration of multiple
factors that includes education and experiencentBal, et al., 2001). Ballou and colleagues
(1999), in their study of 53 advanced professiqgrfalsnd that development is most powerfully
accomplished with the “action-learning” combinatmirexperiences and education. Vicere,
Taylor, et al.’s (1994) and Vinere (1998) resedrak shown that executive development will
continue to rely on action learning which incorgesaexperience-based methodologies, or as
others refer to as (Seibert, Hall, & Kram, 1995jgerience-based” learning.

Importance

Rausch, Sherman, et al. (2002) contended that thenelespread criticism of executive
development. Within the scholarly literature thira call for improvement (see, e.g., Limerick
& Cunnington, 1989; Temporal, 1990), including exgeed employee participation and
enhanced program content (Saslow, 2005). Cai9@38(lidentified six trends in her interviews
conducted in 200 companies:

Processes to align executive development to thiméssobjectives,

The parallel development of individuals and leagnimganizations,

The development of critical individual competencies

The creation of a select but comprehensive memewtlopment options,
The development of global partnerships, networkksalances,

The creation of competitive advantage through liegrn

ogkwnE

The scholarly discourse suggests two principalamesiso call for improved development:
organizational (survival) and individual (expandorganizational demands). Temporal (1990)
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links executive development with the viability dktorganizations in which the development
takes place where, as Leitch and colleagues (198f)est, "learning is central to the survival
and growth of all organizations."” Shen (2005),aqing this notion, contended that this is
increasingly an international phenomenon. Theegfexecutive development is seen as a critical
precursor to the future of the organization.

Also, some contend that organizational restructunnpast decades, and the
consequential reduction in the number of manadgasfostered a greater demand for effective
development for the remaining staff (seqy.,Bickerstaffe, 1985). There are fewer individuals
with greater and more diverse challenges. Theszeftevelopment is also tied to the individual's
ability to survive in a changing workplace. Nodias reviewed for this research indicated
anything other than an emerging increased needefeglopment. Coincident with the need for
improved development, as suggested by Tulloch (19B6re is a parallel need to improve
development measures.

Hypothesis 1:
Executive development leading to the acquisition hajher stages of complex reasoning
positively correlates with a combination of educatand experience.

Sub-part 2: Importance of Developmental Measures

Most reviewed accounts regarding executive devedspirmake reference to an
associated need to assess the effectiveness dévietbopment activity. Bedinham (1998) spoke
to the “holy grail” of development measurementhattsuch measurement has always been
important in development activities and, furthéattthere has always been a quest to determine
a means to effectively execute it. However, thexditure suggests some confusion with the
appropriate methodology.

Brown (2003) contended that there has “been littheelopment of conceptual
frameworks to inform a more rigorous understandingd evaluation” of development. The
scholarly discourse related to development meas@ess to bear this out. Most of the
referenced assessment methodology falls withidistenctly different categories of quantity of
development activities, individual performance nueas, organizational performance measures,
or, as explored earlier, that of personal qualiied characteristics. As an example, Bernthal,
Cook, et al. (2001) spoke to the dominate developmeasurement area as that of the "how
many, how much" approach whereby post-developmesgssment is linked to the quantity of
development activities to which the executive ipa@sed. Presumably, more activity ensures
development. So, input is used as a correlatettmme. This may be an attempt to link
development activity, as Mayo (2000) suggestshéd‘intangible assets" of the organization:
developed employees.

Similarly, development assessment is frequentkelihwith individual outcome
measures. This is illustrated by Burke and Cdl{g805) research where they found a transfer
of skills via executive development, which is iratige of an employee-level skills assessment
strategy. Rausch, et al. (2002) concluded in ttesiearch that “effective management programs,
[require] a widely accepted definition of managetrempetencies, specific enough to allow
meaningful outcome assessment.” Again, developisdimked with skill enhancement.

However, others who link development measures wdividual performance argue
against a skills-based methodology. Lee (1999)esuted that there has been insufficient
emphasis on the psychological dimension of conteargavork environments. She citeed as
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one element of development assessment the “confasid lack of psychological knowledge” in
understanding “development as psychological devety.” In her scheme, then, assessment
would move from one of skill-based to one of psyogg-based.

Finally, executive development assessment haslbdea to organizational outcome
performance such as profit (Landale, 2003), busisgstegy (Cannon, 1995), and motivation
and self-efficacy (Bernthal, et al., 2001). Howeestudy of 179 European firms across six
countries (Mabey & Ramirez, 2005) found theretiteliempirical evidence that executive
development correlates to organizational perforraar@rganizational performance measures
are, then, a failed assessment methodology forutéixeadevelopment.

Therefore, the importance of adequate assessmereofitive development is revealed
by the repeated references in the scholarly diseour

Sub-part 3: Psychological Dimensions of Measurement

Adequate post-development assessment will be fidspehe psychological dimension in
which the developed complex reasoning ability Wwdlmade manifest. Therefore, a review was
conducted of the theorized dimensions of orgaronafitasks, the environment in which the
executive develops. Considered in this review thasotion that the executive is often referred
to as an organizational leader (Barner, 2000; Kathrh989; Myrsiades, 2001; Olshfski & Jun,
1989; Stumpf & Mullen, 1991). Also, the psycholoaidimensions—as shall be explained in the
remainder of this section — include thos@wire, accept, attune, ae@ndalign. While the focus
of this study is on the executive, these psychckdglimensions are theorized to be reflective of
all organizational levels.

As mentioned previously, the topicledershipoften falls narrowly into topical areas of
qualities, characteristics, personality, or behes/examining, as Gardner (1995) explains, the
specific context of power, politics, policies, gmactices. Decrane (1996) contended that such
qualities constitute ade factoset of core leadership competencies” that remamstant
throughout time and across domains. Mendonca (2@jgested that leadership is, by
definition, a set of role behaviors. It is intdneg and important for this exploration of
development measures to note, however, that Batersposited (2000) that experts cannot
agree on what an executive leadership competenandsfurther that to suggest that there is
such a thing as a defined set of competenciegése In that a definitive set of competencies
cannot be established, he suggests that any peslegenent methodology based on them will
be flawed.

Clarity into the topic of the psychological dimenss of organizational tasks may be
afforded through the perspective of systems thésege.g.,von Bertalanffy, 1969).

Specifically, that many elements must be in intatirenship and mutually influence one another
to result in the phenomenon calleddershipor, more generally, as proposed here, executive
complex reasoning. For proper analysis, then, eanktituent element has to be examined.
However, it is the dynamic of their interrelatiofshand the resultant patterns that is of specific
interest in this study; it will be exploited in theethodological approach to this researdh,(
utilized in the design of sequentially more complénettes). Each element is explored next in
order to inform the reader into the foundationgiddncorporated in the design of the research
instrument vignettes.
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Hypothesis 2:
Executive development can be examined by focusathegwation within the theorized
psychological dimensions of organizational tasks.

Aware

Gardner (1995) argued that the seed of leadersigfanted in need, in great challenges,
opportunities, and causes; Boulais (2002) expldiasit is the stuff of legend. Whether causes
of “perceived-inequity” or “search-for-excellenc@Vork, 1996, p. 74), Gardner (1995)
contended that the leaders profiled in his studsevesvare of the circumstances in which they
found themselves. His account of Eleanor Rooseegltes as an apt model for this, consciously
embracing many causes (p. 197) as does Martin Luting, alert to the fact that he was
“propelled” into a position of influence in the divights movement of his day (p. 223). Quinn
(1996, p. xiii)) suggested, however, that leadeay evolve an awareness that they are
“surrounded by circumstances that seem to demamd than... [they can] deliver.”

Handy (1996) posited that leaders are borne of deamanding causes; “Perhaps none of
us knows our true strength until challenged todiiriorth” (Kouzes & Posner, 1987, p. 322).
Leaders as “pioneers” (Ulrich, 1996), engaged mtHdinding” (Covey, 1996) are alert for
opportunities to lead. Bardwick (1996) suggested the leader may understand the issues better
than anyone else. Supportive of this notion, Ksumed Posner (1987) suggest that leaders
“must use their ‘outsight’ staying sensitive toexxial realities”(p. 45). However, such evidence
awareness is not isolated to the executive lewglrdiher as posited by self-actualization
assumptions serves as a motivator, permeating\ald in the organization (see Schein, 1980,
pp. 70-72).

Accept

As explicit in religious studies, leader acceptaotthe leadership positions can be
difficult. Moses was adamant that he was not sletbdy leadership, even questioning God’s
rationale (Bible, 1984 Exodus 3:11 - 4:17). Aq1a005, p. 37) extended this phenomenon to
Mohammad, promoting that as prophets before hinvdr@ed nothing to do with God’s calling.
Aslan explained that he was so despondent abous@othmand for him that his first thought
was to kill himself. Fortunately for two of the vid's great religions, these leaders ultimately
accepted leadership with great conviction.

Acceptance is critical. Gardner (1995) illustratied in many leaders, especially Eleanor
Roosevelt who's effectiveness is attributable,antpto her conviction and acceptance of her
role. The leader’s acceptance seems to energree, #dding energy to the system. The key
condition by which this is accomplished is in theqess of energy flow. Thelen and Smith
(1994) explain, as Bertalanffy (1969) argued in1Bé0s, that biological systems defy the
second law of thermodynamics. Referencing Prigogim Stengers (1984), they explained that
dissipative structures maintain equilibrium by diragvenergy from a high-energy potential,
using it to do work, and then dissipating somehefénergy back into the environment. Systems,
as Kelso explained (1995, p. 4), that are in a&sththermodynamic equilibrium are “as dead as
anything can be.” These “living” complex systemsamtwo criteria:

1. System components can interact in nonlinear antiorangeneous fashion;
2. In accordance with dissipative dynamics these systxists far from
thermodynamic equilibrium.
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External conditions with sufficient energy driveystem from equilibrium. The resultant
end state is, then, a drastically altered macros&ipte of the system. As Kelso defined, self-
organization is “the spontaneous formation of patte pattern change that arise due to
nonlinear interactions among the components oktegay’ (1995, p. 260). The self-organized
end state is a function of the collective actiothaf individual elements until their behavior
dominates and governs further behavior. This fgpsetted by Kelso’s research (1995). He
explained that the coordination of the constitysants of a system will, in turn, feed back and
influence the behavior of the parts. Kelso referthts as “circular causality” (1995, p. 10).

Attune

The leaders presented in Gardner’s (1995) studyapeel themselves and their
constituency for the task at hand. This was &atitonsideration in the design of my research
instrument vignettes; | specifically used languagggesting “vision” in the wording of the
vignettes. Maxwell Maltz (1960) taught that botiagined and lived experiences are treated
equally as true by the brain; it reacts automdtidal provided information. The leader, perhaps
unknowingly, uses this concept as they “reinveh€nselves and prepares the followers through
a shared vision, both explored next.

Reinvent Self

Executive leaders attune themselves for the prederganizational challenge through
development. Some suggest that leadership isdddm doing or watching (Stringer &
Cheloha, 2003). There is great importance ondgaddr changing self in order to change the
greater system. Quinn (1996) suggested that balige is necessary before leading change in
the organization (p. 156), the culture (p. 103)therworld (p. 9). Executives are frequently
referenced relative to how they “reinvent” themsslhin preparation for leadership (R. E. Quinn,
1996, p. 11, 66) (see e.g., Gardner, 1995, p.rE8ative to Eleanor Roosevelt and Martin Luther
King). Such reinvention comes about in the procésesolving life’s issues (Gardner, 1995, p.
15), what Quinn called the “hero’s journey” (199§, 41-49). Exhibiting courage to leave the
comfort of known roles, behaviors, “life scriptafid “reinvent” one’s self, the executive leader
repeats “core stories” that are central to theiergimg identity (R. E. Quinn, 1996, p. 67).

Vision

Leaders “reflecting upon our past may enhance bilityato be forward-looking”
(Kouzes & Posner, 1987, p. 107) illustrating Gartth€.995) concept of “stories” and the need
to address the concerns of “past and future” (p. k@aders, perhaps subconsciously, construct
a visionary story by which they lead (see, e.gité&0 1997, pp. 197-209). As Kouzes and
Posner contended, “past is prologue” (1987, p. iD@)at one's ability to envision the future is,
in part, a reflection of past experience. Thisonsof what is possible centers the follower on
“what we’re here for, what our priorities are, amdere exactly we're headed” (see also Kotter,
1996; McFarland, et al., 1994, p. 111). Througdirtiaision the executive leader helps their
followers “dream new dreams” (R. E. Quinn, 1996xip, to see what is possible, orient
themselves accordingly, and to “struggle for tharet vision” (Kouzes & Posner, 1987, p. 30).
The leader’s vision paints a clear picture of tkidgable, powerful, and believable (Kotter,
1996).
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Act
There are two principal ways in which the execiteader may act: empowering others
and taking personal and professional risk. Boghexiplored next.

Empowerment

The very concept of “system” suggests that thedeadnnot act alone. The executive is
but one element in a dynamic, interrelated syst@thers must be involved in the enterprise.
This concept takes on many titles in executivelaadership literature. Some refer to it as
“participatory management” (dialogue with Reubernrlia McFarland, et al., 1994, pp. 68-69)
or “decentralized leadership” (dialogue with JafBe8urke in McFarland, et al., 1994, pp. 77-
78). Quinn (1996, pp. 221-228) spoke to “empowgrathers, Kouzes and Posner (1987, pp.
151-178) to “enabling” others, and Conger, et 90, p. 358) as “shared ownership” with
others. All, however, give voice to the same ulyileyg concept: The executive leader brings
followers into action in order to achieve changee(®empowerment” discussion in Kotter,
1996). This notion is specifically incorporatedie research instrument vignettes.

This shift from “position power” to “people poweis founded on the idea that the
followers are closest to the situation and know howandle it (see, e.g., McFarland, et al.,
1994, pp. 63-92). It, then, recognizes the exgettiat exists within the constituent elements of
the system. It also reflects General Systems Hh@on Bertalanffy, 1969) and the foundational
principle that the system’s end state is a functibthe collective action of the individual
elements until their behavior dominates and goveirriker behavior. One can expect that while
“position power” may elicit response, the systerhawor will not be as sustainable when the
followers have a respected position within theeays{.e., system’s self-organization). This is a
notion supported by Kouzes and Posner (1987) wieynsuggested that followers be given
ownership of and responsibility for their work ¢81).

There are two fundamental issues relative to eyg@l@mpowerment that must be
successfully addressed: The executive’s abilitgftect such a shift in “ownership” and the
competencies of the followers brought in to “shdesldership. McFarland et aduggest that
leaders, to engaged in empowerment, only neecetize” the need (1994, p. 84). However,
realization alone will not promote development &sdissociated improved cognitive ability;
fundamentally, realization alone cannot shift ctigripatterns as necessary to effect the
necessary belief change and, therefore, behavisuch realization were enough psychotherapy
would be a much easier task (seg.,Cozolino, 2002). Significant research suggeststtiese
cognitive patterns may be altered (see, e.g., K&lganone, 2002; Thelen & Smith, 1994).
Some contend that such shift may be self-initidgte¢he conscious act of the individual (see,
e.g., Schwartz & Begley, 2002; Stapp, 1993). Neaech reviewed for this paper suggests that
“realization” per seis enough to provide a psychological state thatldvoeasonably be expected
of an individual to shift a long-held behavier.d.,that of not empowering followers). There has
to be effective development in order to change dbelgl beliefs relative to roles and
responsibilities.

The second fundamental issue relative to empowdris¢he requisite capabilities of the
followers. As McFarland et al(1994) contended, while empowerment may be “trigdeby
the leader-provided vision (p. 100), realizatiorenfpowerment is a function of educated people
(p. 67). Gardner (1995) supported this notion wihestated that viable members must
themselves attain a level of expertise within tbedin (p. 30).
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Risk

Gardner (1995) recognized that basic behaviorsbéeki by leaders is taking risk and
challenging authority (p. 75) (see, also Polla@Bd, p. 241). History suggests that leaders do
not accept the status quo, but rather, as Quirogrezed of executives, they “take some
significant risk” (1996, p. 5). This is repeatedéyealed in Gardner’s (1995) examination of
great leaders. There, as an example, he chroricdedVartin Luther King accepted the
ultimate risk, death, in order to continue leading civil rights movement of the 1960s (pp. 218-
219). Challenging authority, some suggest as aKenaf leadership” (Gardner, 1995, p. 25),
reflects that “waiting for permission is not a cheteristic of people who get extraordinary things
done” (Kouzes & Posner, 1987, p. 251). Quinn (}22@gested that the leader’s ability to take
risk is linked to their self-confidence. This seambe the foundational leadership trait involved
when authors speak relative to risk taking that¢laeer has to do so “willing” (Gardner, 1995,
p. 74) and be “not afraid” to do so (dialogue wiieva Lesonsky in McFarland, et al., 1994, pp.
187-188).

Align
Ultimately, leadership is a relationship (Kouze$8&sner, 1987), bonded by the common
needs of the executive and his/her followers (Gardb995). To influence the behavioral
patterns of a leadership system, executives wétrte align followers to the envisioned end-
state. This is realized in communication and rot&leling, both explored below.

Communication

An executive’s communication with followers is cexhtto the notion of effective
leadership (Kotter, 1996). Gardner (1995) expldheslin-depth inLeading Mindsframing
such communication as “stories.” Others holddtmme view. Experts recognize that leadership
is maintained through the creative (Gardner, 18@f) ritualized (R. E. Quinn, 1996) telling of
core stories. Kouzes and Posner contended thad) doi must be accomplished with “vivid
language and an expressive style” (1987, p. 11in§Q) Mintzberg et al. (1988) expanded this
notion holding that “symbolic communication” creatgvid mental images for the executive’s
follower(p. 125). Such emotion-laden language nposbably touches the heart of the “self-
identity” issue that Gardner speaks to relativehtoleader’s stories and as Kouzes and Posner
(1987) suggested, “our need to survive” (p. 3%rotigh communication, leaders flame the fire
of emotion not solely walk the icy logic of theeafect.

Model

Gardner (1995) suggestd that “telling” a core sismmportant; however, “embodying”
it is critical. This notion is supported by alviewed executive and leadership authors. Relative
to this, Quinn, Mintzberg et al. spoke to what leradare—"role models” (1988) and Kouzes and
Posner to what effective executive leaders do—"rhtbgeway” (1987, p. 13). The old adage
“walk the talk” captures this notion. Quinn, Miberg et al. (1988) contended that it is the
leader’s actions, not words, that ultimately seth@sfollower a message. Kouzes and Posner
suggested that there is power in the leader’s ela(®p87, p. 220) echoing Stephen Covey’'s
assertion that leaders live their best value sySsenthey are very powerful models and
mentors” (McFarland, et al., 1994, p. 194).

There has been significant research into aspe&seagfutive development. Most, as
reviewed in Part I, center on improved skill, &i®k, qualities, or characteristics. However, few
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studies center on improved cognitive ability ameréefore, few measure cognition. They rely
instead heavily on demonstrated performance tregsamed a correlate of developed
underlying cognitive abilities.

Up to this point | have explored the foundatioritarature relative to executive
development. Specifically, explored in sub-pam @ras the notion that executive development
is growing in importance. Outlined in sub-part tisdghe notion that the measurement of
executive development is similarly increasing iportance. Lastly, in sub-part three, the
multiple psychological dimensions of organizatiotealks were explored relative to their
importance in the executive’s complex reasoningtaed use in the design of my research
instrument. They form the framework upon which vignette-based research instrument is
constructed. Next, in part two of the literatuegiew, is an exploration of cognitive stage
development and multiple aspects of its measurement

Part II: Study-Specific, Cognitive Development Stgag
Sub-part 4: General Conception of Cognitive Devalept
Macroscopic behavior (individual, group, organiaatiand social) is a function of

microscopic system dynamics (neural networks, baativity, cognitive patterns, belief systems,
and consciousness). Relative to this study, lib¥ed that intellectual behavior such as complex
reasoning is a function of development in accordamith the neurological basis for learning
(see, e.g., Changeux & Konishi, 1987). This liheegearch in developmental neurocognition or
dynamical cognitive science rests upon the foundatiresearch of Donald O. Hebb (1952),
father of cognitive psychobiology (se=g.,Kolb, 2003; Milner, 2003).

Neural Network

Hebb’s primary interest was that of understandirggrhechanism by which the brain
perceives the world (Kolb, 2003). Emerging frons tharly work is the recognition that all
learning entails physiological changes to the hraost significantly that of the synaptic
structure (see, e.g., Kolb, 1995; Kolb & Whisha@98&), even that associated with
psychotherapy (Cozolino, 2002). An important medative to executive development is that
this was a contradictory notion from that previguséld, namely that such synaptic changes
could occur only during early development (GouldeRes, Graziano, & Gross, 1999). Hebb
postulated a means by which synaptic assemblidd beuchanged, what is contemporarily
referred to as neuroplasticity (e.g., Cain, 2001g\8& McEachern, 2001a). His postulate,
variously calledHebb Ruleor Hebb Synaps@Milner, 2003), made a significant impact in
research on the underlying neural mechanism ofiilegr(see, e.g., Carew, Hawkins, Abrams, &
Kandel, 1984; Changeux & Konishi, 1987). While éh@ct mechanisms for and nature of
neuroplasticity remains an on-going discussion, (8eg, Shaw & McEachern, 2001b), the
general notion that the brain physiologically cheswith learning is not (see, e.g., Changeux &
Konishi, 1987; Cozolino, 2002; Kolb, 1995; SchwaitBegley, 2002). Therefore, executive
development is positively correlated to neurolobatenge.

Cognitive Patterns

Gerald Edelman (1988, 1989, 1992) expanded Hedaylger work with his introduction
of theTheory of Neural Group SelectiofTNGS) (see expanded discussion, Edelman, 1989, p
239-252). Most notably Edelman (1989) credited Ibefith providing researchers with a
neurophysiological perspective of psychology timahis insightful words, “could have remained
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unrelated to brain structure [if not for Hebb]” @8). Cognition emerges from coordinated
activity of multiple neurological assemblies, a cept ofembodied cognitiofsee origins for in
Thelen & Smith, 1994, pp. 321-327). It is theodzkat cognitive development and neural-
network growth are “two aspects of the same fundaatelevelopment process” (Fischer &
Rose, 1999, p. 208). This is the concept of hawésultanbrain mapsor cognitive patterns
coordinate by way afeentrant signalingwhereby repeated synaptic firing reinforces and
strengthens these neuronal connections. In Ed&nE®02) words, the neuroanatomical
“primary repertoire” is a function of dynamic dewpment processes that are unique to a species,
while a “secondary repertoire” of neural connectia function of experience (see section
"Neural Darwinism" in Edelman, 1992, pp. 81-98his is the elemental premise of all
executive development. Therefore, neurologicahgegpositively correlates with cognitive
patterns.

Intellectual Behavior

TNGS, variously referred to as “neural synchronadt(Velde & Kamps, 2002) or
“complementaries” (Lewis, 2002) facilitates strémgting the coupling of active neuronal
groups and allowing to atrophy those of competiegs active neural structures. This forms the
basis for cognitive patterns and the charactenstisical and intellectual behavior. As Thelen
and Smith (1994) explained, TNGS *“fits my basiguieement for a plausible account of
ontogeny: that there be no homunculus in the lain the genes directing the process [of
ontogeny of cognition and action].”(p. xxi) Devphoent, then, is the experientially-driven self-
organization of multiple neuronal assemblies givisg to intellectual behavior (Lewis, 2002).
Therefore, cognitive patterns are positively cated to intellectual behavior. Further research
is needed in this area to further inform reseanth @xecutive development.

Development of Intellectual Behavior

Brain organization will adapt to and be changegéssonal experience and
environmental stimulus (Kolb & Whishaw, 1996). 8umput” has been proven to change
neuronal network connections and bring about pdggial change (e.g., obsessive-compulsive
disorder discussed in Schwartz & Begley, 2002) spta} coordination (Bressler & Kelso, 2001;
Hock, Kelso, & Schoner, 1993), social coordinatisee Kelso, 1995, pp. 93-94) and in stress-
retarded activity-dependent foundational neuropggtof behavioral change in those suffering
with post-traumatic stress disorder (PTSD) (on-gogsearch, see Department of Defense,
2003). Therefore, it is posited that manifestllattual behaviord.g.,complex reasoning) is a
function of neurobiology and the emergent propsrtiea complex cognitive system (Gerrans,
2004). Most of this research, facilitated by measent of physical behavior, has been explored
relative to and been found reflective of underlytlygnamic cognitive patterns with manifest
phase transition in state-space (see expandedsdieaun Kelso, 1995; Thelen & Smith, 1994).
Thelen (see 2003, p. 40) contended that stage@@weht is one perspective of what she refers
to as lifespan continuity of “dynamic groundingoafgnition.” The notion of stage, then, does
not negate that of continuous development suggesfidynamic systems theory, nor,
conversely, do the properties of dynamics negaigeslike development. Itis, rather, that each
focuses on a level of abstraction that substamstidie given theory. An objective parallel review
suggests that they are at least complementaryt fiwvmviews of a single phenomenon.
Therefore, the phase transition of cognitive patteén conceptual state-space is that reflected in
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transition between the theorized developmentalestafjcomplex reasoning, such as that of
executive development.

Hypothesis 3
Executive development correlates with higher staje®mplex reasoning.

Sub-part 5: Limitations with Current Stage Measueem

Measurement Distinctions

A principal objective of the research proposed lete demonstrate that executive
development can be measured as a function of tbkeictual behavior that is exhibited in task
complexity. Further, that it can be measured withdirect reliance on notions linked to domain,
context, and culture. And, further still, that theasurement can be conducted in such a way as
to incorporate the theorized dimensions of the piage tasks. Identification of an adequate
methodological concept was facilitated by a literatreview, mapping the scholarly discourse in
cognitive development (executive, leader, managaployee, worker, and adult) to the
methodological procedures employed in the reseafshexplored earlier, the scholarly
discourse related to development suggests that trerthree types of difficulties associated with
typical measures, namely that they are: domaimiest-, and culturally-biased. The commonly
applied methodological approach for developmergssaent, then, has one or more inherent
deficiencies. Therefore these measurements arguitable for this study.

Other executive development measurements are diynilat suitable. These center on
such development aspects as personality usingimstits like Myers-Briggs personality index
(see, e.g., Davey, Schell, & Morrison, 1993), amelligence using such instruments as Daniel
Goleman’s (1995) emotional intelligence (El), tHecBmpetency assessment (seg,,

Kunnanatt, 2004), and 1Q tests (Harari, 1997; R&inn, Anderson, & Finkelstein, 1996). This
notion was examined earlier, illustrative in therkpdace analysis of leadership. Stated there,
research typically centered on qualities, charasttes, personality, or behaviors (Gardner,
1995). Therefore, these approaches do not adtiresesndamental concept of cognition as
required of this study. They were not considerether as potentially applicable.

Also, much of the cognition-related researelg(,complex reasoning, critical thinking,
or cognitive development) that was identified ie titerature review for this study was found to
be based in infant or child development, for exanipith weight and childhood cognitive
development (Tong, Baghurst, & McMichael, 2006§ #ffects of perinatal HIV infection on
cognitive development (R. Smith, Malee, LeightyB&uwers, 2006), and breast-feeding
influence on cognitive development (Daniels & Ad&005). Therefore, similarly, it is not
suited for this study, one centered on executidal{adevelopment.

As further examples, of 76 studies identified imaltiple research database review,
where the search was conducted by document titteporating the terms "abstract reasoning”
OR "critical thinking” OR "cognitive developmentjbne were associated with the workplace
(e.g.,business, company, employee, manager, or execufNege (3) of the 76 were identified
as associated with the term “adult.” However, ¢éhesre studies centered on adulthood
consequences of childhood period development, asi¢feinstein and Bynner’s (2004)
exploration of middle childhood development andlaslocioeconomic status, mental health, and
problem behavior and Rauscher’s (Rauscher, 199®weof the future importance of preschool
music.



19

Measurement Method Critique

Therefore, exploration continued for instruments thfford an adequate measurement
methodology in three aspects: a) facilitates a \oé@xecutive (adult) development, b) allows
for incorporation of the multiple psychological dénsions of work, c) structured in such a way
as to mitigate or eliminate the inherent biasedomain-specific, context-specific, or culturally-
influenced instruments. This review included thagéch Dawson (2004) posited have
exhibited “empirical evidence of correspondencevieen levels,” specifically Colby and
Kohlberg's (1987) Standard Issue Scoring Systei8$BIArmon’s (1984) Good Life Scoring
System (GLSS), Dawson’s (2004) Lexical Abstracth@sessment System (LAAS), and
Commons, Ross et al. (2005) Hierarchical CompleQitgring System (HCSS). This review
was greatly facilitated by Dawson’s (2002; 2003)£20Dawson, Xie, & Wilson, 2003) in-depth
critique of each of these.

A principal criticism that Dawson has of both tH&S and GLSS is their dependence on
domain. Commons & Richards (1984a), similarly, cauagainst such dependence. Armon
(1984) vividly explained this dependence when saged her “circular bootstrapping”
methodology whereby she iteratively compared thexaleand empirical aspects within the dual
disciplines of developmental psychology and forgtaics to development of the domain-
specific GLSS. Her measurement system is embeddea, within the constraints of a specific
context. Such “circularity of domain-based deveteptal assessment systems,” is what
Dawson-Tunik, Wilson et al. (2005) cautioned agamisen attempting to assess an individual's
stage of development. It constitutes a significamitrce of assessment problems. Prominent
problems which arise from a domain-specific apphhcae twofold: performance measurement
necessitates a “matching” link to predeterminednalo-specific scoring guide (limiting its use
outside of the domain), and domain-specific scodogplicates cross-domain research (for
expanded discussion of domain-specific problene Dsevson, 2002, pp. 149-151).

Dawson, utilizing the generalized Rasch model aid®en Coefficient Multinomial
Logit (Adams & Wilson, 1996) which she explainedsts the extent to which different
instruments measure the same latent dimensionridf@ugreat deal of correlation between the
HCSS and that of SISS and GLSS. All of these metfaai®quately measure the order of
hierarchically complex reasoning. Using data fip40 interviews (220 respondents with the
following interview profile: 138 moral judgment, 74o0d life, and 155 good education),
identifying in each the “scorable statements,” slleulated a HCSS correlation of .90 with SISS
and .92 with GLSS. She interestingly noted thia¢re is less difference between these
instruments than is often found between two adrrations of the same instrument in other
areas of psychological measurement” (Dawson, 200262). However, she provided a
narrowing note by her comment “HCSS is a more aest method of assessing stage.”

While LAAS is based on Fischer et al.’s Skill Thg¢t1984) and Commons’ Model of
Hierarchical Complexity, Dr. Commons (personal camination, December 1, 2006)
contended that it lacks an underlying theory. LA#ES to be standardized for each content area,
as well. Therefore, it similarly is not well-suitéo this study. Therefore, further applicability
review was narrowed to the Model of Hierarchicah@exity (Commons & Pekker, 2005) and
its associated measurement instrument the HieaicGomplexity Scoring System (Commons
et al., 2005).
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MHC and Stages of Hierarchical Complexity

The Model of Hierarchical Complexity (MHC) was déyeed by Dr. Michael Lamport
Commons based upon the foundational work of Pialjés.important to note in this regards that
there is an active debate relative to Piaget’sestikg development (Lourenco, 1996). While
some suggest heresy to do so (Cohen, 1983), tharedll for greater assimilation of Piaget's
concepts into contemporary developmental psycho{sege.g.,Chapman, 1992). This is the
notion exploited by Dr. Commons. However, someteod that while Piaget did not exclude
development after adolescence, that there is adinacture to it (sees.g.,Lourenco, 1996). In
this light, Lourenco explained that while tbententof the stage continues to develop, it is the
stagestructurethat is final; thus, continued development is elsterized by the operative
manner of the formal stage. Critical of postformahcepts, Lourenco seems to misinterpret and
discounts the position of Neo-Piagetian postforthabrists, such as Dr. Commons.

It is the contention of these theorists that tlesoming process reflective of intellectual
behavior that is employed after the stage of foroparation is distinctly different from that
described by formal operations (see, e.g., CommoRghards, 1984b; Jaques & Cason, 1994;
Sternberg, 1984), and that it is distinguishabldigtreet hierarchical stages (see parallel
argument in Jaques, 1976, pp. 139-160). Koplo(##®84) explained that “system thinkers”
(MHC Stage 11, see e.g., Commons, Richards, Raf,,et984, pp. 136-137) comprehend the
principles of the lower formal operational stagee(irized as MHC Stage 10); however, those at
a “formal-operation” stage of development do nahpeehend a systems reasoning stage that is
characterized at a higher developmental stagereldre, higher stage development does not
preclude reasoning that incorporates lower stadigyabowever, lower developmental stages
cannot construct the logic structure necessargdean at higher developmental stages. So,
whether a demonstrated ability (Sternberg, 1984pleyed process (Luria, 1962), or evolved
knowledge form (Piaget, 1950), all accounts ofliigent behavior have as central notion that of
the ability to develop progressively more sophaid constructs of complex thinking (M.L.
Commons, personal communication, July 10, 2006).

Dawson (2003) has reported on significant work shegiports the notion of levels beyond
Piaget’'s formal operational, namely as explainedrisgher et al. (1984) that the successive
developmental levels are reflective of one’s inseshability to coordinate abstractions in
progressively more complex relations. It is thenptex reasoning, mathematically articulated,
that Commons speaks to when he explains the matloahtheory upon which the Model of
Hierarchical Complexity is constructed (Commons&kkier, 2005) and which expands the
concepts first articulated by Piaget. Further @tabon of the Model of Hierarchical
Complexity, my research instrument of choice, mvpted in chapter 3: Methodology.

Measuring executive development is inadequate am@ins difficult (A. Smith, 1993).
Dawson (2004) posited that many development mesasueenot practical, reliable, nor
objective. This is reflected by the fact that $mdtentified a principal factor in post-
development measurement difficulty in selecting emtelgrating an adequate measurement
methodology. As Dawson suggested, there are fevans (1999) illustrated paradoxically that
even academia has difficulty constructing tests dldequately assess cognitive development.
She explained that “educators still struggle witlating accurate tests for evaluation [of creative
thinking]” (p. 616). There are attempts to provgledance. However, much of the difficulty in
doing so may be borne of the methodological issusing incorrect terminology (language),
giving rise to three types of difficulty: performaeibased measures, domain-specific measures,
and culturally-biased measures.
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Methodological Issue: Terminology

While developmenis about cognition, conversely, Vassallo (200g)gasted that
training is linked with performance. This is the same nopoomoted by Endres and Kleiner
(1990) when they suggested that training is sinaglyubseibf management development”
[italics added]. Vassallo contended that “trainaogcentrates on performance,” which the
American Society for Training & Development (20@bipports with their definition of training
as the “planned experiences that are focused umatviduals learning specific skills that will
normally be applied within a short period of tinteatmost immediately.” The U.S.
Government’s Code of Federal Regulations (seg,Jacobs-Simmons, 2000) continues this
theme with the definition of training as that attyivnecessary “to impart technical skills and
information required to perform a specific job @ogp of jobs,” again, linking training to
performance. Confusing in the scholarly literatisréhe notion that while development is
associated with cognition post-development assessisigypically linked to skill-based
performance.

Some of the confusing disparity between developephitive ability and the acquisition
of additional skills may arise by the inappropriatterchange of the teraevelopmentor that of
training and the subsequent action and practice relatidevelopment program design,
delivery, and assessment. Vloeberghs (1998) iexpsoration of management development via
a case-study of two large Belgian companies pravilliestration of this phenomenon. He found
that the companies were confusing developmentraindrig, using development as a synonym
for training. Some practitioners, such as Efré#8@), similarly used this incorrect use of the
terms when they speak to “integrated” developmaetit & prescriptive focus on combining skills
training with improved attitude and self-confiderfadich are behavioral responses to a
psychological object). Again, this conspicuoudlyits reference to cognition.

As well, research continues in this vein, as eweenn the doctoral work of Phyllis W.
Parrish (1986) at George Washington Universitygnmanagement development research. Her
academia-based research centeratkirelopmenfocused on the practical applicationssill
areas €.g.,technical, human, and conceptual). Shen (200%)t@dito the “considerable gap
between academic theories... and practices.” Thsriact, synonymously switching of terms
creates additional issues in the area of post-dpuental measurement.

Difficulty: Performance-Based Measures

As mentioned previously, theoretical aspects okettgyment are inextricably linked to
thinking, to cognition. However, the practice oivdlwpment tends to center on the performance-
based acquisition of skills (suggestive of a tragnexercise) (see,g.,Holstead, 1988; McHale,
1995). Digman (1978) highlighted this notion is m-depth study of 10 management
development programs. He found that most narra@efine development as that “concerned
with a person’s job related skills.” Similarly, $eer, Kouzes, and Manley (1988) found two
principal considerations for development programigie both performance-based: relevant
content and appropriate process. When end-useesqueried, they discovered that subjects
believed that the most significant issues that khba addressed in a development program are:
"getting things done,” "getting things done wedlsid “making things happen.” Again, all are
skill-based performance.

Many development measurement schemes rely on pleetasft changed competencies
(see, e.g., Rodwell, 2005; Tovey, 1993) reflectimgmisapplied training aspect of the endeavor
and the resultant performance. Caird (1992), esfieging McClelland (1973), went so far as to
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argue that competency testing is a more valid dgveént assessment than is any measure of
intelligence. She further elaborated on an effeatnethodology by which these development-
resulting competencies can be assessed: a) ciit@edkbnt technique, b) job function analysis, ¢)
behaviorally anchored rating scales, and d) actsearch approach. As the names imply, these
tests are centered on manifest performance. Hmy(1#994), continuing a performance-based
foundation for development assessment, furtheresstgd that measurement should fall with the
dimensions of skills, knowledge, and behaviors Bndres and Kleiner (1990) proposed the
dimensions of emotional reaction, achievementafriimg objectives, behavioral changes, and
organizational impact. Conway (1994) continued theme by suggesting that development
assessment should center in seven key competédrajesnanaging for results, knowing the
market, managing people, applying judgment, solypiraplems, planning for the long term, and
being effective on an individual basis). Howevhede schemes conspicuously omit
measurements of changed cognition (thinking), ad#sic definition of development prescribes.

This notion permeates many development exploratigairecent online search of
multiple research databases (including those destida developmental psychology, cognitive
development, and education) of the combined pwsgjecific development subject ternesy,
management development) revealed that the asstsialbgect search term of “skills” or
separately that of “behavior” produced more “hitsdn that of the five combined search terms
of “thinking,” “critical thinking,” “reasoning,” “d@stract reasoning,” and “cognition” (see Table
1).

” ” o

Table 1
Subject-Based Literature Review

Developmental Cognitive

Subject Search Terms Education
Psychology Development
“Management Development” OR “Executive Development”
OR “Employee Development” OR “Worker Development”
AND “Skills” 142 105 162
AND “Behavior” 146 127 90
AND “Thinking” OR “Critical Thinking” OR “Reasoning” 5 3 5

OR “Abstract Reasoning” OR “Cognition”

This is a vivid illustration of the popular view dévelopment as skill-based competency
enhancement and, consequentially, assessmentextoteperformance. While there is no
agreement of what executive leader competencieBarestetter, 2000), nevertheless,
executive development concentrates on them asjeetive of the development process. There
is, then, a variance between developmerg.(ordered change in one’s cognitive ability) and the
measures of sucle.q.,substituting an assessment of demonstrated penfmenaflecting skills
and abilities). Even calls for improved developtressessment (Tulloch, 1989) confuse the
objective and the assessmeng(,“improved creative thinking” while measuring “unit$
demonstrated competence”). This leads to theviatig hypothesis:
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Hypothesis 4
Executive development can be measured by the ofdeerarchically more complex reasoning
that is divorced from concepts of skill-based perfance.

Difficulty: Domain-Specific Measures

Performance measures are necessarily linked tdfispd@mains and contexts. Such a
reliance necessarily leads to inherent bias in #®Dawson-Tunik, Wilson et al. (2005)
explained, there is “circularity” of developmentéds being defined in terms of the context in
which they exists. As examples, Tovey (1993) sstgd that the resultant development “must
reflect the critical success factors of the compgangmporal (1990) argued that individual
development must be linked to the organizationigetigpment and Hall (1995) to the
organization’s strategic functioning. Boodoo (1pf8ther argued that post-development
measures must incorporate cultural context to fid.va

Therefore, beyond the disparity between developognitive function yet measuring
manifest performance, questioned has been the adggfi using domain- or context-specific
measures (as that required of performance-baseinas) (Commons & Pekker, 2006).
Commons and Pekker contended that such measuaekttien essential inability to compare
[cognitive ability] with any great reliability andhlidity” (2005, p. 2). The primary reason, as
explained by Dawson (2002), is the reliance orrdloiired methodology of “matching” domain-
specific performance against a predetermined dos@agific scoring manual. As she
concludes, this makes “cross-domain research diffic This leads to the following hypothesis:

Hypothesis 5
Measures of executive development can be perfosepdrate from concepts of domain and
context in which the assessment is conducted.

Difficulty: Culturally-Biased Measures

An additional domain- and context-related concdrouorent executive development
measures is the potential for cultural bias. Ratuand Sackett (1999) found a lack of
differential prediction in post-development assessisidue to “an artifact of the predominant
use of performance ratings provided by superviadrs are members of the majority group; a
criterion that is potentially against members & thinority group.” This is the same theme
explored by DeShon, Smith, Chan, and Schmitt (199Bgre they found development
assessment failing due to a lack of incorporatiomiaority-specific cultural phenomenon into
the assessment methodology. Dawson (2003) expléma such cultural biases have negatively
impacted the use of the Standard Issue Scoring®y&ISS) (Colby & Kohlberg, 1987); it is
seldom used today. Colby and Kohlberg in the dgraknt of the SISS had used an analysis
only of Chicago school boys (see Dawson, 2002)uelkeg women and individuals of other
cultures. Itis imperative, then, from the perspecof effective post-development assessment in
a rapidly diversifying workforce (American Meteoogical Society, 2002; Jamieson & O'Mara,
1991; Kossek, Markel, & HcHugh, 2003; Trompenaad&npden-Turner, 1998) that these
tests move toward a domain-, context-, and culigredutral position.

I understand that culture is a set of social ndmmares, customs) by which one acts and
reacts to circumstances for survival, literallyiarthe case of organizational life, metaphorically
Within the workplace these are typically “learnékfough experience rather than formally
communicated to new employees. (Such norms amedddrom experience, generally, and not
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taught). These represent traditions by which egg®e act within their work environment.
Reflective of a family’s culture, if children leathat whining works on the parents, they whine.
If fighting works, they fight. If silence is theorm of the family, they fall silent (hiding
feelings). Similarly, in organizations, employéeasrn quickly “what works” (to survive). If
finger pointing is the norm, they point fingerso#tter functional areas, disciplines. If hiding
from problems is the norm, they do not highlightldems. If yelling works, they yell. These
are all negative examples, positive examples avalak If expected through tradition to reveal
problems and move aggressively into problem sol|uimg employee will highlight discovered
problems. If coordination, collaboration, and cexgtion are held traditions within the
organization, the employee will engage in teamwdflr my work here | did not want to
introduce culture. Rather, to the greatest extessible, | sought to focus on a situation that
emphasized the ordering of information (ordersiefdrchical complexity).

Of course culture must influence cognitive develepm In my theoretical framework
encompassing synaptic genesis, neural networkrabgh and the consequential cognitive
patterns, early family cultum@ustinfluence cognitive development. Elementarilyyduld defy
logic and biology to suggest that even embryonietigyment awash in stress hormones within
a troubled mother would not be impacted. Earlgest@development, then, continuing in a
stressful environment would respond to “synaptimprg” reflective of these circumstances. As
an example, if escape repeatedly proves prudentiitd will continue to strengthen neural
networks that support “flight.” Subsequent behawvieen, will not be that founded on intellect
alone, but rather includes the nameless fearsatkdthard wired” into the brain of the emerging
adolescent.

While | fully recognize the cultural influence oewkelopment, | sought to conduct post-
development assessment in a reduced culturallgditashion. Most systems of developmental
stage theory rely on the notion of utilization efjsential orders of hierarchical complexity of
knowledge structures (Dawson, 2003). The internacgples employed in the MHC are
mathematical representation of the participantgeimnd of information in complex reasoning.
Therefore, it is not reliant upon, as Dawson codéehthere are weaknesses in other
developmental stage assessments, “matching argsimwehtexemplars selected from the
performance of small sample of predominantly Whnejdle-class respondents” (Dawson,
2003, p. 337). Employing a methodology that has&tch performance to set “standards” by
definition has to introduce bias, for examptdturally biased by matching against a single grou
(say, all male or all White responses), or domaasdd by matching against a specific body of
literature (say, accounting), or environmentallgd@d by matching against those of one domain
(say, only utility engineers). That said the apgiicn of the model, to a great extent, is neutral
relative to these dimensions (culture, etc) in thatsingular assessment interest is the
underlying organization of information employediie task. Therefore, relative to “divorced”
from these, Commons went on to assert that “Weqaephat the notion of hierarchical
complexity can be applied to any task domain arttlizveany context with any kinds of subjects,
human or animal” (Commons & Pekker, 2006, pi.8),they don’t matter, they are neutral to
the assessment.

However, | recognize that “an actual task actiahifSculty includes its hierarchical
complexity but also includes other sources of diffiy such as the domain of the task and other
non-hierarchical complexity properties of the ta8Rbmmons & Pekker, 2006, p. 33) or, said a
different way, “difficulty depends on the domaindasther non-stage properties of the task,
complexity does not” (Commons & Pekker, 2006, p. 37
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| am planning research that will explore the phlggiecal changes to the brain that are
coincident with higher stages of cognitive abilig with complex reasoninmtellectual
behavio). This future research was the driving forceiftantifying an assessment tool that
moved toward a reduced biased (focusing, rathepuoa cognition) and a mathematically sound
methodology. So, my attempt to understand the “puméerlying abilities was not meant to
imply a negative valance on cultural influenceg, father that they are not directly important to
my intended use in measuring intellectual behagpecifically exploring the link between
developed cognitive ability and physiological chesigp the brain (see, e.g., Cozolino, 2002;
Kelso, 1995; Schwartz & Begley, 2002). This letathe following hypothesis:

Hypothesis 6
Measures of executive development can be condfieteaf cultural bias.

This section explored the study-specific literattglative to executive development,
namely aspects of stage-like development and isssarement. Specifically, explored in sub-
part four was a discussion of the general concemtfdhe developed stages of cognitive
development. Outlined in sub-part five were tiatlitions with current stage measurement
schemes.

Sub-part 6: Conclusion, Improved Stage Model Assess
Therefore, there must be improvement in executexetbpment assessment

methodology to adequately discern the developddyatur greater complex reasoning within
the theorized dimensions of workplace tasks. Tgads to the hypothesis for this research.
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CHAPTER THREE: METHODOLOGY
Introduction

The principal objectives of the research proposse hre, first, to show that hierarchical
stages of complex reasoning can be measured arahdsdo identify the common
developmental experiences that have contributéldetalevelopment. Toward this end, first, it is
assumed that executive development can effectbeiyeasured as a function of the intellectual
behavior that is exhibited in task complexity—tlsatlivorced from measurement notions linked
to domain, context, and culture. Secondly, itssuemed that measurement can be reflected in the
theorized psychological dimensions of organizatieasks. Lastly, this research will explore the
circumstances that are theorized to have contribigt¢he progressive transition in stages of
complex reasoning, including education and expegen

| have organized this chapter into two parts. tHivell further elaborate on my research
instrument of choice, the Model of Hierarchical Guexity. Within this section | will explore
the instruments foundational axioms, the requirdmehthe theory, MHC application in
measuring developmental stages, and the bendlifietence of the MHC.

Second | will review the research procedure. Wiithis section | will elaborate on the
guestionnaire protocol (including procedure andgigs my selection of study participants, the
study procedure and data collection, and data sisalyncluding complex reasoning stage and
statistical analysis of developmental circumstapces

Model of Hierarchical Complexity
The Model of Hierarchical Complexity (MHC) is a rhamatical theory, with a sound
“mathematical and logically developed basis” (EBtown, 2004; referenced in Commons &
Pekker, 2005, p. 1), providing, as Fischer and Rb889) suggested, a “life and power” to
stage-based research. Commons and Pekker (2081&)rexd that this instrument provides for a
definition of developmental stage in terms of therdrchical complexity of the successfully
accomplished task in accordance with the follovargpms (derived from Commons & Pekker,
2005, p. 8):
Foundational Axioms
1. There is a starting point for hierarchical complgsiuch that there exists a simple
action, where h = the hierarchical stage, and Atma,
Equation 1. Axiom one
h(A) =0
2. Every non-simple action is either a chain of astéao previously defined actions of
arbitrary orders of hierarchical complexity or aadination of at least two previously
defined actions all of which have the same ordéri@farchical complexity with a
relationship defined by a rule “R,” where A = adtj@and R = rule.
Equation 2. Axiom two
A= (As,...]1,R)
3. For a non-simple action A = (JA..],R)
Equation 3 Axiom three (chain)
h(A,) if Ais a chain
Equation 4 Axiom three (coordination)
h(A) + 1 if Ais a coordination
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Theory Requirements
A task is more complex, in accordance with thiotleif the following three
requirements are met (example equations adapted@ammons, 2006):

1. Higher stages are defined in terms of lower orfdso described as the formation of
actions from prerequisites.
Equation 5Principle one: lower order defining role
Eh = [Eone Ewo---1;
where Ene Ewo are tasks, and “h” refers to an order of hierar@htomplexity.

2. Higher order stages organize lower ongs,relational composition (Commons &
Miller, 2001), what some describe as “modulatiod aantrol” of lower cognitive
skills (see, e.g., McCarthy & Warrington, 19903@3) or in the terms of Synergetics,
“slaving” (White, Bock, Storb, & Blaser, 2003).

Equation 6 Principle two: higher order organizing role
En= R(Eone Etvvo---),
where Ene Ewo are tasks, “h” refers to an order of hierarchazahplexity,
and “R” is an ordering relation on two or more &sk

3. Coordination is non-arbitrary. There is an ordedefinition (Commons & Miller,
2001). This is reflective of the dynamic systelmsory notion of self-organization
(Keijzer, 2003; Kriz, 2000; Lemke, 1996; Tschachzapwalder, & Haken, 2003)
and, as that described relative to neuropsychoftlgg,right skill harnessed at the
right time” (McCarthy & Warrington, 1990, p. 343).
Equation 7 Principle three: non-arbitrary order
En = -()DRi(Eone Ewo--.),
where “I” is the index indicating which order isfoied by ordering relation R
“-(i)” means that it is not the case that for evdiyor every ordering that task execution occurs.

MHC and Measuring Stages

Rose and Fischer (1998) contended that human dewelat theories such as Piaget’s
have been difficult to test. While there is conpemary defense for Piaget’s work (Cohen,
1983; Lourenco, 1996; Vidal, 1997), many consittergdequential behavioral changes explained
by his theories as tcad hoc(Commons & Pekker, 2005) and, therefore, of maiddenefit in
the continuing exploration of human developmeénterefore, there has arisen a call for
researchers to construct effective rulers for meéaguimportant characteristics of cognition”
(Fischer & Rose, 1999, p. 204) or, as describeBdry and van Gelder Mind as Motion
(1995b) the “behaviors of interest” such as “pericgj, remembering, conversing” (p. 11).
Other authors add to this list of cognitive behawvithat of assessing, performing abstractions,
understanding, problem solving, and, as Commondacttards (1984b) contended relative to
hierarchical complexity, that of complex reasonigth the repeated calls for extended research
into effective cognitive development rulers, vagounodels have been developed to compensate
Piaget’s limitations (see, e.g., Fischer & Kennei397), including that of the Model of
Hierarchical Complexity (MHC) (Commons & Pekker,08) Commons, Richards, Ruf, et al.,
1984).
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MHC Difference

MHC compensates for other measures of intelligemd intellectual development
which are domain and context based (Commons & ReRRE5), that infer a mental structure
reflective of mentalistic theories (Commons, Goatheet al., 2005; Commons & Miller, 2001);
it bases such measurement, rather, on the logictste that is domain and context neutral.
Commons and Pekker (2006) countered potential slainarbitrariness of this concept of
absolute scale of stage by emphasizing its fouodati the “hierarchical complexity criteria of
mathematical models and information science” (plt4$ a “mathematical theory of the ideal”
(Commons & Pekker, 2005).

MHC and its corresponding Hierarchical ComplexigpBng System (HCSS)
(Commons, Goodheart, et al., 2005) fundamentafferdirom other measures of intelligence
(including, as used in this research, the notiomi&lectual behavior) in that it is centered on
task-based versus performance-based schemes.p&tdiecimance schemes have a long history.
From Broaa’s 18 Century notions of relative correlation to braizesto the 28 Century
assessment procedures pioneered by Binet in 194e¥ National Intelligence Test for
Children(see Hothersall, 1990, pp. 329-337) and todaygueatly usedVechsler Adult
Intelligence Scal¢WAIS) (for definition see Stevens-Long & Commot892, p. 325; for
description see Sweetland & Keyser, 1991, pp. 63+86asures of intelligence have focused on
demonstrated performance. As Alfred Binet stafeti@se advancements in assessment, “[they]
cease to be a matter of tact and intuition, biterabecomes something objective and tangible”
(Binet, 1904, referenced in Hothersall, 1990, )33

MHC, conversely, measures developmental stage lmastask complexity inherent in
complex reasoning (Commons, Goodheatrt, et al., 2OBdndamentally, the measure of the
hierarchical complexity is “the minimum number ohple actions, N, needed to accomplish the
action” (Commons & Pekker, 2005, p. 7), each actiourn, comprised of two lower stage
actions and an organizing rule (what Jaques & Cak@®, p. 30 allude to in the notion of
"mental processing types"), such that any non-smaption, A, is represented by A = ([A..],

R). The order of hierarchical complexity is deterad by the stage of the most complex task
that is successfully completed. The stated goMIdC is to a) measure action complexity and
b) to do so in such a manner as to allow it toteela complexity of other actions.

An illustrative example that Commons and colleagusesin the description of MHC is
that of the distributive law in mathematics, where same product results from multiplication
that is performed on a set of numbers as when thigptication is performed on the individual
numbers of the set:

Equation 8 MHC illustration
ax(b+c)=(axb)+@xc

This example depicts how the output of two lowetesractions, x and +, when combined or
“nested” in a specific order as input, lead to@higher order action of distributivity (for
expanded description see Commons, Goodheart, @085, pp. 5-6; Commons & Pekker, 2006,
pp. 4-11; Commons, Richards, Ruf, et al., 1984,120-140). As Dawson (2003) explained this
system employs two systems of hierarchical complextirst, there is a hierarchical complexity
of abstraction(levels of lexical generality) and second, libgic structureof the argument, with
the evidenced structure of logic revealing the ulyttey employed thinking (see, e.g., Cooper &
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Patton, 2004, pp. 53-86). This scheme is repteden Table 2 (mathematical representation,
see footnote #1).

Table 2
Mathematical Representation of Stage

Stage M athematical Example
10: The general left hand distribution relationship:
Formal xx(y+2z)=(xxy)+(xx2)

The right hand distribution law is not true for

11 numbers but is true for proportions and sets:

Systematic 4 (yx 7) £ (x x y) + (x x ) numbers
xU(yNz)=(xNy)U(xN z) proportions and sets

The system of propositional logic and elementaty se
theory are isomorphic:
12 x& (yorz)=(x& y)or (x& z) Logic
Metasystematic = XN (yUz)=(xNy)U (xN z) Sets

T(False) = ® Empty set
T(True) = Q Universal set

(Adapted from information contained in Commons, @oeart, et al., 2005 Table 1; Commons & Miller,
2001 Table 3)
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Research Procedure
Questionnaire Protocol
Questionnaire Procedure
The research instrument used was a questionnaie {ime to complete was less than 15
minutes, with additional time determined by thegignof response rationale, estimated to be
between 5-30 minutes). After providing the papi@sit an introductory letter (see Appendix 4:
Participant Letter) and the requisite informed @mdorm (see Appendix 5: Informed Consent
Form), | asked the participant to complete a kt@felopment inventory, including items of age,
gender, formal educatioe.g.,degrees), professional trainingd.,seminars), and work
experience (Appendix 6: Executive Development Inegn(EDI)). Second, after providing the
participant guidelines for completing the questana (see
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Appendix 7: Survey Guidelines), | requested thatghrticipant describe an ideal interaction (six
open-ended questions, see Appendix 8: AssignmepiaiPation — Ideal Interaction), and then
prepare for the exercise (
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Appendix 9: Assignment Preparation).

The employed vignette format centers on a theorssthnment preparation interaction
between executives and their subordinates (seer&lpp&O: Interaction Methods #1, Appendix
11: Interaction Methods #2). Finally, | asked tesgarch participant to review and assess
differing interaction scenarios (each interactidthvembedded, sequentially higher levels of
complexity), followed by five assessment-based tjoes (Appendix 12: Interaction Questions)
and a three-question opinion poll (Appendix 13:r@gm Poll), each employing a 6-point Likert
scale. Through the assessment responses | expedézan the relative stage of complex
reasoning that is used (see Appendix 14: Anticpp&esponses). | hoped to answer the
guestions, How can the hierarchical stages of cexwgasoning be measured in an
organizational setting without reliance on domammtext, or cultural bias? And what are the
common developmental experiences of the develogmehis is not a test of their ability as an
individual (it is so stated in the questionnaiRRather, | wished to know how executives, in
general, reason about the presented issues.

Questionnaire Design

Embedded within each interaction, in addition t® thmplex reasoning structure of
sequentially higher stages of development, ar¢htherized psychological dimensions of aware,
accept, attune, align, and act (see Sub-part hesygical Dimensions of Measurement).
Extended elaboration is sought by a request toa@xpthe chosen assessment. This is used to
elicit underlying reasoning (Bowman, 1996; Colby&hlberg, 1987) and is an acceptable
format for testing developmental stages (see CorsmioRekker, 2006, p. 23). It has been used
in such studies as workplace atmosphere and mevalabment (Commons, et al., 1993),
organizational work practices (Bowman, 1996), eitiz reasoning relative to political
development (Ross, 2006).
The design and development of the questionnaitaded, first, an emphasis on providing
sequentially more complex scenarios in the vigsetteis important to note here that the
complexity represented in the vignettes refleatsftundational MHC axioms (equations 1-4),
theory requirements (equations 5-7), and incorgsrdte mathematical representation of the
model (see Table 2

Mathematical Representation of Stagewas modeled on similar hierarchical
complexity studies (see, e.g., Commons, et al.6200
Second, the questionnaire vignettes were designextiude the three developmental stages (see
Table 3
Research Stage Prof)l¢hat are anticipated to be represented in tisisaeh; they are those
deemed most appropriate for research of execuéveldpment (Commons, Goodheart, et al.,
2005). They are considered the most common staEgedult development (see, e.g., Stevens-
Long & Commons, 1992, p. 121) and are theorizeatiequately assess the cognitive
development for the technician, manager, and ekec(gee Commons, Goodheart, et al., 2005,
p. 75, Table 9). Table 3

Research Stage Profjlshows for each of the developmental stages, fivstanticipated
organizational positions. As an example, | antitgal that managers tested in this study would
predominately be at a developmental stage 11, ®gsie Second, the table lists the anticipated
arguments that the research participants wouldrusgganizing information (see Appendix 14:
Anticipated Responses).
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As stated earlier, | recognized that developmesiilte from the “seamless” integration
of multiple factors that include education and eigrece (Bernthal, et al., 2001; Seibert, et al.,
1995; Albert A. Vicere, 1998; Albert A Vicere, dt,d994). This was a principal consideration
in my design of the inventory of possible developtakcontributors (see resulting list in
Appendix 6: Executive Development Inventory (EDIfyonstructed upon previous research in
contributing factors to executive development (geg,Close, 1981), | included non-career
related factors such as participant gender and bigeorporated various aspects of education
such as attained academic degree and specialipedtexh €.g.,supervisory training, leadership
development). Relative to experience | includethminventory those factors related to the
career path of the participant, such as organizatipositions that they have held and functional
areas in which they have worked. Additionallyatele to experience, | recognize that support
plays a critical role in development (Bernthalakt 2001), including that of coaching (Cramm &
May, 1998), mentoring (Walsh, et al., 1999), orianfd’s feedback (Guinn, 1999). Each of these
aspects of support is theorized to aid in derivimeaning from the experiences, so have been
included in the development inventory.

Table 3
Research Stage Profile
Stage Position Characteristics
10: Formal Technicians, A i irical or logical evid
. Line Staff rgue using empirical or logical evidence

¢ Determining possible causes and outcomes that magtermined by
many causes
Managers, «  Building of matrix representations of informatianthe form of tables
Professionals and matrices coordinating more than one variable
¢ Multidimensional ordering of possibilities
« Events and ideas situated in larger context

11: Systematic

¢ Analyze, compare, contrast, transform, and syrntleesystems
12: Metasystematic Executives « Integrate systems to construct multi-systems
« Coordinate at least two multivariate systems

(Adapted from information contained in Commons &8gtte, 2006; Commons, Goodheart, et al., 2005n@os & Pekker, 2006)




Dependent Independent Variables
Variable Education

X,: Degree
(Credentials: Discrete)

X,: DevProg

(Programs: Discrete)

X3 DevYears
(Years: Continuous)

X,: Position
(Title: Discrete)

Xs: Function
(Work Dept: Discrete)

X Work

(Type Managed: Discrete)

X;: ExpYears

(Time: Continuous)

Xg: Support

(Type Received: Discrete)

Experience

Figure 1 Sample size
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Participant Selection

Sample: Size:
Target =85

Rule of Thumb  Size

10x IV 30
15x IV 45

Testing R-square 50+ (@8 IV) 74
Testing b coefficients 104+ 1V _107
AVERAGE = 64

endent Variables Rule of Thumb Size

10x IV 50
15x IV 75
Sting R-square 50+(8x1V) 90
esting b coefficients 104+ IV _109
AVERAGE = 81

Targeting 85 participants (ségure
1. Sample size) I solicited in the 14+ month
period between August, 2007 and September,
2008 the participation of managers and
executives of the U.S. energy industry, with a
specific consideration of those in the nuclear
power industry.

This is due to two principal reasons. First, isrsearcher’s energy industry background
(U.S. Navy Nuclear Program/Submarine Service, NudRegulatory Commission (NRC)
licensed reactor operator, and staff and consultatite nuclear power industry). Second, there
is a well-documented concern regarding the enerdystry workforce given the dual challenges
of, first, a projected increase in constructionhafse facilities and, thus, in operational demand
and, second, the aging workforce both domesti¢AIBPA, 2005; DOE, 2006; Ebert, 2006;
NERC, 2007) and internationally (CEA, 2006; RayQ2p
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Table 4
Solicited Energy Organizations

American Nuclear Society (ANS) Specific energy industry solicitation

American Public Power Association (APPA) was made to 31 organizations (see
ANS Decommissioning Division

ANS Education and Training Division

ANS Human Factor Division

ANS Math Division

ANS Nuclear Installations Safety Division

ANS Operations and Power Division

Center for Energy Workforce Development (CEWD)

10. Configuration Management Benchmarking Group BGY!
11. Department of Energy (DOE)

12. DOE Human Performance Center (HPC)

13. DOE National Training Center (NTC)

14. DOE Nuclear Energy Research Advisory CommiéeRAC)
15. Edison Electric Institute (EEI)

16. Energy Facility Contractors Group (EFCOG)

17. Energy Power Research Institute (EPRI)

18. Federal Regulation and Oversight of Energy (EER

19. Institute Of Electrical And Electronics Engine¢EEE)

20. Institute of Nuclear Power Operations (INPO)

21. International Atomic Energy Association (IAEA)

22. National Association of Regulatory and Util@@mmissioners
23. NRC Human Resource Development

24. NRC Training

25. Nuclear Energy Institute (NEI)

26. Nuclear Industry Association (NIA)

27. Nuclear Regulatory Commission (NRC)

28. Professional Reactor Operator Society (PROS)

29. World Association of Nuclear Operators (WANO)

30. World Nuclear Association (WNA)

31. World Nuclear University (WNU)

CoNOORALODNE
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Table 4

Solicited Energy Organizationsand the 30 top U.S. electric utilities (see Apghg 1:
Top U.S. Electric Utilities), employing a dual pigalomain email address approach: general
utility employees found via an Internet search dredutility’s executive staff (identified on the
company’s web site). This was followed with a paaall to the senior executives. The only
organizations to agree to participate were the ggneecility Contractors Group (EFCOG) and
no utility responded to the request. It is intaresto note that the Professional Reactor Operator
Society (PROS) declined to participate, statinthag reason that the study was “too academic.”

Focused solicitation was made to six utilities tugheir size, the close proximity with or
familiarity to me, and the probability of their ae engagement in the nuclear power industry
expansion: American Electric Power (AEP), Duke ggeEntergy, FPL Group, Progress
Energy, and Tennessee Valley Authority (TVA). Thwigs accomplished by, first, a letter of
introduction followed, second, by a phone callite head of the Human Resources Department.
All declined.

Also, letter and email solicitations were madenergy industry associated companies
Framatome/AREVA and General Electric (GE), inclgd®E Corporate, the GE Executive
Development program, and GE-Hitachi Nuclear Enerflyey declined to participate, as well.



Table 5
Solicited Organizations

1.
2.

@

No vk

Academy of Management (AOM)

American Management Association (AMA)
American Society for Training and Development
(ASTD)

Senior Executive Association (SEA)

Service Corp of Retired Executives (SCORE)
Small Business Association (SBA)

Society for Human Resource Management (SHRM)

37

Given the anemic response of the
energy industry, general
solicitation was made to the seven
organizations listed in
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Table 5

Solicited OrganizationsAll declined to participate with the exceptiointioe Senior
Executive Association (SEA). | also contacted wsxeAcademy of Management (AOM)
ListServs with some 6,407 subscribers (Managendl@rganizational Cognition, Management
Education, Organizational Behavior, Network of Leship Scholars, Organization and
Management Theory, and Organizational Culture), pwadessional ListServs Professional and
Organizational Development Network in Higher Edi@ra(POD), and Society for Research in
Adult Development (SRAD), and the 115,231 membéfRSageneral development Listservs (see
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Appendix 3: ListServ Research Participation). Unfoately, access was universally denied to
these general development ListServs because réassaicitation was not a stated purpose for
these groups.

Study Procedure and Data Collection
| used SurveyMonkey (http://surveymonkey.com)is &in online survey tool which
allows design flexibility using various scoring megg.g.,multiple choice, rating scales, and
open-ended text) and the ease to send to mulipjet audiences, while ensuring the greatest
participant ease and confidentiality. DownloadetMBExcel format, the data can be further
imported directly into SPSS (for statistical anaysand, from there, into WINSTEPS (for
Rasch analysis).

Data Analysis

Stage of Complex Reasoning

I conducted in Assessment 1 a Rasch analysis éordete the developmental stages (see
footnote #2 for excerpt from Commons & Pekker, 2Qf)6 20-21). The Rasch model is a
member of the family of item-response latent-tnadtdels. The analysis, where the total score
summarizes a person's standing on a variable, enéigm the fundamental requirement that
the comparison of two people is independent of Wwitems may be used within the set of items
assessing the same variable. It requires a sstrefully selected survey questions, as |
employed in this study (Appendix 12: Interactione®uons), producing an interval scale that
determines both item difficulties and person measufhe analysis is a method for obtaining
objective, fundamental, linear measures (qualifiggtandard errors and quality-control fit
statistics) from stochastic observations of orde@egory responses. The Rasch model is the
only item response theory model in which the tetalre across items characterizes a person
totally (Bond & Fox, 2007). As stated previoudlye MHC has shown that hierarchical
complexity is a function of coordinated, organizstions and their sub-actions. Such an
analysis, then, will produce an ordinal scale ctitey stage of development.

Statistical Analysis: Circumstances to ReasoningelLe

The second phase of data analysis was atst@tsnalysis in two parts, both of which use
data relative to each participant’s developmerduenstances (see Appendix 6: Executive
Development Inventory).

The first step for this phase, Assessment 2, vaatestical analysis of the differences
between two subsets, those that exhibit a compglazaning stage theorized as appropriate for
the organizational level (stage 12) and thoseeakhibit a retained, lower stage of complex
reasoning€.g.,11, 10, 9, 8). The second step in this phase,s&ssent 3, was intended to
provide a statistical view of the significant deyg@iental contributors to the single subset of
executives that exhibit a theorized stage of dgakmt {.e.,stage 12).

A complex multivariate analysis as selected fos 8tudy limits the scope of appropriate
methods to bivariate correlation and regressionOAMNK, andt tests (see expanded discussion in
Newton & Rudestam, 1999, pp. 137-140). For purpadehis study the most appropriate
methods are multinomial logistic regression analysr Assessment 2 and logistics regression
for Assessment 3. They were conducted with astsatiachniques for significance, importance,
and strength. Unfortunately, explained later,ghmall and similar research population
necessitated the adoption of a statistical binagistic regression analysis.
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CHAPTER FOUR: RESULTS
Research Participation
Participant Response
In the 14+ months (August, 2007 — September, 20608dliciting participation for this research
| found the response to be anemic. Some 69 orgamis were invited to make their employees
and members aware of this research, asking thehstidbute the survey internally. These
include the 31 energy industry organizations listed
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Table 4

Solicited Energy Organizationshown on page 35. In addition, via public donexmail
addresses, individual invitations were sent to 2,86ergy industry individuals, including an
initial invitation and at least two follow-up saliations for more than 13,000 email
correspondence ("most efficient methodology,” sablie, 1998, p. 261). Hundreds of letters
were sent and scores of phone calls made.
It is important to note that that the survey is‘thest method” for a widely dispersed, large
population as that targeted for this study (Babb898). In accordance with Babbie’s advice for
mailed surveys, | hoped for a 50% “adequate” ratesponse (1998, p. 262), which corresponds
with general advice relative to survey size (Edwaithomas, Rosenfeld, & Booth-Kewley,
1996). | understood that the online survey respoatgewould be lower, targeted at 30%
(Anonymous, 2008a). While the actual rate wascgrated to be less, | expected greater than
5% responsené250). However, only 90 individuals fully compldtthe survey, providing
viable data, representing only 26% of the 340 éma¢red the online site, accessing and starting
the survey (see
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Table 6

Participation Statistics Given the number of employees and memberseo$dticited
organizations, the ListServ subscribers (see, daatit Selection), and the initial and follow-up
email invitations, this response rate is less h@b%. Subtracting the failed listserv attempt,
and conservatively estimating the survey populasibonly 30,000, the response rate was still
very low at 0.3%.

Penn State University has studied this phenomethergrowing problem of survey non-
response. While they find an increasing probleay ttould not identify any underlying
causation (Johnson, 2005). They state that weldzas®geys to a student population may garner
a response rate as low as 30%. One can imagiha thegeted population of executives via an
online survey would be less. How much less, evemPState “finds it hard to answer.” This is a
prevalent problem in research, as evidenced bydhene of related articles on the topic (see,
Appendix 19: Nonresponse in Survey Research: AcBaleBibliography).
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Table 6
Participation Statistics

Many in the energy industry voiced to this

researcher their recognition of and concern with

Survey Step No. % ihis lack of responsiveness. It has hampered
Estimated total research 35k other studies (W. Reder, VP, S&C Electric
E‘r‘]’t'tee:izn:urve o brovided Company, personal correspondence, May, 2008).
self-coding yanap 340 Many reasons _have been p0_5|ted, from "the_

people complain about ‘outside surveys’—going
Self-coding + demographic info 252 74.1%g0 far as to complain about the company’s ethics
Self-coding + demographic data g 7 o hotline,” “HR is very protective of the executives

[they won't allow outside contact],” “they are too
busy,” to a general statement of “it is our policy
to not take surveys.”

+ survey ratings

Viable data 90 26.2%

Some energy industry Human Resources
professionals have asked that should this study
reveal why it is so difficult to engage the enemgyustry executive and manager they would like
prescriptive feedback. This study is not one itigating the prevalent culture of the energy
industry. However, if continued research is tacbrducted relative to development within the
energy industry the phenomenon of non-responsigangishave to be effectively addressed.
Therefore, further research will have to be conedieiiong these lines. | call for such here.

Participant Description
As explained in the section Participant Responpegtided research invitations to more than
4,362 energy industry individuals via public domagurcesi(e.,email addresses), and well
over 30,000 via coordination with host organizasiamd associations. Given the low response,
in order to obtain a statistically valid samplessizhad to limit the research to the core elements
of the instrument (those most answered by partint§)a Therefore, | isolated the analysis to
only the five ranking questions (that most complgte the two sets of scenarios and eliminated
the three follow-up ‘polling’ questions (relative ¢xecutive liability) of each. Of the 340 that
visited the Internet-based research instrumentd®pleted the survey through the five ranking
guestions (see



44

Table 6

Participation Statistice However, 5 participants provided responseswlesé not suited
for this study, as an example ranking all questenmd all vignette executives as “1”. Therefore,
they were eliminated from further analysis. Thalgsis was conducted on the 90 remaining
responses, of which only 16.6¢b = 15) came from the energy, nuclear power, or e#iti
industries and, of this group, only 13.3f= 2) came from an operational function. The others
came from functional areas such as Human Resowz&eting, Information Technology (IT),
and Finance. | next describe the demographiclprofithis group.

The gender distribution of the participants wasghigad to male, 58.8% male = 53).

The age of the 90 participants spanned from 2%tpears. However, while the average age was
50.1 and the median 51.0 years, the most represagtegroup was that between 45 and 55
years, with 50%n = 45) of the participants from this 10-year rangeerBhwas a difference by
gender. The average age of the males was 52.2 gedrof the 41.1% femafe = 37) the

average age was 47.1 years. This gender diffengasaepresented, as well, in the educational
descriptive statistics, described next.

The most represented degree level of the partitspaas a master’s degree, with 51.1%
(n = 46) of the participants holding the degree, anchiy, PhD, held by 27.8%h = 25) of the
participants. However, again, there was a diffeedoy gender. While there were similar
master’s degree representation in both gender grfuples = 54.8%) = 29; and females =
45.9%,n = 17), there were more PhD’s represented in thialie population (43.2% = 16)
than the male (17.09%,= 9). This is a result of the gender representdiipindustry. While
females represented 41.1%= 37) of the general participant population, neadif lwvere from
education (48.3%n = 14) and representing only 13.3#0= 2) of those from the energy, nuclear
power, and utilities industries.

By position title the span of participants was ¢oosed toward the low end of the range,
with 84.3%(n = 70) of the participants at the VP level or belo@%d(n = 10) president to CEO,
and no board members. Therefore, while strivingafarde-cross section from managers and
senior managers to junior and senior executivesder to produce a well-dispersed range of
developmental stages my sample was heavily loazlatbte junior organizational positions.

Data Analysis and Hypothesis Testing

The Rasch model was utilized in this analysis $b tiee model of hierarchical
complexity, upon which the vignettes were conseddsee justification Commons & Pekker,
2005, pp. 23-25). As Commons and Pekker explaitedvignettes embody varying levels of
task difficulty, each order more highly complex sltbbe more difficult to perform than a lower
order task. The more complex task, then, shouheigdly be performed less successfully (see
2005, p. 21). The probability of selecting a spea@bmplexity level depends on the ability of
the individual and the difficulty of the item (astdrmined by the embedded complexity) (see
explanation in Bond & Fox, 2007, pp. 10-11). Thesétamodel illustrates the relationship
between the participants’ responses (selectiorg}laitems in a logarithmic, interval scale.
Further, it specifies the form of the relationshgiween persons and the items that define a
single trait; here the targeted ability is thatomplex reasoning. The equality of intervals in the
Rasch scaling is achieved through log transformataf the raw data (see Bond & Fox, 2007,
pp. 15-27). However, the Rasch analysis is ndtaut potential for misrepresentation of the
data.
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Commons and Pekker cautioned that other varialalesnherently affect the task
difficulty, “These include horizontal complexitthe acquisition of additional, horizontally-
oriented knowledge, skills and abilities], familtgrwith the language and symbols, where the
information is placed in a given array, etc.” (20p522). This is especially important in this
study where, first, the research participants ammfa highly concentrated group of participants
(narrow range of developmental stages) and, se¢bedliverse theories and practices relative to
leadership (in the shadow of which the executiVieesdinate discussion are assumed to occur,
for exampleparticipatory management, shared leadership, atdbiee, autocratic, or dictatorial
approaches). In the first, in that the Rasch aisig a mathematical procedure for determining
the logarithmic scale of the odds or probabilitéspecific levels, the high concentration of
participants in the study skewed the odds. Irs#ednd, as an example, an executive with
highly developed complex reasoning ability may hastepted a leadership style precluding
intimate involvement of subordinates in the decisitaking process. The Rasch maps, then,
were not expected to exactly mimic the MHC compiegtages that would occur in a wider
range of research participants; a Rasch analysisvas a wide range of responses (Bond & Fox,
2007).

Data were downloaded from the Internet-based sunstyument (SurveyMonkey.com)
in MS Excel spreadsheet format. In that a Raselyais “expects the data to represent
ascending qualitative levels of the latent traitM. Linacre, personal communication, August
18, 2008. See also Linacre, 2006), | arrangedi#te, first, horizontally across the spreadsheet
columns in the order of hierarchical complexigyy.,8-12) and, secondly, vertically by the
demonstrated ability of the individual respondeng (;those assigning on the Likert scale a rate
of ‘6’ to the level-12 executive scenarios). Mytalaonform to this scheme (J.M. Linacre,
personal communication, August 18, 2008). Subsety, it was imported into SPSS, first, to
facilitate further analysis and, second, modifie@fder to support a Rasch analysis using
WINSTEPS, a Rasch analysis software program atdgtedohn Michael Linacre, PAD
(Linacre, 2006; Trudeau & Adams, 2005). Toward #nd, the SPSS data was saved in fixed
ASCII format, the necessary format for the Rasciyais.

Stages of Complex Reasoning

This section summarizes the results of participasponses. It is organized in six
subsections: model reliability and fit, WINSTEPSpwascattergram depiction of results,
ANOVA and regression analysis, stage measuresthenidypothesis testing. It should be noted
that the necessary preparatory steps for the Rasllysis was the organization of respondents’
raw 6-point Likert scores in a linear scale fashtughest to lowest: The respondents were
ordered in accordance with their complex reasoalnitity as reflected by their rating of the
hierarchical complexity ordered vignette modelsR&sch analysis determines the relationship,
the pattern, between the matrix cells in the sppileaet of results (see, e.g., "Important
Principles of Measurement Made Explicit" in Bond=&x, 2007, pp. 15-27). The subsequent
Rasch analysis transformed this raw score ordiredego an interval log odds scélEinally, a
regression analysis was conducted on the Raschsseersus the order of hierarchical
complexity to understand the relationship betwéentivo.

Reliability
WINSTEPS provides both a person and item reliahitilex, necessary to determine if
enough test items spread along the continuum (BoRdx, 2007). Linacre (2006) explained
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that “person reliability” is equivalent to the tradnal "test" reliability while "item reliability"

has no traditional equivalent. In the first, loalies indicate a too narrow range of person
measures, or a small number of items. In the sedomdvalues indicate a too narrow range of
item measures, or a small sample. The generatgpaed lower level is 0.70 (Hair, Anderson,
Tatham, & Black, 2005). The data collected fos tstudy resulted in a person reliability level of
0.79 and an item reliability of 0.98, both reprasena strong acceptable level.

Fit
In an analysis such as the one presented hergjpically reported information is “Rank”
(variable name, such as “08-Bb”), “Measure” (thentified Rasch score), and the significance
test of “Infit MNSq” and “Outfit MNnSqg” (Trudeau & dams, 2005), see Table 7

Rank: Measure Originally Rasch used the chi-squay® 6ignificance test, “one of the
most widely used tests in social statistics” (Roeat 1981, p. 150), to determine how well
empirical data met the requirements of the Rasctiein@ee, e.g., Bond & Fox, 2007, pp. 238-
239). Basically, it is the product of the row aralumn totals in the matrix of collected data
divided by the total sample size (Agresti & Finlap86).

Table 7

Rank: Measure

|[ENTRY RAW MODEL| INFIT | OUTFIT |[PTMEA|EXACT MATCH|
INUMBER SCORE COUNT MEASURE S.E.|MNSQ ZSTD|MN SQ ZSTD|CORR.| OBS% EXP%|DISPLACE| RANK |
| +. S e— S — e S — e |

| 6 193 86 1.02 .10/1.09 .6|1. 16 1.0| .4529.1 35.8| .00| 08-Bb|
| 28 99 43 .92 .14]1.12 6|1 12 .6| .43/30.2 34.6| .00| 10-Ya|
| 48 95 41 .89 .15/.96 -1|. 98 .0| .54/19.5 34.5| .00| 10-Ye|
| 33 102 43 .86 .14/1.30 1.4|1. 27 1.2| .44|23.3 33.4] .00| 10-Yb|
| 38 102 43 .86 .14/.89 -5|. 91 -.3| .47|32.6 33.4| .00|10-Yc|
| 21 205 83 .82 .10.99 .0. 94 -.4| .50|42.2 32.6] .00|08-Be|
| 32 105 43 .81 .14/.99 .01 01 .1] .40|23.3 32.8| .00| 09-Ab|
| 16 213 85 .79 .10|.86 -1.0|. 85 -1.0| .56 42.4 32.4] .00| 08-Bd|
| 11 218 85 .74 .10|.94 -4|. 91 -.6| .57|31.8 31.9] .00| 08-Bc|
| 43 107 42 .72 .14/1.05 .3|1. 05 .3| .49|28.6 32.1] .00| 10-Yd|
| 1 239 90 .68 .09]1.08 .6|1. 11 .8| .30|26.7 30.7| .00| 08-Ba|
| 37 112 43 .68 .13|.68 -1.7|. 71 -1.5| .47|41.9 31.1] .00| 09-Ac|
| 31 113 43 .66 .13].94 -2|. 94 -.2| .34/23.3 30.9] .00| 08-Jb|
| 8 235 86 .62 .09]1.28 2.0J1. 27 1.8 .37|31.4 30.3| .00| 10-Fb|
| 47 110 41 .60 .14|.81 -1.0|. 82 -.9| .3934.1 30.7| .00| 09-Ae|
| 13 239 85 .56 .09]1.09 .7|]1. 06 .5| .44|27.1 29.6] .00| 10-Fc|
| 3 256 90 .54 .09]1.22 1.6]1. 23 1.7| .21|22.2 29.4| .00| 10-Fa|
| 42 117 42 54 .13|.81 -1.0|. 84 -.8| .48|35.7 29.8| .00| 09-Ad|
| 46 115 41 .51 .13|.75 -1.3|. 74 -1.3| .51|22.0 30.0] .00| 08-Je|
| 26 122 43 .50 .13|1.04 .3]1. 04 .3| .24/20.9 29.9] .00| 08-Ja|
| 27 124 43 .47 .13].79 -11]. 79 -1.1] .32|41.9 29.9] .00| 09-Aa|
| 36 125 43 .45 .13].82 -9|. 80 -1.0| .44/ 27.9 29.9] .00| 08-Jc|
| 18 252 85 .45 .09]1.01 .1]. 99 -1 .48|29.4 29.5| .00| 10-Fd|
| 23 243 81 .42 .09]1.01 .1J1. 01 .1 .4233.3 29.5| .00| 10-Fe|
| 41 125 42 .40 .13].92 -4|. 92 -.4| .45/19.0 29.8] .00| 08-Jd|
| 7 274 86 .30 .09].78 -1.8|. 77 -1.8| .45|24.4 28.7| .00| 09-Sh|
| 2 290 90 .28 .09].90 -.7|. 89 -.9| .39|26.7 28.7| .00| 09-Sa|
| 12 278 85 .24 .09].71 -2.5|. 70 -2.5| .63|29.4 28.9] .00| 09-Sc|
| 22 273 82 .20 .09.87 -1.0|. 86 -1.0] .47|30.5 28.9] .00| 09-Se|
| 17 283 85 .20 .09].76 -2.0|. 74 -2.1| .58|28.2 28.8] .00| 09-Sd|
| 34 173 43 -30 .13|.97 -1|1. 01 .1| .25/25.6 29.8| .00| 11-Gb|
| 15 359 85 -42 .09.96 -2|. 98 -.1] .39|27.1 31.3| .00| 12-Wc|
| 39 183 43 -48 .13].78 -1.1]. 75 -1.2| .36/51.2 31.6] .00| 11-Gc|
| 49 174 41 -48 .14|.87 -6|. 83 -.8] .36/39.0 31.5| .00| 11-Ge|
| 44 180 42 -50 .14|.90 -.4|. 88 -.5| .35/40.5 31.9] .00| 11-Gd|
| 20 370 85 -52 .10]1.03 .2|1. 08 .6| .34/35.3 32.6| .00| 12-Wd|
| 10 377 86 -54 .10/.95 -3|1. 04 .3| .21]29.1 33.0] .00| 12-Wb]|
| 25 343 78 -56 .10/.95 -.3|. 98 -.1| .46|37.2 32.9| .00| 12-We|
| 29 189 43 -58 .14|.88 -6|. 99 .0| .19]34.9 32.9] .00| 11-Ga|
| 5 408 90 -66 .10/1.23 1.5|1. 29 1.8| .26|34.4 35.0] .00| 12-Wa|
| 45 204 42 -1.01 .16]1.28 1.2]1. 32 1.3| .32|33.3 39.3] .00| 12-Md|
| 50 174 36 -1.03 .17]1.19 .8|1. 14 6| .48/ 41.7 39.4] .00| 12-Me|
| 40 216 43 -1.19 .17]1.21 .91 28 1.1| .27|34.9 39.5] .00| 12-Mc|
| 24 410 81 -1.21 .12]1.32 1.7|1. 47 2.3| .21]33.3 40.7] .00| 11-Ee|
| 14 432 85 -1.23 .12]1.24 1.3|1. 38 1.9| .19|42.4 40.6] .00| 11-Ec|
| 30 218 43 -1.25 .17]1.15 .7|1. 14 .6 .37|37.2 40.2| .00| 12-Ma|
| 4 460 90 -1.26 .12|1.85 4.0[1. 95 4.3| .24|25.6 40.4| .00| 11-Ea|
| 35 220 43 -1.31 .17]1.09 .41. 13 .6| .29]44.2 40.9] .00| 12-Mb]|
| 19 448 85 -1.49 .14/1.00 .1J1. 04 .3| .32|40.0 42.7| .00| 11-Ed|
| 9 466 86 -1.74 .15]1.04 .3|1. 08 .5| .27|45.3 48.1| .01 11-Eb|
| + e — S  E— . —— S S— |

| MEAN 227.4 638 .00 .12|1.01 .0[1. 02 .1| 322 333| |

|S.D. 107.4 21.7 .79 .03[.20 1.1]. 22 12| |75 44 | |
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Statistically, the Rasch mean-squaresyastatistics divided by their degrees of freedoneyrh
show the size of the randomneiss,, the amount of distortion of the measurement systeth,
1.0 the expected value. Values less than 1.0 itelmaservations are too predictable and those
greater than 1.0 indicate unpredictability; meanasgs are always positive (Anonymous,
2008b). Dawson-Tunik et al. (2005) considered piatde person fit statistics between -2 and
+2. Linacre stated that values of 0.5 — 1.5 aredpctive of measurement” (2006, p. 223), but
Linacre contends that up to 2.0 is acceptable @aud Adams, 2005) . It can be seen in the
table that all items fit. Therefore, the data@eemed acceptable for this study.

WINSTEPS Maps
The WINSTEPS maps graphically represent how thmstef consideration and the participants’
responses relate, or are distributed (as seBigure 2.Rasch map: participants). Depicted on
the right side of the graphs are the items witlr theler of hierarchical complexity indicated by
the number€.g.,“08” for the Concrete stage). The left side of ¢iiaph shows the relative
distribution of each participant, FFigure 2.Rasch map: participants the letter reflects the fir
element of the participants self-code anéigure 3.Rasch variable map each “#” represents 2
participants.

PARTICIPANTS - MAP - RANKS
<more>|<rare>

) " : ) -
| Figure 2.Rasch map: participants
IT
I It should be noted that the
J | “ TR . - .
Al M” in the graphical display is the
1 + 08- H wen
PT| 08- 10- 10- 10- 10- location of the mean, the “S
AM |S 08- 08- 09- 10- - -
FFHRS | 08-08- 09- 09- 10- represent one standard deviation
DJRTVS| 08-08- 08- 09- 09- 10- 10- 10- Jp—
GMV | 08-10- from the mean, and the “T” two
DFFHHJJKMSTW | 09-09- 09- 09- 09- . .
AAACDDDFJJJPRRM| standard deviations from the
ODEFGGJJLLLMRSVWWY +M
GHHJJILMRRR | sample mean. Also, the range of
CHKM | 11- . .
DFLMRS] 12- the log scale is a function of the
BLMT | 11-11- 11-12-12- .
MR | 11-12- 12- range of difficulty represented by
FR the vignettes (in this case, -2 to

-1 + 12-12-

| +2), with each unit representing
| 11-11- 11-12- 12- 12- ) . .
| an equal increase in difficulty.

| 11-
T
| 11-
I
2 +
<less>|<frequ>




48

The variables are laid out

P orosicrares - FANKS vertically with those demonstrating
2 N higher stage reasoning and the
|

scenarios at the bottom of the

i more difficult (higher order)
|
|
| graph. The stage coding system for

1 + 08-Bb

.T| 08-Be 10-Ya 10-Yb 10-Yc 10-Ye the right side of the graph is: 8 =
# |S 08-Bc 08-Bd 09-Ab 10-Yd
## | 08-Ba 08-Jb 09-Ac 09-Ae 10-Fb Concrete, 9 = Abstract, 10 =
## S| 08-Ja 08-Jc 08-Je 09-A: 09-Ad 10-Fa 10-Fc 10- -
Fd | 0592 08 08Je 09rAa m e Formal, 11 = Systematic, and 12 =
# | 08-Jd 10-Fe .
#HHHH# | 09-Sa 09-Sb 09-Sc 09-Sd 09-Se Metasystematlc.
i M|
O #HHHEHAH +M
| . .
## | 11-Gb Figure 3.Rasch variable map
## S| 12-We
## | 11-Gc 11-Gd 11-Ge 12-Wb 12-wd
# | 11-Ga 12-Wa 12-We . . .
TS While there is a strong fit of
1 - 12w s2e the items to the model, exhibited in
I 11-Ea 11-Ec 11-Ee 12-Ma 12-Mb 12-Mc the strong grouping around the
| e mean and distribution both high
| e and low indicating varying levels
2t of developmenti-igure 3.Rasch
<less>|<frequ> .
EACH #1S 2. variable map clearly shows that

82% of the participants were within one standandai®mn. As stated previously, the

participants for this study came from a constricieghnizational level and developmental
stages. A wider distribution of development stagesld have resulted in concrete and abstract
items to have mapped between one and two standaiatidns below the mean, with those of
systematic and metasystematic to have mapped betveeand two standard deviations above
the mean. As explained previously (in section tiegrant Response”) the low response resulted
in not having low enough stage performing partinipa

ANOVA and Regression Analysis
A regression analysis was conducted in order ttebahderstand the relationship between the
Rasch score and the order of HC. Explained by Newhd Rudestam, “the multiple correlation
coefficient and its square, the multiple coeffitiehdetermination (R and®Rrespectfully),
assess the ‘fit’ of the data to the Rasch modeksHications. When the fit is perfect, both R and
R? are 1.00” (1999, p. 249). This ensures the iamameasurement within the model’s
unidimensional framework, or that my assessmentdes on one attribute at a time (see human
science measurement comparison to physical measatemBond & Fox, 2007, pp. 32-34). It
is important to note thatRas Agresti and Finlay explained, provides a mesastitotal
variation as a function of the predictive poweths independent variables (for expanded
discussion, see 1986, pp. 326-327). As can beiseen
Table 8

Regression Analysis, Model Summtirgse values are well in range, at 0.759 and 0.577
respectively.

Table 8
Regression Analysis, Model Summary
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Analysis of variance (ANOVA) assesses the

' significance of the relationship between the
Model R R Adjusted Std. Error of S!9 p

R? the Estimate independent variables and a single continuous
dependent variable. The test statistic for
1 759 577 568 51525 analysis of variance is calléq where a ratio is

calculated between the variability differences

of the “between group” and “within group.”
The value is large enough to indicate that theifigsl are statistically significant.

Table 9
ANOVA Summary Table

Sumof pDf Mean F

Model  Squares (peg.of Square (beween/  Sig.
(SS) Freedom) (SS/df) within)

Regression 17.364 1 17.364 65.405 <.001
Residual 12.743 48 .265
Total 30.107 49
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Scattergram

The scattergram depicts the regression analygisoofped item order of hierarchical
complexity versus the Rasch scores,Egere 4.Scattergram: item Rasch score versus order of
hierarchical complexity. Ideally, the groupingswi@match the calculated Rasch score and the
stage of complexity. For example, lower stagesoofplexity €.9.,8) would be grouped higher
on the Rasch scale axis.g.,2.00). As can be seen, this is not the case. &/hd lower
complexity stages 8-10 are relatively high in tbatsergram, they are all near-equal in
distribution. Similarly, the higher stages 11 a2date both appropriately depicted low on the
Rasch scale (below 0.00 to -2.00); they are, siigjlaear equal. As previously stated, this is
attributable to a constricted sample relative tmplex reasoning development.

Figure 4.Scattergram: item Rasch score versus order cdugigical complexity

1o 8 Stage Measures
g o : Determining the participants’
e 8 : 8 complex reasoning stage was achieved
8 through a calculation in accordance
oo O with the below equation:
5 -0.50] g g
-1.00 =]
8 §
i _ _
Equation 9.Stage calculation
PersonRaschScore - StageMean
Stage of _
= + ItemHC
Person

StageMeapn StageMean

First, to conduct this calculation | calculated ifeen average Rasch scoeed.,StageMean = the
average of all raw Rasch scores for same ordefjtiestions, such as “Systematics” stage 11
listed in column “Rank”), see Appendix 20: CalculgtStage Scores: HC Stages. This was
facilitated by the WINSTEPS scores shown in thesaplpx (column “Measures”). As an
example, all Concrete stage 8 questions resultad ewerage measure of 0.657. These values,
ordered by the HC stage, are shown in



Table 10
HC Stages-Ordered by Rank
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Table 10
HC Stages-Ordered by Rank
Average of HC Stage As can be seen, the calculated average valuesadbr e
HC stage does not linearly change from HC stageHG
Ordered by Rank P " .
8 0.657 Concrete stage 12. Rather, these values “jump” (movingadut
sequence).
9 0432 Abstract
10 0.684 Formal
11 -0.927 Systematic
12 -0.849 Metasystematic
Table 11
HC Stages-Ordered by Measure
Average of HC Stage As shown in
Ordered by Measure
10 0.684 Formal
8 0.657 Concrete Table 11
192 _%23;29 Metgsb;;z:;aﬂc HC Stages-Ordered by Measurwehen the table is sorted on

11 -0927 Systematic the measure value, as necessitated by the catnulati

Equation 9.Stage calculation), the orders of HC of the itemesaat of sequence.

Our stage calculation requires a linear transitiomeasurement values. The results, as
can be seen in the table, reordering of HC stggases them out of the sequence that was
anticipated by the complexity structure of the dgioes (determined by the model of hierarchical
complexity). As stated previously, | attributestio the constrained population of research
participants (from a narrow range of developmeletz|s).

Table 12
HC Collapsed Stages
Average of HC Stage This necessitated a corresponding narrowing
In order of HC Rank & Measure of stages—collapsing of stages—into fewer than

8,9,10 0.591 Concrete-Abstract-Formal originally deSigned (from ﬁV_E: 8,9,610,11, 12
11,12 -0.888 Systematic-Metasystematic ~ t0 Only two: high and not-high stages), see

Table 12
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HC Collapsed Stageand Appendix 21: Calculating Stage Scores: Ppdids’ Stage.
This is necessitated by the minimum number of olzgEms for the statistical regression
analysis where individual participant HC stages tnescalculated.
Second, my next step in determining participantdtigje was to retrieve from my analysis
(WINSTEPS table) each participant’s score. In adaoce with the calculation methodology,
each participant score must fit between two stagees. | found seven (7) below the minimum
HC stage 8 score.€., higher than 0.657 as shown in
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Table 10
HC Stages-Ordered by Ranko were eliminated from further analysis. Tieiduced the
population for future statistical analysis to 8BeTresults of this HC stage analysis are shown in
Appendix 21: Calculating Stage Scores: Participeédtege where each participants HC stage has
been determined, as by calculation

Equation 9.Stage calculation.

Results of Stage of Complex Reasoning Hypothesimde
The hypotheses that were tested in this phaseeaktearch analysis are those listed
below (2, 4-6). The theme of these hypothesesaitsahability to measure development within
general psychological dimensions of workplace @gtihat are themselves divorced from
domain-specific skills, abilities, and competenaes, further, can be conducted with reduced
cultural bias.

Hypothesis 2:
Can be ascertained by focused examination withentkleorized psychological
dimensions of organizational tasks.

Hypothesis 4:
Can be measured by the order of hierarchically dexity of reasoning stages that is
divorced from concepts of skill-based performance.

Hypothesis 5:
Measures of executive development can be perfosepdrate from concepts of
domain and context in which the assessment is atedu

Hypothesis 6:
Measures of executive development can be conduwdtededuced cultural bias.

The design of the research instrument was base@joettes of sequentially increasing
complexity. This was to guard against the enviromi@einfluences which may be introduced
through domain, context, or culturally specificccimstances. Research respondents were
anticipated to have an affinity for scenarios retfleg their individual stage of complex
reasoning (Commons & Pekker, 2005), or as Commbak €005) suggested, stage of
complexity which the individual “utilizes to orgam information” or “perceive the world.”
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Category Probability

~ : '
5 4 2 T3 00T ¥ ¥ ¥

Categery probability: 2

Figure 5.Category probability curves

A first review of the success of this scheme is\aaw of the participant selection of
response categories (Likert scale 1-6). In accareavith the design of the research instrument,
respondents were anticipated to selected higher aamplexity scenarios reflecting their
development stage (rather than familiarity with @m context, or cultural influences).
Therefore, expected was a pattern of higher cayegglection €.9.,“6”) as the item complexity
increasedd.g.,across the x axis from “concrete” stage 8 to “mgdesnatic” stage 12) depicted
in the graph as Rasch log scale measures. Shokigure 5.Category probability curves shows
this distribution. The relative item difficulty @n the x axis and the probability of selection
scaled on the y axis. The graph reveals thateagdim difficulty increased, moving across the x
axis, that the selection probability shifted froategory “1” (first curve), to category “2” (second
curve), through categories “3,” “4,” and “5” to th@ost complex scenario and correspondingly
the most developed individual with probability detpd in the sixth curve (“6”).

Table 13
Category Frequencies

Similarly, a second review of the

CAT OBSERVED |OBSVD SAMPLE|INFIT OUTFIT |CATEGORY success of this scheme was to assess the

LABEL COUNT % |JAVRGE EXPECT| MNSQ MNSQ | MEASURE . . .
1 360 8] -77 -.77] 1.02 1.07] -2.56 rating category functioning. Bond and
605 13| -.53 -.56| 1.09 1.22] -1.13 Fox suggested that the simplest way to
584 13| -.29 -.27| 1.09 1.18]| - .34 .S . L.
582 13| .10 .15| .99 1.00| .29 do this is to review the use statistics
(2007, pp. 222-223), see
Table 13

636 14| .70 .67 .85 .84| 1.13
Category Frequencies

O wWN
OB WNE

423 9| 1.16 1.16| 1.00 1.01| 2.66
They suggest that “eyeballing”
the category average measures reflect the aveeagendent ability on a log scale. The average
measures should increase as the variable difficatieases. The WINSTEPS statistics reveal
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this pattern. As the response categories increased*1l” to “6” the average measure increased
from -2.56, through -1.13 and +1.13 to +2.66.

The ability to assess complex reasoning developfeatof domain, context, and cultural
influences is clearly shown in the data-to-mod&abdity and fit (see Table 7

Rank: Measurk the response distribution depictedrigure 2.Rasch map: participants and
Figure 3.Rasch variable map, the regression statistics (see

Table 8
Regression Analysis, Model Summang
Table 9
ANOVA Summary Tablethe
Sumof pf Mean F scattergram depiction of
Model  Squares (eg.of Square (beweens Sig.  development stage responsEg(re
(ss)  Freedom) (ssip  within) 4. Scattergram: item Rasch score

versus order of hierarchical
complexity), and the category
function assessment shownRigure
5. Category probability curves and

Regression 17.364 1 17.364 65.405 <.001
Residual 12.743 48 .265
Total 30.107 49

Table 13
Category Frequencies

Statistical Analysis: Contributors to Complex Re@rg Stage
This section summarizes the results of the comparanalysis of the participants’
exhibited complex reasoning stage and the undeylyaontributing developmental
circumstances. It is organized in two subsectifirst; a basic correlation review and, second, a
binary logistic regression analysis of the two @pfied HC stages.

Basic Correlation Review
| first attempted to identify any obvious bivaria@rrelations between the HC stage dependent
variable and one of the seven independent varigblgdisted below, see
Table 14

Bivariate HC Correlation | executed this examination first to identifgtbxistence of
and understand the strength of any variable relships before executing a regression analysis
to explore the nature of such relationships. |parad HC stage to the participants’
Degree €.9.,BS, MS, PhD)
DEVprog, development progranms.q.,seminars, courses)
DEVyrs, development years (time dedicated to dgraknt programs)
CARwork, type of engaged career work.g.,routine, organizational change)
CARfunc, functions in which work was performedd.,administration,
engineering, human resources)
CARsupport, type of received suppaetd.,collegial, role model, mentor)
CARyrs, years of experience throughout the career

Al S

No

Table 14
Bivariate HC Correlation
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Corr elation | found no correlation between the individual’'s HC

nc Stage and the seven circumstances of interest when

examining the Spearmarpscorrelation, the most
appropriate non-parametric measure of correlation f
this analysis (R. Mooring, PhD, Statistics Professo
Clayton State University, personal correspondence,
Correlation Coefficient .004 September 15, 2008). As can be seen in
DEVpro  Sig. (2-tailed) 970 Table 14
N 83 Bivariate HC Correlatiorall correlation values
fell below the +.20 weak positive correlation arnmbee
a -.20 weak negative correlation (see Table 1(h11 i

Correlation Coefficient -.108
Degree Sig. (2-tailed) .333
N 83

Correlation Coefficient .150

DEVyrs  Sig. (2-tailed) 175 Newton & Rudestam, 1999, p 264). As explainediin a
g N 83 earlier section (WINSTEPS Maps), | attribute tlughe
1% Correlation Coefficient -.003 constricted development levels and the exhibitadest
S CARwork Sig. (2-tailed) 978 Of cpmplex reasoning among t_he participants_; all _
S N g3 Participants were narrowly defined in these dimensi
(U . . g . - . -
o - — This inability to clearly indentify relationshipgtween
& Correlation Coefficient -065  the dependent and any independent variables
CARfunc  Sig. (2-tailed) 560 foreshadowed difficulty in running a meaningful
N 83 regression analysis where relational character dvbel
Correlation Coefficient -.071 €Xplored. | explain this difficulty in the nextct®n.
CARspt  Sig. (2-tailed) 504 However, | identified some obvious moderate to
N 63 strong positive correlations such as an indivickiafje
and the years of experience (Spearmams656). One
Correlation Coefficient .037 would expect that as years of experience incretses
CARyrs  Sig. (2-tailed) 743 the participant ages. As a further example, | evqul

N g3 the correlation between participants’ development

programs and the development years dedicated $e the
programs, where | expected to find a significatdtrenship. | found a positive correlation,
Spearman’g = .553 (a complete correlation review is provided\ppendix 22: Complete
Bivariate Correlation Review).

| sought, as well, to explore other basic correlaibetween the expanded variables from
the participants’ survey-based development invgni@g.,age, gender). | identified interesting
correlations between the work in which the resegedticipants have engaged (CARwceelg.,
organizational change) and the functions withinchithey have worked (CARfune,g.,
Engineering, with a Spearmams .294) and with the amount of support receivedugghout
their careers (CARspé.g.,role model, mentor, with a Spearmap’s .264). While not part of
this research study, these findings call for furtiesearch into type and amount of support
provided individuals and the influence on work ihigh they are engaged.

Binary Logistic Regression Analysis

In that research participation necessitated thiagsihg of HC levels, | conducted a
binary logistic regression analysis to determimggisicant contributing factors to higher stages
of developed complex reasoning. Binary logistigression requires that the dependent variable
be dichotomous (or ordinal in the case of HC stpged the independent variables be metric or
dichotomous.
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First it was necessary to determine if | had ol@dian adequate sample size for this
analysis. To determine this | ran a baseline tagiegression in order to obtain basic
information, such as outliers that lay outsidevad (2) standard deviations. My data contained
no outliers. In addition, the 83 valid cases rhetrequirement of at least 10 to 1 cases to
independent variables (considering seven indepenaeiables, the ratio of 11.9 to 1).
Second, | determined the validity of interpretihg telationship between the HC stage
dependent variable and the selected independeables €.g.,degree, years of experience) by
conducting a test of accuracy rate on my modeS$S). As shown in
Table 15
Model Accuracy Rate Teghe accuracy rate of my regression model is 77th&sefore, it is
valid to use the model to interpret the relatiopdtetween the HC stages and independent
variables of interest.

Table 15
Model Accuracy Rate Test

Model Accuracy Rate Test

Classification Table 2"

Predicted HC

Observed 0 1 % Correct
Step0 HC 0 64 0 100.0
1 19 0 .0
Overall % 77.1

a. Constant is included in the model.
b. The cut value is .500

Third, | checked for multicollinearity (high coreglons between independent variables, see, e.g.,
Newton & Rudestam, 1999, p. 264) and numerical lprab with the model. | did this by
examining the standard errors (S.E.), or the “saasthdeviation of a hypothetical distribution of
correlation coefficients among samples sizes a¥angsize drawn from the same population”
(Rowntree, 1981, p. 166), for thecoefficients. An S.E. larger than 2.0 indicatesiaerical
problem (such as multicollinearity). As shown iable 16

Multicollinearity and Numerical Problemso independent variable has an S.E. larger
than 2.0; therefore, | identified no problems twatuld preclude using the model.
Table 16
Multicollinearity and Numerical Problems

Fourth, |
Variables in the Equation examined the overall
B SE.  Wald df Sig. Exp(B) seven-IV model
relationship, based on
Stepl Degree 142 227 390 1 532 868 i
DEVpro 009 047 035 1 851 991 .o
DEVyrs 036 .08l 197 1 657  1.037 5|gn|f|c':anc§ of the
CARwork -015 031 227 1 633 .985 model’s chl-squarexf)
CARspt 023 .051 103 1 661 o7g Value. I'soughtto
CARyrs 018  .025 526 1 468 1013 understand the
Constant .778  1.098 502 1 479 4p0 Significance of the

difference between the



59

HC stages within the dimensions specified in theesendependent variables or, in other words
to determine whether the observed frequencieslglddfer from the frequencies that could be

expected by chance.

Table 17
Model Overall Relationship

Omnibus Tests of Model Coefficients

Chi-square df Sig.

Stepl  Step 1.639 6 .950
Block 1.639 6 .950

Model 1.639 6 .950

developmental dimensions.
Fifth, I next examined the individual relatio

The assumed null hypothesis in this test is
that both high and not-high development stage
groups have equal educational and experiential
circumstances. The resultaAt= 1.639 is non-
significant. The null hypothesis is true, which
was explained earlier in the constricted
participant group with narrowly defined

nshipsdetermine if there is a relationship between

each independent variable and the dependent vaielk). To do this | examined the
significance of the Walg test of the coefficient and the interpretation of the oddotat

Table 18
Individual 1V Relationshipdt is used
coefficient @) in the model.

Table 18
Individual 1V Relationships

to test the statistical significanteach

Variables in the Equation

Shown in
Table 18

B SE Wald df Sig.

Stepl Degree -142 227 .390 1 .532
DEVpro  -009 .047 .035 1 .851
DEVyrs  .036 .081 .197 1 .657
CARwork -015 .031 .227 1 .633
CARspt -.023 .051 .193 1 .661
CARyrs 018 .025 526 1 .468
Constant -778 1.098 .502 1 .479

Individual 1V Relationshipss that
no IV has a probability of the Wajd
statistic that is less than or equapte
0.05, as required for significance. Even if
the significance has been acceptable no
Waldy*was significant. As an example,
the significance of the number and type
of development programs taken by the

Exp(B)
.868

991
1.037
.985
978
1.018
460

In other words, they are near chance level
participation group with similar developme
Similarly, in

Table 18

research participants (DEVpro) is 0.851.
. Agais,is attributed to the constricted
ntal cingcstances and complex reasoning stages.

Individual 1V Relationshipghe Expp) factor indicates the decreased odds ratio
(decrease in odds = [EXp)(— 1]) are insignificant. In the case of the numdnad type of
development programs taken by the research patitsgDEVpro), there is a 0.9% (.009)
chance that higher developmental stage participamise lower stage choices.

Results of Contributors to Reasoning Stage Hyp&hessting

The hypotheses that were tested in

this phasesakgearch analysis are those listed

below (1, 3). The theme of these hypotheses ighieanherent aspects of education and
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experience of executive development will be manifesand measurable by higher complex
reasoning stages.

Hypothesis 1:
Executive development leading to the acquisition hadher levels of complex reasoning
positively correlates with a combination of educatand experience.

Hypothesis 3:
Executive development correlates with higher leeélsomplex reasoning.

| found in this study no strong correlations betwstages of complex reasoning and
examined developmental circumstances. Howevecdgm®ize the general acceptance of this
phenomenon, that development is a result of “eetyanf forces that may interact in quite
complex ways” (Stevens-Long & Commons, 1992, p. 58) world view incorporates this,
albeit in different ways (see,g.,Goldhaber, 2000). As an example, a “mechanistmfldview
accounts for connected parts of a greater wholeeutevelopment emerges from responses to
life experiences (Super & Harkness, 2003). Thegdaistic” worldview allows for the notion
meaning borne of a maturing pattern of psycholdgioastructs as espoused by Frued (see
reference in Hothersall, 1990), Erickson (2002) Brapet (1950). And the “contextualist”
worldview (Thomas, 1996) where contextual circumesés shift from a setting in which
developmental “unfolds” to one in which the indival “self-constructs” or engages in
autopoiesigGreek: self-production), which is considered mmagmatic” (Morris, 1997). So,
while there is a robust debate among these lindewélopmental theory (Super & Harkness,
2003), all incorporate a view that developmentsogiated with and a function of life
circumstances, occurring “across the lifespan” é8wn & Watson, 2000).

| attribute the inability in this study to isolagpecific circumstances to two principal
reasons. First, as stated earlier the samplensigzesmall and constricted to a narrow range of
participants (organization position, degree, et@his resulted in the inability to, one, acquire
participants with a wide range of development ftaggressitating collapsing the sought-after
five-stage response (Stage 8-12) into two groujgh (dnd not-high). | started, then, not with
five-stage wide-ranging cases, but rather two. 8écthis was combined with the similar
developmental circumstances of the participamig. 80% possessing graduate level degrees,
and nearly half from the departments of Administrmaind Human Resources: respectfully,
24 or 27.6% and = 13 or 14.9%).

These results suggest the need for additional res@ao the influences of
developmental circumstances to the acquired alidityhigher stages of complex reasoning.

Summary of Data Analysis and Results

Human research idiosyncratic circumstances cantliesunexpected test results (Bond
& Fox, 2007). In the case presented here, for @kanan individual with a highly developed
stage of complex reasoning may score lower duia f@art, the environmental circumstances at
the time of participation. One could well imagihe influences to ability if taking the survey in
the evening “over a glass of wine” versus one t@kie survey in the office as an emergency
occurs or one setting time aside to complete theegun the quiet of a home office. This calls
for future research to offer suggested environngntimstances in which to take the survey.
However, | recognize that the complete eliminatbthis phenomenon is not likely in human
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research. As Fox and Bond suggested, “human baharely shows rigid step-like patterns of
progression” (2007, p. 23).

The results of this study are mixed. First, | fduhat the Model of Hierarchical
Complexity to be well-suited for reduced bias measient of development within an
organizational setting. Beyond measuring relasiages of development, utilizing the Rasch
model, this approach allows for an understandiniip@frelative “distances” between levels.

This is facilitated by the Rasch calculation obgdrithmic, interval scale on which to map the
results.

However, there are important aspects of utilizimg methodology, including sample size
and the distribution of the research participades/elopment stages. As was evidenced in this
study, a relatively small sample size that is cotreg¢ed within a narrow trait range can produce
confusing results. As an example, | found the kiges to be out of order, as can be clearly
seen inFigure 2.Rasch map: participants. It can be seen thaty@ected, the “concrete” stage
responses (stage 8) are depicted high on the @odieating a low stage of reasoning
development). However, the next emerging developrsiage in this test is the “formal” stage
(stage 10) which becomes intermixed with the nextrging stage, “abstract” (stage 9).
Therefore, to adequately apply this methodologyhtomeasure of development, the sample size
has to be, first, large and, second, well-dispesgedss all development stages of interest.

Second, | was not able to identify from this smsilhilarly developed group significant
contributors to their development. Again, thisiibutable to the research participation. When
several explanatory variables are introduced imoanalysis, as in the case of contributing
factors to the development of higher stages of dexwygasoning, a regression analysis is the
best suited statistical methodology (Cook, et24lQ0). However, it as well requires an adequate
sample size with well-dispersed variables.
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CHAPTER FIVE: DISCUSSION
Objectives, Approach, and Questions

The principal objectives of this research werestfito show that hierarchical stages of
executive complex reasoning can be measured wathiorganizational setting and, second, to
identify the common developmental experienceshhae contributed to the development. In
my approach to explore these | employed differéatisgical assessment methodologies for each
objective. First, to assess developmental levetet a Rasch analysis (Bond & Fox, 2007;
Bradley, 2005). This sophisticated statisticallmeblogy is used in human science studies to
discern and graphically illustrate the relationdhgtween study participants’ responses and the
survey questions.é.,items of interest). This underlying statisticatrhula determines
“patterns of relationships,” transforming the raatalinto an interval log odds scale. | used a
statistical program designed for this type of asalyWINSTEPS (Linacre, 2006; Trudeau &
Adams, 2005). ltis, then, possible to measurecantpare various individuals within a single
trait (in this study that of complex reasoning)ngsa standard measurement ruler. Second to
determine the contributing experience to the dguaknt | employed statistical regression
analysis. My intent in this analysis was to idgntife experiences (academic and work) that
strongly correlate to higher stages of complexoeery. | explore the findings of my research
of these objectives in the next two sections.

A subordinate objective was to better understaact#ipacity of the Model of
Hierarchical Complexity (MHC) to assess stagesavietbped executive complex reasoning
within the theorized dimensions of work (see Suli-BaPsychological Dimensions of
Measurement). While MHC has been used in varippfiGtions (see, e.g., Armon & Dawson,
1997; Commons & Bresette, 2006; Commons & Rodrigil®820; Commons, et al., 2006;
Commons & Sonnert, 1994; Oliver, 2004) includingamizational (Commons, et al., 1993), the
prior applications of the instrument have not ineld executive development studies that
incorporate hierarchically complex executive-sulimaite scenarios that occur within the
theorized dimensions of organizational tasks.

Research Question 1

The first principal question | sought to answethis study was how can the hierarchical
stages of complex reasoning in the organizatioxet@tive be effectively measured without
reliance on domain, context, or cultural bias? sTguestion was borne of an exploration of the
active dialogue in the scholarly community relatigefirst, whatto measure in executive
development (often confused between conflictingamstincluding those of intelligence and
performance) and, secortthwto make the measurement? It was my hope to shaffective,
reduced-biased, and cognitive-based means to do so.

Research Question 2
The second principal question this study souglanswer was what are the common
developmental experiences of the development?plared a statistical regression analysis for
this aspect of the study.

Findings
Objective 1, Developed Stage of Complex Reasoning
The first principal objective of the research washow that hierarchical stages of
complex reasoning can be measured for the exeowtitien an organizational setting. This was
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clearly shown. Based on the utilization of a Raaahlysis (see, e.g., Bond & Fox, 2007), the
measured stages were determined from a sophisticeéhematical foundation, resulting in a
logarithmic interval scale.

Objective 2, Contributing Developmental Factors
A second principal objective of this study was &ttér understand the experiential
contributors to the development of higher stagesaiplex reasoning. | was disappointed to
have a “negative finding,” one that does not suppor hypothesis. However, there is
significant value in this.

Subordinate Objective, MHC

This study established the capacity to assesssstdgkeveloped executive complex
reasoning ability within the theorized dimensiofsvork. In a reduced bias fashion, each
vignette was designed with, first, these work disiens and, second, with sequentially higher
levels of complexity in accordance with the apglma practice for MHC (Commons,
Goodheart, et al., 2005). With the utilizationadRasch analysis, it also provides a graphic
display of the stage results (see Figure 2. Rasgh participants and Figure 3. Rasch variable
map).

Findings Relative to Research Question 1

Some researchers contend that there has beempliteess toward more effective
development measurement (P. Brown, 2003). Thisrameains confused, employing a wide-
range of approaches for development measurement,tfre individual executive’s
characteristics (Bernthal, et al., 2001), perspealormance outcomes (Burke & Collins, 2005),
psychological dimensions (Lee, 1999), or the orztional performance in which he or she
works (Landale, 2003). All of these approacheshice different biasing aspects which
precludes effective cognitive development assess(iefioch, 1989).

My study used a different measurement to elimitia¢ebiases introduced through the
aforementioned concepts. | used the Model of Hobiiaal Complexity (Commons & Pekker,
2005, 2006) to measure executive development wittgrorganizational setting. Employing a
reduced-biased, mathematically-sound, logic stredtuthe design of sequentially more
complex single-trait (reasoning) vignettes, theipgrants were free to employ their complex
reasoning stage in the vignette assessment. Fobgerved maps of relative complex
reasoning stages of the participaiigy(re 2.Rasch map: participants ak@yure 3.Rasch
variable map), | conclude that the methodology eféective. It is important to note that the
intellect- and domain-neutral language of the erygdiovignettes, centered on the single trait of
complex reasoning, allowed the participants to yagpir reasoning stage to the underlying logic
structure of the hierarchically more complex argntae This eliminated the adulterating aspects
of intellect (what they know) and performance (Wthegty can do), as is commonly employed in
such measurements. This allows me a methodologyetsure executive development on an
absolute scale and, further, to compare these stagesurements of complex reasoning between
disparate populationg g.,occupations, industries, and experience levels)mFmy
investigation of other development assessment rdetbgies, | conclude that the MHC, as here
applied in an organizational setting to be a supesfor executive development measurement.

In addition, | conclude from my research post-mmortbat there are other positive
features of the methodology that are worthy of @eration in the scholarly discourse.
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Principal among these are: the employed Rasch sinafgsultant interval scale, identification of
stage transition, and application in studies ofastgit cognition.

First, | conducted a rigorous examination of theadarough the lens of a Rasch analysis
(Bond & Fox, 2007) which produces an interval latgte scale from raw Likert categories.

While this analysis is fundamental in the humaesces, it seems, paradoxically, to be little
recognized and used in the human sciences. Asan, in conversation with two psychology
professors at the University of North Carolinasttésearcher found that neither was familiar
with it (I invite the reader to review footnote 6)Those under the tutelage of Dr. Commons,
including me, not surprisingly, all use a Raschliysia in their studies. In that the Rasch
identifies statistical patterns in matrix data afindm that, develops a log odds scale (see footnote
3) it provides an interval scale based on the dogpidifficulty of the vignette from the ordered
Likert scale data. As an illustration, the disebetween the single stage move from the formal
stage 10 to the systematic stage 11 may be diffén@n that of systematic stage 11 to the
metasystematic stage 12. Therefore, | concludelieaRasch analysis is excellent tool in the
human science researchers’ repertoires.

Second, | concluded in my investigation of the MHE design, application, and
potential application to be well-suited to inveatigg stage transition (Commons, 2006). This is
important in two dimensions. First, is the cleapidtion of stage movement indicating the
degree of movement to the next higher stage andeklsthe probable degree of difficulty
executing the remaining movement and, consequeh#ydegree of development effort
necessary to influence this movement. This coutd@exceptionally beneficial in the design
and application of executive development progrdrmsy “generic” to that customized to the
circumstances in which the executive resides. Asxample, executive development could be
designed with strong consideration of the curreddyeloped cognitive stage of the executive
and their movement to the next higher stage. Skdbis is particularly important to this
research in its implication for future researclid@velopmental neurocognition. In this
application, the MHC could measure the change habier (intellectual) in time, as necessary to
conduct dynamic systems research. As an exampi& elso (1995) conducted development
research in accordance with dynamic systems theergjd so reflected by physical movement.
Specifically, he researched the undergirding cognpatterns that are made manifest in infant
physical behaviord.g.,leg movement). However, he contended that otheterys are as
adequate for this “paradigmatic representationgdteans research, such as that introduced here
in my study of intellectual behavior. | concludathvith continued development, including
aspects of three-dimensional state space and traelMIHC can be adapted for dynamic
cognition research.

The MHC, as a mathematically-sound instrument,ifm@dication for future dynamic
cognition studies. Dynamic cognition researchezl-vrecognize the importance of modeling
cognitive patterns within three-dimensional stgtace (see, e.g., Port & van Gelder, 1995b;
Tschacher & Dauwalder, 2003). As a matter of fidetso (1995) contended that the first step in
the design of a development program is the aliitjap the existing cognitive patterns,
necessary in the design of interventions to distlugse initial patterns. This would prove
problematic without an ability to discern, as theed for the MHC, the cognitive movement in
time as necessary to map patterns. | conclude, that with future refinement and modification
that the MHC will be applicable to adequately measntellectual behavior (cognitive pattern
movement in time) which is necessary in cognitiygtesms research. This, as stated earlier, was
an objective of this study-to introduce the MHC dach use.
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However, | did not find the application of the MHGthout difficulty.

Findings Relative to Research Question 2

The second principal question this study souglanswer, what are the common
developmental experiences of the development?plarad statistical regression analysis for
this aspect of the study. However, | found theltessomewhat weak in that, given the narrowly
defined population of participants, the regressinalysis was ineffective. However, first, |
conclude from earlier investigations in this areat ta regression analysis is well-suited for this
application. Second, again based on previous r&sedabelieve that there are definable
contributing experiences to cognitive developmeatienmanifest in hierarchical stages of
complex reasoning. However, | ultimately conclutkat one has to be fiercely respectful of the
underlying statistical principles in applicatioNlost noteworthy and fundamentally here is the
principle that a regression analysis requires agaate number of subjects (see, e.g., Newton &
Rudestam, 1999).

Conclusion
Contribution to the Body of Knowledge

There is an on-going debate within the scholarlypenity that has direct impact on the
development practitioner. Executive developmentearsion cognitive development (Jackson, et
al., 2003). This foundationally rests upon thaamthat learning involves neurological change
(Changeux & Konishi, 1987). However, there is a gapween theories of cognitive
development and developmental practices (Shen,)2®&ther than cognition-based
development, many executive development programeasurate on intellect-focused education
and skill-based training (see.g.,Digman, 1978; Holstead, 1988; McHale, 1995; Rodwell
2005). This study makes a significant contributionhe scholarly discourse in two dimensions.

First, | have successfully demonstrated that exeesitdevelopment can be measured in
an absolute scale of hierarchical stages of commglazoning. This supports my hypothesis that
there is such correlation between development ajitehstages of complex reasoning
(hypothesis 3). Additionally, in that the employadnettes were constructed within the
theorized psychological dimensions of organizatitaisks and neutral relative to domain,
context, and culture, these findings support myollygses 2, 4, 5, and 6. Therefore, executive
development can be measured in terms of cognitomplex reasoning) in a reduced-bias
fashion.

Second, while hindered by sample size, | demorsgtratmethodology whereby
subsequent research can discern principal conmidpekperiences for higher stages of complex
reasoning. Hopefully, this will contribute to thehslarly discourse relative to moving executive
development into the realm of cognition and awaynfisimply acquiring more knowledge or
skills. I was, then, unable to support my hypothésat executive development positively
correlates to a combination of education and erpes.

I am confident that, rather than what the findimgehsuggests, that theaee
environmental influences to development, includddgcation and experiences. Future research
into this area will have to account for the reskariccumstances encountered with this study in
order to avoid similar resultg.g.,small and too similar research population). Futesearch
will benefit from securing the support of one orrmeponsoring organization that may act as
advocate, or at least facilitator, in the procdasviting individuals to participate in the
research. As evidenced in the study, without Supkfront” support, the participation
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solicitation process is, first, complex and tim@soming, and second, can result in anemic
responsed.g.,the 90 responses from over 30,000 invitations).

However, | am confident in the regression analgsishe appropriate technique to
identify the circumstantial variables within a widepresentation of research participants (J.
Osborne, Ph.D., Professor, North Carolina State&fsity, Statistics Department, personal
correspondence, September 2008). There are vgrrousdures for a regression analysis,
distinguishable “in terms of both how variabiliypartitioned among the variables and who
controls the process of entering variables intorégeession equation” (Newton & Rudestam,
1999, p. 252). The procedure advocated by meatsofia “stepwise regression” where, in the
“step-up stepwise” version, the order of variabigginto the procedure is determined by the
program €.9.,.SPSS) in accordance with their contribution to mtésh (see, e.g., Howell, 1987,
pp. 494-500). This should identify and order theaus contributors in terms of importance.

In addition to the perspectives of this study pded in the previous section and the
foreshadowed research outlined in the next, thidyshas contributed to the body of knowledge
by informing the dialogue in executive developmiend reduced bias measurement. As
discussed earlier in this study, much of the disicusrelative to development is locked in
reviews of qualifications, attributes, performandegracteristics, and traits (specifically, relativ
to leaders). As many have found, such assessmavesiieen left wanting. Peter Senge (1990),
when he called for “systems thinking,” is calliray 2 higher stage of developed complex
reasoning, which was the focus of this researckadring traits and characteristics does not
measure such thinking. This research opens thetd@omathematically sound means to more
accurately assess executives’ developed stagengsle® reasoning. Therefore, | hope that this
research provides a cognition-centered framewakittiorms both executive development
program design and the post-development assessne¢mbdology. | hope, as well, that this
research informs human resource practitionerseasdbnsider the findings of this research for
potential applicability in non-development areas,dxample application to hiring,
advancement, and development plans.

This is of significant importance to the developtmesmmunity. | recognize that there
has been little development in conceptual framevedidkevelopment (Bedinham, 1998). This
impacts both development program design and theesjutent, post-development assessment.
As stated earlier, executive development programsignificantly linked to intellect-focused
education and skill-based training. Respectfilg assessments center on acquired knowledge
or demonstrated performance. | hope that thisarebeprovides a cognition-centered framework
that informs both executive development progranmigtiesnd the post-development assessment
methodology.

This research has potential applicability in nonelepment areas, as well. As an
example, it could include its application to hirjiglvancement, and development plans. One
could assess the current complex reasoning stageegree to which the participant has
transitioned to the next higher stage and, thernelo§cating the degree of effort necessary for the
move to the next. The employed hierarchical coxiplenethodology compensates for other
measures of intelligence and intellectual develapgmdnich are domain and context based
(Commons & Pekker, 2005), that infer a mental stmgcreflective of mentalistic theories
(Commons, Goodheart, Miller, & Danaher-Gilpin, 20@®mmons & Miller, 2001); it bases
such measurement, rather, on an absolute scaleraft¢hical complexity development.

Importantly, this depiction of the stages provides, and hopefully in the future
practitioners, an informed view on the necessargviement” from one development stage to the
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next. With further research (see following “Reconmai&tion for Future Research” section,
“Dynamic Systems and Cognitive Development”), tislerstanding could include the
necessary developmental actions that are necessgyult in a stage movement. As an
example, in accordance with principles of a dynasygtems approach to cognitive development
(see, e.g., Kelso, 1995; Port & van Gelder, 19%&tvelsbergh, van der Maas, & van Geert,
1999; Thelen & Smith, 1994; Tschacher & Dauwal@803) and reflective of the Model of
Hierarchical Complexity, such customized actiony mnalude calculated and purposeful
interaction with the environment (education, expece), purposeful deconstruction of previous
stagesi(e., the necessary destabilization of the attractorsdable state), and the systematic
construction of a new stagee(, phase shift to a new pattern) (M.L. Commons, pakon
correspondence, November, 2005). Foundational vmoukderstanding this pattern of transition
has been accomplished (Dawson-Tunik, et al., 2005).

As | stated earlier, the application of the MHQat without difficulty in this regard.
They are explored next.

Narrowing Stage View

| found that this study would have been strengttdnenarrowing the range of stages of the
study to those considered most appropriate fop#ngcipant group of interest (M.L. Commons,
personal correspondence, December 16, 2008). Her) example, with the focus on the
organizational executive, the appropriate stagesldtave been stages 10, 11 and 12 (formal,
systematic, and metasystematic), see Table 3

Research Stage ProfileMy decision to include lower stages in the asseEnt
instrument contributed to the confused WINSTEPSpirap the lower stages were not
adequately represented in my research populaiibey were, then, superfluous to this study.

Minimum Number of Participants per Stage

Rasch researchers recognize that each investigitgd must have a minimum of 7
participants (Dr. Michael Lamport Commons, persauaiespondence, December 16, 2008).
As clearly depicted in the “maps” in this studirqure 2.Rasch map: participants akRtjure 3.
Rasch variable map) | did not have this level atipgation. This is due to two principal
causes. First, as stated previously, | expandedatinge of stage investigation well beyond the
anticipated stage of the research participantsn(tfee required 10-12 to the wider range of 8-
12). Second, | experienced significant participaom-responsiveness, as explained earlier.
While the lack of research participation is a gahproblem (Johnson, 2005), it proved to be a
significant obstacle in this research. As an eXxanwith only 90 participants covering a five-
stage range (8-12), and further with most participaarrowly constrained within a few stages,
many stages were left under- or non-representemhdlude, then, two noteworthy aspects on
conducting similar research. First, it is impotthor the research to narrowly define the exact
range of stages that are important to the studycandtruct the research instrument within this
range. Second, it may prove beneficial to sedueebtacking and sponsorship from an
organization in which many potential research pgodints are affiliated. In this way one would
increase the probability of securing an adequatgasize and, as well, increase the probability
that all stages of interest are represented ipaingcipant population.
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Recommendation for Future Research
Dynamic Systems and Cognitive Development

It is hoped that this research will contribute toexpanded inquiry into the dynamic
patterns of cognitive development. As stated aarli¢his study (sub-part 4), it is currently
constrained within the realm of the paradigmatgresentation based on physical behavior (see,
e.g., Kelso, 1995; Thelen & Smith, 199ghysicalbehavior is relatively easy to measure
(Fischer & Rose, 1999). This study, in part, wasigned to introduce a method of measuring
intellectualbehavior that incorporates in the procedure fanglso a sound mathematical
foundation. Of course, on the way to applicationlynamic systems research, the MHC will
have to, first, strengthen in the application ofswing developmentatage transitiorand,
second, reconcile a technique that allowsrieasurement over tinfas required by the dynamic
systems view) (see, e.g., Port & van Gelder, 1995ajhis regard, Port and van Gelder
emphasized iMind As Motionthat “cognitive processes always take place atyniare scales
... emergence of sophisticated capacities can takghs@nd years” (Port & van Gelder, 1995b,
p. 25).

In light of this, it is important to note also ththe paradigmatic notion of one system
(e.g.,physical or intellectual behavior) representingtheo €.g.,cognitive processes) is that
proposed by Hermann Haken (1983) (see referentsdnacher & Dauwalder, 2003, p. vii),
father of Synergetiés It is extensive applied in current research,(sag, Barr, Beek, &
Calinoiu, 1999; Carrier, 1992; Hock, et al., 199i8sa, Fuchs, & Kelso, 1998; Kay, Kelso, &
Saltzman, 1991, Kelso & Jeka, 1992; Tuller, CasagP& Kelso, 1994).

Leadership System
The psychological dimensions incorporated intovilgaettes of this study, were first
recognized in an examination of leadership, a dyodésadership system (McElroy, 2005).
Given the probable interplay of the leader’s apihithin such a complex dynamic system and
their individual cognitive development, furthereasch should be conducted in this area.

Support and Work Influence
Found in this study was a correlation between thgkwn which the research participants
have engaged(g.,organizational change) and the functions withinahhthey have worked
(e.g.,Engineering) and the amount of support receiveaudpnout their careerg.Q.,role model,
mentor). These findings call for further reseantb type and amount of support provided
individuals and the influence on work in which theg engaged.

Lack of Responsiveness for Research Participation
As stated earlier, some energy industry Human Ressprofessionals have asked that
should this study reveal why it so difficult to exyg the energy industry executive and manager
they would like prescriptive feedback. This stulig not explore the energy industry culture.
However, if continued research is to be conductative to development within the industry
the phenomenon of non-responsiveness will have tefflectively addressed. Therefore, further
research will have to be conducted along thess.line

Movement and Link to Human Capital Management
This study and, more broadly, the ability to disctre stage of development in complex
reasoning and to understand the stage transitauld better inform human capital management
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processes. As an example, it could aid in hiritlgaacement, and development plans. One
could assess the current complex reasoning leweégree to which the participant has
transitioned to the next higher stage and, therelo§cating the degree of effort necessary for the
move to the next. As detailed earlier in this gtutle MHC compensates for other measures of
intelligence and intellectual development which @oenain and context based (Commons &
Pekker, 2005), that infer a mental structure réflecof mentalistic theories (Commons,
Goodheart, et al., 2005; Commons & Miller, 2001 pases such measurement, rather, on the
logic structure that is domain and context neufralther research into such application should
be conducted.

Cognitive Complexity: A Comparative Study of thedries of Elliott Jaques and Michael
Lamport Commons
There are similarities between the developmentriegof Jaques, as espousetiimman

Capability (Jaques & Cason, 1994) aAd>eneral Theory of Bureaucra¢yaques & Cason,
1994) and Commons, well-establishedBeyond Formal Operation€ommons, Richards, &
Armon, 1984)and, more specifically, incorporated into the MooleHierarchical Complexity
(Commons & Pekker, 2005). Of course, there arindisdifferences. A worthy research
project would be that of a comparative study thathaps, combines the strengths of both to
inform an extension of the current thinking relatto developed cognitive complexity
encompassed by these theories. Most notable isirtiarities of these theories are:

* Both delineate stages (Commons & Pekker, 2005dgest p. 11; Jaques & Cason, 1994
up to 15, p. 103)

* Which are developed over a lifetime

* That are discontinuous (Commons & Pekker, 200%3pJaques & Cason, 1994, p. 97).

* Both pay homage to Piaget (Commons & Richards, 8984mmons, Richards, Ruf, et
al., 1984; Jaques & Cason, 1994, pp. 97-101).

» As Harvard’s Kurt Fisher suggested, both describestbpment beyond Piaget’s formal
operations as a move into abstract thinking (Fisatteal., 1984).

* And what Jaques called “mental processing typesjyds & Cason, 1994, p. 30) may be
Common’s “rules” (logic structure) by which actioae coordinated.
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Appendix 4: Participant Letter

Executive-Subordinate Assignment Prep

1. PARTICIPANT LETTER

1333 Four Winds Drive
Raleigh, NC 27615

Dear Research Participant,

Thank you for agreeing to participate in my doctoral dissertation research. I appreciate your interest, I understand
vour professional desires to have your experiences considered in this study and, hopefully, to strengthen your
concepts of development. You may develop greater personal awareness of stage-like executive development as a
rezult of your participation in this research. I hope it will shed a practical light on development issues that many
organizations face.

This research centers on executive development, specifically to understand complex reasening and how it develops.
I hope to further our understanding of the way executives reason about problems and facilitate the discussion
among members of our profession. The purpose of this letter is to review some of the basic aspects of the research
and provide yvou with the Informed Consent Form.

The research instrument that I am using is a questionnaire (approximately 10-15 minutes to complete). It centers on
a theorized assignment preparation interaction between executives and their subordinates. 1 ask that vou review
and assess the differing interaction scenarios. Through the assessment responses I expect to learn the relative level
of complex reasoning that is used. I hope to answer the question, As the executive rises in the corporate hierarchy
is there a concomitant increase in level of complex reasoning ability? And, what are the commaon developmental
axperiences of the development? This is not a test of your ability as an individual. Rather, I wish to know how
executives, in general, reason about the issues presented here.

I value your participation and thank you for your commitment of time, energy, and effort. Your responses will be
considered as anonymous and confidential. If you have any guestions about any aspect of this study or your
invelvement, I can be reached at my home telephone number (919) 675-8860, on my mobile (919) 522-5448, or via
email at AlOEresearch@acl.com. You may also contact the supervising faculty if you have questions or concerns
related to your participation in this study. The supervising faculty contact information has been copied at the
bottom of this letter. If at any time you have guestions or concerns about your rights as a research participant,
contact the Fielding Graduate University IRB by email at irb@fielding.edu or by telephone at (805) 898-4033.

Respectfully,

Richard L. McElroy MA,ODE; MA,HOS; Ph.D. {Candidate)

Supervising faculty contact information:
Milton Lopes, Ph.D.

Fielding Graduate University

2112 Santa Barbara Street

Santa Barbara, CA 93105

B05-687-1099
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Appendix 5: Informed Consent Form

Executive-Subordinate Assignment Prep

2. INFORMED CONSENT FORM

INFORMED CONSENT FORM

You have been asked to participate in a research study conducted by Richard L. McElroy, a doctoral student in the
School of Human and Organizationzal Development at Fielding Graduate University, Santa Barbara, CA. This study is
supervized by Milton Lopes, Ph.D. This research involves the study of hierarchical levels of complex reasoning in
executive development and is part of Mr. McElroy's Fielding dissertation.

The study employs a questionnaire. It is based on a thecrized assignment preparation interaction between
executives and their subordinates. Each set of interactions is followed by five questions and a three-question
opinion poll. This will last approximately 10-15 minutes, Additionally, you are asked to provide identification and
demagraphic information such as age, years of experience, and educational level, The total time involved will be
approximately 15 minutes.

The information you provide will be kept strictly confidential. The infarmed consent forms and other identifying
information will be kept separate from the data. All materials will be kept at the Researcher's home office in separate
file systems. Any records that would identify you as a participant in this study will be destroyed (shredded) by
Rezearcher approximately three years after the study is completed. ¥You will be asked to provide a different name for
any guotes that might be included in the final research report. If any direct quotes will be used, permission will be
spught from you first. The results of this research will be published in my dissertation and possibly in subsequent
journals or books.

You may develop greater personal awareness of stage-like executive development as a result of your participation in
this research. The risks to you are considered minimal; there is no likelihood that you may experience emctional
discomfort during or after vour participation. Howewver, if yvou should experience such discomfort, please contact
your primary health provider.

You may withdraw from this study at any time, either during or after your participation, without negative
consequences, Should you withdraw, your data will be eliminated from the study and will be destroyed. No
compensation will be provided for participaticn. You may request a copy of the summary of the final results by
indicating your interest at the end of the survey.

If vou have any guestions about any aspect of this study or vour involvement, please tell the Researcher before
indicating your consent by continuing with the survey. You may also contact the supervising faculty if you have
questions or concerns related to your participation in this study. The supervising faculty has provided contact
information at the bottomn of this form. If at any time you have questions or concerns about your rights as a
research participant, contact the Fielding Graduzte University IRE by email at irb@fielding.edu or by telephone at
(805)898-4033. The security of data transmitted over the Internet cannot be guaranteed, thersfore, there is a
slight rizk that the information you send to me will not be zecure. The cellection of such data is not expected to
present any greater risk than you would encounter in everyday life when sending and/or receiving information over
the Internet. The Institutionzal Review Board of Fielding Graduate University retains the right to access all informed
consent forms.

Supervising faculty contact information:
Milton Lopes, Ph.D.

Fielding Graduate University

2112 Santa Barbara Street

Santa Barbara, CA 53105 By continuing you indicate your consent.
805-687-1099
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Appendix 6: Executive Development Inventory (EDI)

Executive-Subordinate Assignment Prep

3. EXECUTIVE DEVELOPMENT INVENTORY

EXECUTIVE DEVELOPMENT INVENTORY

Please complete the following executive development inventory...
providing identification and demographic information such as...

positions held, years of experience, educational level, age, and gender.

* please fill out the following information. It will be used to anonymously track your
responses.
First letter of vour father's |
name:
First letter of your |
mather's name:
First letter of your birth |
bowWn:
Your month of birch {mm; |
g.g., OL):
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Appendix 6a: EDI — Company Info

Executive-Subordinate Assignment Prep

4. COMPANY / INDUSTRY

COMPANY / INDUSTRY

What is (was) your position, title?

What title most closely reflects your position or last organizational position?

() Bozré chair () coo

() Baard Wice chair () Chief Knowledge Officer
() Board Member () chief Learning Officer
() ceo () presicent

() ero () Executive vp

(O cio () senior v

What is the name of your company or organization?

How many employees does your company have?

O 1 to 4 employees O 100 to 4595 employess
O 5 to 9 employses O 300 to 745 employees
O 10 to 19 employ=es O 730 to 99% employeas
O 20 o 99 employses O 1,000 o 1,499 employess

(Owe

() pirecor

() Assistant Director
() senior Manager
() Manager

O 1,300 1o 2,499 employees
O 2,300 to 4,999 employees
O 5,000 to 9,999 employees

O 10,000 employess or mors
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Appendix 6a: EDI — Company Info, Continued

Executive-Subordinate Assignment Prep

What size is your company?

Market capitalization (market cap):
The standard measure of company size. Market cap is computed by multiplying the number of
outstanding shares by the current stock price. For example, if a company had one hundred million
shares of common stock outstanding and a current stock price of $55 per share, its market cap
would be $5.5 billion (100,000,000 x $55 = $5.5 billion).

() private () 5200 - $295 millien (Micro Cap 111)
O Government O $300 million - $1 billion (Small Cap)
O Academiz O 51 - 58 billion {Mid Cap)
Neon-Profit () &8 - 5100 billion {Large Cap
-
Q < 599 million (Micre Cap I} Q Ower 5100 billion (Mega Cap)

I:_:j £100 - 5199 millior [Micro Cap II}

In what industry is your company?

O Aerospace & Defense O Consumer Services O Insurance
O Agriculture O Cultural Institutions O Leizure
O Automotive & Transport O Education O Media

7 Banking Electronics () Membership Crganizations
) .

I\r_—;‘l Beverages O Energy & Utilities (-_-_) Mezzls & Mining

O Business Services O Envirgnmental Services & Equipment O Pharmaceuticals

O Charitable Organizations O Financial Services O Real Estate

O Cemputer Hardware O Food O Retail

O Computer Services O Foundations O Security Products & Services
O Computer Softwars O Government IO Telecommunications Equipment
O Construction O Health Care O Telecommunications Services

O Consumer Products Manufacturing O Induszrial Manufacturing O Transportation Servicas
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Appendix 6b: EDI - Personal / Education

Executive-Subordinate Assignment Prep

5. PERSONAL / EDUCATION

PERSONAL / EDUCATION

What is your gender?
O Male
O Female

What is your age? (as of your last birthday)

Age: | |

What is the highest degree or educational level that you have attained?

() prp. () an/as or Some

College
() mea
HS
O Ma/MS O

() Mon-ss
() sams
Did you participate in any structured
development, educational, or training programs?
I:‘ Supervisory and Managerial Training
l:‘ Mznagement Development (linked to the current job gozls)
l:‘ Executive Coaching
l:‘ Executive Development
l:‘ Lezdership Development

l:‘ Career Development (linked to development beyond current job)

What was the cumulative amount of time in these programs?

Years

Montns |
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Appendix 6¢: EDI — Current Work

Executive-Subordinate Assignment Prep

6. CURRENT WORK

CURRENT WORK

Describe the type of work which you CURRENTLY manage.
O Routine

O Organizational Change, Performance (process- and productivity-oriented)

O Organizational Changs, Restructuring {structure-and alignment-oriented)

O Organizational Change, Strategic (market-oriented mission and goal)

O Organizationzl Change, Transfermational [people-oriented culture, behavior)

O Organizatienal Change, Org Crisis

O Organizational Change, Personnel Crisis

O Merger/Acquisition

O Start-Up

Select the functional department in which your CURRENT position is held.
O Administration O Public Relations

O Customer Support / Service O Purchasing

O Engineering O RED

O Finance/Accounting O Sales

o HR, Personnel O Sacratarial

O IT O Shipping / Dispatch

O Logistics O Technical support

O Marketing O Training

O Ops/Manufacturing/Production O Warehousing
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Appendix 6¢: EDI — Current Work, Continued

Executive-Subordinate Assignment Prep

What kind of support has contributed to development in your CURRENT position?

I:‘ Mone/&lane

[ ] collegial Support (friend/ally)

I:‘ Task Support

[ ] Boss Relatienship

[ ] Role Model

I:‘ Superior's Mentoring/Coaching

Enter the number of years and months of experience you have in your CURRENT

position.

YWears :

Months |
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Appendix 6d: EDI — Previous Work

Executive-Subordinate Assignment Prep

7. PREVIOUS WORK

PREVIOUS WORK

96

Describe the type(s) of work which you PREVIOUSLY managed.
|:| Routine

|:| Organizational Change, Performance (process- and productivity-oriented)

I:‘ COrganizational Changs, Restructuring (structure-and alignment-oriznted)

I:‘ Organizational Change, Strategic (market-oriented mission and goal)

[ ] organizational Change, Transformational {peaple-oriented culture, behaviar)

|:| Crganizatienal Change, Org Crisis

[ ] erganizational Change, Personnel Crisis

I:‘ Merger/ &cquisition

I:‘ Start-Up

Select the functional department(s) in which PREVIOUS position(s) were held.
I:‘ Administration l:‘ Public Relations

|:| Customer Support / Service l:‘ Purchasing

|:| Enginesring l:‘ RED

I:‘ Finance/Accounting l:‘ Sales

|:| HR, Personnel l:‘ Secretarial

[]r [ ] shieping / Dispatch

|:| Logistics l:‘ Technical suppert

|:| Markering l:‘ Training

I:‘ Ops/Manufacturing/ Production l:‘ Warehousing
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Appendix 6d: EDI — Previous Work, Continued

Executive-Subordinate Assignment Prep

What kind of support has contributed to development in your PREVIOUS position(s)?

I:‘ None/Alone

|:| Collegial Support {friend/ally]
|:| Task Suppeor:

|:| Boss Relazienship

I:‘ Role Mode!

|:| Superior’s Mentoring/Coacning

Enter the TOTAL number of years and months of experience you have in your
CAREER.

Man:'&sl

What type of position(s) were held throughout your career?

I:‘ Board Chair I:‘ o0 I:‘ Directar

|:| Board Vice Chair |:| Chief |:| Assiztant Director
Knowiedge/Learning Officer

|:| Board Membar |:| Senior Manager

|:| President
CED ol
I:‘ |:| Executive VP |:| anager
CFO

I:‘ I:‘ Senier VP
CIo
[]w




Appendix 7: Survey Guidelines

Executive-Subordinate Assignment Prep
8. QUESTIONNAIRE

QUESTIONNAIRE GUIDELINES

Please . . .

. Answer all parts of this questionnaire.
. Read each section and answer the questions in the order given.

. Do not go to the following section before you have finished the
previous section.

Remember that this is not a test of your ability as an individual.
Rather, I wish to know how executives, in general, reason about
the issues presented here. The order of answering is essential to
this study about executive reasoning. What is most important is
not only what you consider to be good, but the reasons for
your choices. Therefore, it is essential that you state your
reasons why you make the choices that you make.
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Appendix 8: Assignment Preparation — Ideal Inteoact

Executive-Subordinate Assignment Prep

9. EXECUTIVE-SUBORDINATE INTERACTION

Please describe the ideal Executive-Subordinate assignment preparation
session.

1. What is your idea of an ideal Executive-Subordinate assignment preparation
session?

2. Give the best reasons why that is an ideal assignment preparation session.
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Appendix 8a: Assignment Preparation — Ideal Intgvac

Executive-Subordinate Assignment Prep

3. What is your idea of an a poor Executive-Subordinate assignment preparation
session?

4, Give the best reasons why that is a poor assignment preparation session.

5. Why does the Executive-Subordinate assignment preparation matter to you?
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Appendix 8b: Assignment Preparation — Ideal Intioac

Executive-Subordinate Assignment Prep

6. Why are these things important to you and why do you care?
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Appendix 9: Assignment Preparation
Executive-Subordinate Assignment Prep
10. ASSIGNMENT PREPARATION INTERACTION

ASSIGNMENT PREPARATION INTERACTION

In the following Execuitve-Subordinate interaction sets, each
containing five stories, an Executive tried to help a Subordinate
with an assignment to solve a given problem, setting a course of
action. The assignment is important. It is time for the
Subordinate to choose a course of action to improve the
situation.

All of the Executives care for their Subordinates and the
company equally . All of the Executives highly recommend the
same basic recommendations. But, the Executives arrive at their
choice of how to prepare the Subordinates in different ways. In
every case, the problems worsen and the company suffers.

During a general review of these bad results, each Executive’s
method of choosing a course of action was looked at. Below,
the Executives give accurate accounts of their usual talk with
their Subordinates.

Read all five accounts carefully and then answer the five
questions and three-item opinion poll that follow.
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Appendix 10: Interaction Methods #1

Executive-Subordinate Assignment Prep

11. THE METHODS

Executive Flynn offers a course of action that has been studied and is shown to work well in the circumstances
faced by the Subordinate. Flynn shares the fact that not everyone has had a positive outcome from this course of
action. Flynn then reads a description of the course of action and its risk from an MBA text book. Flynn points out
that the course of action will have risks. Flynn asks the Subordinate if they understand the course of action, its
outcome possibilities, and are confident in taking action. After thinking carefully, Flynn's Subordinate feels
comfortable with Flynn as a problem solver. Feeling that Flynn knows best, the Subordinate decides to take the
course of action.

Executive Baker offers 2 course of action that is preferred by colleagues. Baker says that others who are friends
and Executive colleagues have taken this course of action. Another Executive is called in to tell the Subordinate
again about the course of action. With great concern, Baker asks if the Subordinate would like to hear a third
Executive explain the course of action. Baker's Subordinate is told that these Executives have had good results from
this course of action. Baker instructs the Subordinate to take the course of action. Baker's Subordinate thinks
seriously about what Baker has said. Feeling that Baker knows best, Baker's Subordinate decides to take the course
of action.

Executive Woods offers a course of action which performs relatively better than others. Woods relates the positive
and negative consequences of each course of action, including taking no action. Then Woods asks the Subordinate
questions about the various courses of action making sure that the Subordinate understands. Woods asks the
Subordinate if they feel empowered to make a decision with the present information. Since the Subordinate is
satisfied, Woods tells the Subordinate to think carefully before choosing a course of action. Woods's Subordinate
thinks about what Woods has said, Feeling that Woods knows best, Woods's Subordinate decided to take the course
of action.

Executive Simms recently completed training on a course of action that was designed for the circumstances faced
by the Subcrdinate, Simms says that the best coaches recommend this course of action. Simms explains the course
of action and tells the Subordinate that it will probably work for the Subordinate. Simms also tells the Subordinate
about other courses of action that may work. The Subordinate i1z asked if they have any questions. The Subordinate
does not have questions, and Simms asks them if they want to accept the recommended course of action. Feeling
that Simms knows best, the Subordinate decides to take the course of action.

Executive Eagan offers a course of action that best meets the needs of the Subordinate. Eagan explainz all
aspects of the course of action and describes at length the pros and cons of alternates, including doing nothing.
Eagan seeks to understand the Subordinates needs and concerns, and asks many questions in order to gain the
Subordinates perspective and understanding. Eagan dees not push the Subordinate to accept any course of action
but rather encourages the Subordinate to choose a course of action that makes them feel comfortable, confident,
and dedicated. The Subordinate considers this. Feeling that Eagan knows best, the Subordinate decides to take the
course of action.

Page 17
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Appendix 11: Interaction Methods #2

Executive-Subordinate Assignment Prep

12. THE METHODS

Executive Barts offers a course of action that iz highly regarded by many Executive colleagues and accepted in
the industry at large. Barts fully explains the course of action to the Subordinate by describing the benefitz and
potential risks involved. Barts adds that the proposed course of action is liked by other Subordinates in this situation
and that they have been pleased. Barts asks what the Subordinate is feeling about the course of action. Barts
encourages the Subordinate to think about what they have heard but to pursue this course of action. The
Subordinate thinks about the situation. Feeling that Barts knows best, the Subordinate decides to take the course
of action.

Executive Brown offers an effective course of action that compares well to other course of actions for this
problem. Brown explains the beneficial remedies of every course of action, and how each impacts the elements of
the problem. Brown describes all the risks of these course of actions. Brown asks the Subordinate to relate back
that explanation. Brown says it is up the Subordinate to support a course of action. Brown asks if the Subordinate
supports the suggested course of action. Brown's Subordinate thinks about what Brown has said. Feeling that Brown
knows best, Brown's Subordinate decides to take the course of action.

Executive Cabot offers a carefully thought out course of action based on personal experience. The Subordinate is
told that the course of action has worked before with other Subordinates in similar circumstances, especially the
last ten. Then, Cabot says that the experts whom Cabot knows well choose this course of action. To make sure the
Subordinate understands, Cabot gives the Subordinate an easy multiple choice test. After the Subordinate passes
the test, Cabot urges the Subordinate to agree to the course of action. Cabot’s Subordinate thinks about what
Cabot has said. Feeling that Cabot knows best, Cabot's Subordinate prepares to take the course of action.

Executive Smith mests with the Subordinate to discuss course of action. Smith and the Subordinate cover the
benefitz and risks of Smith’s preferred course of action, including outside influences. They discuss other course of
actions related to the Subordinates situation, including doing nothing, and the benefits and risks of each. Smith fesls
the Subordinate competently understands the discussion based on the Subordinates guestions and body language.
Smith asks the Subordinate whether they now feel ready to make a decision or they need more time to consider the
information and options. Feeling that Smith knows best, the Subordinate decides to follow the course of action.

Executive Eaton offers a new effective course of action that has been researched with excellent results and
published in different professional journals. Eaton explains the details of the course of action to the Subordinate
along with its benefits and nsks. Eaton then states that there are other options that could be looked at, including
the possibility of doing nothing. Eaton reviewed the other course of actions with the Subordinate, but felt they
would not be as effective as the newer course of action. Eaton asks the Subordinate if they feel secure with the
course of action. Feeling that Eaton knows best, the Subordinate prepares to follow the course of action.

Page 24
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Appendix 12: Interaction Questions

Executive-Subordinate Assignment Prep

A. Rate the Executives’ methods. A rating of 1 means you think that the Executive
has the worst method. A rating of 6 means you think that the Executive has the best
method. Not all the ratings need to be used and a particular rate may be given to
more than one Executive.

1 3 4 6
Worst . 2_ Slightly Slightly 3 - Best
Method warss Worse Better Better Method
Executive Barts O O o O O O
Executive Brown Q C C} '::/\I I::.j I::j
Executive Cabot O O O O O O
Executive Smith O O O O O O
Executive Eaten C) (:_: (:j {_j ':j {-:.j

Why did you rate the Executives’ methods the way you did?
Explain as fully as you can.

B. Rate the Executives according to how well they consider the Subordinate’s
viewpoint, garnering the Subordinate’s acceptance of action (conviction) and their
awareness of circumstances and issues, A rating of 1 means you think that the
Executive has very poor at considering the Subordinates viewpoint. A rating of 6
means that the Executive considered the Subordinates viewpoint very well. You may
use the same rating for more than one Executive.

-1 2 - 3 .4 5 . 6
S A T
Executive Barts O O O O O O
Executive Brown C' O O O O O
Executive Cabot O C O C_-;l C_-J ':-_-J
Executive Smith O O‘ O O O O
Executive Eaton C' O O O O O




106

Appendix 12a: Interaction Questions, Continued

Executive-Subordinate Assignment Prep

Why did you rate the Executives’ methods the way you dids?
Explain as fully as you can.

C. Rate the degree to which the Executives attuned or prepared the Subordinate.

1 2 L = 5 °

r " ewe e
Executive Barts (\:) {_-_:: ':_3 '::) (::l ':_-j
Executive Brown -C' O O O O O
Executive Cabot C:' C O O O O
Executive Smith O ":::. O O O 'O
Executive Eaton -C' O O O O O

Why did you rate the Executives the way you did?
Explain as fully as you can.
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Executive-Subordinate Assignment Prep

D. Rate the how well the Executives aligned (informed, communicated with) their

Subordinates.
1 3 4 6
SR C B A R
Executive Barts Q O O C_‘.j ':_ I‘(:-j
Executive Brown O O O 9 O QO
Executive Cabot O O O 9 O @
Executive Smith O O “'-) l::_‘j I; {_
Executive Eaten O O O O O O

Why did you rate the Executives the way you did?
Explain as fully as you can.

E. Rate the degree to which the Executives prepared the Subordinate to act
(empowered, delegation, take risks) on the assignment.

\.'1 2 Sli i 1 = T— | : :

fer Slightly ightly . Very
Pc--:: Paar F'D?:-I'EI' Be;:ter well well
Executive Barts O G O O O O
Executive Brown C O O (j O O
Executive Cabat O O O O O O
Exacutive Smith O C}’ O O O O
Executive Eaton C O O O O O
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Appendix 12c: Interaction Questions, Continued

Executive-Subordinate Assignment Prep

Why did you rate the Executives the way you did?
Explain as fully as you can.

F. Suppose you were listening to these Executives give their account of the course of
action in a hearing. Rate the degree to which you believe the Executives to be telling
the truth. How believable do you find their accounts?

Q 100
No Chance 4 77 98 Cartainty
of Being True of Being True

Fa
=l

Executive Barts O C O O O O
Exacutive Brown O S O '::) 'C:) ':::I
Executive Cabot -C' O O O O O
Executive Smith O O O ID |D (:)
Executive Eaton O C O O O 'O

Why these estimates?
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Appendix 13: Opinion Poll

Executive-Subordinate Assignment Prep

G. Given that each Executive's course of action failed, how likely is it that each

Executive's method makes him or her personally liable for damages?
a 100

No Chanc 5 & int;
v S SR
Liable Liable
Executive Barts e G O O O O
Executive Brown C O O (:) O O
Executive Cabat O O O O O O
Executive Smith O O O O O O
Executive Eaton C O O O O O

Why these estimates?

H. Given the degree to which you believed that the Executives were personally
negligent, how likely is each of the Executives to be sued?

NoChanea  * 27 7 B e
Executive Barts O O O O O O
Executive Brown O G O O O O
Executive Cabot C O O (D O O
Executive Smith O O O O O O
Executive Eaton O O O O O O
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Appendix 13a: Opinion Poll, Continued

Executive-Subordinate Assignment Prep

Why these estimates?
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Appendix 14: Anticipated Responses

Dimension
a Aware
2 Accept
& Attune
N Align
& Act

Description Behavior

RECOGNITION (identifies and distinguishes

circumstances) Speaks to situatiore(g.,acknowledges, describes, voices opinion,

KNOWLEDGEABLE (understands and explains).

appreciates issues)

CONVICTION (exhibits confidence in or Exhibits confidence. Repetition to issue-relatetivdies. Voiced
dedication toward addressing situation) determination toward or belief in issue.

Thinks differently (speaks to altered thought psscer perspective),
and/or acts differently exhibiting self-acknowledgeew or modified
norms, habits, characteristics, or traits. Repeats stories about a
different emerging identit

PERSONAL TRANSFORMATION (engage in
personal change, “reinvent self”)

FOLLOWER EFFECT (change, influence, Provide vivid vision of the future and establishedtion by, in part,
inspire others) telling inspiring stories. Prepares, communicatesyinces,
persuades.

Increased, focused, situation-specific communicatia verbal or
written means. Centers attention on the situaticuch a way as to
bring about common understanding, alignment, amfi@ence in
judgment relative to the situation as suggestebemesultant,
observed behavior of the followers.

COORDINATE (manage information as
necessary to organize followers to common
objective)

SYMBOLIZE (reflects the necessary or desire
behaviors as a mechanism for follower
instruction)

ciDrovides example, embodies or engages in “role hmgfleacts in
such as way as to exemplify expected norms.

%‘;Qw(gﬁ o(sffgf;sltg rgzr}zfr?;g}agﬁﬂ% ormal Plans are gxhibited in Iist;, jogrnals, cg!endﬁrdnibitgd behaviors
policies, procedures or practices leading to ancrﬁflept desired cl_1an_ge. Situation-specific perfpj_ogals record_ed or

; T S onitored as to indicate effect of the changeatiite. Corrections
as manifest in different group or individual and guidance are provided in accordance with theltant effects
behavior and performance) 9 P '
Executive behavior is seen as that contributirgpéticipatory
management,” “decentralized leadership” or otterditure-suggested
terminology suggesting a sharing with followers piogver,
responsibility, and accountability as a meansitteheir full
participation and release of potential.

EMPOWER (brings others into action in order
to achieve change)

Through speech and action accepted norms, longstezteeliefs,
attitudes, and common or routine practices aretounesl. Efforts are

RISK (challengestatus qud orchestrated that confront the governing poligiescedures, and
cultural norms that are situation-specific relative
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Appendix 15: Developmental Stage Representation

Level Reasoning M athematical Formula

Technician, Coordinationof “if, then”

Line Staff system elements Thio(A) = (& + & + &)R = ACTION

Manager. Cooperationof elements

Professional in the enveloping system M ha1(A) = (%6 = fau) =fag) = fep) = fa)R = §

Collaborationacross

Executive
many contextual systems

E hiy(A) =[S R [S]
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Appendix 16: Solicitation eMail
Dear Energy Industry Professional,

As part of my doctoral research, | am researchiegidevelopment of executives within
the energy industry This is a very important sttltdyt hopefully will contribute much to our
understanding of the developmental needs of fuaa@ers in our industry. | encourage you to
take the survey. Also, | encourage you to ask eiexsiand senior managers of your
organizations to take. It is a short questionndiestimate that it will take less than 15 minutes
to complete the survey (and some additional timeg/éair explanation of survey responses
dependant upon the depth of your answers; 5-30teshult is completely anonymous. | greatly
appreciate your help.

You'll find the Internet-based survey at:

http://www.surveymonkey.com/s.aspx?sm=S 2{BMTayHfCIUS7ZikwFGqgw 3d 3d

If you experience problems linking directly to trsirvey (e.g., company’s firewall), please
copy and paste the link into your web browser.

| am turning to you for four reasons.

1. Youand your energy-industry executive colleagues represent the focus of this
resear ch. It will be difficult to conduct such a study wiht your participation.

2. As Dr. Lyons, NRC Commissioner, stated in his Aud&h, 2007 speech at the
Joint IEEE Conference on Human Factors and Poveent$)|“the ‘optimal’ degree of
connectedness [between human cognition and plamprment] should relate
predominantly to overall plant safetyuman development is central to
operational safety.

3. I am amember of the energy industry — veteran of the US Navy Nuclear Program
(submarine service), formerly licensed NRC Rea®perator, and staff with
commercial nuclear power plants.

4. | am confident that thisesear ch will benefit my colleaguesin the energy and
electric utility industry.

The cognitive development research introduced (snevey link listed above) is my
dissertation research. | am a doctoral studertarSchool of Human and Organizational
Development at Fielding Graduate University, S&8debara, CA. This study centers on
executive development, specifically to understamu@ex reasoning and how it develops. |
hope, first, to further our understanding of theylzat the energy executive reasons about
problems and, thereby, facilitate the discussionragrmembers of our profession. Second, |
believe that this study will lead to enhanced ctigaidevelopment practices (complex reasoning
ability), versus intellect-focused education andl-slased training. Third, you may develop
greater personal awareness of stage-like execddivelopment as a result of your participation
in this research. Fourth, this research may stgddical light on general development issues
facing many organizations.
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The research instrument that | am using is a quasdiire. It centers on a theorized
assignment preparation interaction between an ¢ixecand their subordinate. Each of two such
interaction sets is followed by eight questiondliaimhg a six-point, multiple choice scale).

| value your participation and thank you for yoonamitment of time, energy, and effort.
Your responses will be considered as anonymousamitbential. If you have any questions
about any aspect of this study or your involvemeoan be reached at my home telephone
number (919) 676-8660, on my mobile (919) 522-5448ja email aMcEIroyAIOE@aol.com
Thank you in advance for your consideration andgssional courtesy.

Respectfully,

Richard L. McElroy

P.S. It will be greatly appreciated if you widrward this memo to other appropriate
personnel in your organization or other industry executive colleagues that you think might
beinterested in helping mein thiseffort.
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Appendix 17: Initial Contact Telephone Script

Hello,

I’'m following up on our recent email correspondenelative to participating in my research
study. Thank you for your willingness to discuss participation of your executives.

| am sure you recognize the importance of executexeelopment. | believe this research will
contribute to a better understanding of this, dpEdly the means to adequately measure
development and a stronger understanding of whatibates to it. | appreciate the fact that
your executives will play a part in this study.

The next step will be to gauge the interest oféleeecutives. In that | recognize the inability to
release direct contact information for these exeest | ask that you help me determine an
appropriate coordination process: whom should tadrthere?

This representative will be asked to gauge theeasteof those individuals that meet the
following criteria:

For the purpose of this research, executive (semimidle, or lower) is defined as
active policy makers and heads of functional ateemigh general managers with
executive-level authority over and responsibility €ntire business entities or
major divisions of such.

| will provide this coordinating representative acgage of material for each participating
executive.

Again, thank you for your interest, consideratiang assistance.



116

Appendix 18: Invitation to Participate in Reseaedhail

Richard McElroy, a doctoral student in the Field@gduate University’'s Human and
Organization Development program, under the guidarid®r. Michael Commons, Harvard
Medical School’'s Department of Psychiatry, is castohg a cognitive development study to
explore levels o€omplex reasoningn executives and managers.

He is asking foanonymous participatiorto complete his Internet-based research survey
instrument (link listed below). He requests tHatevels of executives and managers in the
organization participate.

It is comprised of two sets of executive-subordénateractions during which an assignment
preparation is discussed (problem discussed, resasuexplored, decision made). Each of the
two sets consists of five short vignettes, eaclsisting of a few sentences. You will be asked to
read the vignettes and answer eight multiple chguestions. It also includes a development
inventory €.g.,years of experience, educational level, organiratipositions held).

» The multiple choice section of the instrument wake less thath5 minutes to complete

* You can begin the instruments aa#te a break at anytimecoming back later to complete.
» Theinstructions for doing the survey are included the instrument.

* Your responses will be consideredsaisctly anonymous and confidential

» Thisstudy has been reviewed and approwsdthe Fielding Institutional Review Board.

You'll find the Internet-based survey at:

http://www.surveymonkey.com/s.aspx?sm=vYUmY82q3w_2fnunmgFXt6Hyg_3d_3d
If you experience problems linking directly to the survey ( e.g., company'’s firewall),
please copy and paste the link into your web browse r.
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0.5
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08-Ba
08-Bb
08-Bc
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08-Be
08-Ja
08-Jb
08-Jc
08-Jd
08-Je
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Appendix 20: Calculating Stage Scores: HC Stages

Average of HC Stage

Ordered by Rank
8 0.657 Concrete
9 0.432 Abstract

10 0.684 Formal
11 -0.927 Systematic
12 -0.849 Metasystematic

0.47
0.81
0.68
0.54
0.6
0.28
0.3
0.24
0.2
0.2

09-Aa
09-Ab
09-Ac
09-Ad
09-Ae
09-Sa
09-Sb
09-Sc
09-Sd
09-Se

Average of HC Stage
Ordered by Measure
10 0.684 Formal
8 0.657 Concrete
9 0432 Abstract
12 -0.849 Metasystematic
11 -0.927 Systematic

0.54
0.62
0.56
0.45
0.42
0.92
0.86
0.86
0.72
0.89

10-Fa
10-Fb
10-Fc
10-Fd
10-Fe
10-Ya
10-Yb
10-Yc
10-Yd
10-Ye

10

-1.26
-1.74
-1.23
-1.49
-1.21
-0.58

-0.3
-0.48

-0.5
-0.48

11-Ea
11-Eb
11-Ec
11-Ed
11-Ee
11-Ga
11-Gb
11-Ge
11-Gd
11-Ge

11

-11.25
-1.31
-1119
-1.01
-1.03
-0.66
-0.54
-0.42
-0.52
-0.56

12-Ma
12-Mb
12-Mc
12-Md
12-Me
12-Wa
12-Wb
12-We
12-wd
12-We

12

1.02
0.92
0.89
0.86
0.86
0.82
0.81
0.79
0.74
0.72
0.68
0.68
0.66
0.62

0.6
0.56
0.54
0.54
0.51

0.5
0.47
0.45
0.45
0.42

0.4

0.3
0.28
0.24

0.2

0.2

08-Bb
10-Ya
10-Ye
10-Yb
10-Yc
08-Be
09-Ab
08-Bd
08-Bc
10-vd
08-Ba
09-Ac
08-Jb
10-Fb
09-Ae
10-Fc
09-Ad
10-Fa
08-Je
08-Ja
09-Aa
08-Jc

10-Fd
10-Fe
08-Jd

09-Sb
09-Sa
09-Sc
09-Sd
09-Se

Low

8,9, 10

11, 12

Average of HC Stage
In order of HC Rank & Measure
0.591 Concrete-Abstract-Formal
-0.888 Systematic-Metasystematic

-0.3
-0.42
-0.48
-0.48

-0:5
-0.52
-0.54
-0.56
-0.58
-0.66
-1.01
-1.03
=119
-1.21
-1.23
=125
-1.26
-1.31
-1.49
-1.74

11-Gb
12-Wc
11-Ge

11-Ge
11-Gd
12-wd
12-Wb
12-We
11-Ga
12-Wa
12-Md
12-Me
12-Mc
11-Ee

11-Ec

12-Ma
11-Ea

12-Mb
11-Ed

11-Eb

High
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Appendix 21: Calculating Stage Scores: Particige8tge

HC
PARTICIPANT Level
JNNO3 10
AINO2 10 Average of HC Stage
10
oz 10 In order of HC Rank & Measure
10
e 1 18,9,10 0591 Concrete-Abstract-Formal
10 . .
e 1 | 11,12 -0.888 ki Systematic-Metasystematic
RJT11 10
VA PersonRaschScore - StageMean,
TMC09 o | Statge of Person = + ltemHC
psT12 o StageMean, - StageMean;
VDH12 10
RMEO6 10
VPNO8 10
GSN02 10
MPW12 10
TRCO08 10
FIPO9 10
HSDO7 10
HMMO02 10
FFCO1 10
WS021 10
JSP12 10
KLPO6 10
JTS05 10
SBS10 10
DJIM09 10
MCF12 10
FEJO8 10
ROC11 10
ACO03 10
RSK09 10
AAMO1 10
JGNO2 10
PKF08 10
CVS03 10
DMC10 10
DRCO1 10
JPC09 10
JEO13 10
ARPO3 10
DEEO3 10
WBTO01 10
FMDO7 10
JPV11 10
GJT02 10
VSG06 10
WFJ09 10
Y1B02 10
DMC04 10
RRL10 10
STMO5 10
GRC09 12
ERPO8 12
JJS05 12
LID12 12
LEW04 12
MRNO2 12
LAC09 12
HLL11 12
JMA11 12
JDO03 12
LMC06 12
RRCO08 12
RJHO6 12
RWT02 12
GRP11 12
HETO1 12
JMCOo7 12
MMO04 12
CDWO05 12
KMJ06 12
HNA11 12
MEDO5 12
FES12 12
LHTOS 12
MAP12 12
RTK02 12
DHNO4 12
TBD11 12
LABO8 12
BBGO1 12
MDB12 12
RNW10 12
MMS07 12
RBD09 12
RJAO7 12

FDAO4 12



Appendix 22: Complete Bivariate Correlation Review
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Correlations

HC Degree DEVpro DEVyrs CARwork CARfunc CARspt CARyrs

Correlation Coefficient 1.000 -.108 .004 .150 -.003 -.065 -.071 .037

HC Sig. (2-tailed) . .333 .970 .175 .978 .560 524 .743

N 83 83 83 83 83 83 83 83

Correlation Coefficient -.108 1.000 -.138 -.144 .000 -.039 .055 -.052

Degree  Sig. (2-tailed) .333 . 214 .194 1.000 727 .620 .642

N 83 83 83 83 83 83 83 83

Correlation Coefficient .004 -.138 1.000 553" .136 .185 .083 172

DEVpro  Sig. (2-tailed) .970 .214 . .000 221 .094 .457 119

N 83 83 83 83 83 83 83 83

2 Correlation Coefficient 150 -144 5537 1.000 115 120 -022  .002
; DEVyrs  Sig. (2-tailed) 175 .194 .000 . .300 .279 .842 .987
% N 83 83 83 83 83 83 8?1 83
e Correlation Coefficient -.003 .000 .136 115 1.000 .294 .264 131
§ CARwork Sig. (2-tailed) .978 1.000 221 .300 . .007 .016 .239
Q N 83 83 83 83 83 83 83 83
« Correlation Coefficient -.065 -.039 .185 .120 294" 1.000 212 .209
CARfunc Sig. (2-tailed) .560 727 .094 .279 .007 . .054 .057

N 83 83 83 83 83 83 83 83

Correlation Coefficient -.071 .055 .083 -.022 264" 212 1.000 .200

CARspt  Sig. (2-tailed) 524 .620 .457 .842 .016 .054 . .070

N 83 83 83 83 83 83 83 83

Correlation Coefficient .037 -.052 172 .002 131 .209 .200 1.000

CARyrs  Sig. (2-tailed) .743 .642 119 .987 .239 .057 .070 .

N 83 83 83 83 83 83 83 83

** Correlation is significant at the 0.0

* Correlation is significant at the 0.05 level (2

1 level (2 -tailed).

-tailed).
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FOOTNOTES
Mathematical representation

Stage M athematical Example

The general left hand distribution relationship:

10: Formal X D(y + Z) - (X Dy) + (X DZ)
The right hand distribution law is not true for npens but is true for proportions and
sets:

11: Systematic x + (y0z) # (x Oy) + (x Oz) numbers

12: Metasystematic

xU(yNz)=(xNy)U (xN z) proportions and sets
The system of propositional logic and elementatytsory are isomorphic:
x& (yorz)=(x& y)or (x& z) Logic

- xN(yUz)=(xNy)U(xN z) sets

T(False) = ® Empty set
T(True) < Q Universal set

Where:

* multiplication (product of values),
+ addition (sum of a few values)
= equal to,
# not equal to, inequality (indicates two values different)
(1 intersection (only the common elements of setsaxXAND x = b),
U union (inclusive of all elements of sets; x = a ORb)
® empty set (a set with no members)
‘Q universal set (volume of an object, all sets urndesideration)
() parenthesis (denotes a quantity, list, sebofdinates)
= logical equivalence (logical statements)
We want to have a linear measure of hierarchicalptexity that reflects how many actions,

subactions, subsubactions, etc., are coordinatésistart by defining the measure of
complexity at order n, denoted by, as the minimum number of simple actions requiced

complete an action of order n. The advantage fifidg it this way is it directly reflects that
the actions are organized. By usiflgdhe can then take the log and get an equallyespac
ordinal scale. By axioms (HC2) and (HC3), an actbborder n organizes at least two
actions of order n -1, each of which in turn organiat least two actions of order n —2, and
so forth, until we reach the lowest-order, simpgamns. Consequently, given the inductive
definition of the hierarchical complexity ordersid not surprising thagn = 2n. Formally, a

zero-order action, consists of at least one sirapl®n, sap0 = 1 = 20. For the inductive

case, supposgn -1 = 2n - 1. Because by axioms (HC2) and (H@8)action of order n is
either a coordination of at least two actions afesm —1 or a chain which includes an action
of order n (and hence eventually is composed (&aat two actions of order n — 1), we have
¢n = 2p,.1=2"] by induction. Discerning the relationship beéneproperties of stimulus
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inputs and their corresponding responses can pawdvith a great deal of knowledge about

how people, animals and machines work. In the feélpsychophysics, for example,

investigations into these types of interconnectioas led to advances in our understanding

of sensory, perceptual, and cognitive processegurblly, a more comprehensive

understanding of the properties of inputs faciisathis fruitful research into the relationship

between stimuli and responses. These studiestegploere examine how successfully The

Model of Hierarchical Complexity (MHC) characterszihe input of the complexity of

mathematical problems. A successful model woulnlaex the developmental trajectory of

problem solving skills—at least for these kindsasks over a greater developmental range, in

greater detail and with more accuracy than nowtgxighis information could possibly aid

in future research on how individuals may acquimFeradvanced skills for accurately

solving these problems.

. Bond and Fox explain log odds scales akarithmic transformation of theddsof

success” (2007, p. 24)

. Synergetics is a frontier branch of science rengadjeneral tendencies in the processes of

formation, stability, and destruction of orderechp®ral and spatial structures in complex

systems of various nature, which are far from a@guiim. The models of Synergetics are

models of non-equilibrium systems in the preseridrictuations.

. Ratio of managers to workers, expressing the nuwibworkers that one manager is

considered to be able to supervise effectively padicular situation.

. Rasch Analysis Background

a. (Jean Piaget Societyittp://www.piaget.org/Rasch/jps.rasch.home.html

This growing group of researchers owes its inforarain to a meeting between

Trevor Bond from Australia and Gerald Noelting aféDec (former collaborator of
Inhelder and Piaget) at the annual JPS Symposiloim&lontreal in 1992. Noelting
and his team had been working with on the anabfsiiata from a series of Piagetian
style tests they had developed--in particular theye trying to find statistical ways of
identifying stages in their developmental data. dcgported on the success he had in
applying Item Response Theory--in this case, Rasellysis--to Piagetian style tests
developed by himself in Australia and by Shayealetin England.

As a result of the interest generated at the JBSeptations in 1992, Bond was
invited to organise two Rasch analysis workshopsmunction with future JPS
Symposia. The first was conducted by Ben WrighthefUniversity of Chicago
(collaborator of Georg Rasch) in Philadelphia Bt e second, by Trevor Bond and
Mark Wilson of UC - Berkeley, at Berkeley, in 199%ese workshops were responsible
for adding new members to the research team -rircpkar, Ulrich Mueller (member of
Bill Overton's group at Temple U), Gino Coudé aadn}Pierre Rousseau (members of
Noelting's équipe at U Laval). As the success efapplication of Rasch analytical
procedures to Piagetian problems was made evideghgosia given by the team at
Chicago and Berkeley, they were joined by Bill Ghaym the University of Toledo,

Theo L. Dawson from the University of Californiaigrkeley and Betsey Grobecker,
Auburn University.

The evolution of the group has been rather intergsErom the start, Trevor
Bond has provided the bridging link between theeligymentalists on the one hand and
the experts in Rasch Analysis on the other. Heimtasduced to Rasch analysis by Geoff
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Masters (Australian Council for Educational Reskpsnd Mark Wilson, and more
recently, has been working with Ben Wright and Mileeacre [creator of the Rasch
analysis software Winsteps] of the University ofic@lgo. The involvement of Theo
Dawson has now strengthened the links with Marlks@vil while Bill Gray brings with
him the collaboration of statistician Christine Foam the University of Toledo..
7. Dr. John Michael Linacre is a professor at the MBBA&chometric Laboratory, University
of Chicago.



