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It is expected that information taught in the context of school will ultimately transfer
to workplace settings. To support this transition, educators and researchers advocate
for organizing foundational ideas, or concepts, in specific domains of knowing. In
the domain of transportation engineering, knowing of concepts, which include “big
ideas” such as sight distance, volume, capacity, and vehicle operations around curves,
are expected to seamlessly transition between school and practice. The foundational
mathematical and scientific principles that govern these concepts are perceived to be
separated from context, thus individuals are expected to carry their knowing across
dissimilar situations. However, evidence within educational research often diverges
from this expectation. Further, most research on conceptual understanding tends to
concentrate on students’ individual understanding in the context of school. Although
such lines of inquiry provide valuable insight into conceptual understanding of
students, it only addresses one setting of learning. If students are expected to utilize
their knowing in practice, then the setting of the practice should also be addressed.
The concentration on individual understanding within most conceptual understanding
research is disconcerting in consideration of engineering practice, which is inherently
dependent on interactions with others and tools in the world. This dissertation
addresses these issues by examining the role of concepts in engineering practice.
Using a process of inquiry informed by qualitative research methods (particularly,

content analysis and ethnographic methods), the author examined the relationship
between concept and context of engineering practice. Based on data gathered, the
author developed four manuscripts that addressed what concepts are relevant to
transportation engineering practice, when and where concepts emerge in processes
and activities of practice, how engineering concepts were utilized, and why engineers
utilized them in practice. Themes addressing the relationship between concept and
context provide a foundation for a proposed theoretical framework addressing the
sociomateriality of transportation engineering concepts in practice.
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Chapter 1 – Introduction
1.1

Overview

The intent of this research is to investigate use, representation, and interpretation of
transportation engineering concepts in engineering practice. Using a two-stage research
process, this dissertation presents a series of manuscripts examining what concepts are
relevant to engineering practice, when and where concepts manifest in engineering
practice, along with how and why concepts emerged in engineering practice. Work
presented in this dissertation provides insight into what makes concepts meaningful to
practicing engineers as they complete ubiquitous tasks relevant to engineering activities
and interactions in the context of authentic social and material contexts. The first chapter
introduces existing perspectives on concepts in learning research, substantiates relevance
of concepts in engineering education, and provides an overview of research questions
connecting the line of inquiry presented in the dissertation. The first chapter also
summarizes the organization of the dissertation with description of the research, research
settings, and methodologies utilized to examine the inquiry of interest. The next four
chapters contain manuscripts submitted to peer-reviewed publications. The first three
manuscripts have been accepted in refereed conference proceedings (American Society of
Engineering Education and Research in Engineering Education Symposium), while the
fourth manuscript will be submitted to a peer-reviewed engineering educational journal.
The common theme tying the four manuscripts is concept use and representation in
relation to professional engineering practice. The final chapter of the dissertation
addresses implications of the research findings on engineering education and student
experiences, and poses future research directions in examining concept use in engineering
practice.
1.2

What are Concepts?

Concepts function as organizers and categorizers in the world. Serving as “pieces of
knowledge in a domain” (Rittle-Johnson & Alibali, 1999, p. 175), concepts provide a
means to sort the world in meaningful ways (Bransford, Brown, & Cocking, 2000;
Greeno & van de Sande, 2007). Take as an example one of the most common
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misconceptions regarding illnesses such as the common cold, bronchitis, strep throat, flu,
and whooping cough: According to the Centers for Disease Control and Prevention
(CDC) website, misclassification of these illnesses as either bacterial or viral leads to
misuse of antibiotics and incorrect treatment of patients. In a sense, the causes of the
illnesses (i.e. bacteria and virus) are concepts in the medical field: They serve as
organizers that differentiate between single-cell organisms able to live within and outside
of the human body (i.e. bacteria) and even smaller organisms that require access to cells
for its reproduction (i.e. viruses). Defining the concepts initiates knowledge of
appropriate treatments, assumptions regarding the concept and the treatments, constraints
and affordances relating to the cause of the illness, and other meaningful relationships
linking knowledge of the concept to treatment and diagnosis.
Every domain from chess to mathematics contains categories of foundational ideas
identifiable to that area of knowing (Bransford et al., 2000). In engineering, similar
organizations of knowledge exist. In the area of heat transfer, concepts include
conduction, convection, radiation, temperature gradient, and thermal resistance (Jacobi et
al., 2003; Prince, Vigeant, & Nottis, 2012; Streveler et al., 2003). Statics includes
concepts such as free body diagrams and separation of bodies, equilibrium, friction, static
equivalence, and negligible friction (Steif, Dollár, & Dantzler, 2005; Steif et al., 2010).
The domain of transportation engineering often refers to concepts such as sight distance
and stopping sight distance (Andrews, Brown, Montfort, & Dixon, 2010; Davis, Brown,
Dixon, Borden, & Montfort, 2013). A specific arm of transportation engineering (i.e.
traffic engineering) identifies concepts such as approach speed, cycle length, coordinated
signals, yellow change interval, actuated signals, vehicle detection, phases, gaps, among
other foundational ideas (Islam, Hurwitz, & Brown, 2014).
Categorizations of the world around fundamental ideas serve an important role in human
knowledge and learning. It is commonly noted that experts tend to categorize their
knowledge around “big ideas” (Bransford et al., 2000). For example, Chi, Feltovich, and
Glaser (1981) noted that experts (when compared to relative novices) tend to categorize
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problems according to scientific principles rather than surficial similarities in visual
representations. While summarizing literature identifying experts, Rayne et al. defined
experts as “individuals who have a great deal of well-organized content knowledge, who
are able to retrieve their knowledge quickly and with little effort, who are able to frame
problems in a deep and principled manner, and who easily notice meaningful features and
information” (2006, p. 166). Beyond the existence of categorical organizations around
core ideas in a domain, studies suggest that conceptual understanding is related to
procedural knowledge (Hutchins, 1995a; Rittle-Johnson & Alibali, 1999). Additionally,
robust knowledge of concepts is thought to supplement engineering judgement:
“Engineers rely on conceptual knowledge in the practice of engineering including
intuitive expectations as to how systems behave without recourse to sophisticated models
or physical prototypes” (Streveler, Litzinger, Miller, & Steif, 2008, p. 280). These
perspectives on concepts point to the importance of examining the role of concepts in
learning experiences.
1.3

Investments in Concepts within Student Experiences in Engineering

The literature connecting the ways knowledge is categorized influences development of
student experiences and assessment of knowledge. Instructors and researchers actively
pursue constructing curriculum around concepts. For example, knowledge-centered
environments focus on establishing settings in which students pursue deeper
understanding of concepts (Bransford et al., 2000). Take the efforts in developing
knowledge tables and learning outcomes in introductory transportation engineering
courses as an example. Sixty faculty members from various higher education institutions
in the United States participated in the Transportation Education Conference and assisted
in developing knowledge tables for traffic operations, transportation planning, geometric
design, and other sub-domains in transportation engineering (Bill et al., 2011). These
knowledge tables accounted for concepts, processes, tools, and contexts relevant to the
noted sub-domains (Bernhardt et al., 2010). Outside the field of transportation
engineering, Steif and Dollar (2005) proposed a “revamping” of instructing statics,
wherein students confront foundational concepts one-at-a-time through interactions with
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tangible representations of the concepts. Fraser, Pillay, Tjantindi, and Case (2007)
developed computer simulations of fluid mechanics concepts as a means to improve
student understanding of concepts. These efforts exploring the connection between
instructional practices, curriculum development, and knowledge of concepts reflect the
importance of concepts in educational experiences of engineering students.
The perceived value of developing understanding around concepts is also reflected in the
plethora of work assessing conceptual knowledge and identifying misconceptions within
engineering domains (Streveler et al., 2008). For example, the Statics Concept Inventory
(Steif et al., 2005) and the Heat and Energy Concept Inventory (Prince et al., 2012) were
developed within the field of engineering education as a means to “probe student beliefs
on this matter [i.e. concepts] and how these beliefs compare with the many dimensions”
of some foundational concept (Hestenes, Wells, & Swackhamer, 1992, p. 2). These types
of assessments (administered on its own or paired with some other method, such as a
clinical interview) have been utilized to examine individuals’ deep knowledge of “big
ideas” in engineering (Allen, 2006; Olds, Streveler, Miller, & Nelson, 2004; ReedRhoads et al., 2007; Steif et al., 2005). There also exists work outside of development of
concept inventories that attempt to assess student knowledge, such as Montfort, Brown,
and Pollock’s (2009) examination of engineering students’ conceptual understanding in
the domain of mechanics of materials. Using clinical interviews paired with ranking
tasks (which are tasks that require individuals to compare physical features of problem
representations without provision of equations), Montfort et al. (2009) assessed
sophomores, juniors, seniors, and graduate students’ understanding of stresses, bending,
and buckling. Identification of misconceptions is also an area of growing relevance in
engineering education research (Streveler et al., 2008). For example, Hurwitz et al.
(2014) utilized clinical interview methods to identify misconceptions surrounding traffic
engineering concepts amongst novice students, expert students, and practicing engineers.
Such research efforts point to the importance of concepts in assessing student knowledge
within engineering education.
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1.4

Exploring the Role of Concepts in the Context of Engineering Practice

In recognition of ongoing investment developing curriculum and student experiences
around concepts, this study examines the role of concepts in engineering practice. If the
goal of educating engineers in school settings is to prepare them for work in practice,
then understanding the relationship between what they were taught in school (concepts)
and the ways in which they are to apply their knowledge in their work is an essential line
of inquiry. Despite the importance of examining workplace settings and the ways in
which concepts are used by people in their work, the focal point for most research on
understanding of concepts are school settings and students’ individual knowledge
structures. This dissertation addresses this gap in literature by examining the role and
function of concepts in consideration of contexts relevant to engineering practice.
1.4.1

The Role and Function of Concepts in Practice Unexplored

The investment in developing curriculum and assessments of knowledge for students
point to the common assertion that deeper conceptual knowledge may assist students as
they transition to professional work. By developing knowledge-centered learning
environments and constructing assessments around conceptual understanding as those
described in the previous section, the expected outcome is students’ successful utilization
of knowledge of foundational ideas across various contexts as experts do (Bransford et
al., 2000). Yet, discontinuities of knowledge regarding concepts across contexts,
particularly between school and “everyday” settings, still pervade research. Vosniadou
(2007b, p. 60) contends, “While there is little transfer of scientific or mathematical
knowledge obtained in school to everyday situations, knowledge acquired in everyday
settings seems to ubiquitous and ready to be transferred to other settings”.
Three differences between school and “everyday” contexts are thought to contribute to
inflexibility of applying knowledge across dissimilar settings (Bransford et al., 2000; Day
& Goldstone, 2012; Jonassen, Strobel, & Lee, 2006; Lave, Murtaugh, & de la Rocha,
1984):
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1) school environments focus on individual work,
2) the role of tools in ubiquitous tasks, and
3) applied reasoning in school (which favors abstracted reasoning) compared to
everyday settings (which favors contextualized reasoning)
This issue of transferring knowledge across contexts is a central issue of concern in
educational research, as it directly problematizes a core goal of schooling: “[preparing]
students for flexible adaptation to new problems and settings” (Bransford et al., 2000, p.
77).
The problem is highlighted by Bransford et al. when they stated, “knowledge that is
taught in only a single context is less likely to support flexible transfer than knowledge
that is taught in multiple contexts” (2000, p. 78). Despite this, relatively little research
has explored the role of concepts in everyday contexts, particularly in engineering
practice. In a description of research of professional engineering work, Stevens, Johri,
and Olds noted, “Among the social scientists who have taken an active research interest
in engineering, a number have highlighted the puzzling dearth of empirical descriptions
of professional engineering work” (2014, p. 120). Limited examination of the
relationship between concepts and the context of engineering practice tend to focus on
practitioners’ individual understanding (Davis et al., 2013; Hurwitz, Brown, Islam,
Daratha, & Kyte, 2014; Urlacher, Brown, Steif, & Bornasal, 2015). Further, most of the
research regarding concepts focuses on students embedded within school settings
(Streveler et al., 2008).
In a sense, only one of the two settings relevant in the process of successful transfer is
actively addressed in engineering education literature. If the ultimate goal of school is to
ensure students are successful in work, then understanding the context in which students
are expected to work must be addressed. The research discussed in this study attempts to
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fill this gap by actively exploring the role and function of concepts in the “everyday”
setting of work practices.
1.4.2

Hints at the Relationship between Concept and Context

Parallel to the work presented in this dissertation, several of the author’s colleagues at
Oregon State University explored conceptual knowledge of engineering practitioners. A
study by Urlacher et al. (2015) compared the conceptual knowledge of statics between
students and working professional engineers. The comparison revealed little difference
between relative experts and novices’ knowledge of statics concepts (Urlacher et al.,
2015). Similar to students’ average scores, engineers’ scores indicated poor
understanding of Newton’s 3rd Law, static equivalence, negligible friction, and friction
(Urlacher et al., 2015). Another study conducted by Hurwitz et al. (2014) examined
misconceptions of traffic signal system concepts amongst novice students, expert
students, and practicing engineers. Surprisingly, practicing engineers exhibited high rates
of misconception regarding minimum green time and passage time (Hurwitz et al., 2014).
These results of the studies brings to question why engineers, who have had
comparatively more experience in utilizing the concepts, did not have vastly better
understanding of concepts compared to students.
The answer may lie in the context in which representation, interpretation, and use of
concepts are embedded. In this sense, “context” includes the social setting and materials
(i.e. tools, artifacts, inscriptions, and visual representations) with which an individual
interacts (Johri & Olds, 2011). Social and material contexts encompasses everything
from individuals participating in shared activity, to tangible artifacts found in the world,
to symbolic representations of objects, events, and phenomenon (Johri & Olds, 2011;
Johri, Roth, & Olds, 2013).
In the Urlacher et al. (2015) study, differences between material context presented to the
engineers (i.e. the images of concepts in the inventory) and contexts relevant to
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ubiquitous tasks may have contributed to engineers’ poor scores. Engineers may not
have associated the images presented in the concept inventory to more applicable
representations relevant to their everyday tasks. People’s inability to recognize
foundational ideas across dissimilar contexts has a rich history in educational research
(Bransford et al., 2000; Carraher & Schliemann, 2002; Day & Goldstone, 2012; Lave,
1988). Indeed, dissimilarity in visual representations has been noted to affect student
problem solving skills (Reisslein, Moreno, & Ozogul, 2008). The presence of artifacts
during interviews have shown to affect individuals’ reasoning relating to concepts
(Brown, Lewis, Montfort, & Borden, 2011; Vosniadou, Skopeliti, & Ikospentaki, 2005),
which points to some relationship between the material context (e.g. visual
representation) and individuals’ observable manifestation of knowledge of concepts.
Another potential line of exploration is the role of context in shaping meaningful
engagement of conceptual knowledge. In the discussion of high rates of misconceptions
of engineers regarding traffic engineering concepts, Hurwitz et al. notes “[minimum
green time and passage time] are fundamental timing processes which are embedded in
analysis, software, and guidebooks” (2014, p. 68). This dependency on material artifacts
to supplement knowledge of concepts may help explain the discrepant results attained by
Urlacher et al. (2015) and Hurwitz et al. (2014). Past studies indicate that engineers rely
heavily on computer software to complete tasks relating to concepts, such as calculating
values and illustrating features (Davis et al., 2013; Downey, 1998). Perhaps, the tools of
engineering serve a role in not only the perceived usefulness of knowledge of concepts
but also the distribution of such knowledge into context in which the engineer is
embedded.
Several studies suggest that understanding of concepts is directly related to discursive
acts (Greeno & van de Sande, 2007; Hutchins, 1995b; Schegloff, 1991). The studies
conducted by the author’s cohorts and the literature cited thus far concentrated on
individuals isolated from other humans in the assessment of conceptual knowledge. This
is a considerable gap in exploration considering the importance of social interaction in
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learning as expressed in various learning theories such as Vygotsky’s sociocultural
theory, Bruner’s theory of cognitive growth, and Bandura’s social cognitive theory
(Schunk, 2012). Taking this into account, perhaps another line of inquiry is the
relationship between concepts and social context.
Concepts and the ways in which it is used, represented, and interpreted may be different
in the world of engineering practice compared to school settings, which typically favor
abstraction of such information. Further, literature hints at a relationship between
concepts and context. These two issues serve as the foundation for inquiry presented in
this dissertation.
1.5

Theoretical Foundations relating to Concepts and Engineering Contexts

Investigation of the individual segregated from ubiquitous settings and situations frames
most research on concepts. This is reflected in the theoretical framework within which
most research on concepts is founded, which is the individual cognitive perspective on
knowing. However, most examinations of engineering practice characterize engineering
practice as inherently socially and materially-dependent. In pursuit of examining concept
in context, these dimensions of engineering must be actively addressed. As such, the
work presented in this dissertation utilizes the situative perspective of cognition (which
allows the analysis beyond individual recollection of knowledge) as a lens for analyzing
concept use, representation, and interpretation.
1.5.1

Individual Cognitive Perspectives on Knowing

Most research on concepts is founded in the individual cognitive perspective. Founded in
rationalism and works by Piaget and Descartes, this perspective “emphasizes conceptual
coherence and formal criteria of truth” (Greeno, Collins, & Resnick, 1996, p. 16). This
perspective goes beyond rote memorization and passive acquisition of knowledge
(Confrey, 1990), and addresses issues regarding reasoning, conceptual understanding,
information processing, metacognitive processes, and epistemological beliefs (along with
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other important areas of cognition) (Greeno et al., 1996). The individual cognitive
perspective places knowledge in the mind, qualifies its formation to the individual, and
espouses that knowledge is stored within structures within the mind (Alexander, 2007;
Anderson, Greeno, Reder, & Simon, 2000; Sfard, 1998). In a sense, the cognitive
perspective is a metaphor for acquiring knowledge (Sfard, 1998). This implies a
separation between the human mind and the world in which it is embedded: Like the
constructivist perspective, the individual cognitive perspective assumes a separation
between the “knower” and the “known” (Packer & Goicoechea, 2000). This foundational
view of knowing deeply influences contemporary approaches to education as it “provides
a basis for analyzing concepts and procedures of subject matter curricular in terms of
information structures that have been specified in considerable detail” (Greeno et al.,
1996, p. 18).
As such, many of the works relating to concepts focus on individual understanding of
concepts. Take, as an example, the area of conceptual change, which is a perspective on
conceptual knowledge that falls within the individual cognitive framework. Chi (2008)
identified three types of conceptual change as categorical shift, mental model
transformation, and belief revision. The classical conceptual change approach serves as a
foundation for works relating to identifying and repairing misconceptions and
preconceptions that supposedly obstructs “correct” understanding of the world
(Vosniadou, 2008). A theoretical framework posed by Posner and colleagues identifies
four conditions for conceptual change (Posner, Strike, Hewson, & Gertzog, 1982):
discontent within existing conditions, the existence of a novel conceptions, the novel
conception must be perceived plausible, and the novel conception must be perceived as
worthy of pursuit. Note that the three descriptions of conceptual change provided by Chi
(2008), Vosniadou (2008), and Posner et al. (1982) focus on the individual human.
Despite the prominence of the conceptual change framework in educational research,
critiques of fundamental assumptions pervade. These critiques contend that the classical
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approach relegates contextual factors to the periphery in the consideration of factors
affecting conceptual change (Inagaki & Hatano, 2008; Lave, 1988; Vosniadou, 2007b).
This critique summarizes an area of conflict within the larger world of individual
cognitive perspective: The separation of the human mind from the world. Indeed, a large
history of disagreement, discussion, and comparison is prevalent in the learning sciences
literature (Anderson, Reder, Simon, Herbert, & Simon, 1996; Greeno, 1997a, 1997b;
Greeno & Moore, 1993; Vera & Simon, 1993). In response to this critique, the situative
perspective proposes that knowledge expands beyond the human mind. As Lave (1988)
noted, cognition observed in practice stretches over mind, body, activity, culture, and
other actors in the world, which serves as a foundational premise of the situative
perspective on knowing.
1.5.2

Situative Perspectives on Knowing

The situative perspective serves as a metaphor for participation rather than acquisition
(Sfard, 1998), wherein knowing is as assumed to be distributed in the world (Greeno et
al., 1996). Founded in pragmatism and the works of Dewey, Mead, and Vygotsky
(Greeno et al., 1996), the development of the situative perspective lies in ecological
psychology, sociocultural psychology, activity theory, and distributed cognition (Greeno,
2006). Along the spectrum of epistemological positioning of learning theories identified
by Alexander (2007), the situative perspective advocates that knowledge expands into the
environment, and it supposes that knowledge is socially-derived. The focus in this
perspective spans into interactional systems. One of the foundational assumptions of the
perspectives as noted by Cobb and Bowers is that “all individual actions are viewed as
elements or aspects of an encompassing system of social practices and individuals are
viewed as participating in social practices even when they act in physical isolation from
others” (1999, p. 5). The unit of analysis within the situative perspective includes
activity systems, which are comprised of the individual, social organizations, situational
events, and material contexts (Greeno, 2006). As such, the emphasis of this perspective
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is the understanding how the “knower” acts within the “known” (Packer & Goicoechea,
2000). These foundational assumptions locating knowing in the world contrasts from
foundational assumptions in the individual cognitive perspective (Anderson et al., 2000;
Anderson, Reder, & Simon, 1997; Collins & Greeno, 2011; Greeno & Moore, 1993; Vera
& Simon, 1993), which results in conflicting perspectives on the role, location, and
function of concepts in knowing.
Due to the individual cognitive perspective’s influence on perceived storage of concepts
in the individual mind, relatively few works within the situative perspective directly
addresses concepts. In his exploration of distribution of knowledge across social systems
and material artifacts, Hutchins (1995a) identifies a relationship between conceptual
knowledge and sequential tasks. In contrast to foundational assumption in the cognitive
perspective, this knowledge is not merely a function of the individual human mind:
Rather, a sailor’s ability to deeply understand sequential tasks and conceptual knowledge
(which includes computational knowledge and understanding of procedures) is dependent
on experience, tools, and social interactions (Hutchins, 1995a).
Another view of the role of concepts in knowledge is provided by Greeno and van de
Sande (2007) in their discussion of perspectival understanding and conceptual growth.
Greeno and van de Sande theorize: “if an individual or group is positioned with agency
that is limited to actions that are well specified and taken as established in the discipline,
he or she will be able to construct understandings of parts of a problem or situation, but
the integration of those parts requires initiative that goes beyond what has been explicitly
learned” (2007, p. 16). In other words, conceptual growth (i.e. active pursuit of
increasing understanding of concepts) requires discursive interaction between people.
Understanding a concept across its variant degrees of information (i.e. what it is, where
and when it can be applied, why it is relevant to specific situations, etc.) requires
participation in discursive practices with others (Greeno & van de Sande, 2007).
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These lenses on knowing point to some relationship between concept and context – a
relationship relatively ignored within the cognitive perspective. In the examination of
engineering practice (the main focus of this dissertation), this relationship is particularly
pertinent. Many examinations of engineering practice note that it is a field highly
dependent on social interactions and use of tools (Stevens et al., 2014). In the situative
perspective, social and material contexts are seen as inherently tied to knowing
(Hutchins, 1995a; Johri & Olds, 2011; Lave, 1988; Wilson, 2002).
1.5.3

Engineering Practice as Socially-Embedded and Materially-Dependent

In their characterization of everyday problem solving in engineering practice, Jonassen,
Strobel, and Lee (2006) note that the ill-structure and complex nature of problems posed
in engineering practice requires distribution of problem solving knowledge across
individuals and activity systems. This characterization of engineering as “distributive”
matches observations of engineering studies. For example, Bucciarelli (1988)
characterized engineering design as collective and one in which knowledge is distributed
across sub-communities within the domain.
This distribution of knowing requires interaction within a social space. Trevelyan
observed in his study of engineering practice (2010, p. 187): “None of the participants in
our study worked on their own. To a greater or lesser extent, they all relied on
interactions with other people: their practice was based on distributed expertise.” In a
study of engineers’ work regarding a major bridge-building project, Suchman (2000)
identified sense-making, persuasion, and accountability as inherently central to the
progression of the project. In an attempt to characterize engineering knowledge,
Figueiredo (2008) identified engineering as inherently tied to social sciences due to
requirements of the practice to consider social complexities . These characterizations of
engineering point to the social dimension of engineering (Trevelyan, 2010).
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Engineering practice is also inherently tied to the material world. Bucciarelli (2002)
observed that artifacts of the engineering process (i.e. sketches, hardware, etc.) mediate
knowledge. Henderson (1991, p. 448) characterized the dependence of the practice on
visual artifacts, while referring to sketches and drawings as “building blocks of
technological design and production.” Visual representations such as equations,
photographs, diagrams, and graphs are pervasive in the world of engineering (Johri et al.,
2013; Latour, 1987).
These works point to the socio-materiality of the engineering practice (Johri, 2011,
2012). Sociomateriality refers to the malleable boundaries between social interaction and
manipulation of tools ubiquitous in the practices of the engineering (Johri, 2012). This
relationship between engineering practice, social interactions, and material contexts
supports pursuing knowledge of concepts beyond the individual human mind. The
consideration of these dimensions is relatively unexplored in the individual cognitive
perspective of knowing. Indeed, the existing framework of the individual cognitive
perspective relegates these dimensions to secondary roles. The situative perspective on
knowing acknowledges these characteristics in that it considers the entire activity system,
rather than just an individual segregated from the world.
1.6

Gaps in Existing Research

The work presented in this dissertation addresses several gaps in existing engineering
education literature. Firstly, this study examines engineering practice in situ, which is an
area of limited exploration in existing research. Secondly, this study examines the
relationship between contexts (particularly, social and material dimensions of context)
and concepts. This relationship is relatively unexplored in existing engineering education
literature. Lastly, the theoretical lens framing the relationship between context and
concept in the study is the situative perspective. This deviates from traditional research
on concepts, which has focused on the individual rather than the entire system inclusive
of the individual along with others in the world.
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1.7

Description of Research

The overarching goal of this research is to develop an understanding of a previously
unexplored link in research: the relationship between concept and its use, representation,
and interpretation in the context of practice. This dissertation addresses this goal with the
presentation of four manuscripts, which are presented as individual chapters:
Chapter 2 -

This study initiates study relating concept and context via content

analysis of textual resources. Further, this paper inspired the process of inquiry
conducted in chapter 3.
Chapter 3 -

This study identified relevant concepts in roundabout design. The

findings from this study establishes a code list utilized in analyzing data presented
in Chapters 4 and 5.
Chapter 4 -

This study characterized the activity system in which concepts

identified in Chapter 3 emerge in the actual design of a roundabout by practicing
engineers.
Chapter 5 -

Using findings from the previous manuscripts, this study described

the socio-materiality of concepts in engineering practice.
The first study (Chapter 2) is titled, “Prevalence of inscriptions in transportation
engineering text: Clues to context.” This study was published in the conference
proceedings for the American Society of Engineering Education. This study examines
ways engineering concepts are symbolically represented in academic and practical texts.
The findings from this study suggest that context in which engineering practice is
embedded may be different from those encountered in school settings. Further, the
process of inquiry in this study (i.e. content analysis) served as the basis for work
presented in the chapter 3.
The second study (Chapter 3) is titled, “Concepts in roundabout resources: A comparison
between academic and practical texts using content analysis.” This study was published
in the conference proceedings of the American Society of Engineering Education.

16

Chapter 3 informs the code list utilized in analyzing data presented in the two other
manuscripts (Chapters 4 and 5). This work identifies sensitizing concepts that frames
inquiry during the ethnographic framework. This identifies what concepts may be
relevant in engineering design of a transportation facility by analyzing texts relevant to
transportation engineering design.
Chapter 4, which is titled “Engineering concepts in engineering performances and social
interactions,” initiates exploration of engineering practice in context. Using
methodologies founded in qualitative research, the author gathered data regarding the
social and material context that characterized engineering practice at a private
engineering consulting firm, Company X. This study characterizes the activity system
(i.e. social settings in which interactions occurred, constructed artifacts, and referenced
materials) in which concepts emerged at Company X. Further, this study characterizes
the process of activity leading to the construction of client deliverables. This study was
submitted and accepted in the conference proceedings for the Research in Engineering
Education Symposium.
The fifth chapter, titled “Socio-materiality of concepts in engineering practice”, examines
the relationship between social interactions and settings, material contexts, and use,
representation, and interpretation of engineering concepts. This study builds on work
provided in chapters 3 and 4 in order to characterize the role and function of concepts in
the context of engineering practice. This study will be submitted to the Journal of
Engineering Education.
1.8

Research Questions

The four studies presented in this dissertation are framed by five questions relating to
concept use, representation, and interpretation within the context of engineering practice:
1. What engineering concepts are relevant to transportation design?
2. What are the characteristics of interactions, activities, and practices in which
transportation engineering concepts emerge?
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3. What role does the social and material context play in meaningful engagement of
concepts?
4. How do concepts function in activities and interactions authentic to engineering
practice?
5. Why do concepts emerge in activities, contexts, and interactions typical of
engineering work?
The four manuscripts presented in this dissertation attempt to address these questions.
1.9

Research Setting

The research was conducted in two settings: Oregon State University and Company X (a
private engineering consulting firm). The research presented in chapters 2 and 3 utilized
content analysis of textbooks and practical resources relevant to transportation
engineering. Due to the nature of content analysis, the setting for this research was
textual resources available to the author at Oregon State University and those texts
available online. Data gathered for chapters 4 and 5 occurred at Company X. These
ethnographic-informed studies required the author to actively participate in daily
activities onsite for six months.
1.9.1

Content Analysis (Chapters 2 and 3)

The work presented in chapters 2 and 3 was conducted via content analysis of textual
resources. Content analysis entails the analysis of textual resources as a means to
quantitatively describe inscribed productions of social groups (Krippendorff, 2013). As
such, the setting for these studies was not set in one physical location, but rather in
textual resources of interest. The author utilized information gathered online, as well as
tangible artifacts available through the Oregon State University libraries.
The unit of analysis for chapter 2 was representation of a single transportation
engineering concept (i.e. sight distance) in textbooks, teacher course notes, and practical
referential sources. The data sources examined during this study included 29
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introductory transportation engineering course syllabi, 5 textbooks, 4 course notes and 2
practical textual resources.
For chapter 3, the unit of analysis expanded to all transportation engineering concepts in
references addressing roundabout design. Roundabouts, as a design facility, was chosen
due to its significance in the proceeding studies (chapter 4 and 5), which will be
discussed in later sections. The data sources examined in this study included four
practical textual resources and 11 textbooks.
1.9.2

Research Setting (Chapters 4 and 5)

The research presented in chapters 4 and 5 was conducted at Company X, a private
engineering consulting firm. The author collected data via prolonged participantobservation at one of the regional offices of Company X. Company X, a large consulting
firm based out of the western portion of the United States, employed over 20,000
individuals across the globe. The areas of focus for Company X included engineering
design, planning, and construction management for energy, water, infrastructure, and
environmental projects. The work presented in chapters 4 and 5 took place at Region
Office A, which housed approximately 500 employees working on architectural, water,
transportation, and structural engineering and planning projects.
Due to the author’s background in transportation engineering and potential to actively
assist on projects, she was assigned to the Transportation Group. This group included
approximately 60 civil engineers (mostly with backgrounds in transportation, traffic,
structural, and geotechnical engineering), planners, surveyors, project and administrative
assistants, design technicians, and project managers. The author spent approximately six
months as an engineering intern and member of the Transportation Group. The author
participated in twelve different projects in this role (see table 1-1).
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Table 1-1:

Author/Researcher involvement in Company X projects

Project Name

Researcher Role as “Participant”

Hours

Roundabout Project

Supported design drafting, estimated
preliminary (design-level) project costs,
wrote reports
Estimated preliminary (planning-level)
costs
Supported design drafting

168

% (Hours
Spent on
Project/Total
Time onsite)
14.60

116

10.08

25

2.17

Supported design drafting
Supported design drafting

17
11

1.48
0.96

Supported design drafting
Supported design drafting
Estimated preliminary (planning-level)
costs
Took notes during meeting
Estimated preliminary (planning-level)
costs
Constructed public interest documents

10
7
5

0.87
0.61
0.43

4
4

0.35
0.35

3

0.26

Supported design drafting

1

0.09

City Planning - Project C
Public Entity Security
Planning – Project K
Public Transit – Project H
Public Entity Security
Project – Project J
Public Transit – Project D
Public Transit – Project E
City Planning – Project I
Interchange -Project B
City Planning – Project F
County Preliminary Design
– Project L
Airport Standards – Project
G

Due to the author’s degree of involvement in the Roundabout Project, all of the work
presented in chapters 4 and 5 address this specific project. The Roundabout Project was
initiated after Company X won a bid to provide preliminary and final designs for two
roundabouts. Spurred by a combination of events, which included planned upgrades to
one of the intersections at the project site and public concern regarding safety at an
adjacent intersection, Company X agreed to complete preliminary and final analysis and
design for two roundabouts. During this project, the author interacted with a number of
individuals including (but not limited to) members of the Project Team, the Client, a
Regulatory Agency, a subcommittee consisting of members of the freight transport
community, and other stakeholders.
1.9.3

A Note on Roundabout Design

Roundabouts are relatively new in terms of a transportation design facilities within the
United States. According to Michael F. Trentacoste’s foreword in “Roundabouts: An
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Informational Guide” (2000, p. iv), transportation agencies and professionals had limited
exposure to design guidelines specifically addressing roundabouts within the United
States until the construction of the published guideline from the Federal Highway
Administration (FHWA). However, increased implementation of modern roundabouts
emerged within the United States beginning in 1990 with evidence of increased safety
benefits.
Like most civil engineering design projects, roadway designs must meet established
standards and are informed by published guidelines. The actual applicable standards and
guidelines for projects depend on location of sites, funding sources, and other issues of
regulation and ownership. The most common reference for roadway geometry design
within the civil engineering domain is the AASHTO-published reference, “A Policy on
Geometric Design on Highways and Streets,” which is commonly referred to as the
“AASHTO Green Book.” At the inception of the Roundabout Project, there existed no
federal standard on roundabout design. However, several design guidelines were
published by the United States Department of Transportation (USDOT) and Federal
Highway Safety Administration (FHWA) that provided guidance on design best practices
(Robinson et al., 2000). There existed no state DOT-published standards for roundabout
design for the state in which the Roundabout Project occurred. However, members of the
Project Team had access to a draft version of roundabout design guideline. Members of
the Project Team referred to such federal and state guidelines and presentations from
representatives of the FHWA, DOT, and other regulatory agencies during the
Roundabout Project in their geometric design of the roundabout.
Modern roundabouts (hereto referred to as simply “roundabouts”) are comprised of
particular geometric elements, as illustrated in figure 1-1. The traffic operation of
roundabouts, factors relating to safety, concerns regarding costs and construction provide
a foundation for placement and elements of the geometric design for roundabouts.
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Figure 1-1:

Typical features of modern roundabouts

Noting the interplay between these varied concerns in transportation engineering, the
design of a roundabout requires the use of various transportation engineering concepts
associated with geometric design (e.g. superelevation, horizontal curves, sight distances,
design speeds, etc.), traffic operations (i.e. volume, capacity, etc.), and consideration of
contextual factors (i.e. right-of-way considerations, benefit-cost analysis, etc.). As such,
the Roundabout Project provided various opportunities to examine concept use,
representation, and interpretation. Following the activities, interactions, and construction
of artifacts of members within the Transportation Group, the role of engineering concepts
in the progression of a project is interpreted in this study.
1.9.4

Project Team Descriptions at Company X

The group of individuals involved in the Roundabout Project are referred to in the
manuscripts as part of the Project Team. This team included 48 Company X employees.
Per the project staff list, the Project Team included civil engineers from various sub-
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disciplines, planners, project managers, project assistants, computer aided design (CAD)
technologists, scientists, accountants, and surveyors. Table 1-2 lists the Project Team per
their pseudonyms, discipline, and project focus for the Roundabout Project.
Table 1-2:

Project team composition and disciplines

Discipline
Accountant

Project Focus
Accountant (incl. Review and Support)

CAD and
Designers
Contracts

Computer aided design (CAD)

Project Team members*
PA40, AC96, AC89, AC94, AC95,
AC93
CA10, CA11

Contracts (incl. Administrator and
Manager)
Drainage

PM56, CO98

Geotechnical

E58, E65, E102

Illumination

E57

Pavement

E30

Roadway
Structures

E02, E03, E15, E22, E25, E52 (i.e.
Nick)**, E13
E48

Traffic

E62, E63 (i.e. Edna)**

Environmental

Environmental

V44

Files and
Technology
Graphics

Files and Technology

CA29, PW101

Graphics

G90

Planner

Planner

P49

Public Involvement

P07, P18

Procurement

Procurement

OS88

Project Assistants

Project Assistants

PA51

Project
Management
Quality Control

Project Manager (and Assistant Project
Manager)
Quality Control

PM43 (i.e. Bob)**, E25 (i.e. Joe)**

Safety

Safety

OS92

Scientist

Archeology

S100

Cultural Resources

S97

Hazardous Materials

S93

Wetland

S64

Survey

SV27, SV24, SV38, SV05, SV42,
SV91
EXP (i.e. Carl)**

Engineer

Survey

E66, E67

QC, E30

Outside
Roundabout Design Expert and Outside
Consultant
Consultant
*Identification numbers represent actual individuals working on the Roundabout Project.
**These individuals are referred to via different pseudonyms in Chapter 5.
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Throughout the project, the project manager (PM43) and deputy assistant project
manager (E25) oversaw the production and subsequent delivery of artifacts to the Client
and Regulatory Agency. Additionally, PM43 and E25 served as the point of contact
between the Regulatory Agency, Client, Project Team members, and other project
stakeholders. As such, the majority of the author’s interactions during the Roundabout
Project included these two individuals. PM43 had a vast background in project
management, design review, and development of specifications for highway/roadway and
transit projects. E25, a senior roadway engineer at Company X, had an extensive
background in roadway geometric design, design and plan review, specification review,
and other transportation related tasks and roles.
In addition to these two individuals, key actors described in the manuscripts included
members of the Roadway and Traffic group. E52, a junior engineer, was tasked with the
majority of the roadway geometrics for the Roundabout Project. Serving at another
Company X region office, E63 completed the majority of the traffic analysis for the
Roundabout Project. E22, who was lead designer and task manager for a different
roundabout design project, provided guidance in cost estimation for the project and
roundabout geometrics design. E02, an engineer at Company X for nine years, also
provided support in the roadway geometrics design. The author/researcher also
interacted with other members of the Project Team, but the majority of the interactions
described in the manuscripts refer to these individuals.
1.9.5

Roundabout Project Client Deliverables

The Project Team was tasked with the delivery of multiple tangible artifacts and
successful completion of thirteen particular tasks for the Roundabout Project. For this
project, the author participated up to the 30% completion of design, which occurred at
Week 28 (Day 161) of the project. The “30% completion” included the delivery of six
tangible documents directly relating to civil engineering design. These documents
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included the Alternatives Analysis Memorandum, Geotechnical Report, Pavement
Report, Traffic Analysis Memorandum, Stormwater Technical Memorandum, and a
Preliminary (30%) Design Plan Set.
The Geotechnical Report provided analysis of onsite conditions with particular
consideration for soil properties at the Roundabout Project site. Using traffic volume
data gathered by the traffic engineers and soil strength test results from the geotechnical
engineers, E30 (a senior engineer tasked with the pavement design) determined the
required thicknesses for the asphalt flexible pavement approaches and concrete rigid
pavement for the inscribed circle of the roundabout. This analysis and design by E30
resulted in the Pavement Report. The engineers tasked with drainage design constructed
the Stormwater Technical Memorandum. This memorandum provided justification and
explanation of the design decisions regarding stormwater movement and location of
drainage applications within the project area. The research had limited involvement in
the construction of these deliverables.
Noting crash histories and existing traffic conditions onsite, the traffic engineers
predicted future conditions (such as volume-to-capacity ratios and queue length) to
inform the recommendation of various design alternatives. These activities led to the
construction of the Traffic Analysis Memorandum, a written report providing linear
explanation of future conditions, justifications for engineering designs, and other relevant
issues. The researcher provided support in the construction of this deliverable.
The Alternatives Analysis Memorandum constrains the design of the facility according to
needs and desires of important project stakeholders and requirements of predicted traffic
patterns onsite. The Primary Researcher participated extensively in the construction of
this deliverable.
Lastly, the Preliminary Design Plans provided a two-dimensional model of the
roundabout. These plans included proposed horizontal alignment, vertical profiles,
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defined areas for roadway widening, roundabout dimensions (e.g. center island, splitter
island, curb lines), earthwork impacts, and preliminary right-of-way and easement
requirements. The researcher assisted E52, E02, E22, E25, and C10 in constructing this
deliverable.
1.10

Methodology

Like most qualitative research, the epistemology (i.e. the underlying philosophy
characterizing knowing in this research) of this study is founded in constructionism
(Crotty, 1998). This epistemic stance also falls under the interpretivist framework
(Borrego, Douglas, & Amelink, 2009; Crotty, 1998; Koro-Ljungberg & Douglas, 2008).
Crotty (1998, pp. 8–9) describes this epistemic stance as a rejection of the existence of an
objective truth: “Truth, or meaning, comes into existence in and out of our engagement
with the realities in our world. There is no meaning without a mind. Meaning is not
discovered, but constructed.” The underlying assumptions in this stance in knowing are
three-fold (Blumer, 1986; Crotty, 1998): 1) meanings are constructed as individuals
engage in the world, 2) human interpretation of the world must account for the context in
which that meaning is constructed, and 3) meaning is constructed out of interaction with
the human community. As such, the approach for research from this perspective is to
“look for culturally derived and historically situated interpretations of the social lifeworld” (Crotty, 1998, p. 67). The purpose of inquiry founded in this epistemic stance is
to describe situations, experiences, and phenomenon in order to produce situated
descriptions of happenings in the world (Koro-Ljungberg & Douglas, 2008).
The methodology of this research was informed by literature on qualitative research such
as naturalistic inquiry and ethnography (Berg & Lune, 2012; JCreswell, 2013; Denzin &
Lincoln, 2008; Emerson, Fretz, & Shaw, 2011; Hammersley & Atkinson, 2007; Lincoln
& Guba, 1985; Miles & Huberman, 1994; Patton, 2002). Based in large part on the
process of naturalistic inquiry proposed by Lincoln and Guba (1985), the
author/researcher entered Company X conducted a prolonged examination of engineering
practice. This process of inquiry is illustrated in figure 1-2.
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Figure 1-2:

Process of inquiry
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Informed by literature examining conceptual knowledge and activity systems, the
author/researcher utilized triangulated research methods (i.e. participant-observation,
interviews, and document collection and analysis) and validating strategies to gather data
at Company X. Noting that the Roundabout Project provided an opportunity to observe a
typical engineering design project, the author/researcher analyzed instances wherein
engineering concepts manifested in engineering discourse and activity.
The analysis of data gathered at Company X was, in part, guided by a code list generated
in chapter 3. The method employed in this chapter (along with chapter 2) was content
analysis. Berg (2001) described content analysis as a methodological technique directed
at condensing data until it is systematically comparable. One of the philosophical
underpinnings of content analysis is its assumption of objectivity (Berg & Lune, 2012;
Krippendorff, 2013). Further, content analysis blends both qualitative and quantitative
analysis (Berg & Lune, 2012). This may seem counterintuitive to the qualitativeinformed framework of inquiry proposed thus far. However, as Berg contends, “content
analysis is not a reductionist, positivistic approach… it is a passport to listening to the
words of text, and understanding better the perspective(s) of the producer of these words”
(2001, p. 242). In addition to identifying, organizing, and retrieving data of textual
resources, content analysis of texts relevant to engineers allowed insight into the context
of practice.
In addition to the code list generated in chapter 3, the author developed codes grounded
in the data gathered from Company X. These additional codes regarded individuals
present during events, types of events, social setting of events, artifact type, and linked
situations. Reading, coding, re-reading, and further analysis of the data set allowed for
development of themes relating concept use, representation, and interpretation in the
social and material contexts observed during the Roundabout Project. This analysis led
to the construction of case report utilized in the manuscripts provided in chapters 3 and 4.
The following sub-sections provide detailed insight into the process of inquiry.
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1.10.1 Natural Setting: Examination of Engineering Practice (Chapters 4 and 5)
In an argument for naturalistic inquiry, Lincoln and Guba (1985, p. 189) suggested,
“inquiry must be carried out in a ‘natural’ setting because phenomena of study,
whatever they may be – physical, chemical, biological, social, psychological –
take their meaning as much from their contexts as they do from themselves…No
phenomenon can be understood out of relationship to the time and context that
spawned, harbored, and supported it.”
This point is especially relevant to the study of concept use in engineering practice,
activity, and interaction. The inquiry is heavily dependent on observing if, how, and why
engineers use concepts in their work. This examination cannot occur in a laboratory
setting, wherein engineers are isolated from tools they utilize to complete work,
coworkers they reference for information, and constraints they face as they complete
work. This study follows a rich tradition in research that enable access to skills and
actions of individuals as they partake in activities of their practice (Clancey, 2006;
Stevens et al., 2014).
Embedment in the practices of engineering at Company X allowed exploration of
concepts in the context of practice. Company X provided a setting typical of engineering
consulting and design. This is reflected in an article discussing the top engineering firms
within the same geographic area as Region Office A indicated ten similar (in structure,
focus on transportation projects, types of typical projects, and roles on transportation
projects) consulting firms to Company X. (Note that the source will not be listed as it
identifies Company X’s location and name.)
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1.10.2 The Research Team, the Researcher, Her Role at Company X
In order to clarify the researcher as “ethnographer” in the field, the following section will
provide insight into the research team, author’s training, position of power of the
researcher in Company X, and methods for establishing trustworthiness and credibility.
Note that the author of this dissertation served as the researcher.
The research team included the researcher, the Study Lead, and an Undergraduate
Researcher. The Lead developed the overall framework of the study and initiated access
into Company X. The Undergraduate Researcher provided support to the researcher
during the data collection period by organizing artifacts and interview data, transcribing
audio transcripts, and coding required resources. The researcher mentored the
Undergraduate Researcher in collecting data for the content analysis and providing
qualitative interpretation of data presented in chapter 3. Note that only the researcher
entered the field.
The researcher actively sought training prior to entering the Company X by completing
two graduate-level ethnographic courses. While enrolled in these courses, the author
sought mentorship from faculty whose expertise included ethnographic practices.
Approximately three months prior to entering Company X, the author conducted a short
pilot study, with the express purpose of developing her skills as a participant-observer.
These activities allowed the researcher to develop interviewing skills, construction of
detailed field notes, triangulation of methods, and development of themes grounded in the
data.
In order to access Company X, the author/researcher was required to become an
engineering intern during these noted six months as part of a research bargain. The
incentive for Company X was having an experienced graduate student with both
academic and practicing experience in transportation engineering contribute to work,
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while the incentive for the research team was daily access to ubiquitous activities, tasks,
and interactions typical of engineering consulting and design.
In addition to provision of access, the research bargain allowed the researcher to establish
positioning as an “insider” in Company X. Active engagement with the participants on a
daily basis as a work colleague established rapport with the engineers at Company X.
The researcher did not hide her identity as researcher from the employees of Company X.
On her first day onsite, she presented her work to all of the employees in the
Transportation Group via a formal presentation. Further, the researcher visited with each
member of the Transportation Group one-on-one to introduce herself as both employee
and researcher. This presentation of self was to ensure transparency and initiate trust
with the members (Agar, 1980).
The role of the researcher is that of a partnership with the participants in the study within
the interpretivist/constructionist epistemic stance (Borrego et al., 2009). This partnership
between researcher and participant challenges post-positivist stances on objectivity and
detachment (Angrosino, 2008). As noted by Denzin and Lincoln (2008, p. 48), there
exists “no pure, objective, detached observation: the effects of the observer’s presence
can never be erased.” The researcher is recognized as embedded within the research:
“the researcher brings his or her subjectivities, roles, assumptions and theories to the
work, which influence all aspects of the researcher, particularly the analysis and
interpretation of the data” (Koro-Ljungberg & Douglas, 2008, p. 166). As such, a purely
objective stance in this research is not claimed by the author, as it is expected that the
researcher will be inherently intrusive while participating and observing the field
(Angrosino, 2008).
1.10.3 Establishing Trustworthiness in the Data
In order to allay concerns about the involvement of the author/researcher in the study, the
author/researcher actively pursued validating strategies while in the field. These
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strategies, which were founded in literature addressing trustworthiness and credibility of
research (Creswell, 2013; Lincoln & Guba, 1985; Patton, 2002), included:
•

Member checking with study participants: The author/researcher provided
members of the Project Team drafts of all proposed published material prior to
submission to peer-reviewed publications. Further, the author/researcher notified
each employee in the Transportation Group at Company X about the data she
attained during the data collection stage specifically pertaining to that individual.

•

Construction of thick descriptions: The author/researcher constructed detailed
field notes, which allowed for delivery of rich, detailed written products provided
in the manuscripts.

•

Extended embedment in the field: The author/researcher spent approximately six
months at Company X, thus allowing for collection of vast amounts of data over
an extended period of time.

•

Self-reflection: The author/researcher actively pursued clarifying the difference
between what she saw, what she thought, and what she believed via written selfreflections.

In addition to these strategies, the author/researcher tracked the hours she spent as
participant and her hours as an observer. In total, the author researcher spent 778 hours at
Company X as an observer witnessing activities, constructing field notes, conducting
interviews, and collecting documents onsite. As a participant, the author/researcher spent
367 hours completing work for Company X (see table 1-1) and completing training
activities.
1.10.4 Qualitative Methods and Data Collection in Company X
Following the establishment of the author/researcher as a human instrument of research at
Company X, the author/researcher collected three forms of data via three different
qualitative methods. These methods included participant-observation, interviews, and
document collection.
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Evidence collected in the field included field notes from direct and participant
observations, which allowed for thick descriptions in pursuit of interpretation and
construction of themes (Geertz, 1973). These field notes allowed the author/researcher to
form highly contextualized narratives of participants’ observable behaviors and
interactions (Hammersley & Atkinson, 2007). A sample of observational field notes is
included in Appendix A.
Two general forms of interviews provided insight into the social fabric underlying the
design of the roundabout: informal conversations and focused, open-ended interviews
(Marshall & Rossman, 2011). These interviews allowed corroboration between the
researchers’ observations and participants perceptions of the same events. The first type
of interview was informal, spontaneous, and unstructured. The goals of these
conversations were three-fold (Marshall & Rossman, 2011; Patton, 2002):
1) allow project members to clarify their positions and statements during observed
interactions,
2) allow individuals the opportunity to provide their opinions, perceptions, and
beliefs, and
3) to inform the researcher of other key informants.
These conversations were not audio recorded. Rather, the researcher spoke to the person
of interest at an unplanned and unscheduled moment, participated in the conversation,
and then recorded recollections of statements via written or typed notes after the event.
Fluidity in the conversation and following of a singular line of inquest were actively
pursued during these interviews. The second form of interview was also open-ended and
relatively conversational in flow, but these interviews were more focused in attaining
information regarding unobserved interactions between team members and gathering
background information on the members (Marshall & Rossman, 2011; Patton, 2002).
Appendix B illustrates the protocol utilized during these interviews.
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Lastly, the researcher collected documents and artifacts constructed by study participants.
Such documents included project scopes, instructions, staff lists, meeting agendas, project
timelines, electronic mail sent between Project Team members, spreadsheets, reference
materials identified by members of the Project Team, written reports, and engineering
design drawings constructed in design software (i.e. MicroStation and AutoCAD). These
documents provided additional context and coinciding evidence of engineers’ utilization
and representation of engineering concepts in their conversation and work (Patton, 2002).
1.10.5 Purposive Sampling
This project provided an opportunity to analyze typical, representative activities of
engineering design and consulting: Company X completed two similar roundabout
design projects in the past five years. This sampling of a typical case addressed concerns
of rejection of information specifically induced in special or deviant cases (Lincoln &
Guba, 1985; Patton, 2002).
Despite being unable to claim statistical generalizability of the results, the Roundabout
Project provided a means to illustrate use of concepts in a transferable case. This
sampling of a typical case paired with descriptive data allows readers to determine the
fittingness of the data to contexts reflective of engineering practice per their individual
determination (Lincoln & Guba, 1985; Patton, 2002). Additionally, the dates of project
submittals for the Roundabout Project provided an opportunity to follow a singular
project for over 165 days, thus allowing opportunity to observe concept use,
representation, and interpretation to a point of redundancy.
The researcher did not know of the existence of the Roundabout Project until after
entering the field. In this sense, sampling the Roundabout Project was emergent and not
predisposed. Early during her tenure as an engineering intern at Company X, the
researcher was invited to participate in the Roundabout Project by PM43, the project
manager for the project.
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Pairing the opportune timing presented with the Roundabout Project and the history of
completing similar projects at Company X, the Roundabout Project provided an
opportunity to gain insight into a typical engineering practices. Rather than pursuing a
purely deviant case, the Roundabout Project allowed the examination of typical
engineering interactions, activities, and practices.
1.10.6 Data Analysis
The findings from Chapter 3 provided the basis for the analysis of data gathered at
Company X, which are presented in chapters 4 and 5 respectively. Prior to entering the
field, there existed no definite list identifying engineering concepts relevant to
roundabout design. In research, concepts in a domain are typically identified via Delphi
study, wherein experts comes to a consensus about the foundational ideas (i.e. concepts)
within their domain (Islam et al., 2014; Streveler et al., 2003). Currently, there exists
only one study identifying such concepts in transportation engineering (Hurwitz et al.,
2014), but it only identifies concepts specific to traffic engineering. Roundabouts, as
previously noted, expand beyond traffic and include aspects of roadway geometrics and
vehicle operation. In response to this issue, the author/researcher (along with her
colleagues) conducted a content analysis of textual resources relevant to roundabout
design. This work is presented in chapter 3.
In the works provided in chapters 4 and 5, the unit of analysis was transportation
engineering concepts as reflected by the code list generated in chapter 3. This functioned
as the code list utilized in the analysis of the files gathered at Company X. A series of
codes meant to identify related events, function of the concepts, actions surrounding
concepts, and symbolic representation of concepts were also created inductively through
reading, rereading, and categorization of data (Miles & Huberman, 1994).
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1.10.7 Construction of Themes Grounded in Data
After reading and re-reading of data while iteratively considering the relationship
between codes in the Roundabout Project, several themes emerged from the data. This
inductive search for themes follows the qualitative tradition and the
interpretivist/constructionist perspective (Creswell, 2013; Crotty, 1998; Koro-Ljungberg
& Douglas, 2008). These themes, which are explained in detail in chapters 4 and 5,
provide insight into the relationship between context and concept.
1.10.8 Development of Case Reports
The retelling of specific events allows for detailed development of the case and pattern
matching across dissimilar design decisions. As such, the work presented in chapters 4
and 5 reflect upon exemplary series of events that occurred during the Roundabout
Project. Due to limitations in text use in the production of peer-reviewed manuscripts,
the work presented in chapters 4 and 5 provide limited insight into these events. As such,
timelines and data identifying emergence of concept use and representation for an
exemplary series of events is presented Appendix C. This is to exemplify the “thickness”
and level of detail collected and utilized to generate case reports.
1.11

Summary

Engineering concepts and the ways educators and researchers view their role in knowing
largely shape learning experiences for students. Yet, the ways concepts function in the
context of practice has not been explored. The work presented in this dissertation seeks
to examine the socio-materiality of concepts in engineering practice through provision of
three manuscripts. Although the manuscripts function as independent pieces of work, the
underlying purpose and research philosophy tie the work together in effort to examine the
socio-materiality of concepts.
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2.1

Abstract

The purpose of this study is to provide insight into contemporary use of inscriptions,
which include visual representations such as equations, tables, graphs, diagrams, and
photographs, in representing a specific transportation engineering concept (sight distance)
within three types of textual resources. These textual resources (textbooks, course notes,
and referential texts used in practice) provide a means to compare the use of inscriptions
across academic and workplace settings. Past research and theoretical work point toward
a connection between situated learning and visual representations, noting its role in
providing social and material context to learning. This study adds to this literature by
investigating the current use of inscriptions regarding a specific concept (sight distance)
utilized within transportation engineering education. Content analysis is utilized as a
methodology in order to explore two issues regarding inscriptions: relative importance
(as reflected by prevalence) of inscriptions within two different settings (practice and
academia) and the degree of abstractness reflected by inscriptions based on Roth, Shaw,
and Tobin’s inscriptional chain. This study revealed that the distribution amongst
different types of inscriptions contrasted amongst the three types of textual resources.
These findings provide insight into ways in which engineering educators may bridge the
gap between academic and practical settings: 1) by adopting inscriptions that reflect
levels of abstractness of textual resources utilized in practice, and 2) by introducing a
more varied mix of visual representations that span across various different types of
inscriptions. Further, this exploratory study provides data and a protocol for further
exploring the relationships between situated learning, contexts, and the materials
(inclusive of visual representations) that are used in learning and work settings.
2.2

Introduction

Visual representations such as photographs, naturalistic drawings, diagrams, graphs, and
mathematical equations permeate the field of engineering in both academic and
workplace settings (Latour, 1987). The use of such representations as a means for
analyzing (Johri et al., 2013), designing (Dym, 1993; Henderson, 1995, 1999; Juhl &
Lindegaard, 2013), problem solving (Jonassen et al., 2006; Litzinger et al., 2010), and
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communicating ideas and solutions are central in identifying engineering as a unique
practice. Despite its relative importance within engineering practice, research regarding
the role of visual representations in learning across academic and workplace settings
specific to the domain of engineering remains understudied (Johri & Olds, 2011). In
response to this issue, this exploratory study examines the prevalence of various types of
visual representations present within textual resources utilized by students, educators, and
practicing engineers. Using content analysis as a methodology, we present a comparison
of presence of specific types of visual representations within introductory transportation
engineering textbooks, educators’ course notes, and commonly referenced practical
textual resources.
Results from previous studies initiated this exploratory study. In two separate studies, the
role of context appeared to influence students, educators, and practicing engineers’
reasoning. This relationship has not yet been fully defined, but the results of the studies
hint at some relationship between context and reasoning. In one study, changes in
contextual presentation of information appeared to influence student rationale during a
series of semi-structured interviews in which student understanding of engineering
concepts was analyzed (Brown et al., 2011). In the other study, results indicated
differences in the ways that engineers and educators understood core engineering
concepts in regards to the contexts in which the concepts were embedded within their
personal experience (Davis et al., 2013). One particular finding from this study noted
that the textual resources utilized by practicing engineers and instructors differed. When
asked about the process of determining sight and stopping sight distance (two
transportation engineering concepts), practicing engineers referenced practical reference
manuals, while instructors discussed using equations within texts or using their own
course notes (Davis et al., 2013). Considering these results, an overarching phenomenon
that explains the role of context – and in particular, the ways in which visual
representations mediate that context within settings disjointed from everyday practice
settings – became an issue of interest.
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The role of material context to the process of learning is of central concern within the
situative perspective on learning. From a situative perspective, learning inherently
requires participation within social practices established amongst a community of
practitioners in the pursuit of developing an identity as a knowledgeable member of that
community (Cobb & Bowers, 1999; Greeno et al., 1996; Lave, 1991). This pursuit of
identifying oneself as a fully-fledged member of a community requires partaking in
activities and interactions inherent within everyday practices of that community (Lave &
Wenger, 1991). These everyday practices are mediated within social and material
contexts specified to that domain (Johri & Olds, 2011). Considering this, understanding
what constitutes the material contexts within which practicing engineers partake becomes
a central issue of interest within engineering education research.
This study provides a small, but meaningful addition to unfurling the complexities
relating learning, practice, activity, identity, and context. Providing an appraisal of
existing contexts used by both novices and experts within the engineering domain affords
guidance for identifying relevant textual resources and developing tools that
meaningfully deliver visual representations to students in engineering classrooms.
2.3

Research Questions

If the goal of engineering education is to integrate novices into the practices of the field,
we must be able to expose students to contexts relevant to them in actual practice. Using
content analysis as a methodology, this study provides an initial gauge that may fulfill
this need as it relates to contemporary practices. The research question that guided this
study is two-fold:
•

Are there differences in the visual representations presented to students in
textual resources found within academic settings and those textual resources
utilized by practitioners in the field?

•

What characteristics of the visual representations differ across these two
contexts?
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Using characteristics of visual representations defined by Roth and his colleagues (Leivas
Pozzer & Roth, 2003; Roth & McGinn, 1998; Roth & Tobin, 1997), prevalence of
different types of visual representations and characterization of the different ways in
which the visual representations are utilized within the textual resources is addressed in
this study.
2.4

Literature Review

Material context includes the physical objects, tools, artifacts, and visual representations
that individuals interact with and utilize within their everyday practice (Johri & Olds,
2011). Throughout the growth of an individual from novice (i.e. student) to an expert
(i.e. practicing engineer), these tools, artifacts, and representations provide a means to
communicate, teach, and learn with other members of the community. This study
specifically focuses on visual representations of sight distance embedded within textual
resources utilized by students, educators, and practicing professionals within
transportation engineering.
Researchers refer to a variety of types of visual representations and operationalize them
in various ways. For example, Spanjers, Gog, and Merriënboer (2010) defined videos
and animations as “dynamic representations”. Vosniadou, Skopeliti, and Ikospentaki
(2005) referred to a globe as a “culturally accepted artifact representing the earth”.
McCracken and Newstetter (2001) utilized the term “visual diagrams” in their study.
Dym (1993) referred to “symbolic representations” as a means to epitomize design
knowledge about artifacts and design processes. In order to operationalize the types of
visual representations examined in this study, the term “inscription” – as described by
Latour (1987) – will be utilized.
While introducing a special issue regarding the role of representations in the Journal of
Engineering Education (JEE), Johri, Roth, and Olds called for a shift in “thinking about
representations to thinking about inscriptions” (2013, p. 8). The term “inscription”
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includes visual representations commonly utilized within engineering settings such as
graphs, tables, diagrams, photographs, and equations (Latour, 1987). The concept of
inscription operationalizes visual representations as symbolic depictions of objects,
events, and phenomenon occurring within the natural world that is physically embodied
within some existent medium (e.g. paper) (Latour, 1987). Johri, Roth, and Olds (2013)
note eight characteristics that exemplify inscriptions:
1. Inscriptions are mobile in that they can be sent to other locations as
material entities electronically and physically.
2. Aspects of the inscriptions do not change across settings.
3. Inscriptions can exist in various contexts and have specified meanings
within each context.
4. Inscriptions can change in scale and size without changing internal
associations.
5. Inscriptions can be overlaid and combined with other inscriptions.
6. Inscriptions can be easily reproduced across different mediums.
7. Inscriptions can combine with forms of information such as indicator
arrows and overlaid text.
8. Inscriptions can be rendered into other types of inscriptions.
Past work specifically looking at inscriptions have provided a means to categorize visual
representations according to common themes. For example, Arsenault, Smith, and
Beauchamp (2006) created three categories of inscriptions according to whether the
inscription was more analog or symbolic in nature: “nongraph” illustrations (diagrams,
pictures, maps, and montages), graphs, and nonvisual inscriptions (computer printouts,
equations, numerical tables). Roth and his colleagues (Leivas Pozzer & Roth, 2003; Roth
& Bowen, 1999; Roth & Tobin, 1997) provide further insight into the relationship of
inscriptions to one another in accordance to its abstractness, the provision of detail
present within the inscription, and its relationship to the natural world and symbolic
word. Roth’s work typically illustrates these relationships via an inscriptional chain
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demonstrating the spectrum between the material world and symbolic word (Johri et al.,
2013). Considering these descriptions and findings, Figure 2-1 provides a summary of
the relationship between various components: the types of inscriptions accounted for in
this study, the characteristics of the inscriptions according to degree of surficial detail
provided in that inscription type, and several examples of inscriptions associated with
sight distance.

w
word
Figure 2-1:

Inscriptional chain and example of application for sight distance

A common area of research on inscriptions specifically examines the use of graphs within
journals and related text. For example, Cleveland (1984) compared prevalence of graphs
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within journals from three fields (natural sciences, mathematics, and social sciences) and
found that graphs were more pervasive within mathematics and science journals. In a
similar study, Smith et al. (2000) noted that the use of graphical representation provided a
means for distinguishing between ‘hard’ and ‘soft’ sciences. Roth, Bowen, and McGinn
(1999) examined prevalence of graphical representations between biology textbooks and
journals in the field of ecology and environmental management. Such studies provide
two general observations regarding the use of graphs within text: the ‘hard’ sciences
have greater pervasiveness of graphical representation within academic texts, and graphs
are central to identity of the fields associated with hard sciences. This supports the
assertion that specific types of inscriptions are central to the identity of engineering and
science as fields of practice (Latour, 1987).
Roth and his colleagues provide insight into the practices of the field, as reflected in
comparison of degrees of abstraction of inscription types within textual resources. Roth,
Bowen, and McGinn (1999) noted that frequency of more abstract inscriptions (i.e.
equations, plots, tables, etc.) within ecology and environmental management textbooks
was relatively low, while frequency of less abstract inscriptions (i.e. photographs,
diagrams, drawings, etc.) was relatively high. Another frequency analysis of high school
biology textbooks replicated these results (Leivas Pozzer & Roth, 2003). These studies
hint at differences in role and function of inscriptions. However, the studies cited have
largely focused on academic settings, rather than practical settings. Considering the
importance of integrating novices into the field of practice within engineering, research
of inscriptions needs to expand beyond the academic setting and stretch into relevant
workplace settings.
2.5

Methods

Prior to initiating the content analysis of textual resources, we selected a specific domain
and engineering concept as foci of the study. Rather than providing a broad survey of
visual representations of a multitude of engineering concepts present within academia
and practice, this research focuses on the specific transportation engineering concept of
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“sight distance.” Sight distance is commonly defined as the length of roadway visible to
a driver of some vehicle (American Association of State Highway and Transportation
Officials, 2004). This concept within transportation engineering is fundamental in
geometric design of transportation facilities (e.g. roadways, bicycle paths, etc.).
With this selection of a concept, we only considered those inscriptions referring to or
relating to sight distance. As with many other engineering concepts, sight distance is not
isolated, but rather, encompasses and relates to other engineering concepts. For example,
four types of sight distance (i.e. intersection sight distance, stopping sight distance,
passing sight distance, and decision sight distance) encompass the foundational definition
of the concept of sight distance (i.e. the distance one is able see ahead), but each of the
four types are applicable in specific settings and contexts. In order to address this issue,
all inscriptions that fell under the umbrella of sight distance and met the sampling unit’s
requirements were analyzed for this study.
Two different settings were of interest in this study: academia and workplace/practice.
In order to epitomize these worlds, we chose three types of textual resources for this
study: textbooks, course notes, and reference sources commonly utilized by practicing
engineers. Based on content analysis of a sample of 29 syllabi for introductory
transportation engineering courses at various universities across the United States, we
determined that textbooks and course notes best represented the texts associated with the
undergraduate academic setting. Results from a previous study examining expert
knowledge of sight distance noted that almost every participant interviewed for the study
mentioned the textual resource, “A Policy on Geometric Design of Highways and
Streets” published by the American Association of State Highway and Transportation
Officials, or AASHTO (Davis et al., 2013).
In order to ensure transferability of the results, we conducted a separate content analysis
of 29 syllabi for introductory transportation engineering courses. We identified and
attained the syllabi by conducting a web search on “introduction to transportation
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engineering syllabi.”

Table 2-1 below provides detailed information regarding the

syllabi utilized to gauge textbook usage in introductory transportation engineering
courses at various institutions in the United States. Note that some of the institutions are
listed more than once. This indicates the existence of multiple syllabi representing
different semesters/quarters or years in which the course was taught. Notably, a majority
of the syllabi are from 2009. This is due to the availability and ease of access to 20
syllabi originally attained during the Transportation Engineering Education Conference,
which took place in Portland, Oregon, in June 2009 (Turochy, 2009).
Table 2-1:
School

Syllabi analysis

Arizona

Course
No.
CE 363

JR
level
x

Auburn
University
Boise State

CIVL
3510
CE 370

x

Bringham
Young
University
The Citadel

CEEn
361

x

CIVL 305

x

Iowa State
University

CE 355

x

Louisiana State
University

CE 3600

x

Louisiana State
University

CE 3600

x

Marshall
University
Massachusetts

CE 342

x

CEE310

x

Montana State
University

CE 350

x

Transportation
Engineering

Purdue
University

CE 361

x

Transportation
Engineering

San Diego State

CIV E
481

x

Transportation
Engineering

x

Course Name
Transportation
Engineering and
Pavement Design
Transportation
Engineering
Transportation
Engineering
Fundamentals
Introduction to
Transportation
Engineering
Transportation
Engineering
Principles of
Transportation
Engineering
Principles of
Highway and Traffic
Engineering
Principles of
Highway and Traffic
Engineering
Transportation
Engineering
Transportation
Systems

Sem/
Qtr.
Fall

Yr.

Spring

2009

Spring

2002

Winter

2009

(Fricker and
Whitford 2004)

2009

(Fricker and
Whitford 2004)
(Mannering,
Kilareski, and
Washburn 2005)
(Mannering,
Kilareski, and
Washburn 2009)
(Garber and Hoel
2001)

2009

2009
Spring

2009

Spring

2009

Spring

2009

Spring

2009

Spring

2009
2009

Spring

2009

Textbook Cited in
Syllabus
(Mannering,
Kilareski, and
Washburn 2009)
(Garber and Hoel
2009)
(Khisty and Lall
1998)

(Garber and Hoel
2001)
(Mannering,
Kilareski, and
Washburn 2005)
(Mannering,
Kilareski, and
Washburn 2009)
(Mannering,
Kilareski, and
Washburn 2009)
(Banks 2001)
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Table 2-1:
School

Syllabi analysis (continued)

Course
No.
CE 376

JR
level
x

Course Name

CE3610

x

Texas Tech

CE 3302

x

University of
Alabama
Huntsville
University of
Cincinnati
University of
Connecticut
University of
Florida

CE 321

x

CEE 351

x

CE 2710

x

TTE 4004

x

Transportation
Engineering
Transportation
Engineering
Introduction to
Transportation
Engineering
Transportation
Engineering
Transportation
Engineering
Transportation
Engineering

University of
Maryland

ENCE
370

x

University of
MissouriColumbia
University of
Missouri-Rolla

CE 3100

x

CE 211

x

University of
Nebraska

CIVE 361

x

University of
Washington
University of
Washington

CE 327

x

CEE 320

x

University of
Washington

CEE 320

University of
Wyoming
University of
Nevada-Reno

Southern
Illinois
University
Edwardsville
Tennessee Tech

Transportation
Engineering

Sem/
Qtr.
Spring

Yr.
2010

Textbook Cited in
Syllabus
(Fricker and
Whitford 2004)

2009

(Banks 2001)

Spring

2009

Spring

2009

(Fricker and
Whitford 2004)
(Banks 2001)

Spring

2009

Spring

2011

(Hoel, Garber, and
Sadek 2007)
no book
(Mannering,
Kilareski, and
Washburn 2009)
(Papacostas and
Prevedouros 2001)

Introduction to
Transportation
Engineering and
Planning
Transportation
Systems Engineering

Spring

2009

Spring

2009

(Mannering and
Kilareski 2004)

Transportation
Engineering
(Lecture)
Highway
Engineering

Spring

2009

(Garber and Hoel
2009)

Spring

2009

Transportation
Engineering
Transportation
Engineering I

Fall

2012

Fall

2006

x

Transportation
Engineering I

Fall

2008

CE 3500

x

Spring

2011

CEE 362

x

Transportation
Engineering
Transportation
Engineering

(Mannering,
Kilareski, and
Washburn 2005)
(Mannering and
Washburn 2012)
(Mannering,
Kilareski, and
Washburn 2005)
(Mannering,
Kilareski, and
Washburn 2009)
no book

Spring

2009

(Garber and Hoel
2002)

Among the syllabi analyzed for this study, only two courses did not list at least one
textbook as required reading for the course. This indicates the relative importance of
textbooks as a textual resource within undergraduate, introductory transportation
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engineering education. Further, the syllabi analyzed for this study provided a list of
textbooks prevalent within introductory courses of transportation engineering. Table 2-2
provides a summary of the textbooks cited in the syllabi, as well as counts of frequency
of use of the specified textbooks. Notably, the table lists several editions of the same
textbook. For this study, we chose to include only one version of each textbook in the
analysis to address limited resources, as well as to avoid replicating the same data set.
We examined five introductory transportation engineering texts for this study.
Table 2-2:

Textbook use in analyzed syllabi

Textbooks

Count in Syllabi Analysis

Utilized In Study

(Banks 2001)

3

(Fricker and Whitford 2004)

4

(Garber and Hoel 2001)

2

(Garber and Hoel 2002)

1

(Garber and Hoel 2009)

2

(Hoel, Garber, and Sadek 2007)

1

(Khisty and Lall 1998)

1

(Mannering and Washburn 2012)

1

(Mannering, Kilareski, and Washburn 2005)

4

(Mannering, Kilareski, and Washburn 2009)

6

(Mannering and Kilareski 2004)

1

(Mannering and Kilareski 1998)

0

(Papacostas and Prevedouros 2001)

1

(Roess, Prassas, and McShane 2011)

0

x

(Wright and Ashford 1998)

0

x

x
x

x

We chose two practical reference resources in order to represent textual resources
available within workplace settings. During a series of interviews with practicing
engineers, participants’ most commonly referenced textual resource was the AASHTO
“A Policy on Geometric Design of Highways and Streets” (Davis et al., 2013). In this
study, all participating practicing engineers mentioned using the AASHTO manual or
local, state, or city manual (which are typically heavily influenced by the AASHTO
manual) when determining sight and stopping sight distances (Davis et al., 2013). This
point toward the relevance of this specific text in the actual practice of transportation
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engineers. Another commonly utilized practical text is the Manual on Uniform Traffic
Control Devices, or the MUTCD. We decided to include this textual resource as a check
for transferability of results.
The process of determining which textual resources would be included in the content
analysis includes three steps: justifying inclusion of textual resources, identifying which
types of textual resources should be included in the study, and gathering the textual
resources available within the field. Figure 2-2 illustrates this process of reasoning.

Figure 2-2:

Process for identifying textual resources to be included in the study
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2.5.1

Conducting the Content Analysis for Inscriptions

The methodology utilized for this study was content analysis. The methodology entails
examining textual resources in order to quantitatively describe and interpret the inscribed
productions of social groups (Marshall & Rossman, 2011). Krippendorff (2013) listed
several components of content analysis: unitizing materials according to systematic
divisions, devising sampling plans, recording/coding based on established coding
guidelines, reduction of data, interpreting the phenomena associated with text, and
narrating the story told by the textual resources. Figure 2-3 illustrates this process. This
study follows this process of methodology in examining three types of texts utilized
within the academic and practical settings related to the domain of transportation
engineering.

Figure 2-3:
2.5.2

Process for content analysis of textual resources

Unitizing Scheme

Past research utilized units of measurement based on the fractional graph area (which is
based on the amount of text misplaced by an inscription within text) (Cleveland, 1984;
Smith et al., 2000) and inscriptions per page (Leivas Pozzer & Roth, 2003; Roth &
Bowen, 1999). For this study, the unit of measurement was inscription per page.
Generating this value included raw counts of inscriptions by type and determination of
what pages counted as part of the study. Table 2-3 provides a summary of inscriptions
per page for each of the textual resources examined.
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2.5.3

Sampling Plan

Unlike pure quantitative designs heavily founded on statistical sampling theories whose
concern is to provide a representative sample of the “textual universe,” the concern of
content analysis is to identify texts relevant to answering specified research questions and
associate the examined texts to meaning (Krippendorff, 2013). Thus, the goal of this
research is not to provide some generalized result that can infer and predict actions across
various settings. Rather, the goal of this research is to explore potential differences that
exists between academic and practical settings as mediated by visual representations
present within textual resources in those settings.
Considering this, the sampling methodology utilized for this research is two-staged. The
first stage of sampling in this study was to identify the textual resources to examine for
this study. We discussed this process in detail in the previous section. This process of
selecting specific textbooks and attaining course notes from faculty is classified as
convenience sampling. The second stage of sampling for this study was dedicated to
understanding the role of inscriptions within specific textual resources. This stage of the
sampling process was a census of all inscriptions that related to sight distance within the
chosen textual resources. Designing the sampling methodology in this way prevents
results from being generalizable. It cannot be utilized to predict future actions (Ramsey
& Schafer, 2002). However, the sampling methodology conducted for this study
provides a means to address transferability of the results, while granting a detailed
description of existing practices regarding inscriptions as represented in specific types of
textual references.
In order to determine which pages counted (and inherently which inscriptions should be
counted) for this study, we developed a basis for sampling units. For the textbooks, we
looked up “sight distance” in the index, and accounted for all page numbers listed under
the term. We accounted for all inscriptions inclusive of the noted indexed page numbers.
If a page had multiple inscriptions illustrated, the inscriptions were accounted for
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individually. If the page listed in the index did not directly reveal an inscription, but
rather referred to an inscription within the text (e.g. “Figure 5.5 on page 55 illustrates this
phenomenon”), we took into account the page on which the inscription was physically
placed. We replicated this process for the practical reference. For the course notes
provided by the participating instructors, all inscriptions present within the documents
were tallied.
We devised this process of elimination and inclusion based on the pursuit of objectivity
as researchers. When we asked the instructors to provide their course notes, we did not
give them specific direction regarding the types of documents they should submit or
which portions of their notes they should provide for this research. All we asked is that
they provide us with their course notes that dealt with sight distance. Thus, the
instructors had complete control over which documents we saw and examined. By only
accounting for those pages identified by the authors and editors of the textbooks and
practical references, we hoped to replicate this emergent process of choice from the
creators of the documents in which inscriptions are embedded rather than relying
completely on our own, subjective judgment.
2.5.4

Coding Scheme and Reducing Data

After determining what characteristics defined the inscriptions that should be included in
the study, we coded each inscription according to its source, the page in which it was
illustrated, and its inscription type, amongst other variables. Illustrated below is an
example of a coding scheme utilized for one of the inscriptions examined in this study:
Code Level 1:
Source:
Source:

Code Level 2:
Book:
Chapter Title:

Source:
Source:
Source:
Source:
ID:
ID:
Analysis:

Section:
Sub-section:
Sub-sub section:
Page Number:
Inscription No.:
Inscription title:
Inscription Type:

Details
Garber & Hoel, 2009
CH03: Characteristics of the Driver, the Pedestrian,
the Vehicle, and the Road
S3.6: Vehicle Characteristics
S3.6.3: Dynamic Characteristics
braking distance
79
002 - E3.27
stopping sight distance
equation
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We coded each inscription following this example. The final tally of inscriptions
examined for this study was 485 inscriptions across the 11 different textual resources.
This data was stored within a Microsoft Excel File in order to provide easy access for
further examination and analysis of the data. After coding the inscriptions according the
listed codes, we reduced the data to frequency counts for each inscription type. Using
this value, inscriptions per page for each inscription type was calculated.
2.6

Results

Inscriptions were identified relatively more frequently in the textbooks and course notes
examined compared to the two practical reference sources. Table 2-3 provides a
summary of values for inscriptions per page calculated for each textual resource. As
shown in the table, there existed a wide range of frequency of inscriptions across the
different textual sources. Another finding gathered from Table 2-3 is that the delivery of
inscriptions (as measured by prevalence) does not appear to be overwhelmingly
consistent across all settings and textual resources. This may reflect differences in
individual practices and personal choice in the delivery of inscriptions amongst the
educators, textbook authors, and policy designers.
However, the range of inscriptions per page – particularly, those values for textbooks appear slightly higher to findings from similar studies. For example, Leivas Pozzer and
Roth (2003) noted that total number of inscriptions in Brazilian and North American high
school textbooks were 1.88 inscriptions per page and 1.47 inscriptions per page,
respectively. In a survey of inscription frequencies across journal articles and textbook
articles, Roth, Bowen, and McGinn (1999) noted that the ecology textbooks they
analyzed had values for inscriptions per page ranging between 1.22 and 1.49. Taking the
value for inscriptions per page for textbooks in this study, the value (1.60 inscriptions per
page) appears slightly higher than those found by Roth and his colleagues (Leivas Pozzer
& Roth, 2003; Roth, Bowen, & McGinn, 1999). This may be accounted for by
differences in domains of study between this research and Roth and his colleagues’
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domain of interest. These results reaffirm the assertion that the engineering domain and
its inherent identity - at least within the academic setting - are heavily characterized by
the presence of inscriptions in the texts that we utilize.
Table 2-3:
Textual
Resource Type

Source

Summary of values of inscriptions per page
Total
Inscriptions
per source

Total pages listed for
"sight distance" per
source

Inscription per
page

Course Notes
Course Notes
Course Notes
Course Notes
Practice
Practice
Textbook

Instructor A
50
31
1.61
Instructor B
30
11
2.73
Instructor C
76
22
3.45
Instructor D
105
104
1.01
(AASHTO 2004)1
71
101
0.70
(MUTCD 2009) 2
17
54
0.31
(Garber and Hoel
41
29
1.41
2009)3
Textbook
(Wright and Ashford
13
15
0.87
1998)4
Textbook
(Roess, Prassas, and
12
7
1.71
McShane 2011)5
Textbook
(Mannering and
10
3
3.33
Kilareski 1998)6
Textbook
(Khisty and Lall
60
31
1.94
2003)7
1
American Association of State Highway and Transportation Officials. (2004). A policy on geometric
design of highways and streets. Washington, D.C.: AASHTO.
2
Federal Highway Administration. (2009). Manual on Uniform Traffic Control Devices for streets and
highways: 2009 edition. Washington, D.C.
3
Garber, N.J. & Hoel, L.A. (2009). Traffic & highway engineering (4th ed.). Cengage Learning.
4
Wright, P.H. & Ashford, N. (1998). Transportation engineering: planning and design. Wiley.
5
Roess, R., Prassas, E., & McShane, W. (2011). Traffic engineering (4th ed.). Prentice Hall.
6
Mannering, F. & Kilareski, W. (1998). Principles of highway engineering and traffic analysis (2nd). New
York: Wiley.
7
Khisty, C.J. & Lall, B.K. (2003). Transportation engineering: an introduction (3rd ed.). Prentice Hall.

An interesting result from Table 2-3 is the relatively lower value for inscriptions per page
for the practical reference documents compared to the other textual resources.
Comparing the inscriptions per page for each textual resource type, the dissonance
between relative values for inscriptions per page becomes more apparent (see Table 2-4).
These results suggest that there exists a difference between the delivery of inscriptions in
workplace and academic settings, as mediated by the textual resources examined for this
study.
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Table 2-4:

Summary of inscriptions per page (grouped by textual resources type)

Textual Resource Type
Practice
Textbooks
Course Notes

Inscription per page
0.57
1.60
1.55

Another issue of interest is the distribution of inscriptions according to their abstractness
relative to the real, tangible world. Figure 2-4 provides a graph overlaying the
inscriptional chain and the relative frequency with which inscriptions appeared within the
textual resources. Some interesting results emerge from this graph. One such result is
that three types of inscriptions representing aspects of sight distance were
overwhelmingly more prominent across different textual resources and settings. These
include diagrams, tables, and equations.
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InscripGon per Page

Instructor A
Instructor B
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Instructor C
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Instructor D
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InscripGon Types

Figure 2-4. Distribution of inscriptions in reference to inscriptional chain
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Another notable issue that emerged from this graph is that abstract forms of inscriptions
were more prominent in the textual resources. Note the skewed distribution of
inscriptions towards the portion of the inscriptional chain characterized by being more
abstract, more symbolic, closer to mathematical structure, and providing lesser physical
detail. This pattern appears to be independent of the setting in which these textual
resources were embedded.
Using a similar graph, plotting the inscriptions per page for grouped textual resources (as
shown in Figure 2-5) produces the same implications. The graph remains skewed
towards the more abstract forms of inscriptions. However, a closer look at the graph
reveals differences in distribution amongst inscription types between practical references
sources, textbooks, and course notes. The most prominent difference exists between the
frequencies of use of equations in academic texts compared to practical texts.
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Figure 2-5. Distribution of inscriptions in reference to inscriptional chain (grouped
textual resources according to settings of use)
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An argument can be made that the data from the two sources with highest inscription per
page count (i.e. Mannering and Kilareski text and the course notes from Instructor C)
caused this discrepancy, particularly their effects on the equation inscription type. Rather
than including the results of these textual resources, it can be argued that these values
should be treated as outliers. However, removing these results would misrepresent the
results of the study. As noted in the methods section, the Mannering and Kilareski text
initiated one of the most prominently utilized series of textbooks within introductory
courses in transportation engineering. Taking it out of the analysis without replacing it
with another edition of the text would limit the transferability of our results. Further,
Instructor C’s course notes provide a means to consider different values held by existing
educators and the practices.
2.7

Discussion

The results of this study provide initial steps towards identifying differences in the ways
inscriptions are utilized within academic and workplace settings. One difference
identified in this study is the frequency with which inscriptions were embedded within
the textual resources. Compared to the AASHTO manual and the MUTCD, the
textbooks and course notes had nearly three-times more inscriptions per page.
Another issue identified in this study is the differences in distribution of inscriptions
types amongst the different mediums. The large number of equations present within
academic-centered text appears to drive these differences. In a related research study,
students strongly associated their conceptual understanding of sight distance to equations
despite struggling with correctly utilizing equations to solve problems associated with
sight distance (Andrews et al., 2010). Perhaps, the saturation of equations within the
materials they reference in the academic setting influenced this assertion by students.
Understanding why students have issues applying tools of learning, such as equations,
graphs, or other inscriptions, despite its seemingly central nature in understanding the
concept would be beneficial to both engineering education research and instruction
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practices. Examining this relationship between statement of beliefs and the material
contexts that surround an individual as they learn may be fruitful.
2.8

Conclusions

As instructors, we provide tools and artifacts to students in hopes that they may
successfully integrate into the field as knowledgeable members of the community of
practice. However, understanding the role of those tools and artifacts (and the material
contexts in which these are mediated) in their learning process must be addressed in order
to successfully meet this goal. We must be able to answer several important questions.
How do these tools, artifacts, and visual representations add to student knowledge? What
quality about these tools, artifacts, and visual representations affect student conceptual
understanding? In what ways are these tools, artifacts, and visual representations relevant
to practice?
The implications of these findings are small, but meaningful, in pursuing further research
into the integration of relevant material contexts to academic settings. For example, the
results of the study indicate that the inscriptions we expose students to in academic
settings – particularly in regards to sight distance as an engineering concept - largely shift
towards forms of representations that are more abstract. These inscriptions tend to be
nearer to symbolic representations than the tangible world. Exposing students to
different types of inscriptions that span beyond that portion of the inscriptional chain is
an area worth further examining. Will exposing students to more “life-like” inscriptions
better help them identify as a member of the engineering community? This question
directly affects the way instructors facilitate learning and deliver tools to mediate
learning.
One issue not complete explored in this study is the interrelationship between the
practical resources (particularly, the AASHTO document) and the academic texts. Many
of the inscriptions found within the textbooks were sourced directly from the AASHTO
manual. Future research can examine this relationship amongst inscriptions spanning
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various settings. What role do supplementary sources (those not from practical reference
sources) play in student growth between novice and expert? What are these
supplementary materials, and why do instructors choose to use them? Further, what
inscriptions from practical reference materials did textbooks and educators choose not to
utilize? Why were these decisions made?
Future research may expand upon this study by analyzing other documents associated
with workplace setting such as design documents, CAD drawings, and written reports.
The methodology for gathering and analyzing data proposed in this study provides
guidance for forthcoming work in this field. Continued efforts toward understanding
what makes up the material contexts in which we learn will provide opportunities to
better implement strategies and improve the learning experiences of students.
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3.1

Abstract

Through the analysis of textual resources in reference to roundabout design, researchers
explored possible differences in context presented in academic and practice-based
resources through comparison of use and representation of engineering concepts.
Researchers completed a content analysis of academic resources (i.e. textbooks) and
field-collected, workplace resources (i.e. state and federal design guidelines and
standards). Using engineering concepts (i.e. “sight distance,” “superelevation,” etc.) as
units of analysis, researchers compared these two forms of material resources according
to the prevalence of engineering concepts utilized, types of inscriptions utilized in concert
with the concepts, structural differences in the layout of the resources, and differences in
meaning associated with word usage in the two different forms of texts. Initial findings
indicate suggestive (but inconclusive evidence) of a difference in use of visual
representations in the texts. In regards to use and representation of engineering concepts,
concepts descriptive of geometric elements of roundabouts were equally prevalent in both
types of resources. Overall, there existed suggestive, but inconclusive evidence, in a
difference in density of use of words relating to transportation engineering concepts
between the two types of textual resources. The most interesting outcome of the analysis
of data is the apparent different functions of auxiliary verbs between the sources in
communicating information regarding design of roundabouts. This research explores
textual resources from a situated learning lens allowing identification of concepts that are
relevant to engineers as they design a specific transportation facility. It also initiates the
identification of contexts relevant to the day-to-day work of practicing engineers.
Students are viewed as “newcomers” as they transition from academia to industry and are
poised to learn and be mentored by “old timers” through firsthand and secondhand
experiences. As such, newcomers tend to learn via the perspective of their mentors, andas cited by studies of newcomers to industry - they may not utilize their academic
resources in the same way or even at all as they make their transitions to the workplace.
By comparing the types of resources relevant to newcomers’ experiences, and in
particular, differences in the ways concepts are presented and the discourse emergent
within the text, the gap between academia and practice may be better bridged.
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3.2

Introduction

The ability to recognize, identify, choose, and utilize relevant resources in the workplace
is a necessary skill for engineers as they complete tasks. However, the type of resource
(as well as its presentation of content, concept, and context) varies in determined
necessity. In research of learning, existing perspectives tend to define concepts as
authoritatively and cognitively inclined—a concept is a single thing that is nonnegotiable and has a specified approach. In the workplace, concepts may function
differently as posed beyond these ideals. Concepts may be situated, distributed, and
pragmatic, and may be negotiated according to the project at hand. This study initiates a
series of studies proposing the malleability of concepts in the workplace that is not
actively addressed in academia and engineering instruction. Studies regarding the
validity of the utilization of resources in academia with concerns to preparedness for the
workplace is very sparse. This study attempts to provide insight into this gap in
engineering education literature.
During their undergraduate education, engineering students are often required to utilize a
myriad of textbooks and other academic resources. Indeed, it is commonplace for most
engineering courses to require these types of textual materials suggesting that such
resources will allow for the most apt preparation with regards to the workplace and future
endeavors. This assumption must be critically assessed to ensure that students –
“newcomers” within the engineering community of practice – are introduced to the
contexts they may face as they engage deeper into the civil engineering community.
Additionally, researchers and practitioners have been concerned about the lack of
creativity and practical knowledge amongst recently graduated engineering students.
Results from a study of six firms indicated that engineers commonly prided creativity and
flexibility over concrete technical understanding (Anderson, Courter, McGlamery,
Nathans-Kelly, & Nicometo, 2010).
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Despite this identification of value, there still exists substantial investment required to
ensure engineering graduates have such skills. The engineering industry commonly
invests time in training students who have recently entered the workforce, especially with
concerns on how to approach problem-solving, which has led to efforts being made to
reform engineering education (American Society of Civil Engineers, 2008). Engineers
who enter the workplace face difficulty in defining problems when the problems do not
fit a specific mold the engineers faced as students in school, thus leading to confusion as
to what pieces of knowledge they can use or what resources would be applicable in
solving ill-defined problems (Sheppard, Colby, Macatangay, & Sullivan, 2006). One
study noted engineering students who entered the workplace did not realize the
importance of relative size of machinery, how to use relevant tools in their practice, and
could not determine outcomes and impacts of engineering production (Martin, Maytham,
Case, & Fraser, 2005). One participant described one of the difficulties she faces in a
mineral processes environment noting, “a particle attaches to a bubble in flotation, but
you learn absolutely nothing about these huge machines in which it takes place. And
then you go onto the plant and you don’t care about the bubble…, you’ve got to go work
with this massive piece of equipment” (Martin et al., 2005, p. 171). This potential gap
between academic contexts and practical use may be reflected in the different types of
resources prevalent within these “worlds.” The research described in this paper aims to
deepen insight of engineering concept representation, description, and usage in academia
and practice (i.e. the workplace).
Two specific issues guided the use of roundabout design as the medium for analyzing
concept use, representation, and description:
1) roundabouts are specific transportation design facilities emerging in use and
design within the United States, and
2) the design of roundabouts served as the larger context for an ongoing case
study exploring concept use, representation, and interpretation in engineering
activity and interactions.
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The application of roundabouts as a transportation facility is relatively new in the United
States (Robinson et al., 2000). As such, textual resources referencing this type of facility
are relatively new compared to other traffic controlled applications, such as signalization
and stop-control. In other words, examining this subject allowed opportunity to look at
novel applications in design. Secondly, this study initiates a larger case study on use,
interpretation, and representation of concepts within design activities. The larger case
study examined activities, interactions, and practices as a group of practicing engineers
pursued the delivery of project artifacts constructed during design of two roundabouts.
The concepts identified in this study served as sensitizing concepts at the outset of the
larger case study. This was in response to Patton’s message of caution regarding
fieldwork (Patton, 2002, p. 278): “Once in the field, however, the observer must
somehow organize the complex stimuli experienced so that observing becomes and
remains manageable”. As such, this study provided insight into various textual resources,
while adding value and information to a large case study of the engineering workplace.
3.3

Research Questions

Engineers interact often with artifacts. The focus of this paper regards textbooks and
instructional manuals, which are relevant to engineering practice and academic
experiences. The engineers’ interaction with these artifacts reflects activity relevant to
their community of practice. The documents themselves are also a reflection of the
environment in which they are utilized. Textbooks are common in the academic
community, while instructional manuals are common in the industrial community. This
research addresses two lines of inquiry regarding concepts and their respective
representation in practical and academic textual resources:
•

What engineering concepts are relevant to roundabout design?

•

How are concepts represented in practical and academic texts?

Such inquiry allows opportunity to determine specific ways practical and academic
resources differ from one another, particularly in their structure, the inscriptions
presented within them, and the concepts noted within the text. Using content analysis of
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4 practical transportation engineering resources and 11 transportation engineering
textbooks, a comparison of approaches to roundabout design between practical and
academic texts is provided.
3.4

Literature Review

There is a vast array of terminology and meanings associated with situated cognition,
representing multiple fields, including psychology, sociology, mathematics and ecology.
Fundamentally, most of these perspectives share the approach of understanding the
interaction between an individual and their environment: knowledge and the use of
knowledge are connected in a complex and immensely layered way. Situated cognition is
the idea that knowledge and learning are situated in the “physical and social context of its
acquisition and use” (Brown, Collins, & Duguid, 1989). Moreover, knowledge is not
coded information; it is not “knowing what,” but “knowing how” to act in a particular
social setting (Brown & Duguid, 1991; Lave & Wenger, 1991).
Theories and theoretical frameworks under the umbrella of situated cognition vary
substantially among authors and research approaches. Cognition itself depends not
simply on the brain, but also on the body, the structure of the natural and social
environments, and the other existent objects in the environment10. Situated cognition
fundamentally includes the relationship between mind and body, mind and context, and
mind and social environment. Because it focuses on the environment of the situation,
there is an emphasis on an individual’s relationship with its context, its content, and its
surroundings and then how those impact the individual’s reactions, which would
incorporate the idea of mind and body. The mind understands and the body reacts
accordingly (Robbins & Aydede, 2009).
In situated learning, individuals gain and demonstrate knowledge through participation in
social practice. They are in a community with a range of expertise and perspectives, and
how the newcomers to an environment will apply their knowledge is influenced by their
interaction with the more experienced individuals within the community and by
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observing how the most experienced members if the community approach situations8.
Learning is a situated activity and its central defining characteristic is legitimate
peripheral participation within a community of practice (Lave & Wenger, 1991).
“Legitimate peripheral participation” is a term that can be used to describe the
relationship between newcomers and elders (or “old-timers”), and also about the
activities, identities, artifacts, and the community itself. What is meaningful for
newcomers’ learning is determined by the interactions they have and what they observe
as they become a part of the community. How artifacts are utilized, what artifacts are
utilized, and how they are interpreted for use are also observed and learned through
experience within the community. Therefore, legitimate peripheral participation is
essentially a lens on learning that espouses the importance of observation of those who
have more experience for developing skills and knowledge in a community than actively
participating from the start (Lave & Wenger, 1991; Li et al., 2009).
Greeno, Collins, and Resnick (1996) used the term “situative” while comparing various
lenses on learning. Again, the theme of active engagement and participation in the
community is used to describe situative learning, rather than motivation based on either
intrinsic or extrinsic forces (Greeno et al., 1996). Additionally, cognition is described as
being distributed in the world, whereas the behaviorist and cognitive perspectives
espouse knowledge as being purely associational or individually cognitive-based (Greeno
et al., 1996; Johri & Olds, 2011). Distributed cognition forms another area of research
examining cognition beyond the human mind. In this perspective, shared tasks, goals,
and responsibilities ultimately construct knowledge that is distributed across individuals
and the material context in which those individuals are embedded (Hutchins, 1995a,
2005).
One of the central characteristics that tie all of these variant definitions is the central role
of the material context in the practices of individuals. In a review of the situated learning
lens within engineering education, Johri and Olds (2011) identified “material context” as
inclusive of all objects, tools, symbols, representations, or materials that mediate
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activities leading to understanding of the world. In this study, textual resources - namely
textbooks and practical references - serve as the tool of interest mediating learning in
engineering. Indeed, past studies note the role of these resources in learning. For
example, Lee and colleagues examined the role of textbooks in students’ problem-solving
processes noting that students included in the phenomenological study tended to utilize
the textbooks for gaining information on problem constraints and as models for solutions
on examples provided in the textbooks (Lee, McNeill, Douglas, Koro-Ljungberg, &
Therriault, 2013). Other studies of the role of symbols, visual representations, and
inscriptions note the central role of these tools in mediating communication and
knowledge sharing in not only engineering, but also in mathematics and the sciences
(Arsenault et al., 2006; Johri et al., 2013; Latour, 1987; Roth & Tobin, 1997). For this
study, a comparison of tools (i.e. textbooks and practical references) relevant in two
communities within engineering is completed. These tools provide a means to examine a
portion of what is agreed by members of two communities (i.e. academia and practice)
while also allowing insight into how practices may be shaped differently as reflected in
the language utilized within the two sources. It is assumed that these tools reflect two
potentially variant communities within engineering.
Beyond comparison of the two types of textual resources and tools, the utilization and
representation of engineering concepts is examined and compared between the two types
of textual resources. It is commonly accepted within engineering education research that
concepts provide a foundation for engineering knowledge and expertise (R. Streveler et
al., 2008). Traditional views of cognition view concepts as a means for humans to
categorize and organize the world (Perkins, 2006) and serve as “big ideas” upon which
knowledge may be founded (Bransford et al., 2000). Research within engineering
education have explored issues of conceptual knowledge (Andrews et al., 2010; Streveler
et al., 2008; Taraban et al., 2007), development of assessments such as concept
inventories (Evans et al., 2002; Gray et al., 2005; Jacobi, Martin, Mitchell, & Newell,
2004; Kitto, 2008; Olds et al., 2004; Steif et al., 2005) , differences in understanding of
concepts between novices and relative experts (Montfort et al., 2009), and identifying
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relevant concepts for various engineering domains (Bernhardt et al., 2010; Streveler et
al., 2003). Despite this wide range of inquiry regarding concepts in engineering
academia, there exists a gap within literature addressing the role of concepts in
transportation engineering practice and in the material contexts in which engineers are
embedded.
Informed by the situated perspective on learning and its emphasis on the relationship
between material context and engagement into practice, this study compares tools of the
trade typically utilized in two different stages of participation in engineering. Using
engineering concepts as the units of analysis, this study attempts to determine differences
in the ways information is delivered between the two types of textual resources.
Understanding possible differences between the deliveries of information – particularly
of noted foundational ideas within the field - between the two types of sources may
provide insight into the gap of knowledge exhibited amongst novice engineers as they
transition from academia to practice.
3.5

Methodology

Content analysis informed the research methodology provided within the study (Berg &
Lune, 2012; Elo & Kyngäs, 2008; Hsieh & Shannon, 2005; Krippendorff, 2013). Berg
and Lune (2012, p. 354) describe content analysis as “not inherently quantitative or
qualitative and may be both at the same time”. Per Hsieh and Shannon’s (2005) three
approaches to content analysis, the approach for this study was summative content
analysis, which entailed counts of relevant words and sentences within the text to
determine patterns of potential interest followed by the exploration of latent themes and
meanings emergent within the data.
The study followed a three-phase process typical of inductive content analysis:
preparation, organization, and resulting phases (Elo & Kyngäs, 2008). The preparation
phase included the selection of textual resources to be analyzed for the study. Following
the selection of the text, a systematic procedure to unitize, sample, and code the text was
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completed (Krippendorff, 2013). The reporting phase provided insight into the data via
description of descriptive statistics, statistical analysis comparing the texts, determination
of most prevalent transportation engineering concepts, and interpretation of latent
meanings associated with verb usage in the textual resources.
This study seeks to span beyond analysis of manifest content to deeper structural
meanings that may reveal differences in practical and academic contexts that novice
engineers must traverse as they enter the engineering community of practice. The
purpose of this study – particularly concerning the use of the statistical results – is not to
generalize to the entire engineering population. Rather, the focus is to initiate deeper
understanding of tools mediating knowledge within engineering education and practice.
In other words, the intent of this study is deeper insight into one facet of material context
relevant to the engineering community of practice, rather than broad generalization of all
textual resources available to all domains of engineering.
3.5.1

Sampling of Textual Resources

Two types of textual resources were chosen to epitomize the academic and practicing
world: textbooks and reference sources commonly utilized by practicing engineers.
Sampling of the actual textual resources was based on convenience and availability
(Creswell, 2013). The nonprobability sampling and subsequent non-normal distribution
of the data sets (which limited the statistical analysis to permutation testing) did not allow
the generalizability of the results to a population beyond those included in the study
(Ramsey & Schafer, 2002).
Despite this, past research examining transportation engineering practice identified the
textual resources utilized in this study as being relevant to practice and academia
(Bornasal & Brown, 2014; Davis et al., 2013; Lee et al., 2013; Turochy, 2006, 2013).
For example, a previous study examined syllabi of introductory transportation
engineering courses within the United States, and identified 7 textbooks (with two of the
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textbooks being represented in various editions) utilized within such courses (Bornasal &
Brown, 2014). For this study, seven of the textbooks analyzed match those mentioned in
the previously conducted syllabi analysis (Bornasal & Brown, 2014). Data from another
study comparing embedded knowledge between engineering practitioners and instructors
identified the common use of the referential text, “A Policy on Geometric Design of
Highways and Streets” (Davis et al., 2013). This book is commonly referred to as the
“Green Book.” Additionally, the American Association of State Highway and
Transportation (AASHTO), which publishes the Green Book, is recognized as
representing highway transportation engineering as a field throughout the United States
(American Association of State Highway and Transportation Officials, 2004). Two
editions of the AASHTO Green Book are utilized within the study. Turochy’s work
(2013; 2006), which establishes priorities for content that the industry seeks in
engineering graduates, heavily relies on participation from the Institute of Transportation
Engineers (ITE). This group’s membership currently spans 17,000 practitioners,
researchers, and other professionals focused on transportation engineering as a field
(“Institute of Traffic Engineers,” 2015). Two of the textual resources exemplifying the
practicing world utilized in this study were published by ITE. Noting the relevance of
such textual resources to academia and practice, the list of the textbooks and practical
references examined in the study was deemed appropriate for gaining insight into
possible differences between “practical” referential texts to “academic” textbooks.
Noting the results of the previous studies, as well access to the text, a pool of 25
resources (19 transportation engineering textbooks and 6 practical resources) were
originally considered for the study. These texts ranged in publication years between 1972
and 2011. The final analysis limited this pool to 15 resources (11 textbooks and 4
practical resources). Noting the relatively recent application of roundabouts within the
United States5 and the results of the syllabi analysis (Bornasal & Brown, 2014), the
research team decided to only include texts whose publishing dates ranged between 1997
and 2012 for the final analysis. Table 3-1 summarizes the resources analyzed in this
study.
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Table 3-1:
Source
Type
Practical

Textbook

Resources analyzed in study

ID

Authors/Title

P01
P02
P03
P04
T01
T02
T03
T04

AASHTO / “Green Book”
ITE / Freeway & Interchange Geometric Design Handbook
ITE / Urban Street Design
AASHTO / “Green Book”
Garber & Hoel / Traffic and Highway Engineering
/ Transportation Engineering Planning and Design, 3rd Edition
Banks / Introduction to Transportation Engineering
Khisty & Lall / Transportation Engineering: An Introduction, 3rd
Edition
/ Traffic Engineering
Wright & Dixon / Highway Engineering, 7th Edition
Mannering, Washburn, & Kilareski / Principles of Highway
Engineering & Traffic Analysis, 4th Edition
Khisty / Transportation Engineering: An Introduction, 2nd Edition
Mannering & Kilareski / Principles of Highway Engineering &
Traffic Analysis, 2nd Edition
Garber & Hoel / Traffic & Highway Engineering, 4th Edition
Wright, Ashford, Stammer / Transportation Engineering Planning &
Design, 4th Edition

T05
T06
T07
T08
T09
T10
T11

Year of
Publication
2001
2005
2008
2011
1997
1998
1998
2002
2004
2004
2009
1997
1997
2009
1998

After establishing a list of textual resources for examination, a systematic procedure to
identify relevance of roundabouts within the text, concepts relevant to roundabout design,
and visual representations of roundabouts and related concepts was established. The first
phase of the procedure focused on collecting and analyzing quantitative data. The results
from the statistical comparison (via permutation or randomization testing) informed the
focus of the qualitative phase. The analysis of the qualitative data focused on the use of
auxiliary verbs (i.e. “should”) and action verbs relating to suggestions or requirements of
engineering practice (e.g. “recommend”) within the textual resources.
3.5.2

Systematic Procedure for Unitizing, Sampling, and Coding

Textual materials were unitized according to systematic divisions (i.e. at page, sentence,
and figure/table level). Per Berg and Lune’s (2012) definition of major elements of
written messages, the elements counted in this study included words, paragraphs, items
(i.e. textual resource type), and concepts. A census of all figures and sentences relating
to roundabouts, as well as concept use, exemplified the sampling procedure in this phase
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of the study. These counts were saved in Microsoft Excel. Ratios, such as visual
representations per page and sentences relevant to roundabouts per total sentences present
in textual resource analyzed, were developed from raw counts reflecting these divisions.
Researchers devised sampling plans geared toward quantitative description of relevancy
of roundabout design within the text, identification of concepts relevant to roundabout
design, use of visual representations, and verb usage in sentences containing concepts.
Rather than accounting for all pages in the textual resources, the researchers limited the
pages to those relevant to roundabout design. To determine this, the researchers searched
the index of each of the textual resources for the word “roundabouts.” The only deviance
from this process occurred when another, unindexed page, section, or figure was called
out within the accounted text. For example, if a sentence referred to “Figure 5.6 in page
76” but the index did not specifically call out page 76, the figure was still accounted for
in the analysis.
The researchers uploaded scanned copies of all the textual resources into Atlas.ti (Muhr,
2004), a qualitative research software allowing storage, organization, and coding of
documents included in the study. All sentences, figures, and tables in the pages were
coded according to relevance to roundabouts, inclusion of engineering concepts, and verb
usage in each sentence. Table 3-2 summarizes the counts completed for the study.
Sentence relevance to roundabouts and verb usage were openly coded, with concern at
open inquiry, but identification of concepts was guided by existent research within
engineering education. In order to frame the study and ensure focus on relevant concepts,
the researchers utilized findings from knowledge tables created to guide transportation
engineering educators’ curriculum development (Bernhardt et al., 2010; Bill et al., 2011;
Kyte, Bill, & Young, 2010), along with emergent and repeated words or phrases
identified by the researchers. To ensure validity in the coding of the concepts, two
researchers separately coded the textual resources, compared coding schemes, discussed
conflicting codes, and resolved final codes (Patton, 2002).
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Summary of counts reflecting unitizing and sampling procedure

ID

P01
P02
P03
P04
T01
T02
T03
T04
T05
T06
T07
T08
T09
T10
T11

6
15
2
15
0
1
0
2
3
2
0
1
0
5
2

Textbook

Sou
rce
Ty
pe

Counts Completed for
Unitizing Stage
Pages
Figure/ sentence
analyzed
tables
analyzed
count

Practical

Table 3-2:

3
9
2
10
0
0
0
1
4
0
0
0
0
3
0

87
165
32
206
0
15
0
25
19
37
0
20
0
32
43

Counts Completed for Sampling Stage
sentences in
pages
analyzed
relevant to
roundabout

sentences
including at
least one
transpo.
engineering
concept

concept
coded in
textual
res.

80
54
9
202
0
6
0
5
9
8
0
5
0
14
7

53
26
1
144
0
3
0
5
4
0
0
3
0
7
2

65
18
1
140
0
0
0
1
0
0
0
1
0
8
2

Sentences
with both
concepts and
auxiliary
verbs
(should,
must), or
“recommend
”
14
1
1
24
0
0
0
1
0
0
0
1
0
0
0

Additionally, the visual, or symbolic representations utilized within the practical
resources and textbooks were counted and compared according to source types. Visual
representations denoted all non-text symbols included within the analyzed pages. These
included photographs, naturalistic drawings, diagrams, graphs, tables, and equations.
Past literature have placed these visual representation on a spectrum of abstraction
spanning from the most abstract (words) to the least abstract and most tangible (the
world) (Latour & Woolgar, 1979; Roth & Bowen, 1999; Roth & Tobin, 1997). These
visual representations are often referred to as “inscriptions” in such text. Based on a
process established in earlier work (Bornasal & Brown, 2014), these visual
representations were unitized according to type of inscription.
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3.5.3

Statistical Analysis

After coding the textual resources in Atlas.ti, the finalized counts were transferred into a
spreadsheet. This data was input into the statistical software “R.” Output from the
software provided descriptive statistics for each source type group and issue of interest.
Issues of interest included percentage of sentences dedicated to roundabouts (relative to
pages included in the study), visual representation per page, ratio of concept use, and
ratio of use of auxiliary verbs of interest.
Subsequent analysis of the data revealed non-normal distribution: note the
preponderance of zeros within the data set shown in table 3-2. Transformation of the data
was deemed inappropriate for the study, thus limiting the applicable statistical analysis
methods. Additionally, the multiple matching values in the data discouraged the use of
rank-sum test. Noting these existent limitations with the data, a permutation test was
chosen as the statistical tool to examine the data set. This statistical procedure allows for
examination of data not able to meet assumptions of normalcy, independence, and
deviation usually required for simple t-distribution (Ramsey & Schafer, 2002). Note that
the permutation test disallows the generalizability of the results beyond the data presented
in the study. However, the findings are still important in that they initiate exploration of
possible gaps in context students may face as they transition between academia and
practice.
The statistical process in R allowed the identification of statistical significance between
differences in means of measures of interest. The data was first pooled into two general
groups matching the sample sizes of the two source types. A t-statistic was calculated via
the following equation,

𝑡=

Y! "!B -Y"#A $ A!   
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1
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+

1

A! n! "!B

,
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where t is the t-statistic, 𝑌!
textbooks, 𝑌 !A

"

A!
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is the mean value of a measure of interest for the

is the mean value of a measure of interest for the practical

resources, 𝑆P is the pooled standard deviation, 𝑛"#A
practical resources, and 𝑛 !

"!B

$

A!

is the sample size for the

is the sample size for the textbooks. The software

program repeats this calculation 10,000 times with randomly assigned groupings between
the two source types to obtain a permutation distribution of the t. The software program
compares the observed statistic produced via the aforementioned equation (t) to the
permutation distribution of the randomly assigned groupings to produce a two-sided pvalue.
3.5.4

Thematic Analysis of Emergent Patterns and Meanings

Noting the results of the permutation test examining the pairing between verb use and
concept inclusion, the researchers interpreted an emergent theme within the data set.
Qualitative analysis specifically relating to use of auxiliary verbs (i.e. “should” and
“must”) and action verbs relating to suggested or requirements of engineering practice
(i.e. “recommend”) was completed allowing further exploration of the ways practical and
academic texts differ in communicating information. This portion of this analysis
allowed interpretation beyond statistical differences in count means. Noting the lens of
situated learning and literature on communities of practice, this portion of the analysis
sought to interpret differences in discourse emergent within texts serving two different
populations of transportation engineers.
3.6

Results

Finding 1: The most prevalent concepts pertain to geometric elements of roundabouts in
both types of resources
Upon analysis of the textual resources, seven categories of transportation engineering
concepts were identified. These categories included: control, element, alignment, safety,
sight distance, traffic operations, user, and vehicle. Table 3-3 summarizes the words and
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phrases coded within the noted categories. These categories reflected 93.6% of the
concepts identified within the practical text, and 97.6% of concepts identified within the
textbooks. Other concepts, such as types of traffic circles, did not account for a
substantial portion of the concepts. Thus, these concepts were not placed in the noted
categories.
Table 3-3:
Concept Categories
Control
Element
Alignment
Safety
Sight distance
Traffic operations
User
Vehicle

Words and phrases included in concept categories
Words/phrases included in category (codes)
Control, signal, yield
Approach, apron, lane, circular/circulatory roadway, crossing location,
crosswalk, element, feature, entrance line, entry, leg, inscribed, refuge, yield
line, island, circle, landscape (buffer), marking
Alignment, width, distance, path, curvature, geometry, grade, horizontal
deflection, layout, tangent, radii, friction
Conflict, frequency, severity, crash, safety
Visibility, sight distance, intersection sight distance, stopping sight distance
Speed, capacity, volume, flow, gap, operation, directional distribution,
congestion
Bicyclist, driver, pedestrian, user, person
Bicycle, bus, vehicle, truck

Itemization of the categories revealed a relatively similar distribution between the source
types. The authors assessed prevalence of concept categories in reference to the total
number of sentences regarding roundabouts within each source type. Noting this
perspective, each sentence was coded not only by singular words or phrases, but also by
concept categories. This entailed that if one sentence included multiple words of the
same concept category, the sentence would only be coded once for that category. For
example, if a sentence included the words “yield line,” “central island,” “speed,” and
“vehicle,” researchers coded the sentence as “element,” “traffic,” and “vehicle.” The
result of this analysis is illustrated in figure 3-1. The values on the y-axis of this figure
reflects the ratio of sentences coded with the noted concept category divided by the total
number of sentences within the sources pertaining to roundabouts. Note that the total
number of sentences pertaining to roundabouts was 345 and 54 for the practical resources
and textbooks, respectively.
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The results of this analysis revealed that the most prevalent concept category remained
geometric elements. Approximately 35.4% and 24.1% of the sentences within the
practical resources and textbooks noted the use of at least one word or phrase within the
concept category, respectively. The second-most prevalent concept category for both
types of resources was traffic operations with 21.0% and 18.5% of the sentences in the
practical resources and textbooks utilizing words and phrases related to the category,
respectively. For the practical resources, the concept categories of vehicle, alignment,
and user generated equal percentages of sentences referring to words or phrases
associated with the noted category: approximately 15.7% of all the sentences referring to
roundabouts utilized words or phrases inclusive of the categories. Approximately, 6.1%
and 3.2% of the sentences referring to roundabouts within the practical resources
addressed the safety and sight distance concept categories, respectively. The textbooks
showed different distributions amongst the concept categories, with vehicle, user, and
control emerging amongst 7.4% of the total number of sentences relating to roundabouts.
The alignment and safety concept categories accounted within approximately 3.7% of the
sentences about roundabouts within the textbooks. The least prevalent concept categories
for the practical resources was control, while the least prevalent concept category within
the textbooks was sight distance. For the textbooks, the least prevalent concept category
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was sight distance with no sentences utilizing any of the terms or phrases indicated for
the category.
Researchers completed a similar analysis with the inscriptions coded in this study. The
results also reflected the dominance of the geometric elements concept category.
Researchers first coded each inscription based on words in the figure title, along with
call-outs within the figure itself. Cross-referencing the words listed in table 4 to the titles
and call-outs within the figures, a list of 85 words/phrases reflecting the eight concept
categories was generated. Figure 3-2 illustrates the distribution of these words according
to the concept categories identified.
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Amongst the 25 inscriptions counted within the practical resource, researchers identified
47 words (either in the title or in call-outs within the figures) included in the element
concept category. The textbooks generated a different result. The concept category
reflecting the most coded words for the textbooks was traffic operations, with 8 words
coded. However, the second-most referenced concept category for textbooks was
geometric elements of the roundabout with 7 words coded. This is not a significant
difference from traffic operations.
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Finding 2: There is little evidence indicating a difference in density of concepts within
the different source types
A comparison of density of transportation engineering concept codes was also completed.
This measure of density reflected the percentage of sentences including at least one
transportation engineering concept code within the various resources. The resulting
permutation test revealed little to no evidence of a statistical difference between the
practical resources and textbooks (observed t-statistic: 1.317, p-value: 0.212). This
indicates that the difference in use of wordage relating to concepts, relative to the actual
amount of text referring to roundabouts, was not statistically different between the two
source types.
Finding 3: The distribution of the inscription types appear to be different according to
source type
The visual representations utilized appeared to be relatively similar in both texts,
accounting for amount of inscriptions found within the texts. Note that all of the
inscriptions coded in the study referred to at least one concept. Researchers counted 24
inscriptions in the practical resources and 8 inscriptions in the textbooks. Figure 3-3
illustrates the distribution of inscription amongst the different types of representation.
For both source types, the most predominant type of inscription was diagrams with 12
inscriptions and 3 inscriptions falling into this category within the practical resources and
textbooks, respectively. The least prevalent inscription type for the practical resources
was equations. For textbooks, pages included in the analysis did not include any
naturalistic drawings.

79

60%
50%
40%
30%
20%
10%
0%
PracGcal
photograph

Figure 3-3:

naturalisGc drawing

Textbook
diagram

graph

table

equaGon

Distribution of inscription types by source type

Note that the practical textbooks are weighted towards inscriptions typically associated
with more concrete representations of the world (i.e. photographs), while the textbooks
are distributed in more abstracted forms of representations (i.e. equations) (W-M. Roth &
Tobin, 1997). Taking into account that these representations were associated with
concepts, which were largely weighted towards geometric elements (per Finding 2), the
results suggest a difference in approaches in communicating information about concepts
and contexts. Practical resources seem to utilize relatively more concrete examples of
roundabout concepts, while textbooks tended to prefer more abstract representations such
as graphs, tables, and equations in communicating concepts.
Finding 4: There is suggestive evidence - both quantitatively and qualitatively - that
practical resources and textbooks use auxiliary verbs and words reflecting suggestions
and recommendation for practice differently
The final count data examined regarded the use of auxiliary verbs, such as “should” and
“must,” and other action verbs indication suggestions or recommendations regarding
engineering practice. Upon initial pass on the data set, the researchers noticed a pattern
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of use of such verbs. The pairing of the verbs with a coded concept occurred 48 times in
the practical resources, while it only occurred 3 times within the textbook. In order to
determine if this produced a statistically conclusive difference between the source types,
the researchers completed a permutation test analyzing the average number of sentences
pairing the verbs to concepts relative to the total number of sentences within each
resource. The results indicated suggestive, but inconclusive, evidence of a difference
between the mean percentages of verb/concept pairings in sentences relative to the total
number of sentences analyzed (observed t-statistic: 1.536, p-value: 0.165). Noting these
results, the researchers sought to examine and provide interpretation of a possible
difference in the ways these verbs reflect intention and discourse regarding practice.
Initial memos made while analyzing different textual resources was the use of the word
“should”. Upon review of these memos, themes emerged in regards to its use within the
text. One theme was that the textbooks utilized “should” to usher in an explanation of
theory or to emphasize a point that the textbook author deemed to be of particular
importance for the reader. In the practical resources, however, “should” was used to
express a particular solution or step regarding roundabout construction, obstacles, or
implications of a roundabout. In other words, the textbooks used “should” for emphasis
regarding theory, while the manuals used “should” to help alleviate confusion about a
certain topic. The following excerpts (table 3-4) are paired with interpretations of
meaning by the researchers.
Table 3-4:
Excerpt
ID
1

Source
Source: P04
Code Line:
01:98

2

Source: P04
Code Line:
01:98 (2)

Excerpts from textual resources

Excerpt
(concepts coded italicized)
“To these ends, the alignment should
be as straight and the gradients as
flat as practical.”

“The sight distance should be equal
to or greater than the minimum
values for specific intersection
conditions, as derived and discussed
in Section 9.5 on “Intersection Sight
Distance.”

Interpretation of function of
“should”
• Used to describe
expectations of resulting
designs
• Creates a compulsion for
practicality and safety
• “Minimum” and “equal
to or greater than” are
utilized to convey certain
considerations that ensure
the safety and practicality
of the roundabout
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Table 3-4:
Excerpt
ID
1

Source
Source: P04
Code Line:
01:98

2

Source: P04
Code Line:
01:98 (2)

3

Source: P02

4

Code Line:
02:04
Source: P02
Code Line:
02:05

5

Source: T05

6

Code Line:
03:08
Source: T04
Code Line:
21:03

Excerpts from textual resources (continued)

Excerpt
(concepts coded italicized)
“To these ends, the alignment should
be as straight and the gradients as flat
as practical.”

“The sight distance should be equal to
or greater than the minimum values
for specific intersection conditions, as
derived and discussed in Section 9.5
on “Intersection Sight Distance.”
“However, it [entry width] should not
become so large as to encourage
‘high-speed’ operation.”
“For design and operational guidelines
of roundabouts the reader should
reference the AASHTO Greenbook
and the Federal Highway
Administration’s (FHWA) publication
Roundabouts: An Informational
Guide (2000).”
“It should be noted that roundabouts
have no additional control devices,
and that circulating traffic has the
right of way at all times.
“A well-designed roundabout should
deflect the path of vehicles passing
through an intersection by the use of a
sufficiently large central island,
properly designed approach islands,
and staggering the alignment of
entries and exits…”

Interpretation of function of
“should”
• Used to describe
expectations of resulting
designs
• Creates a compulsion for
practicality and safety
• “Minimum” and “equal to
or greater than” are
utilized to convey certain
considerations that ensure
the safety and practicality
of the roundabout
• Used to caution the reader
and to have them consider
the implications of the
design
• Used to refer the reader to
other sources

•

Used to offer further
explanation of
roundabouts

•

Used to offer further
explanation of
roundabouts
Emphasis for what seems
to be a very simple
explanation of
roundabouts

•

Excerpts 1 through 4 are from practical resources. In the Excerpt 1 from P04, concepts
regarding geometric alignment (i.e. alignment and gradient) precede “should” in the
sentence. The concepts function as the subject of the sentence, while the auxiliary verb
functions as a statements of expectations of practice. It serves a compulsory function
communicating the expectations of design in regards to safety and practicality. Excerpt 2
from the same source follows a similar layout, wherein a concept (sight distance)
precedes “should.” Again, the statement communicates an expectation of practice. One
difference between Excerpt 1 and 2 is that the second excerpt explicitly states “minimum
values” and expected boundaries for the resulting values of the concept, while the first is

82

vaguer in communicating boundaries of the practice. Excerpt 3 is also from a practical
resource (P02). In this sentence, one concept (entry width) precedes “should,” while the
other concept (high speed operation) follows the use of “should.” Despite these slight
differences, the sentences all serve as compulsion for the reader to do something,
particularly to consider concepts and its relationship to practicality and safety. Excerpt 4
from Source P02 differs from the previous excerpts in that it did not include a concept.
However, it functioned in a similar way to the previous excerpt in compulsion of action
was directed to the reader. That direction of compulsion was for the reader to seek
resources beyond those provided in P02.
The next two excerpts were from textbooks (T05 and T04). Notably, there were very few
sentences utilizing this particular auxiliary verb, thus limiting potential pool for
construction of themes. In both of the excerpts, “should” preceded the concepts. The
subject in the T05 excerpt was “it”, while “a well-designed roundabout” served as the
subject in the T04 excerpt. Noting this, an immediate difference from the practical
resources can be observed: the requirement of action is not directed towards the reader.
In two textbook artifacts (T05, T04), it can be noted that “should” is used to offer further
explanation of roundabouts, but it seems to be in more of a general sense. The source
T05 states that it “’should’ be noted…” It is similar to when a professor states a piece of
information that could be implied, but that they would rather have explicitly defined. In
some cases, such an explicit definition of something that could be deduced can change a
student’s line of thinking from a more practical and common sense-oriented one, which is
essential for problem-solving, to a line of thinking that is not so much thinking but
aligning themselves exactly with the material. Similarly in source T04, the “should” is
used as emphasis for what seems to be a very simple explanation of roundabouts, when
there are actually many factors that go into the construction of them.
3.7

Discussion

Through qualitative and quantitative analysis of the collected field and academic
resources for roundabouts, there is evidence of a fundamental difference between the
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resources. The quantitative comparisons indicate evidence of a difference in the structure
and presentation of concepts between practical resources and textbooks. Although
practical resources refer to concepts more often and in greater density, the categories
concepts are relatively similar between the two source types. Indeed, most of the
concepts identified within this study (i.e. over 90% of those coded) fell into one of the
noted categories. Additionally, the inscriptions visually representing the concepts
support the prevalence of concepts relating to geometric elements. This provides insight
directly applicable to the larger case study looking at the role of concepts in engineering
design. Another issue of interest regarding the inscriptions is the differences in
distribution between the practical resources and textbooks: inscriptions in practical
resources tended to be weighted towards more concrete representations of the world,
while inscriptions in textbooks were shifted towards more abstracted representations of
the world. Such findings initiate exploration of the differences between contexts in the
practical and academic world.
One of the most interesting findings regards language use – particularly the pairing of
concepts to the auxiliary verb “should.” Beyond the initial suggestive evidence provided
through quantitative analysis of word choice and pairing, interpretation of use of the
words provide initial perspectives is differences of discourse. Note the differences in
direction of compulsion between the textual resources (i.e. reader in practical resources
versus generic, unnamed beings in textbooks). Also note the function of “should” in
practical resources for consideration of practicality, safety, and other constraints and
affordances in the world. The practical resources do not use “should” to create succinct
explanations absent of context, but instead use “should” to convey caution and to enable
the understanding of many different types of roundabout situations and how the
environment, safety, and practicality can affect decision-making about how a roundabout
could be constructed. The use of “should” can be thought of as a way to encourage a
line of thinking that is geared for constructing roundabouts using both conceptual
understanding as well as practical understanding. There is a marriage of the two ways of
thinking to provide proficient design. In the textbooks, however, the use of “should” has

84

the same feeling of compulsion, but it is instead a compulsion to provide simplicity and
straight-forwardness.
3.8

Conclusions

The study did not cover all disciplines of engineering. Nor could it cover an extremely
vast array of material from a specific discipline. However, this small study can provide
insight in a difference in artifacts that can be further explored in other disciplines. The
study provides a call for further inquiry and exploration of analysis of academic and
practical resources. The furthering of exploration would allow for professors and
professionals to expand their communities of practice in order to gain perspective and
understand what could be improved upon for the education of engineering students.
Of particular interest for future research is understanding the language surrounding
concepts. The general perspective from the researchers’ analysis of textbooks is that the
text conveys concepts as abstract ideas absent of clues of context. Note the prevalence of
inscriptions shifted towards abstracted representations. Also, note the indirect
compulsion for action reflected in verb usage. In the practical resources, there is
evidence of another path in conveying concepts: Concepts are represented through
examples and discussions that have an overall emphasis of safety and practicality. The
concepts are presented in a situational manner, and are able to be used as reference points
when facing different types of environments when creating roundabouts. There are
suggestions that are meant to be used as guidance—there are not large explanations
behind the mathematics of how wide the entry of the roundabout should be, it is put in
context with concerns to what kind of traffic would likely be going through the area.
There are important qualities of both types of resources. Textbooks are relatively known
to focus on theory. Indeed, it is important to have an idea of the theory so there is a
greater understanding of what would occur as a roundabout is designed. Practical
resources focus more on examples and real-world application. Perhaps, presenting theory
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(and other relevant information) with a greater focus on context may address issues of
transference of knowledge between academia and practice.
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4.1

Abstract

An area of research espouses that organizing knowledge around foundational ideas in a
domain (i.e. concepts) provides a means to successfully activate and transfer knowledge
from school contexts to common, lived experiences. However, research on where and
when concepts emerge in the common, lived experiences outside if school settings has
not been conducted, particularly in the field of engineering. Using qualitative research
methods and informed by the situative perspective on learning, this study initiates
exploration of social and material contexts in which transportation engineering concepts
manifest.
4.2

Introduction

One perspective in research advocates that knowledge be organized around foundational
ideas (i.e. concepts) relevant to a specific domain (Streveler et al., 2008). Concepts in
engineering include foundational ideas such as stresses and buckling in mechanics of
materials (Montfort, Brown, and Pollock, 2009), differentiation between comprehensible
and incomprehensible flow in the domain of heat transfer (Streveler et al., 2003), and
sight distance in transportation engineering (Davis et al., 2013). This perspective asserts
that development of deeper understanding of concepts may assist in the transfer of
knowledge across dissimilar contexts (Bransford et al., 2000).
The idea that concepts are central to the learning experiences of engineering students is
pervasive within existing curriculum development: Educators actively pursue
constructing learning experiences around core concepts (e.g. Bill et al., 2011). Yet,
researching the application of concepts beyond the bounds of school settings is relatively
unexplored. Initial research comparing engineering practitioners and students’
understanding of concepts (via assessment using concept inventories) indicate little to no
difference in conceptual understanding of statics concepts (Urlacher et al., 2015). This
brings to question why engineers with practicing experience exhibit no measurable
difference in conceptual knowledge. Following work by Urlacher and colleagues (2015)
suggests that the context in which concepts are applied and contexts practicing engineers
find relevant may actually be of importance in activating and combatting atrophy of
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knowledge. This challenges perspectives that value abstraction of concepts over its
contextualization (Bransford et al., 2000).
Existing perspectives in research consider peoples’ understanding of concepts as
individually acquired knowledge, wherein knowledge is internalized in schemas bounded
by the human mind. This is reflected in conceptual change literature, one perspective in
which conceptual change is viewed as categorical shifts, revision of beliefs, and
transformation of mental models (Chi, 2008). It is also reflected in conceptual
understanding literature which describe the phenomenon as a “framework used to acquire
new knowledge” (Montfort et al., 2009, p. 111). Indeed, the definition of concept
typically paired with the individual cognitive perspective notes, “concepts are to be
understood as basic units of knowledge that can be accumulated, gradually refined, and
combined to form ever richer cognitive structures” (Sfard, 1998, p. 5). This fundamental
assumption – concepts are the construct of the individual mind – is the issue of interest
for this study.
Critiques within the individual cognitive literature point to the lack of consideration of
cultural, social, and material contexts in affecting conceptual understanding (Streveler et
al., 2008; Vosniadou, 2007). This is particularly relevant in consideration of engineering
practice: Many examinations of engineering practice point to the importance of social
interaction (Stevens, Johri, and Connor, 2014; Suchman, 2000) and material context
(Latour, 1987) in engineers’ ubiquitous activities and practices. Although research
within the individual cognitive perspective provides insight into the role of prior
knowledge, motivation, and individual engagement (among other characteristics) in
learning, consideration of the social and material world must be considered in the
examination of engineering practice.
Using qualitative research methods and situative learning perspectives as a lens for
interpretation of data, this study examines of the role of transportation engineering
concepts in engineering work. This study characterizes when and where concepts
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emerged in practice, while identifying social and material contexts present during the
emergence of the concept. By identifying concept use and representation in practice, this
study provides a foundation for examination of what makes concepts meaningful and
useful to practicing engineers.
4.3

Research Questions

The goal of this research is to characterize the activity system in which engineering
concepts emerge. Activity systems are typically defined as the social and material
contexts in which interaction occurs. Two areas of inquiry for this paper include:
What are the characteristics of interactions, activities, and practices in which
transportation engineering concepts emerge?
In what way do the concepts emerge within talk, co-produced artefacts, and social
activities?
Answering these questions provides a framework for identifying relevant systems of
inquiry (i.e. in what social settings do concepts emerge, what types of interactions matter
in the examination of concept use and representation, and what materials do engineers
reference and construct) for future research.
4.4

Theoretical Framework

According to the situative lens on learning, all learning takes place within a social and
material context due to the constant contact individuals have with one another and with
artefacts present in the world (Johri and Olds, 2011). Collins and Greeno (2011, p. 64)
note that the situative perspective “supports the view that knowing and learning by
individuals are inextricably situated in the physical and social contexts of their
acquisition and use.” In the situative perspective, knowledge is distributed across social
systems and in mediating artefacts. Various manifestations of this perspective include
distributed cognition (Hutchins, 1995a), embodied cognition (Wilson, 2002), situated
learning (Lave & Wenger, 1991), among other areas of research.
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Explanations of the role of concepts in the situative perspective are relatively limited.
Few authors within the field specifically address “concepts” within their work. Greeno
and van de Sande (2007) explored conceptual growth in terms of discourse practices and
noted that concepts take root in the practices of a community rather than being limited in
the individual mind. From a distributed cognition lens, Hutchins (1995a) noted the role
of conceptual dependency in allowing an individual to sequentially order tasks. He
provided an example of a quartermaster, a sailor partly charged with navigation duties on
a large ship. A quartermaster does not necessarily need to deeply understand everything
about observing a landmark and plotting a line of positioning (both of which Hutchins
considered concepts), but conceptual understanding may reveal to the quartermaster why
the concepts have a sequential relationship (Hutchins, 1995a). The focus of the situative
perspective reflects the nature of engineering design as a social enterprise in which
artefacts and tools are pervasive in work and interactions.
One deviation between the situative and the individual cognitive perspective is the system
of inquiry. In the individual cognitive perspective, the focus is the singular human and its
acquisition of knowledge (Sfard, 1998). In contrast, the focus of the situative perspective
is activity systems, which includes not only the individual, but also the considers
interactions amongst multiple people and technological artifacts (Greeno, 2006; Johri and
Olds, 2011). If the goal is to determine the role of concepts in engineering practice, the
activity system must be identified and characterized.
4.5

Study Setting

The researcher worked in one of the regional offices of Company X (a private
engineering consulting firm) in Region Office A. The Project Team members consisted
of 47 individuals (not including the researcher) working on the Roundabout Project. The
Roundabout Project regarded the production of 13 deliverables relating to the design of
two roundabouts. Within the six months the researcher spent in Region A, the
Roundabout Project progressed from 0% to 30% design completion. The researcher
interacted (via in-person, electronic mail, and telephone conversations) with members of
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the Project Team. Table 4-1 lists members of the Project Team and other involved
individuals discussed in this study according to their pseudonyms.
Table 4-1:
Identifier
PM43
E25
E52
E63
EXP
CT
REG
RES

4.6

Individuals of interest

Background in Engineering
Project Management, Civil and Mechanical
Engineering
Senior Roadway Engineer
Junior Roadway Engineer, Computer-Aided
Design (CAD) Drafter
Office Traffic Engineer
Roundabout Expert, Civil Engineering
Consultant (not employed at Company X)
Client Representative, Civil Engineer
Regulating Agency officials, Engineers (exact
discipline unknown)
Researcher, Human instrument for study,
Civil Engineering (w/ transportation focus)

Project Focus
Project Manager
Assistant/Deputy Project Manager, Lead
Roadway (Geometrics) Engineer
Roadway (Geometrics) Engineer
Traffic Engineer
Consultant for Geometric and Traffic Design
for Roundabout Project
Client representative
Regulating design according to State Standards
and guidelines
Engineering Intern

Methodology

The methodology of this study was informed by literature on naturalistic inquiry (Lincoln
and Guba, 1985) and qualitative research methods (Denzin and Lincoln, 2008; Patton,
2002). A researcher entered the field of engineering practice and gathered data via
participant-observation, informal conversations and formal interviews, and document
collection. This study examines a singular case wherein a group of individuals (i.e.
Project Team) took part in a singular line of activity. The unit of analysis for this study
was use and representation of terms reflective of transportation engineering concepts in
Project Team members’ interactions (i.e. in-person conversations, electronic mail, and
phone calls) and production of artifacts (i.e. project documents, drawings, and other
tangible representations). Three general methods for collecting data completed a chain of
evidence ensuring validity of findings (Patton, 2002). Data sources included field notes
from direct observations, audio recordings and notes from interviews with participants in
the study, and documents produced by participants during the Roundabout Project.
A list of words reflective of emergence of transportation engineering concepts identified
in previous work (see Wallace, Bornasal, and Brown, 2015) served as the codes for the
analysis of the data set (see table 4-2). Using this list as a guide, the data files (283 files
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inclusive of field notes, interview transcripts, and project documents) were coded via the
qualitative analysis software, Atlas.ti (Muhr, 2004). Researchers further coded excerpts
according to several issues: individuals present during the event, day of event, setting of
event, and the role of the researcher during the event. The coding process outlined
allowed development of a timeline indicating form and location of the concepts during
members’ interactions, activities, and practices during a six-month design process.
Table 4-2:

Codes reflecting transportation engineering concepts*

Code Family
Control
Element

Concept Codes
Control, signal, yield
Approach, apron, lane, circular/circulatory roadway, crossing location, crosswalk,
element, feature, entrance line, entry, leg, inscribed, refuge, yield line, island, circle,
landscape (buffer), marking
Alignment
Alignment, width, distance, path, curvature, geometry, grade, horizontal deflection,
layout, tangent, radii, friction
Safety
Conflict, frequency, severity, crash, safety
Sight distance
Visibility, sight distance, intersection sight distance, stopping sight distance
Operations
Speed, capacity, volume, flow, gap, operation, directional distribution, congestion
User
Bicyclist, driver, pedestrian, user, person
Vehicle
Bicycle, bus, vehicle, truck
*adapted from Wallace, Bornasal, and Brown (2015)

These codes reflect concepts such as sight distance, which is simply defined as the
distance of roadway that a driver can see. This concept is tied to various calculations and
representations (i.e. intersection sight distance and stopping sight distance. Another
prevalent concept in this specific study was velocity-to-capacity ratio, which would be
included in the family of traffic operations. Volume-to-capacity ratio simply indicates an
operational quality of the traffic flow in reference to the capacity of the transportation
facility (e.g. a lane of roadway). Another relatively pervasive concept in the study of the
Roundabout Project was vehicle operation around a curve, which relates vehicular speed
to banking of the roadway (i.e. superelevation), horizontal curvature of the roadway, and
gravitational forces. Relating this concept to the code families listed, vehicle operation
around a curve would entail words listed in vehicle, operations, and alignment.
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4.7

Findings

4.7.1

Characteristics of the activity system

After coding the data, it became apparent that concept use, representation, and
interpretation manifested in a social space, and that discourse was often mediated with
some tangible artefact. The characteristics of the social space and material context in
which concepts emerged formed the activity systems of interest. These activity systems
were typically characterized by different social settings, individuals involved, constructed
artefacts, and referenced resources. Social settings included scheduled project meetings,
informal conversations between Project Team members, computer-mediated interactions
(e.g. email), and telephone conversations. Constructed artefacts included items such as
project reports and memorandums, spreadsheets, and computer-aided drafts, among other
project deliverables. Referenced resources included items such as federal, state, and local
standards and guidelines, past project documents, and presentations from workshops,
among other referred materials.
To provide some order to the various activity systems that formed throughout the
Roundabout Project, the activity systems were categorized according to a connecting
theme of design decisions. Table 4-3 illustrates three series of events (labelled as
“situations”) geared toward provision of some design decision. Note that many of the
data presented in table 4-3 utilize pseudonyms to ensure anonymity for Company X and
other stakeholders. Situation 1 refers to a series of events in which members of the
Project Team attempted to develop an evaluative criteria illustrated in the Alternatives
Analysis Matrix (AA Matrix). Situation 2 recalls a series of events in which Project
Team members analysed the effects of changing the conceptual layout of the roundabout
in response to comments made by Regulating Agency officials during a scheduled project
meeting. Situation 3 recalls a series of events wherein members attempted to justify the
design of a single-lane roundabout (as opposed to a multi-lane roundabout) despite high
velocity-to-capacity ratios (v/c) that exceeded the Regulating Agency’s written standards.

94

Situation

Table 4-3: Summary of activity systems and emergence of concepts

1

Day of
Project
(Time
of
Event)
28
(10:00)

Concept Family
coded in excerpts

Social setting

Constructed
Artifacts

Referenced
Resources

Individuals
Involved

Sight Distance;
Alignment; Element;
User; Vehicle;
Operation
Sight Distance;
Operation; Vehicle;
Safety
Sight Distance; Safety;
Operation; Control
[all concept families
referenced]
Sight Distance; Safety;
Operation; Control

Informal
Conversation

--

(2) Docs from
Example
Project A

E25, RES,
PM43

Scheduled
Project Mtg.

Decision
Matrix

Example
Project B Doc

E25, PM43,
RES

Informal
Conversation
Informal
Conversation
Scheduled
Project Mtg.

AA Matrix

--

E25, RES

AA Matrix

Federal Guide1

E25, RES

AA Matrix

--

67
(10:26)
137
(10:30)

Sight Distance

Email

ISD Figure2

--

Element; Alignment

Scheduled
Project Mtg.

Google Earth
Image

137
(12:00)

Element; Alignment;
Sight Distance

Informal
Conversation

Conceptual
Layout of
Roundabout
--

140
(11:59)
141
(12:01)

Element; Alignment

--

--

Alignment; Operation;
Element; Vehicle

Informal
Conversation
Informal
Conversation

PM43, E25,
E63, E52,
RES
E25, PM43,
E52, RES
RES, E25,
E52, PM43,
CT, (3) REG
RES, E25,
E52, PM43,
CT
E25, RES

Element

Email

43
(13:53)

Operation; Element

Email

53
(13:30)

Operation; Safety

Scheduled
Project Mtg.

Spreadsheet;
Traffic
modelling
output
Spreadsheet
(adjusted v/c)

Figure of
splitter island
dimension
Federal Guide;
splitter island
dimension
State A Traffic
Docs

E25, PM43,
RES

141
(18:14)

CAD3 file,
Curve
calculations
--

64
(15:00)

Operation

Scheduled
Project Mtg.

Draft TA
Memo

HCM4; State A
Seasonal
Trend Table
--

PM43, E25,
E52, EXP,
RES, E63
PM43, E25,
E52, RES,
E63
E62, E63,
PM43, E25

29
(16:30)
32
(14:40)
60
(15:00)
64
(15:00)

2

3

80
(15:39)

--

PM43, E25,
RES
E63, PM43

Operation; Vehicle;
-Draft TA
-Control; Element;
Memo
User; Safety
1
“Federal Guide” is the “Roundabout Design” Guideline published by the Federal Highway Administration
(FHWA) in 2001; 2 “ISD” refers to intersection sight distance; 3 “CAD” refers to computer-aided drafting;
4
“HCM” refers to Highway Capacity Manual
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The emergence of the concepts in activity systems challenges the idea that concepts are
bounded by individual mental schema. Concepts manifested in talk and construction of
project deliverables. Engineers referred to visual representations of concepts (i.e.
equations, figures with dimensions, photographs, etc.) in referential resources. This
suggests that social and material contexts play a role in the use, representation, and
interpretation of concepts. The exact role of these contexts in affecting, activating, and
supporting knowledge of concepts will be explored in future analysis of the Roundabout
Project data.
The issue of interest for this study is the variance in combinations of social settings (i.e.
the individuals interacting and the settings in which interactions occurred) and material
contexts (i.e. the artifacts created and referenced to complete work) across different days
for the same situation. This indicates that activity systems in which concepts manifested
was dynamic rather than static. What remained consistent across the activity systems was
the shared pursuit of solving some design decision: The process within which the
members of the Project Team interacted with one another and the artifacts of the world
remained relatively stable, as will be illustrated in the following section.
4.7.2

Interactions, activities, and practices in which engineering concepts emerged

Activities relating to development of project deliverables largely followed an iterative
process combining both individual and social activities. This iterative process continued
until the construction of the final client deliverable. Of particular interest in this study
were the engineering concept use, representation, and interpretation within the
shared/group member activities portion of the process. Interactions occurring within this
stage of the project entailed quality checks between members, negotiation of visual
representations, checking errors, provision of constructive feedback, or suggested
improvements. Figure 4-1 exemplifies this process as it relates to the negotiation of
velocity-to-capacity ratio (a key concept in traffic operations) and factors (i.e. seasonal
adjustment and growth) relevant to its calculation. Note that whether the preliminary
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document consisted of a conceptual drawing of an approach or the preliminary results for
volume-to-capacity (i.e. v/c) ratios at the proposed roundabouts, the general structure of
the noted process was applicable.
The emergence of engineering concepts within social practices in this prolonged study of
the engineering workplace reflected discourses of alignment noted by Greeno and van de
Sande (2007) and Suchman (2010). Manifestations of intuitive, individual knowledge
tended to revolve around the concepts’ general definition. For example, when asked to
define what intersection sight distance meant on day 32 (see table 4-3, situation 1, day 32,
time 14:40), E25 was able to describe intersection sight distance per its definition via talk
and gestures. However, discourse of alignment exhibited in the study rarely centered on
what concepts meant. Rather, most of the discourse in the study exhibited alignment
towards understanding how concepts related to project deliverables and how factors
relating to the calculation of the concepts may best serve a specific purpose (i.e.
convincing the Regulating Agency that a single-lane roundabout is the best design
option). A following study will further analyze such discourses of alignment to provide
detail and interpretation of how and why concepts emerged in practice.
For this study, the main issue of interest is that concepts emerged in social situations, and
that its relevance and application was negotiated in a social space. This directly
challenges some inherent assumptions of conceptual understanding: Within traditional
cognitive perspectives on concepts, knowing how to apply concepts is seen as an
individual characteristic. In the situation posed in figure 4-1, it would be assumed that
E63 knows the entire process on her own and that all of the assumptions made in the
social space would be embedded in her individual schema of understanding. Yet, many
of the adjustments and checking of assumptions of volume-to-capacity ratio occurred in a
social space.
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Figure 4-1:

Iterative process of activity in construction of tangible client deliverables

Initial analysis of the data also indicates that the material context (i.e. artifacts, tools, and
resources) plays some role in combatting atrophy in knowledge of concepts. Take E63’s
activity of constructing the Traffic Analysis Memorandum: Because she was charged
with completing this artifact, she engaged in using, representing, and interpreting what
volume-to-capacity ratio meant, its relevance to the project, and addressing critiques of
the output of her calculation. The introduction of the seasonal trend table during the
scheduled project meeting on day 53 (see table 4-3, situation 3, day 53, time 13:30)
mediated a discussion with the Project Team regarding the influence of seasonal traffic
trends in affecting volume-to-capacity ratio.
4.8

Conclusions

In answering when and where concepts emerged, the core finding from this prolonged
study of engineering practice is that concepts and knowledge of concepts activated in
moments of negotiation geared toward construction of project artifacts and in activities
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geared toward justifying some design decision. Concepts emerged in these social spheres
because it was relevant to results and essential in the delivery of tangible products.
Material contexts mediated discourses of alignment, thus engaging engineers’ knowledge
of concepts. Data from the project suggests that deep understanding of a concept (i.e.
answering what the concept is, where and when it can be applied, how to use the concept,
how to calculate equations relating to the concept, and understanding core assumptions
related to the concept) was not bounded to the individual mind. Rather, the social and
material context played a role in either supporting individual knowledge, combatting
atrophy of knowledge, or causing direct engagement of knowledge for useful application.
The results suggest that concepts are highly embedded within context. None of the
concepts explicitly identified in engineers’ talk throughout the entire project was
abstracted. There always existed some context via mediation of an artifact, use of a tool,
reflection on personal experience or professional practice, or identification of constraints
when concepts emerged in social activities. The implications of the study challenges the
emphasis on abstracted reasoning associated with concepts. The concepts appear to be
embedded in layers of context. Because of these layers and the concepts’ connection to
the world in which engineers practice, the concepts relate to the ubiquitous world of
practice. The findings suggest that breadth of experience and ability to relate concepts to
relevant contexts are important considerations when developing curriculum around
concepts.
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5.1

Abstract

Background – This study explores the sociomateriality of concepts in engineering
practice. Considering vast investments in shaping learning experiences around concepts,
exploration of this previously unexplored relationship provides insight into dimensions of
knowing of concepts (i.e. concept use, representation, and interpretation) beyond the
individual human.
Purpose/Hypothesis – The purpose of this study is to describe how and why engineers
engage knowing of concepts in social and material contexts authentic to their work.
Design/Method – This study employs ethnographic methods in the study of engineering
practice. A researcher participated in prolonged participant-observation at a private
engineering consulting firm.
Results – The data indicates that participants sought growth of knowledge of concepts
through discursive acts mediated by tools, artifacts, and other material resources
ubiquitous to engineering practice. Further, participants distributed knowing of
abstracted characteristics of concepts to the social and material context.
Conclusions – Traditionally, research on understanding of concepts emphasize individual
knowledge with little regard of the relationship between concepts to the social and
material context in which knowing is employed. This study addresses this issue through
examination of concept use, representation, and interpretation in the setting of
engineering practice.
5.2

Introduction

Engineering education is largely structured around teaching students foundational
engineering concepts. Educators construct engineering curriculum (Bill et al., 2011),
develop technology for learning (Fraser et al., 2007), and propose innovative instructional
methods (Steif & Dóllar, 2005) around concepts. This investment in concepts and
student learning experiences manifests in educational research. Researchers develop
concept inventories to assess student knowledge of concepts (Prince, Vigeant, & Nottis,
2012; Steif, Dollár, & Dantzler, 2005; Streveler, Litzinger, Miller, & Steif, 2008). Also,
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researchers in engineering education develop methods to identify and correct
misconceptions (Hurwitz et al., 2014; Prince et al., 2012; R. Streveler et al., 2008) and
investigate student conceptual knowledge (Montfort et al., 2009).
Establishing learning experiences around concepts, particularly via abstracted
representation of concepts, is perceived to add to successful transfer across dissimilar
contexts (Bransford et al., 2000). This expectation of successful activation of knowledge
across diverse settings and situations is based on various connections between concepts,
individual understanding, and relative experts’ characteristics (Streveler et al., 2008).
The knowledge associated with organizing information according to concepts (i.e.
conceptual knowledge) is thought to affect domain experts’ competency, innovation, and
problem solving skills (Bransford et al., 2000; Hutchins, 1995a; Rayne et al., 2006;
Rittle-Johnson & Alibali, 1999; Streveler et al., 2008). However, the effective transfer of
conceptual knowledge from school to practice appears to be troublesome (Bransford et
al., 2000; Vosniadou, 2007b).
One factor that may explain this difficulty in transfer lies in the differences between
school and practicing contexts in which concepts are utilized, represented, and
interpreted. Additionally, most research on concepts focus on individual knowledge with
little regard to social and material contexts. In engineering education, most research and
educational implementations tend to assess conceptual knowledge individually and
isolate concepts from contexts relevant to work places. Researchers examining
conceptual change recognized that classical approaches in the field often ignored social
and situational factors in affecting, activating, transferring, accommodating, and
changing understanding of concepts (Inagaki & Hatano, 2008; Vosniadou, 2007b).
This pattern in research is particularly troublesome in the study of engineering practice,
which is inherently embedded in material and social contexts (Henderson, 1999; Johri &
Olds, 2011; Latour, 1987; Trevelyan, 2010). Further, there is argument that pursuit of
understanding of concepts is intrinsically social (Greeno & van de Sande, 2007). Other
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areas of research suggest that individual reasoning relating to concepts is affected by
material cues (Vosniadou et al., 2005). The question of interest then becomes what
relationship do social and material contexts have in regards to meaningful engagement
of concepts.
In consideration of the investment framing student experiences around concepts, this
study examines the role of concepts in the socio-material world of engineering practice.
The link between two areas of literature (i.e. concepts and the context of engineering
practice) has not been explored despite significant potential to shape student experiences,
investments in research regarding concepts, and understanding knowledge within
engineering practice. If one of the goals of engineering education is to ensure that
students are able to recognize and activate knowledge constructed in schools to their
work, then understanding the role of concepts in the workplace must be addressed.
The inquiry of interest for this this study is two-fold. The first line of inquiry is to
describe how concepts function in activities, contexts, and interactions authentic to
engineering practice. The second line of inquiry addresses why concepts emerge in
activities, contexts, and interactions typical to engineering work. Exploring these issues
allows characterization of what makes concepts meaningful in the context of engineering
practice.

Outcomes from these lines of inquiry may assist engineering educators in

developing curriculum and facilitating student experiences that align to expectations of
practice. Additionally, this study contributes to a body of ethnographic work by
engineering educational researchers, including Beddoes and Borrego (2014), Johri
(2012), Tonso (1996a, 1996b), and Stevens et al. (2008).
The following section summarizes literature examining the discursive and materiallydependent nature of humans’ meaningful engagement with concepts. Additionally, the
sociomateriality of engineering practice is briefly discussed. The methods section
summarizes the process of gathering, analyzing, and ensuring trustworthiness of data
gathered via ethnographic participant-observation at a private engineering consulting
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firm. Themes based on this data addresses the sociality and materiality of concepts
presented and discussed in this study.
5.3

Literature Review

Most research relating concepts and knowing assume that concepts function as a facet of
the individual mind and experience (Chi, 2008; Vosniadou, 2007b). As such, most
research on concepts focus on mental schemata, which are structures of knowledge held
in the human mind (Sfard, 1998). However, all activity requiring the use of concepts to
produce tangible artifacts inherently requires interaction with someone or something.
This interaction with others and things is the interest of this study. The following review
of literature considers the discursive and material nature of concepts, as well as literature
characterizing engineering practice as socially-negotiated and materially-dependent.
5.3.1

The discursive nature of concepts

Greeno and van de Sande (2007) hypothesize that conditions of social interactions
inherently affect individual understanding of concepts. Concepts, as defined by Greeno
and van de Sande, are “definite, compact sets of constraints and affordances, such as
categories that are specifiable in terms of defining features” (2007, p. 12). By this
definition, concepts serve as categories of foundational knowledge within some domain
(Bransford et al., 2000; Rittle-Johnson & Alibali, 1999). For this study, a “domain”
refers to areas of knowledge wherein concepts are categorized and organized. The areas
of knowledge encompass varied subjects such as chess, physics, teaching, mathematics,
and science (Bransford et al., 2000). Each domain of engineering engages specific
groupings of concepts. In transportation engineering, sight distance and stopping sight
distance are examples of foundational concepts (Andrews et al., 2010). Conduction,
convention, and radiation are examples of concepts within the domain of heat transfer
(Streveler, Olds, Miller, & Nelson, 2003). Statics includes concepts such as separation of
bodies, equilibrium, and friction (Steif et al., 2005).
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Greeno and van de Sande (2007) hypothesized that understanding of concepts directly
relates to discourse practices geared toward alignment of perspectives and mutual
understanding. Discourse practices involve interaction, negotiation, and contribution to
conversation in a social space (Clark & Schaefer, 1989). These discourse practices lead to
acts of problematizing and resolving, which provide opportunities for individuals to gain
greater understanding of a concept leading to conceptual growth (Greeno & van de
Sande, 2007). In a sense, dialogue aimed at consensual agreement (whether reaching that
goal is successful or not) leads to greater understanding of some fundamental idea
(Hazlehurst & Hutchins, 1998; Nathan, Eilam, & Kim, 2007; Schegloff, 1991).
The main argument in these works is growth in understanding of a concept requires
purposeful interactions, which cannot be limited interactions between the individual mind
and a single representation of that concept (e.g. an equation provided in a textbook).
Meaningful interaction requires input, disturbance, error detection, and other discursive
acts with other people present in the world. Indeed, one of the foundational assumptions
in Greeno and van de Sande’s (2007) hypothesis is that knowing exists beyond the
individual human: It assumes that knowing is distributed across an activity system. An
activity system, in this sense, consists of groups of individuals and the resources with
which those individuals interact (Greeno, 2006; Hutchins, 1995a). Greeno and van de
Sande’s (2007) hypothesis suggests that the condition of that activity system, which is
inclusive of both social and material contexts, either impedes, supports, or facilitates
knowing of the concept.
5.3.2

The material nature of concepts

Past empirical studies showed that representations of concepts manifest as inscriptions in
resources that engineers and engineering students commonly utilize (Bornasal & Brown,
2014; Wallace et al., 2015). Inscriptions are physical representations, such as
photographs, naturalistic drawings, diagrams, graphs, tables, and equations (Johri, Roth,
& Olds, 2013; Latour, 1987). The presence of concepts in the material context of
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engineering, which includes materials with a physical dimension and symbolic
representations (Johri & Olds, 2011), is not merely a relationship of existence. Nor does
it merely support memory (Hutchins, 2000). Literature points to a deeper relationship
between the material world and people’s understanding of concepts.
At one end of the spectrum, the material world appears to affect observable
manifestations of conceptual understanding. In a study of children’s understanding of the
earth, Vosniadou, Skopeliti, and Ikospentaki (2005) found that the provision of a visual
representation of a globe during an interview influenced children’s reasoning in-themoment. A similar finding was noted by Brown et al. (2011) in their examination of
students’ understanding of bending moment and normal stresses, which are two
fundamental concepts in engineering mechanics. As individuals produce, use, transform,
and argue with representations, they mediate their understanding relating to those
representations (Roth, McGinn, & Bowen, 1998; Roth & Bowen, 1994). These studies
call attention to the mediating role of the material context in individual expression of
understanding.
At another point on the spectrum, knowing of the concept is presumed to be distributed
between individuals and artifacts present in the world (Hutchins, 1995a, 2000). The
tools, artifacts, and representations present in the world exceed beyond augmenting
human abilities (Hutchins, 2000). Hutchins (1995a) provides an example of a navigator
calculating a ship’s speed based on distance traveled over a given time. One method to
solve this conceptual problem involves algebra and abstracted reasoning. Other solution
methods involve contextualized reasoning via “situated seeing”, wherein the navigator
employs knowledge embedded in practice or utilizes tools present within his or her world
(Hutchins, 1995a). The navigator’s use of tools to complete the computation tasks
reduces cognitive demands on a his or her individual mind (Hutchins, 1995a, 2000). In
this way, knowing of the concept (i.e. the relationship between speed, distance, and time)
is distributed across individuals and the artifacts present in the world. Contextualized
reasoning dependent on artifacts has been noted in other ubiquitous tasks such as grocery
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shopping (Lave et al., 1984), dairy workers’ utilization of knowledge regarding milk
cases for complex computation tasks (Scribner, 1984), and pilots’ utilization of cockpit
instruments to track plane speeds (Hutchins, 1995b).
5.3.3

Sociomateriality of engineering practice

Ethnographic studies of engineering practice have demonstrated that it is an inherently
interactive and artifact-dependent enterprise (Gainsburg, 2006; Stevens, Johri, & Connor,
2014). Social discourse and distribution of knowledge are inextricable from engineering
tasks and problem solving practices (Bucciarelli, 1988; Jonassen et al., 2006; Suchman,
2000). As Trevelyan contends, the “foundation of engineering practice is distributed
expertise enacted through social interactions between people” (2010, p. 1940).
Additionally, engineering work is fundamentally tied to material contexts, which is
inclusive of tools, artifacts, and inscriptions (Bucciarelli, 2002; Henderson, 1991, 1999;
Johri et al., 2013; Latour, 1987). Relevant prior ethnographic work has also identified the
significance of technologies, such as computer-aided drafting software (i.e. CAD/CAM),
utilized in the practice (Downey, 1998). The term “sociomateriality” is used to identify
these two equally important and interrelated facets of engineering practice (Johri, 2011,
2012).
5.4

Methods

Data for this study came from ethnographic participant-observation in a private
engineering consulting firm. Ethnographic research is not only increasingly common in
engineering educational research, it has been identified as one of the five methodologies
needed in order to advance the field (Case & Light, 2011). Ethnography, like the other
methodologies identified by Case and Light (2011), expands the range of questions
addressed in engineering education research, provides useful insight into classroom
innovations, and engages the field into areas of research that have been historically
challenging to address via other methodologies. Traditionally, ethnographic work relies
on intensive fieldwork and participant-observation to discern the culture of a group
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people (Patton, 2002). In doing so, it allows for examination of participants’ perspectives
and interpretations of the world beyond structured situations implemented in
experimental designs (Hammersley & Atkinson, 2007; Marshall & Rossman, 2011).
Further, the constant presence of the researcher provides opportunities to observe
everyday workplace practices, skills of participants, interactions between participants in
the workplace, and other information beyond participant recall that would otherwise be
invisible to the researcher (Clancey, 2006).
5.4.1

Researcher Training and Preparation

Prior to entering the field, the researcher actively developed skills associated with
prolonged, embedded fieldwork. The researcher participated in two graduate-level
courses focused specifically on ethnography. While enrolled in these courses, the
researcher sought mentorship from faculty whose expertise was implementation of
ethnographic methods in research. Additionally, the researcher conducted a pilot study of
the engineering workplace in order to build data gathering skills.
5.4.2

Project Setting

Participant-observation took place at a large consulting firm in the western region of the
United States. The participant-observer/researcher worked as an engineering intern in the
firm’s transportation group. The researcher actively participated in multiple projects by
drafting design plans, estimating project costs, and developing other types of project
deliverables. The researcher was embedded in the field for six months and worked on
project deliverables for approximately 368 hours. These hours do not account for
training required of engineering interns. The researcher spent 778 hours observing
activities, constructing field notes, and collecting documents onsite.
The engineering project presented in this research describes the design of a roundabout,
from this point forward referred to as Roundabout Project. The intention of the firm
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during the Roundabout Project was to replace a stop-controlled intersection with a
roundabout. The critical aspects of the design were safety, capacity, and cost. The
researcher examined use, representation, and interpretation of transportation engineering
concepts within this design project.
The project team for the Roundabout Project included 47 employees of the firm, who
worked as civil engineers, planners, project managers, project assistants, computer-aided
drafting (CAD) technologists, scientists, accountants, and surveyors. In addition to these
employees, three outside consulting specialists also participated in the Roundabout
Project. Other individuals participated in various stages of the project, including the
Client, a Regulating Agency, a subcommittee consisting of members of the freight
transport community, utility companies, private landowners, concerned citizens, and
other stakeholders.
In total, the researcher observed 165 project days of the Roundabout Project. During
these 165 days, the Roundabout Project progressed from 0-to-30 percent completion.
The 30-percent completion entailed the delivery of six project documents to the Client
and Regulating Agency, three of which the researcher had significant participation in
constructing, including the Alternatives Analysis Memorandum, Traffic Analysis
Memorandum, and Preliminary Design Set.
5.4.3

Data Collection

Three specific qualitative research methods were utilized to gather data (Atkinson &
Hammersley, 1994; Hammersley & Atkinson, 2007; Patton, 2002): participantobservation, interviews, and document/artifact collection. Evidence included field notes
from direct and participant observations, audio recordings and notes from interviews, and
documents produced by engineers. The daily field notes allowed construction of “thick
description” ensuring trustworthiness in the interpretation and construction of themes
(Emerson, Fretz, & Shaw, 2011; Geertz, 1973b). Further, evidence gathered through this
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method enabled construction of highly contextualized narrative that recalled people’s
behavior as they developed socially-shared and materially-embedded meanings of
concepts in their interactions (Hammersley & Atkinson, 2007). Informal conversations
and focused, open ended interviews provided insight into meanings of interactions in the
field (Patton, 2002). In order to ensure anonymity of project team members, projects, and
clients, identifiers (i.e. names and other features) were withheld from the transcripts.
Documents collected for this study included project scopes, budgets, instructions, staff
lists, meeting agendas, Gantt charts reflecting project timelines, emails, and other project
documents. Analysis of these documents provides insight into processes unobservable
interactions between participants, as well as adding context to activities observed by the
researcher in the field (Patton, 2002).
5.4.4

Data Analysis

Over the course of the project, the researcher uploaded data into the qualitative analysis
software Atlas.ti (Muhr, 2004). The first stage of the data analysis was unitizing the data
according to use and representation of transportation engineering concepts. The files
were coded based on previously conducted work identifying words and phrases relevant
to transportation engineering concepts in roundabout design (Wallace et al., 2015). This
previously completed work resulted in identifying code words relevant to roundabout
design (see table 5-1).
After coding the files according to table 1, the authors categorized the data according to
specific events in which concepts manifested in activity, interactions, and constructed
artifacts. In addition to coding by event, this process included inductive coding of
symbolic representation of concepts, function of the concepts, and actions surrounding
the concepts. Note that such codes did not exist prior to analysis of the data, thus
reflecting the an inductive coding scheme responsive to an iterative process of reading,
rereading, and categorization of data (Miles & Huberman, 1994).
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Table 5-1:

Concepts codes relating to engineering concepts found*

Concept Codes
Control
Element

Words/phrases included in category
Control, signal, yield
Approach, apron, lane, circular/circulatory roadway, crossing location,
crosswalk, element, feature, entrance line, entry, leg, inscribed, refuge, yield
line, island, circle, landscape (buffer), marking
Alignment
Alignment, width, distance, path, curvature, geometry, grade, horizontal
deflection, layout, tangent, radii, friction
Safety
Conflict, frequency, severity, crash, safety
Sight distance
Visibility, sight distance, intersection sight distance, stopping sight distance
(Traffic) Operations
Speed, capacity, volume, flow, gap, operation, directional distribution,
congestion
User
Bicyclist, driver, pedestrian, user, person
Vehicle
Bicycle, bus, vehicle, truck
*adapted from Wallace, Bornasal, & Brown, 2015

This study focuses on three specific groups of concepts: 1) sight distance and
intersection sight distance, 2) volume-to-capacity ratio, and 3) vehicle operation around a
curve and transitions between curves. These concepts are frequent and commonly used
transportation engineering design manual dedicated to design of roundabouts (American
Association of State Highway and Transportation Officials, 2004; Robinson et al., 2000;
Wallace et al., 2015). Sight distance is the length of roadway visible to a driver.
Intersection sight distance is the distance required of a driver without the right of way at
an intersection to perceive and react to vehicles travelling along conflicting approaches.
Volume-to-capacity ratio indicates operational characteristics of transportation facilities
(i.e. lanes, intersections, etc.) by noting the ratio between existing traffic volumes to the
maximum capacity of the facility. Vehicle operation around a curve relates banking of
the roadway, side friction factors, vehicle speed, gravitational pull on the vehicle, and
radius of curvature. As a vehicle operates between circular curves, a transition must
occur so that a driver can comfortably maneuver a vehicle within his or her lane. One of
the most common transitions between curves is the spiral transition (i.e. Euler spiral or
clothoid). These concepts played a significant part and were present throughout the
Roundabout Project.
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5.4.5

Addressing Issues of Credibility, Trustworthiness, and Transferability

To address issues of trustworthiness and credibility of data and researcher interpretation,
the research team employed validating strategies during data collection and analysis of
the data, as listed below (Creswell, 2003; Lincoln & Guba, 1985; Patton, 2002):
•

Member checking with study participants through provision of written drafts of
the research team’s interpretation of findings

•

The construction of detailed notes leading to richness in the written products

•

Tracking and active employment of self-reflection by the researcher throughout
the study

•

Extending the time the researcher was embedded within the field

•

Peer debriefing by the researcher discussing emerging themes with the rest of the
research team

Like all ethnographic work, we do not claim statistical generalizability of the results. We
did however seek to establish some degree of transferability between contexts (Geertz,
1973; Lincoln & Guba, 1985). Firstly, the provision of thick descriptions of the data
allows the reader to establish criteria for fittingness of the data to other contexts.
Secondly, authors chose to examine a firm representative of many engineering consulting
firms in the United States. The setting of the firm echoes typical characteristics of
engineering consulting such as employment of individuals with varying degrees of
expertise purposefully working together to produce deliverables to paying clients. Lastly,
the researcher followed a project between its inception to provision of deliverables, thus
allowing extended engagement with participants and contexts. In sum, the construction
of a study protocol at the outset of research, selection of a typical design project at a
representative firm, and consistent tracking of meanings interpreted by the researchers
addressed issues of transferability, trustworthiness, and credibility.
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5.5

Findings

Members of the project team negotiated and constructed shared meanings and
representations of concepts to substantiate design decisions. Artifacts were often used to
mediate the development of shared meanings. Further, specific types of activity related
to concepts (namely, computations and constructing representations of concepts) were
conducted utilizing tools and resources. These actions point to concepts existing beyond
the individual human and into a social and material space.
5.5.1

The Sociality of Engineering Concepts

Concepts manifested in various discursive acts as members participated in shared
activities and tasks directed at developing shared social meaning. In this sense,
“meaning” accounts for characteristics of the concepts such as its definition and factors
relevant to its calculation. A series of events exemplifying the negotiation of shared
meaning of the volume-to-capacity ratio concept took place over the course of the
project. Calculating predicted volume-to-capacity ratios allowed the members to
determine whether their design could handle the predicted traffic volumes. Excessive or
high volume-to-capacity ratios for roundabouts typically initiate the design of multi-lane
roundabouts.
Multi-lane roundabouts require much more space, are more expensive, and are less safe
to maneuver through than single-lane roundabouts. Consequently, the project team
pursued a single-lane design. One of the standards set forth by the Regulating Agency
stated that the predicted volume-to-capacity ratio was not to exceed 0.60 for single-lane
roundabouts. However, calculations completed by Edna, who served as the main traffic
engineer, indicated excessive volume-to-capacity ratios: Her simulations of traffic
patterns on the site predicted volume-to-capacity ratio of 1.01 for one approach (i.e. lane)
and 0.88 for another approach. Note that this information exchange occurred between
Edna, Bob (the project manager), and Carl (an outside consultant and nationally
recognized roundabout design expert) via electronic mail.
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The excessive volume-to-capacity ratios became the subject of interest at the following
week’s scheduled project meeting. The researcher, Bob, Edna (via teleconference), Carl,
Joe (the deputy/assistant project manager and roadway engineer), and Nick (a junior
engineer tasked with roadway geometrics design) attended this event. At one point
during the meeting, Bob noted that the high values seemed to be due to seasonal
adjustment factors utilized by Edna. Seasonal adjustment factors are based off historic
traffic data and account for different travel patterns at different points during the year.
This factor proportionally affects volume-to-capacity ratio. Applying seasonal
adjustment factors essentially normalizes predicted traffic flows in simulations and
models of traffic patterns. Edna averaged two seasonal adjustment factors (i.e. commuter
and summer recreational factors) in her previous iteration of the traffic analysis. Adding
to the discussion, Carl questioned the applicability of summer recreational values
remarking that the area surrounding the project site is not particularly attractive for
summer tourism. Bob noted that the commuter values, which seemed to be more
applicable to the site, provided a lower seasonal adjustment factor.
Later in the discussion, Carl noted that the Highway Capacity Manual (National Research
Council Transportation Research Board, 2010), which serves as one of the major guides
for analyzing traffic, showed that the assessment of capacities for transportation facilities
have increased nationwide. Joe asked if this increase in capacity also accounted for
roundabouts. Carl confirmed this by stating that the model he created for a similar
roundabout project supported the heightened assessed capacities for roundabouts.
Later in the conversation, the population growth of cities surrounding the project site
became an issue of interest. Like seasonal adjustment factors, predicted growth rates
affect volume-to-capacity ratio due to increasing population and usage of the facility.
However, the increased usage may not be proportional to population growth because of
changing traffic patterns. One of the members noted that the predicted growth in the area
utilized in Edna’s work did not match his intuition when he stated, “I don’t think the
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traffic would grow north or south. I can see people going on [name of one of the
roadways] to get to [one of the main highways] or the [popular destination in the state],
but where are they going to up here.” At this, Joe responded jokingly, “[city name]?”
The city identified by Joe was a small community without large economic centers or
tourism attractions. In response, Bob jokingly noted, “well [city name] is really going to
have to explode in population for that to happen.”
Throughout these verbal exchanges, members of the project team attempted to increase
volumes and decrease capacity in effort to justify the design of single-lane option. They
actively questioned assumptions regarding factors pertinent to lowering the volume-tocapacity ratio. They proposed different seasons as more reflective of actual travel
patterns onsite. They questioned whether growth rates predicting volumes at and near the
site reflected realistic traffic movements. They noted increases in predicted capacities for
transportation facilities in their models and design references. These exchanges illustrate
discursive activities, wherein members negotiated factors relevant to the engineering
concept.
In addition to negotiating values of factors, members exhibited pursuit of alignment
regarding the interpretation of definitions and representations of concepts. During the
discussion of seasonal adjustment factors, Joe initially appeared confused about the
meaning and representation of the factor. Members attending the meeting were given a
spreadsheet listing different numerical values for different seasonal adjustment factors.
Upon seeing the factors listed in the spreadsheet, Joe asked the group what seasonal
adjustment factors meant. As the discussion progressed, Joe brought attention to the
spreadsheet’s listing of the factors. Noting points made by Bob and Carl in the previous
conversation, Joe suggested that the spreadsheet should state “summer” rather than
“seasonal” adjustment factors. Carl and Bob responded that the title provided in the
spreadsheet was correctly labeled. They noted that the issue of interest was not
necessarily the name, but rather picking the appropriate numerical value from the
spreadsheet.
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Joe’s confusion may have been due to inconsistent use of terms during the meeting.
Members in attendance inconsistently utilized different vocabulary (i.e. “communal”,
“recreational,” etc.) that did not match the terms listed on the table. The progression of
this discussion reflects the discursive acts of alignment described by Greeno and van de
Sande (2007). Firstly, Joe was exposed to an unfamiliar dimension of volume-tocapacity ratio. Then, Joe problematized its representation in the spreadsheet. His
vocalization of confusion initiated responses from Carl and Bob. Carl and Bob’s
response aligned focus to the relevant part of the representation of seasonal adjustment
factors, which led to a resolution.
A similar progression of discursive acts transpired between the researcher and Joe
regarding the concept of intersection sight distance.

While constructing the Alternatives

Analysis Memorandum, numerical values associated with intersection sight distance were
utilized as a means to compare intersection control alternatives (i.e. roundabout option
versus signalizing the intersection with traffic lights). For roundabouts, three situations
relating to intersection sight distance must be taken into account: consideration of 1)
entering traffic, 2) conflicting traffic, and 3) pedestrians entering the roundabout.
Like the discussion between Joe, Bob, and Carl about the proper representation of
seasonal adjustment factors, the discussions regarding intersection sight distance
indicated pursuit of alignment of interpretation. In the discussions, members
inconsistently used terms relating to intersection sight distance. The researcher utilized
terms such as “conflicting”, “entering”, and “crosswalk”, while Joe utilized different
terms and phrases (i.e. “one where you approach the roundabout”, “one’s when you’re
actually in the roundabout”, “one when you’re looking at the island”, etc.). In order to
align their interpretation of the correct representation of intersection sight distance, Joe
and the researcher utilized gestures, vocalized perceived meanings, and questioned the
other’s interpretations.

116

These situations exemplified common acts of negotiation and alignment during the
Roundabout Project. Using gestures and talk, members of the project team exhibited acts
of identification, confusion, error detection, correction, and clarification that reflects the
process of problematizing and resolution identified by Greeno and van de Sande (2007).
The active engagement in discursive acts allowed members to negotiate typically
abstracted and isolated characteristics of concepts (i.e. definition of concepts and factors
relevant to its computation). Without engagement of these concepts in a social space, this
process of alignment and negotiation may not have occurred, thus limiting growth of each
members’ individual understanding of concepts.
In addition to negotiating interpretations of concept definition and representation,
members exhibited similar acts of alignment while identifying constraints associated with
concepts. For example, members actively discussed constraints during the discussion
about volume-to-capacity ratio. Bob recalled a prior conversation with the Client,
wherein the Client stated his personal threshold as 0.90 for volume-to-capacity ratio.
This value was much greater than the 0.60 set by the Regulating Agency. Two
constraints were identified in this discussion: client preferences and minimum standards
set forth by the Regulating Agency.
Such acts of identification of constraints were rampant during the Roundabout Project,
particularly in regards to the size and placement of the roundabout. The controlling
factor for right-of-way acquisition was the size of roundabout elements. Note that
increases in right-of-way acquisition increases costs and time to construct. Most
roundabout element dimensions are controlled by vehicle movement through the facility.
For example, the roundabout approaches incorporated horizontal curvature as a means to
slow vehicles entering the inscribed circle of the roundabout. Because of incorporation
of curvature on the approaches, additional right-of-way adjacent to the roadway needed
to be acquired. During a recorded discussion, Nick addressed this relationship by
relating vehicle operation and curvature characteristics to the amount of space required to
build the approaches (i.e. “The spirals they are long. They take a lot more road.”).
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Further, Nick identifies other spatial constraints, such as structure and environmentally
sensitive locations (i.e. “Same idea on this one, we are not impacting this house, we’re
not impacting the culvert or the, uh, wetland”).
These constraints were vocalized (by different members) during every scheduled project
meeting observed by the researcher. However, there was a shift in discursive acts when
constraints and its relationship to concepts emerged in formal social situations such as
scheduled project meetings. In addition to identifying constraints, members exhibited
acts of reinforcement. For example, Joe stated that avoiding the wetland was of central
importance to the project during one of the project meetings. He then noted that this
constraint limited the dimensions of the curves and tangents comprising the approaches.
After Joe identified the wetland as a constraint, Bob reinforced the relevance of the
constraint by noting that constructing on a wetland required additional permitting.
Acts of alignment directed at either identifying or reinforcing relevance of constraints
occurred at every social interaction in which concepts emerged. Members identified
constraints such as client preferences, minimum standards, spatial constraints, project
scheduling and project stakeholder desires. Upon identifying such constraints and
reinforcing those constraints’ relevance to the project, members engaged in discursive
acts wherein concepts manifested. In the discussion about volume-to-capacity ratio, the
constraint that shaped discussion was minimum standards set forth by the Regulating
Agency. In the discussions relating horizontal curvature to vehicle operation, the
constraints that shaped discursive acts shifted to concerns about right-of-way,
environmental factors, and project scheduling. This relationship between project
constraints and engagement of discursive acts of alignment points to another dimension
of the sociality of concepts in practice.
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5.5.2

The Materiality of Engineering Concepts

Tools, artifacts, and inscriptions were pervasive at the firm. In regards to concept use,
representation, and interpretation, the material context functioned in two ways: 1)
mediated discursive acts, and 2) served as a vessel for distributed knowing of the concept.
When the material context mediated discursive acts, members participated in acts
directed at justifying design decisions and clarifying interpretations of meanings of
concepts between members. In other situations, members exhibited reliance on
referential materials to complete particular tasks such as computation of numerical values
associated with concepts and construction of visual representations of the concepts.
Some tool, artifact, or representation mediated nearly all of the discursive acts observed
by the researcher. Recall how Joe’s reference to a spreadsheet initiated problematizing
correct terms for seasonal adjustment factors. A table of numerical values associated
with intersection sight distance facilitated several discussions between Joe and the
researcher. When Nick spoke to the researcher about vehicle operation, curvature
characteristics, and spatial constraints, he used a conceptual design of the roundabout
approaches superimposed on an aerial image to mediate his explanation. In these
situations, the material context (i.e. spreadsheet, a table in a written report, and an image
on a computer screen) mediated discursive acts directed at aligning interpretations of
meaning of concepts.
The material context also served as a mediator in discursive acts when members
constructed artifacts to justify design decisions to outside audiences. An exemplary
series of events regards the project team’s utilization of sight distance. The project team
constructed a number of artifacts representing sight distance at the project site. These
artifacts substantiated the team’s claim that intensive reforming of conceptual plans for
the roundabout resulted in minimal safety benefits. In this situation, the outside audience
consisted of the Regulating Agency.

119

During a scheduled project meeting, project reviewers at the Regulating Agency
proposed shifting the central island of the roundabout a few feet west from the location
proposed by the project team. The reviewers cited potential benefit to safety by
increasing visibility to the center island and reduction in costs by decreasing the amount
of right-of-way acquisition. Members of the project team did not favor the design
suggestion by the Regulating Agency. Bob, Nick, and Joe voiced concern about the
shift’s effects on project scheduling and an adjacent property owner’s home and front
yard. Joe, in particular, noted that he saw little benefit in shifting the center island when
he stated during an informal conversation, “I don’t know. It seems like we can just cut
down those trees back there, and it’ll do the same thing.” Despite these initial concerns,
the members constructed several drawings illustrating the effects of shifting the central
island to the design of a proposed bypass lane, drainage application locations,
adjustments to splitter island designs, and other issues. After two days of constructing
these drawings, Bob received a call from the Client who stated his discomfort with the
proposed shift. The Client voiced particular concern about encroaching further into the
adjacent property owner’s parcel. With this, the members’ goal changed from analyzing
the shift’s effects on geometric dimensions of roundabout elements to relative benefits in
safety associated with alternative design solutions.
The researcher, Bob, and Joe shifted their activity towards constructing a visual
representation of sight distance in order to support their argument that extensive redesign
associated with shifting the roundabout would not improve safety (as represented by
relatively small changes in the amount sight distance).

The final iteration of this artifact

depicted the line of sight of driver as they approached the roundabout center island
according to three situations:
1) The proposed alignment and location of the center island as-is and shrubs located
adjacent to the edge of ditch removed
2) The proposed alignment and location of the center island as-is with shrubs located
up to the right-of-way boundary removed
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3) Shifting the center island of the roundabout per the Regulating Agency’s
suggestion
Among the three situations illustrated, the shifting of the center island produced the
shortest sight distance. Thus, the illustration supported the members’ assertion that
shifting the center island was not beneficial compared to other less intensive design
options. This process of alignment manifested in the social activity as members
constructed progressively different representations of sight distance until the acceptance
of a singular illustration. The discursive acts occurring at these gatherings reflected
negotiation of meaning and alignment toward a singular representation of sight distance.
Beyond constructing visual representations of concepts, members also exhibited
substantial reliance on tools and artifacts indicating distribution of knowing of concepts
beyond the individual mind. Project team members often referred to practical text when
tasked with generating numerical values associated with concepts. Recall Joe’s talk
about intersection sight distance. After Joe explained his interpretation of intersection
sight distance via gestures and talk, he referred to “a book that’ll show it on a table
somewhere” and “that design manual from [Regulating Agency]” in regards to the
numerical values associated with the concept. Rather than expressing intuitive
knowledge of specific calculations and equations relating to intersection sight distance,
Joe referred his understanding of the concept to some artifact constructed by others. This
action of referencing to some artifact was a common occurrence during the Roundabout
Project.
Nick’s design of the roundabout approaches epitomized this distribution of knowing of
concepts. The researcher observed Nick as he designed the approaches via MicroStation
(a computer-aided drafting software). During her observation, the researcher noted that
Nick kept referring to a printed spreadsheet taped to a shelf in his cubicle. After an hour
of observation, the researcher asked Nick what the values on the spreadsheet represented
and why he kept referring to the document while he designed the approaches. Nick stated
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that the spreadsheet related different curve radii values to a vehicular speed. He
constructed the spreadsheet as a way to avoid having to recalculate values related to
vehicle operation around a curve. The original source of the information (i.e. the
equation Nick used to develop the spreadsheet) was an equation listed in a roundabout
design guideline provided by the Regulating Agency. Nick’s action of referring to the
worksheet suggests a distribution of knowing of the concept to the material world. By
referring to the simplified information provided in the worksheet, Nick avoided having to
recalculate the equations relating to vehicular operation around a curve for every iteration
of design.
During the Roundabout Project, members relegated abstracted tasks (such as calculating
equations or sketching designs) to the tools and artifacts surrounding them. In order to
illustrate a simple horizontal curvature by hand, an engineer has to account for twelve
different factors: radius, point of curvature, point of tangent, point of intersection,
tangent length, chord length, curve length, horizontal sightline offset, external distance,
side friction, vehicular speed, and deflection angle. Using design software allows the
engineer to manipulate a single curve without having to recalculate the relationship
between these values at every iteration. Consequently, every transportation engineer at
the firm charged with design of transportation facilities was highly dependent on design
software, spreadsheets, software dedicated to analysis of vehicle movements, and other
computer-based tools to complete everyday tasks.
The same dependence manifested toward practical texts, like those suggested by Joe
during his explanation of intersection sight distance. Engineers at the firm favored these
resources, which tend to be more prescriptive compared to academic texts (Wallace et al.,
2015), over more abstracted types of texts. During an interview with Ralph, one of the
transportation engineers at the firm not involved in the Roundabout Project, the
researcher noted the presence of textbooks in his cubicle. Noticing this, the researcher
asked Ralph if he utilized these types of texts on a regular basis. Ralph responded,
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um, hahaha. I brought them here because they were- I didn’t have place for them at
home anymore. I would say I have used those books maybe twice. Like since I’ve
actually become an engineer. I’ve used the CERM more than I’ve used my textbooks
from college. …A lot of the actual books are so theoretical that it almost- it doesn’t
really apply specifically to what you’re doing. ‘Cause it wouldn’t match well with a
State’s requirements or something like that. And they don’t usually specifically say,
“do this in this type of software.” They just say- they kind of explain the long hand,
but nobody does that.
All of the engineers in the transportation group expressed the sentiment articulated by
Ralph. The process of doing “long hand”, as Ralph noted, was seen as impeding
productivity. The engineers at the firm generally expressed that the textbooks were nonapplicable to their everyday work. As such, the engineers seemed distribute their
knowing to specific types of material artifacts as a means to complete abstracted tasks.
5.6

Discussion

Prior characterizations of engineering design point to the sociomateriality of the practice
(Johri, 2011, 2012; Juhl & Lindegaard, 2013), but this line of research has not yet been
extended to concepts. Johri’s (2011, 2012) description of the sociomateriality of
engineering recognizes the equally important roles of social and material contexts in
practice and learning. However, it does not address knowing of concepts specifically.
Greeno and van de Sande’s (2007) work in educational research bridges sociomateriality
and knowing. For example, Green and van de Sande (2007) recalled a conversation
between a teacher and two students regarding algebraic concepts. In their example,
discursive acts around the construction of the quadratic equation enabled conceptual
growth of algebraic concepts (Greeno & van de Sande, 2007). This section addresses the
sociomateriality of concepts in practice.
Social and material contexts were central to the activities observed during the
Roundabout Project. The social context at the firm comprised of a group of engineers
with varied experiences and expertise in design participating in discursive practices. The
setting in which individuals interacted ranged from informal in-person conversations,
discussions in scheduled project meetings, electronic mail exchanges, and telephone
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conversations. The material context of engineering design included textual resources
such as standards and guidelines, tools such as design software, and constructed artifacts.
The sociomateriality of concepts emerged within these contexts. Concepts manifested in
conjunction with some activity in a social space and/or in the context of the material
world.
Social knowing of concepts mediated by the presence of material artifacts exhibited
growth as individual members participated in engineering activities and practices.
Complete, all-encompassing knowing of concepts did not exist purely in isolated,
individual minds during the Roundabout Project. Rather, dimensions of the social and
material world supplemented and supported limited individual knowledge regarding
concepts. Members’ dependence on material contexts and social interactions in applying
concepts to relevant situations, calculating equations relating to concepts, justifying use
of concepts while constructing project deliverables, and negotiating factors to match realworld constraints reflect the role of social and material contexts in knowing of concepts.
Taking into account the activities described by Greeno and van de Sande in their
hypothesis of conceptual growth, the discursive acts exhibited in the Roundabout Project
would be considered as problematizing and resolving directed towards “distribution of
conceptual agency” (2007, p. 17). In this model of learning, conceptual knowledge
grows as individuals participate in activities relevant in practice. Greeno and van de
Sande (2007) recognize the existence of different agencies in initiating contribution to
discursive acts of alignment.
Greeno and van de Sande (2007) refer to “constraint satisfaction” as the initiator of
discursive acts directed at alignment and conceptual growth. This reflects observations in
the Roundabout Project as constraints of the project appeared to instigate active
engagement of social knowing of concepts mediated by the presence of material artifacts.
In all of the activities in which concepts manifested in discourse or materials, constraints
of the project also manifested. Recall how scheduling constraints and perceived effects
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on adjacent property spurred the use of representations of sight distance. All of the
discussions surrounding volume-to-capacity ratio initiated after failing to meet minimum
standards set forth by the Regulating Agency. Constraints of the project rendered the
need to engage concepts in a social and material space.
Once members actively engaged in pursuits of alignment through discourse, they
exhibited conceptual growth. This was particularly evident in members’ negotiation of
factors relevant to the calculation of the concepts and pursuit of shared meanings
regarding concepts. These discursive acts were concerned with abstracted characteristics
(i.e. variables and definitions) of the concept. Variables associated with concepts and
definitions of concepts are expected to transcend dissimilar situations and settings. For
example, an abstracted characteristic of intersection sight distance is the equations used
to calculate its value. The equation is not specific to the project site, but rather transcends
all situations and settings. An even more contextualized characteristic would be a
driver’s statement of what they can and cannot see while sitting in their vehicle at the
project site. The driver’s description of intersection sight distance is specific to that
specific site. Members exhibited difficulties in recognizing these features (i.e. variables,
terminology, equations) of concepts spontaneously on their own. Rather, members
instigated discursive acts such as error detection, correction, and questioning of
members’ assumptions regarding these abstracted features during the social alignment
process.
Despite the applicability of Greeno and van de Sande’s (2007) framework, observations
during the Roundabout Project point to another reason as to why concepts were
distributed to a social and material space. The abstracted representations of concepts may
account for this distribution. Visual representations of concepts such as equations and
diagrams fall along the “abstract” end of the spectrum (Bornasal & Brown, 2014; Johri et
al., 2013; Roth & Tobin, 1997). “Abstract” implies that the visual representation of a
concept (i.e. equations and diagrams) has little to no likeness to iconic representations of
that idea in a tangible world (Johri et al., 2013). For example, a calculation associated
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with volume-to-capacity ratio is an abstracted representation of the concept, while a
picture showing congested traffic on a freeway is a contextualized representation of the
same concept. Members of the project team relied heavily on material resources during
tasks such as calculating equations and illustrating roundabout geometry, which are
associated with abstracted features of concepts (such as equations and diagrams).
Assuming features of concepts fall along a spectrum ranging from abstract to
contextualized, it appears that those features falling along the abstract continuum may
initiate two different acts. The first is problematizing in a social space in order to pursue
conceptual growth as proposed by Greeno and van Sande (2007). The second is allotting
knowing of that abstract feature to some material existing beyond the individual and
social space (Greeno, 2006; Hutchins, 1995a, 2000). Members of the project team
allocated tasks relating to abstracted values of concepts, such as determining numerical
values, to tools rather than engaged in social knowing because it was deemed more
efficient to do so. Further, the use of materials such as design manuals alleviated
uncertainty regarding the correct representation of the concepts. In a sense, the metaphor
of knowing of concepts is concerned with what grows through discourse, as well as what
can be distributed to tools.
This framework of social knowing mediated by material contexts emphasizes alignment
via discourse in the process of distributing knowledge beyond the individual mind.
Constraints exist in the practice of engineering. Discursive acts directed towards
alignment increases individual capability in using, representing, and interpreting concepts
within the constraints of engineering practice. Materials present in the world typically
mediated these discursive acts. Noting these issues, the authors propose that three
dimensions of social knowing of concepts as mediated by the presence of material
artifacts:
1) Constraints of a project render the necessity to bring knowing of concepts in a
social and material space
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2) The abstractness of concepts instigates discursive alignment directed at
conceptual growth
3) The efficient allocation of knowing to material resources circumvents the need to
instigate social knowing of concepts
The authors propose an added dimension to the theoretical framework proposed by
Greeno and van de Sande (2007). We propose that knowing of concepts is not merely
additive within the individual human mind, but that there exists opportunities to distribute
knowing of concepts to the material and social world. Further, we identify one of the
factors for initiating pursuit of alignment and negotiation lies in abstracted characteristics
of concepts.
5.7

Implications for Engineering Education

The application of these findings to engineers’ educational experiences is multifold. The
findings from the study indicate that meaningful engagement of the concepts occurred in
situations requiring communicating to individuals outside of the Project Team. This
suggests the development of curriculum and educational experiences in which
engineering students are encouraged to communicate their logic of design to an outside
audience, highlighting the importance of developing communication skills amongst
engineering students. Additionally, the findings indicate that engineers engaged their
knowledge of concepts in social interactions, which suggests the construction of learning
experiences of concepts beyond individual engagement: The meaningful and memorable
acts surrounding concepts were those moments of negotiation in a social space. Lastly,
the concepts were actively engaged in highly contextualized situations. This challenges
the total abstraction of concepts in hopes of transferring across situations. Members of
the Project Team engaged their knowledge of concepts in regards to their past personal
experiences, interactions with others, and in reference to material artifacts in the world.
Clearly, there exist limitations in simulating the activities and conditions observed in
engineering practice in school settings. Firstly, the project team comprised of a variety of
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members with different degrees of experiences in practice. The interactions observed in
this study were – in part – shaped by the differing work experiences of the members.
This mix of degrees of experience is difficult to establish in undergraduate school
settings. Further, the Roundabout Project took place over the course of multiple months.
This length of engagement on a singular project is difficult to simulate in undergraduate
courses. These constraints (i.e. the less diverse mix of work experience and limitation of
time) must be addressed in the development of educational experiences in which concepts
function in a social space. Further, inquiry into the socio-materiality of concepts in a
variety of settings may provide a platform for exploration of successful transition of
knowledge between school settings and engineering practice.
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Chapter 6 – Conclusion
6.1

Summary of Findings

The goal of this research was to investigate the relationship between concept and context
in engineering practice. The findings in chapter 2 indicated that visual representation of a
transportation engineering concept (sight distance) differed between resources favored in
academic and practical settings. The inscriptions associated with concepts (i.e. equations,
graphs, diagrams, photographs, etc.) found in academic text tended to favor abstracted
representations compared to practical text, which echoes results from investigations in
science fields (Roth & Bowen, 1999; Roth, Bowen, & McGinn, 1999). “Abstract” entails
a deviation away from recognizable, tangible, and iconic features of the concept from the
context of real-world constraints (Johri et al., 2013; Joseph & Dwyer, 1984; Roth &
Tobin, 1997). In this sense, an equation relating to the concept of sight distance is more
abstract than a picture taken from a driver’s perspective as the driver looks down the
roadway. These findings were reiterated in chapter 3.
Chapter 3, which addresses the presentation of concepts in texts informing roundabout
design, expands on the results from chapter 2. As findings from chapter 2 indicated,
practical texts examined tended to use more contextualized inscriptions (i.e. photographs
and diagrams) compared to more abstracted inscriptions (i.e. graphs, tables, and
equations) found in textbooks. Further, a qualitative examination of wordage
surrounding concepts indicated that practical texts tended to be more prescriptive and
compulsory compared to textbooks. Findings from the ethnographic study of engineering
practice (chapter 5) appear to be linked to this issue. Most of the engineers at Company
X preferred practical resources such as the Civil Engineering Reference Manual
(Lindeburg, 2001) or the AASHTO “Green Book” (American Association of State
Highway and Transportation Officials, 2004), which they alleged as more useful and
applicable to daily work than textbooks. This reflects literature on information-seeking
patterns of practicing engineers (Holland & Powell, 1995; Pinelli, 1991). In his fortyyear study of engineers’ information-seeking behavior, Pinelli (1991) noted that
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engineers showed little interest in theory, source data, and guides through literature.
Further, literature examining information-seeking behavior of engineers indicates a
strong preference toward informal sources of information, particularly conversations with
colleagues (Anderson, Glassman, McAfee, & Pinelli, 2001; Engel, Robbins, & Kulp,
2011; Hertzum & Pejtersen, 2000; Holland & Powell, 1995; Pinelli, 1991). In light of
findings from chapter 3, preferences exhibited by engineers at Company X (see chapter
5), and information-seeking preferences of engineers noted within literature, further
exploration of language surrounding concepts as presented in textual resources and its
effects on understanding of concepts is recommended.
Chapter 4 described the activity system, which is a complex system of individuals
interacting with others and artifacts (Greeno, 2006), in which engineering concepts
emerged at Company X. Findings indicated that concepts emerged in a variety of social
settings including scheduled project meetings, informal conversations between members,
and electronic communications. Further, engineers actively engaged concepts in the
construction of project deliverables and referencing information from design guides,
standards, and practice-relevant websites. Findings from chapter 4 also indicated that
engineers with varied experiences, expertise, and roles participated in a stable, iterative
process of activity inclusive of individual tasks and social negotiation when constructing
project deliverables (see figure 6.1). In this process, all activity must enter a social space
in order to complete the process.
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Figure 6.1: Iterative process of activity in construction of tangible client deliverables
(adapted from Bornasal and Brown, 2015).
The findings from chapter 5 build upon themes developed in the previous chapters.
Social knowing of concepts, which were mediated by the presence of material artifacts,
exhibited growth as engineers participated in ubiquitous engineering activities. Three
major themes regarding the sociomateriality of engineering concepts emerged in chapter
5. These themes and its implication for the construction of a novel theoretical framework
regarding concept and context are discussed in the next section.
6.2

The Construction of a Theoretical Framework for the Sociomateriality of
Concepts

Themes grounded in the manuscripts lead to the development of a theoretical framework
founded on conceptual growth (Greeno & van de Sande, 2007) and distribution of
knowing (Hutchins, 1995a). In this framework, concept use and representation in a social
and material space is implicitly part of the engineering process. In figure 6.1, an
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individual cannot start or finish the process without engaging in some social interaction
or use of some tool. Meaningful engagement of the concept, which entails the engineer
recognizing the utility of the concept, is prompted in response to project constraints.
Constraints such as meeting demands of outside audiences, meeting established minimum
standards, and addressing physical limitations on designs prompts individuals to interact
with someone or something to complete necessary goals, such as justifying design
decisions or developing project deliverables. If the individual interacts with someone
with express recognition of the concept’s potential utility in relation to the task, they
engage in discursive acts that lead to alignment of perspectives and conceptual growth.
This pursuit of conceptual growth between individuals is particularly salient as they
engage in discourse about abstracted features of concepts (i.e. variables, terminology,
equations, etc.). If the individual senses that it would be more efficient to utilize some
artifact rather than interact with another person regarding the concept, they may choose to
circumvent the discursive process and instead interact with material resources in the
world. In a sense, the individual is distributing some knowing (particularly, distribution
of tasks relating to a concept’s abstracted feature) to some tool or artifact.
The question then becomes, does the individual engage in conceptual growth when
distributing knowing to the material context? Take as an example an engineer tasked
with designing drainage implementations next to a roadway. As part of his or her design,
the engineer must utilize factors relating to concepts of stormwater drainage and
conveyance such as the amount of water expected to affect the project area, the area of
land draining to his or her drainage implementation, and the time associated with water
travelling across different types of surfaces. Drafting software such as AutoCADD Civil
3D automatically completes many of the tasks associated with these factors, particularly
those tasks dealing with abstracted features of the concept. After construction of a
surface model on the software, the engineer need only click on a few icons and
checkboxes to attain numerical values and illustrations of drainage patterns
automatically. As the engineer clicks on the icons, is he or she actively engaging the
knowing of the concept? Does he or she recognize the presence and relevance of the
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concept to their task? Would the engineer be able to recognize those abstracted features
of the concept hidden in the programming of the design software? Does his or her
procedural knowledge (as reflected by his or her successful use of the software)
correlated directly to his or her conceptual knowledge of drainage and conveyance?
Hutchins (1995a) claims that there is a difference between sequential knowing of tasks
and conceptual understanding, and that an individual need not have conceptual
understanding in order to successfully complete tasks. However, continued engagement
in the task can lead to conceptual understanding allowing insight into the sequential
nature of the activity as noted by Hutchins (1995a, p. 306): “sometimes we discover why
we do some tasks the way we do long after we have learned to do the task itself”. Does
this mean that conceptual growth can be achieved through passive acquisition of
information, wherein the engineer need not recognize the utility of the concept and its
relevance to their task? At what point does the engineer have to recognize the relevance
of the concept to the task in order to spur growth in knowing?
Noting these issues, the author hypothesizes conceptual growth can be achieved via
socially-engagement and/or material-mediation, but this growth hinges on meaningful
engagement, which in turn hinges on the individual recognizing at least some feature of
the concept. If the individual does not realize that the concept is relevant or care about
engaging in knowing of the concept to complete the task, then there exists no value in
growing knowing of that concept. Initiation of active, meaningful engagement may
simply be recognition of the concept’s relevance to the task at-hand, or it may mean
directly engaging in all characteristics of concepts to complete specific tasks. Further
inquiry is required to determine the grain size defining the divergence of active and
passive engagement. At this point of inquiry, the author hypothesizes that meaningful
engagement is initiated at recognition of utility of the concept to specific tasks.
This is not to say that knowing of the concept is purely a function of the individual mind.
Prior experiences, which are also embedded in some material or social context, may have
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shaped initial exposure to features of that concept. As such, knowing is still presumed to
extend beyond the human mind with respect to time and space. Growth of social
knowing of concepts as mediated by material contexts is an iterative process inclusive of
equally important roles between the individual, the social, and the material. This expands
the unit of analysis in conceptual understanding literature beyond the individual and
considers the people and things that surround the individual as they pursue knowing in
the world.
These issues challenge existing foundational assumptions regarding conceptual change
from the individual cognitive perspectives. Classical approaches to conceptual change
posed that learning followed Kuhn’s (1962) proposition of change as a rational process of
theory replacement inherently dependent on conflict and resolution resulting in dramatic
and sudden paradigm changes (Posner et al., 1982). Foundational to this approach is that
all knowledge is acquired and implemented into knowledge structures within the
individual mind (Vosniadou, 2007a). Contemporary views on conceptual change
challenged the underlying structure of the classical approach, particularly its segregation
of individual cognitive processes from situational, social, and cultural contexts
(Vosniadou, 2007a, 2007b). In response to this issue, several theories founded in the
individual cognitive perspective posed alternative explanations for conceptual change.
Vosniadou and colleagues (2008) proposed the framework theory, wherein individuals’
naïve conceptions of the world is inclusive of a coherent model constructed and
reinforced through everyday experiences. Pintrich, Marx, and Boyle (1993) proposed the
inclusion of contextual and motivational factors, which deviated from the “cold” focus of
conceptual change posed in classical perspectives.
Despite these deviations from the classical approach, these models still orient towards
individually formed knowing that is structured in the mind (Alexander, 2007; Mason,
2007). The metaphor addressed is still acquisition and possession, and the unit of
analysis is still the individual (Mason, 2007; Sfard, 1998). These foundational issues do
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not match characteristics of engineering practice, which inherently requires interaction
with people and/or things.
Take the example of the engineer designing drainage implementations adjacent to a
roadway: From the conception of this task to the delivery of his or her design, the
procedures of practice would have required the engineer to interact with others and tools
while completing tasks. Another individual – perhaps the client or the project manager –
had to interact with the engineer to identify project goals and constraints at least once
during the project. The engineer would have had to use some tool – perhaps paper and
pencil or design software – to complete plan sets and calculate values. Entrenched in the
practice of engineering is the process of quality checking, wherein other individuals –
whether employed within the same company or working from some entity overseeing
project completion – actively pursues error detection. As such, the engineer cannot be
separated from others and tools. Even when the engineer is physically alone, their
learning experiences in the workplace are never without influence from the people they
interact with and the tools they utilize to complete work.
Furthermore, growth entails change. Imagine the engineer having some basis of
knowledge regarding stormwater conveyance concepts at the inception of the task.
Would the engineer’s knowing of the concept ever change without others detecting his or
her errors? Beyond identifying errors, would the engineer’s knowing of concepts grow
without engaging in further interaction with the person who identified his or her errors?
If not discourse and interaction with the world, then what initiated change from the base?
As such, the author proposes that social knowing of concepts mediated by the material
context follows dialectical constructionist perspectives of learning, which assumes that
knowledge derives from interactions between individuals and the environment in which
they reside (Schunk, 2012). Theories on learning that fall under this perspective (e.g.
cognitive constructivism, Bruner’s theory of developmental growth, Bandura’s social
cognitive theory, and Vygotsky’s socio-cultural theory) claim that “constructions [of

135

knowledge] are not invariably bound to the external world nor are they wholly the result
of the workings of the mind; rather they reflect the outcomes of mental contradictions
that result from interactions with the environment” (Schunk, 2012, p. 238). The
individual is invariably connected to the world. In order to grow in knowing, the
individual must interact with others using language, symbols, and tools. This places
social and material context on the same level of importance as the individual in the
exploration of knowing in the world.
Further, the author proposes that social knowing of concept mediated by artifacts is a
dynamic process directed at consensus rather than pursuit of some objective truth. This
also follows foundational assumptions in the constructionist epistemology, wherein “all
of our understandings are contextually embedded, interpersonally forged, and necessarily
limited” (Neimeyer, 1993, pp. 1–2). Epistemology, in this sense, speaks to the way we
explain what we know (Crotty, 1998). Following the constructionist premise, meaning is
constructed through interaction rather than existing as independent entities awaiting
discovery (Crotty, 1998; Patton, 2002; Schunk, 2012).
In engineering practice, meaningful engagement of concept is implicitly tied to
negotiation of understanding of the concepts’ meaning and utility to the constraints of the
project. Per the observations made during this study, negotiation was not directed at
some external reality or objective truth, but rather the negotiation was directed at aligning
perspectives with other individuals. Individuals were able to participate in negotiation
directly and spontaneously with others via in-person conversations, or the individuals
participated in indirect negotiation with others as mediated by artifacts of the field. Take
the mediating role of standards and guidelines in social knowing of concepts as an
example. Those standards and guidelines are the result of consensus between
researchers, policy makers, and other relevant stakeholders in the large community of
transportation engineering. As members of the Project Team utilized those artifacts to
grow their understanding of concepts, they were indirectly interacting with the
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researchers, policy makers, and other stakeholders who participated in constructing those
artifacts.
As such, the theoretical framework for the sociomateriality of concepts proposed herein
assumes that meaning is constructed. The activities and interactions in the construction
of meaning are dynamic and directed towards negotiation and alignment with others.
Rather than focusing on individual acquisition or possession of knowledge, the focus in
this framework is participation directed at meaningful discourse and distribution of
knowing. Further, the social knowing of concepts mediated by materials in the domain of
engineering practice is founded upon four criteria:
1. Engineering practice, in which quality control and teamwork are innately part of
ubiquitous tasks, requires engagement in social activities typically mediated by
materials. (Chapter 4)
2. Project constraints render it necessary to bring knowing of concepts in a social
and material space. (Chapter 5)
3. The abstractness of concepts instigates discursive alignment directed at
conceptual growth. (Chapters 2, 3, and 5)
4. The efficient allocation of knowing to material resources circumvents the need to
instigate social knowing of concepts. (Chapter 5)
Lastly, actively initiating growth of social knowing of concepts mediated by materials
requires that individuals perceive utility and relevance in using and representing
concepts. Growth in knowing cannot be a passive enterprise, as growth entails a change
from some primary condition and knowing entails consciousness. As such, social
knowing of concepts mediated by the material contexts can only be fruitful with
conscious recognition of the concept’s role in tasks.
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6.3

Implications for Engineering Education

These findings point to active engagement of concepts within a social and material space.
Knowledge-centered environments - wherein emphasis of the learning environment is
understanding of concepts (Bransford et al., 2000)- must also account for the social and
material activity system in which concepts are taught and engaged. If students are
expected to participate in the practice of engineering, learning experiences in school
should incorporate characteristics of engineering practice, which is heavily dependent on
social and material contexts (Jonassen et al., 2006; Litzinger, Lattuca, Hadgraft, &
Newstetter, 2011; Reed Stevens et al., 2014). Existing student learning experiences and
practices that address some of these issues include problem-based learning, cooperative
learning, and experiential learning (Haller, Gallagher, Weldon, & Felder, 2000;
Heywood, 2005; Litzinger et al., 2011).
The section lists some ideas to implement sociomateriality of concepts in undergraduate
engineering classrooms. Recommendations are made regarding use of different visual
representations of concepts, adjustments in the role of tools and resources, and
construction of novel student learning experiences directed at use of concepts to justify
design decisions.
6.3.1

Visual contextualization of concepts

Textbooks, which remains ubiquitous in engineering education (Lee et al., 2013), tend to
present abstracted features of concepts such as abstracted diagrams and equations
(Bornasal & Brown, 2014; Reisslein et al., 2008; Wallace et al., 2015). Per figure 6-2,
which was adapted from figure 2-1, textbooks tend to present information along the
symbolic, mathematical structure, and abstracted end of the spectrum. Prior research has
indicated that students may receive greater benefit in achievement, reasoning, and
problem solving when information is presented both abstractly and contextually
compared to information only presented abstractly (Joseph & Dwyer, 1984; Koedinger,
Alibali, & Nathan, 2008; Koedinger & Nathan, 2004). For example, college-level
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engineering students exhibit greater gains learning of electrical engineering concepts
(measure via post-test assessments) and better problem representation when
representations combined contextualized and abstracted information (Reisslein et al.,
2008). Further, examinations of engineering practice indicate that practitioners actively
manipulate both abstracted and contextualized representations of information in order to
develop models and solve problems (Gainsburg, 2006; Jonassen et al., 2006).

Figure 6-2

Spectrum of abstractness of inscriptions regarding the concept of sight
distance (adapted from Bornasal & Brown, 2014)
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In light of the findings in chapter 2 and literature examining visual representation of
information, it is recommended that efforts be made to expose students to a wider
spectrum of inscriptions with directed effort at ensuring students are able to identify and
mediate their understanding of the concept with each of those inscription. Beyond
presenting more contextualized representations of concepts in undergraduate classrooms,
it is suggested that active, purposive development of student learning experiences be
directed at exposing linkages between the different inscriptions relating to concepts. The
development of student activities such as producing, interpreting, transforming, and
discussing the connections between the inscriptions are recommended as a means to
reinforce cohesion of meaning of concepts. These activities should explicitly address the
relevance of the concept in production of the artifacts in order to spur meaningful
engagement. Further, the goal of explicitly clarifying constraints, affordances,
assumptions, and applicability for each type of inscription should frame student learning
experiences.
6.3.2

Adjusting the role of tools and resources in the classroom

As noted previously, evidence from content analysis of texts and information-seeking
literature point to the need to expose students to more contextually relevant artifacts of
engineering practice. Evidence from chapter 5 and literature examining informationseeking activities of engineers noted that the preference for abstracted representations
textbooks tend to dissuade its use in practice. Practicing engineers deem these texts too
“theoretical” and non-applicable to their work. Practical texts tend to expose individuals
to more contextualized and analog representations such as photographs and naturalistic
drawings that present greater detail, which grounds the concept within tangible
constraints in the world. Further, students are not utilizing these texts as critical
resources to supplement their knowledge. A study of the ways students utilized
textbooks indicated that these artifacts primarily served as models for problem solving
rather than resources to complement understanding of fundamental concepts (Lee et al.,
2013). In light of these issues, the author suggests further inquiry relating this artifact’s
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role in conceptual growth to meaningful of engagement with concepts. If these resources
are deemed important in the student learning experience, its perceived relevance to
everyday tasks must be addressed. The author hypothesizes that this issue may be related
to the visual presentation exhibited in the texts discussed in the previous section.
Further, additional inquiry examining the role of design software in engineering
education should also be addressed. Design software comprise a significant portion of
computational technologies available to students and practitioners alike (Froyd, Wankat,
& Smith, 2012). These ubiquitous tools frame many engineering tasks and activities in
practice. As such, “engineering educators have an obligation to teach computer software
package skills” (Whiteman & Nygren, 2000, p. 335). Yet, constraints on time and
concerns on adoption of innovations in the classroom (Turns, Eliot, Neal, & Linse, 2007)
may dissuade the implementation of such software in undergraduate engineering
education.
Despite this, the author hypothesizes that teaching practices associated with design
software can lead to conceptual growth. Per Hutchins’ (1995a) description of distributed
cognition, knowing and completing sequential tasks may precede conceptual
understanding. In light of this possibility, the author suggests that a shift in the teaching
of tools and concepts. Rather than teaching concepts prior to learning the processes of
design through design software, the author suggests the construction of student learning
experiences around use of tools ubiquitous to engineering practice. As students learn
processes and practices of design using the tools, the relevance of concepts in the design
and the features of concepts embedded within the tools must be explicitly identified
through designed student learning experiences. In this way, students may associate
relevance of the concept to the material contexts present in engineering practice.
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6.3.3

Concepts as tools to justify design decisions

In light of findings from chapter 4, it is proposed that novel student experiences be
constructed with consideration of the process illustrated in figure 6.1. In Company X,
engineers directly engaged knowing of concepts with increased utility of the concept to
production of project deliverables. For example, members of the project team directly
engaged knowing of sight distance once they realized that the construction of a visual
representation provides proof for their design decisions to the Regulating Agency.
Designing student experiences in which concepts have recognizable and explicitly
designed utility may increase engagement in knowing of the concept in a social and
material space.
6.4

Future Research Questions

Further work is recommended to investigate the proposed criteria for the sociomateriality
of concepts. Firstly, the role of motivation and metacognition in this framework must be
addressed. As in all fields researching education, it is preferred that individuals
participate in their knowing actively, rather than passively. What ensures that individuals
are engaged with the process of conceptual growth in a social and material space? What
motivates them to continue throughout the process?
Another area of inquiry regards the relationship between abstraction and distribution of
knowing to tools. Abstracted representations of concepts are embedded in tools, which
essentially hides those features away from the engineer as they engage in ubiquitous
tasks. These issues may explain the findings from Urlacher et al. (2015) and Hurtwitz et
al. (2014) described in the introductory chapter. Further exploration of this relationship
may provide insight into active engagement of knowing.
As noted in this dissertation, employees at Company X had varying degrees of expertise
and roles. This mixture of educational backgrounds, practicing experiences, and
specialties may affect the social and material engagement of concepts. Understandably,
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this scenario is particularly difficult to replicate in educational experiences. Would
engagement of concepts in a social and material space follow a different process if the
members were students with the same educational status? Answering this question may
provide insight into construction of learning experiences that replicate engineering
workplace conditions.
Finally, it is recommended that further exploration be completed in regards to the
framework’s fittingness to other engineering domains. The work provided in this study
specifically examined transportation engineering. Is the framework proposed and themes
generated replicable in structural, geotechnical, water resources, or other engineering
domains? Future iterations of this study allow examination of the transferability of the
results.
6.5

Conclusion

The goal of this dissertation was to identify the function and role of concepts in the
context of engineering practice. Four manuscripts were presented in the pursuit of this
goal. Potential implications for engineering education and theoretical frameworks of
concepts were identified in relation to findings from the manuscripts. In order to
determine the applicability of these findings to a wider range of engineering disciplines
and cultures, future research regarding the sociomateriality of concepts and abstraction of
concepts should be addressed. In order to develop greater understanding of these issues
and possible implementations to design of student experiences, further research directed
at theoretical development and validation, as well as development of novel learning
experiences is proposed.
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Appendix A – Field Note Sample
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LB – [PROJECT DATE REDACTED]
Location:
E52’s cubicle
Date/Time: [DATE REDACTED]; 10:30 Observation of E52 doing work on PRJ05 roundabouts.

Observation notes
•
•
•

A PDF of Alt A2 is displayed on (4).
E52 is working in Microstation on Alt A2 via his laptop (3). In front of him,
towards his right is a printed copy of a State Agency’s design guidelines for
roundabouts (2), in which different pages appear to be tabbed.
At approx. 10:40, E52 receives a call from someone. It apparently is some
company he emailed about getting files for the large vehicle that may transverse
across the roundabout. [REDACTED] (company name?) generated and sent E52
AutoCAD files showing dimensions for large/oversized vehicles to be utilized in
Autoturn. However, whatever software they are using isn’t Autoturn because E52
can’t run it. E52 states that they are using AutoCAD, which is different from
AutoTurn. The AutoCAD drawings would work if they were physically
maneuvering the movement of the trucks by hand. Conversation on the phone
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•
•
•

continues for some time. He hangs up. At this point, he explained to me the
functions of AutoTurn.
10:49 – back to observation. He’s looking at the ISD file I created and sent to
him (and PM43 and E25) via email on his laptop. Next, he looks through emails
on his laptop.
10:50 – E52 flips through pages on (2). He opens the printouts to page 35. A
figure titled, “Figure 8-33 Minimum splitter island dimensions Single Lane
Roundabouts”. The figure shows dimensions.
10:52: He’s working on AutoTurn (?) now… nope, he’s currently working on Alt
A2, on the southbound approach
o He took the entire approach and rotate it clockwise. He reshaped the
northern half of the approach to link back towards the existing alignment.
While doing this, he references a piece of paper (8 ½” x 11”) taped to his
book shelf (5).
RECREATION OF FILE (5) (some numbers missing)

Later in the observation, I asked E52 what this document was. He noted that he
built his own spreadsheet (5) based off [REDACTED] table 8-1 (p. 12) and the
equation they provided. He extended the table to show up to a design speed of 50
mph, which wasn’t originally showed in the figure provided in the [REDACTED]
resource (2).
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Appendix B – Interview Protocol
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Line of Inquiry
Project member’s background

Project member’s background at
Company X

Example Question(s)
•
•
•
•
•
•
•

Project members’ role and tasks for
the roundabout project

Project members’ interaction

•
•
•
•
•
•
•
•
•
•

•
•

Can you tell me a little about yourself?
Where did you go to school, for what, and how long
were you there?
Can you tell me a little about your work experience?
What’s your current title at Company X?
How long have you worked at Company X?
What departments/business groups have you worked
in?
How long have you been working for this business
group?
What type of work do you usually do?
Do you specialize in anything?
What projects are you currently involved in?
What types of projects do you typically participate in?
What’s your role in the roundabout project?
What are your tasks for the roundabout project?
Do you have to produce any deliverables? If so, what
are the deliverables?
Have you started working on the roundabout project?
Have you talked with anyone in the project team
about the roundabout project?
In what way do you usually communicate with other
project members about project tasks/deliverables (e.g.
face-to-face conversation, over the phone, over
email)?
In regards to the roundabout project, what were your
interactions about?
Out of the project team, who do you communicate
most with? What have you talked about? When did
you interact with one another?
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Appendix C – Sample Timeline and Data From Company X
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Timeline of happenings for one series of events
Day of
Project

Summary of Happenings: What are the effects
of moving the inscribed circle of one of the
roundabout closer to a right-of-way boundary?

Concept Codes

Social
Settings

Constructed
Artifacts

Referenced
Resources

Individuals
Involved1

137(a)

RES, E25, E52, and PM43 met Client and three
Regulatory Agency officials to talk about
progression of Roundabout Project; One of the
REG suggested moving roundabout inscribed circle
closer to right-of-way boundary; One of the other
REG noted his concern of drivers’ line of sight on
approach of roundabout
E25, PM43, E52, CLT, and RES met after meeting
and discussed REG comments about moving
roundabout inscribed circle

Element; Alignment

Scheduled
Project
Meeting

Conceptual
Layout of
Roundabouts

Google Earth
Image

RES,E25,
E52, PM43,
CT, (3) REG

Element;
Alignment; Sight
Distance

Informal
Conversation

--

--

RES,E25,E5
2, PM43,CT

--

--

--

--

--

--

--

E25, RES

137(b)

138

E52 left for scheduled 10-day vacation

140

E25 assigned RES with task of investigating effects
of adjusting inscribed circle closer to right-of-way
boundary and adjusting curvature of bypass lane

Element; Alignment

Informal
Conversation

141(a)

RES reported her analysis (based on minimum
curve calculations) to E25 and PM43; RES found
that the inscribed circle could be moved 10 feet;
PM43 and E25 wondered how shift would affect
splitter island design

Alignment;
Operations; Element

Informal
Conversation

CAD file2,
Curve
calculations

Figure of splitter
island
dimensions3

E25, PM43,
RES
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Day of
Project

Summary of Happenings: What are the effects
of moving the inscribed circle of one of the
roundabout closer to a right-of-way boundary?

Concept Codes

Social
Settings

141(b)

RES sent an email citing the Federal Guide about
minimum distance required between inscribed
circle and pedestrian opening in splitter island

Element

Email

--

142(a)

PM43 responded to RES’s email and asked
clarifying questions about referenced illustration
from Federal Guide; PM43 further suggested
another design option (i.e. decoupling bypass lane
from roundabout)
PM43 met with RES to clarify his design
suggestion; RES developed new conceptual layout
of roundabout inscribed circle based on PM43’s
suggestions

Element

Email

--

Element; Alignment

Informal
Conversation

E25 and RES met regarding new conceptual layout
of inscribed circle per earlier conversation with
PM43; E25 clarifies what he believed PM43
wanted regarding decoupling pedestrian pathway
from bypass lane
RES met with E25 and discussed changes to
geometry of bypass lane, splitter island, and
location of inscribed circle; PM43 entered
conversation stating CLT supports not shifting
inscribed; E25 provides suggestion to improve sight
along approach
In response to adjusted goal from shifting
roundabout to arguing for potential solutions for
improving driver line of sight, RES completed
stopping sight distance (SSD) calculations for
western approach

Element, Alignment

142(b)

142(c)

142(d)

142(e)

Constructed
Artifacts

Referenced
Resources

Individuals
Involved1

Federal Guide
(splitter island
dimensions)

PM43, E25,
RES

--

PM43, RES,
E25

CAD file2

--

PM43, RES

Informal
Conversation

CAD file2

--

E25, RES

Element;
Alignment; Sight
Distance

Informal
Conversation

CAD file2

--

E25, PM43,
RES

Sight Distance

Email

Aerial Image
and Spreadsheet of SSD

Figure of
approach SSD
and equations for
SSD4

RES, PM43,
E25
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Day of
Project

Summary of Happenings: What are the effects
of moving the inscribed circle of one of the
roundabout closer to a right-of-way boundary?

Concept Codes

Social
Settings

143(a)

PM43 responds to RES’s email and asked
clarifying question about sight distance

Sight Distance

Email

143(b)

In response to PM43’s question, RES sent email to
PM43 and E25 with figure comparing sight
distance (SD) on approach conceptual layout and
potential SD in consideration of right-of-way
boundaries
RES noted error with SD figure and adjusted figure
accordingly

Sight Distance

Email

Sight Distance

--

143(d)

PM43 noted interest in comparing existing SD to
center island to potential SD to central island with
shrub removal up to right-of-way boundaries

Sight Distance

Informal
Conversation

143(e)

RES emailed PM43 and E25 in regards to PM43’s
previous suggestion; Attached to the email is
updated SD figure

Sight Distance

Email

143(f)

PM43 suggested adding another sight triangle
considering SD to shifted inscribed circle

Sight Distance,
Element

Informal
Conversation

143(c)

Constructed
Artifacts

--

Referenced
Resources

Individuals
Involved1

--

PM43, RES

SD Figure

--

PM43, RES,
E25

SD Figure

--

RES, PM43,
E25

--

PM43, RES

SD Figure

--

RES, PM43,
E25

SD Figure

--

PM43, RES

--
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Day of
Project

Summary of Happenings: What are the effects
of moving the inscribed circle of one of the
roundabout closer to a right-of-way boundary?

Concept Codes

Social
Settings

Constructed
Artifacts

143(g)

RES sent PM43 and E25 an email with updated SD
figure

Sight Distance

Email

SD Figure

--

RES, PM43,
E25

148

PM43, E25, and RES participated in teleconference
meeting with CLT and three REGs; PM43
presented SD figure (he sent SD figure to CLTs and
REGs via email prior to meeting); PM43 noted
negative implications of moving inscribed circle;
E25 noted that shifting inscribed circle 10’ only
changed vehicular speeds 2mph; CLT inserts his
support for not pursuing shift of inscribed circle;
REGs clarify their concerns about location of
inscribed circle, but agree that the shift seems
inefficient

Sight Distance;
Operations; Safety;
User

Scheduled
Teleconferenc
e Meeting

SD Figure

--

RES,E25,E5
2, PM43, CT,
(3) REG

1

Referenced
Resources

Individuals
Involved1

Pseudonyms for Project Team members (PM43= Project Manager; E25= Assistant Project Manager/Roadway Engineer; E52= Junior Roadway Engineer; RES=Researcher;
RES=Researcher) and Client Representative (CT) and Regulating Agency Officials (REG)
2
File included illustration of shifted inscribed circle and adjusted bypass lane.
3
Source of figure is Draft State A Roundabout Guideline
4
Source of figure and equations is Federal Guideline on Roundabout Design (FHWA, 2001)
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Date of Event:

Friday, [redacted date, day 137a], Week 25 of Roundabout Project
(approx. 10:30)
Location:
Offsite
Individuals Present: Primary researcher, E52, E25, PM43, Client representative, three
Regulatory Officials (REG01, REG02, and REG03)
Representatives from the Client, Company X, Regulatory Office, and I met about
progression of the Roundabout Project at an offsite location. At one point in the meeting,
the conversation shifted to the placement of Roundabout A. E25 led the discussion by
noting several constraints in the design of the roundabout (i.e. location of wetlands north
and south of the roundabout location and placement of a property owners’ driveway).
Further, he noted changes in the design since meeting with the Client and Regulatory
officials (i.e. that a taper was added to the western approach of the roundabout).
While on the subject of the geometry and planned location of Roundabout A, REG03
suggested moving the inscribed circle of the roundabout west about ten feet. Following
this comment, REG01 noted that he also thinks that moving the inscribed circle further
west would better for the geometry of the roundabout. Further, REG02 wonders aloud,
“why are we trying to avoid that right of way, anyway?”
Noting the Regulatory Officials’ comments, E52 responds that the reasoning behind the
proposed position of the inscribed circle of the roundabout was Company X’s attempt to
minimize impact on the adjacent property owners’ right of way. E25 voices his support
of E25’s statement and reasoning behind the current positioning of the inscribed circle.
E25 also reiterated that they were trying to ensure that the ends of the approaches do not
cross into the wetland delineation area.
After E25 and E52 state the reasoning behind the proposed positioning of the roundabout,
REG01 mentions his concern about drivers’ sight line along the northern approach of the
roundabout. Further, REG01 noted that he wouldn’t want a right-of-way issue
controlling potential safety and the design of the roundabout. Noting the Regulatory
Officials’ concern about the proposed placement of the roundabout, the Client asks aloud
if Company X can shift the inscribed circle of the roundabout a maximum of ten feet of
the current proposed position.
Further explaining his concern, REG01 shows a Google Earth image (street view) of the
existing drive up to the intersection. He notes that the existing vegetation leading up to
existing intersection blocks the driver’s view. He further notes that drivers will not be
able to tell that the intersection will be offset from the current location because of the
sight issues. In response, PM43 reiterates the source of the Regulatory Officials’ concern
is not necessarily the speed differential but the sight distance. REG01 confirms PM43’s
statement.
Roundabout Geometry at discussion:
[redacted images]
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Date of Event:
Location:
Individuals Present:

Friday, [redacted date, day 137b], Week 25 of Roundabout Project
(approx. 12:00)
Offsite
Primary researcher (PR), E52, E25, PM43, Client representative
(CR)

After meeting with the Regulatory Officials, PM43, E25, E52, the Client representative,
and the primary researcher discussed next steps to address the Regulatory Officials’
concerns. At one point in this discussion, the talk went back to the issue of moving
Roundabout A further west:
CR:

Yeah, what about that move to the west at [Roundabout A location]? Seems like
that’ll be a lot of work.
E52: Yeah, it would have been nice if they had mentioned that earlier.
PM43: Well, we should at least see what the move will do to the roundabout.
E25: I don’t know. It seems like we can just cut down the trees back there, and it’ll do
the same thing.
It was during this conversation that the topic of cutting trees first arose.
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Date of Event:
Location:
Individuals Present:

Monday, [redacted date, day 140], Week 26 of the Roundabout
Project (before12:00)
Region Office, Primary Researchers’ cubicle
Primary Researcher, E25

E25 assigned the primary researcher with the task of adjusting the inscribed circle west
and adjusting the position of the bypass lane closer to the inscribed circle in attempt to
address the Regulatory Officials’ concern about the positioning of the roundabout:
“[PM43] and I figure we should at least see if the move can be done.”
Rather than adjusting the design of the approaches in response to shifting the inscribed
circle of the roundabout, E25 wondered if adjusting the geometry of the bypass lane
instead would be the best method for adjusting the location of the roundabout. He tasks
the primary researcher with determining the minimum radius of curve the bypass lane
needs to be in order to provide a minimum distance between the outer edge of the bypass
lane and the yield line of the inscribed circle. He suggests that the primary researcher
create a two-foot offset from the existing right-of-way as the tangent lines for the curb.
He notes to assume a minimum superelevation: “Maybe use a one-percent super on this.
Maybe two. Maybe three. Just see how tight we can make the curve and shift the bypass
closer to here.” He also drew out a proposed cross-section noting an assumed width that
allows for continued bi-directional travel during construction while also providing space
between the construction of the inscribed circle and ongoing traffic. Further, E25 noted
that the curve needs to be sloping towards the inscribed circle so that water drains toward
the designed drainage structures located west of the inscribed circle. Lastly, E25 notes
that the design speed for the bypass lane will remain at 45 mph.
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Date of Event:
Location:
Individuals Present:

Tuesday, [date redacted, day 141a], Week 26 of the Roundabout
Project (after 12:00)
Region Office, Primary Researchers’ cubicle
PM43, E25, primary researcher

The primary researcher noted the results of her analysis. Noting the applicable
calculation relating superelevation and radius of curve found in the FHWA Roundabout
document, the primary researcher calculated that a curve with a superelvation of 1%,
assuming a side friction factor of 0.15, and a design speed of 45 mph will require a
minimum radius of about 844 ft.
Calculation:
0.01*e+f=V^2/R ,
Where
e = rate of superelevation
f = side friction factor
V= design speed
R= radius of curvature
Noting this minimum curve at the assumed superelevation, side friction factor, entrance
speed, minimum bypass lane width, and two-foot offset from the ROW, the primary
researcher reports that it looked like the maximum distance for shifting the inscribed
circle is 10 ft. While reporting her results, PM43 and E25 note other possible actions that
can be done in order to shift the circle west even more. PM43 asked the primary
researcher where she assumed the PI of the curve was. The primary researcher noted that
she assumed that the PI would be at the existing ROW offset shifted east of 2 feet. PM43
notes (while pointing to the drawing) that perhaps she could shift the PI further south as
they were less concerned about the effects of encroaching on property at that location, as
ROW was already required for purchase there.
In addition to shifting the PI south, PM43 and E25 wondered if the splitter island can be
redesigned so that it can be constructed at a different time than the inscribed circle. The
primary researcher asked about the process of constructing the circle. E25 noted that
typically the concrete along the inscribed circle will be placed. After laying this initial
level of concrete, the splitter island would be constructed atop the laid concrete. Because
of this process, E25 preferred that the splitter island be constructed at once rather than in
varied steps.
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Noting the existing design, PM43 wondered aloud what the minimum design
requirements for the splitter island was. The primary researcher brought out a printed
copy of the State’s draft design guidelines for roundabouts. Flipping to a section
describing about minimum dimensions of splitter islands, the primary researcher noted
that this particular draft of the guideline suggests an island of 30 to 40-foot distance
between the inscribed circle yield line and the pedestrian crossing. Referring back to
E52’s original design of the roundabout, the primary researcher noted that the existing
design only shows a 25-foot distance between the yield line and the pedestrian crossing.
Alarmed, E25 noted that this particular guideline may be different from the guideline
utilized by E52 while designing the roundabout. He (E25) noted that E52 had been
involved in the design of this roundabout for a while and would surely not designed the
splitter island as is without referring to some written guideline. The primary researcher
noted that she saw E52 use another state’s design guidelines in previous observation
sessions. PM43 noted that he doubted that E52 utilized another states’ guidelines.
Rather, he supposed that E52 utilized a federal standard or guideline. In any case, PM43
noted that we needed to figure out the minimum distance required between the inscribed
circle’s yield line and pedestrian crossing. By knowing that limitation, we may be able to
shift the inscribed circle even further west.
Reference noted by the primary researcher:
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In addition to the changes in geometric and facilities design, PM43 mentioned asked E25
if he remembered if the existing fence located within the property owners’ ROW was of
any significance. E25 noted that they looked like “lego blocks out there,” further noting
that the deconstruction of the fence may not be a big deal to the property owner, but he
was unsure. PM43 pointed further north and asked about an open space, “oh yeah, she
[property owner] probably wouldn’t want this taken out. It’s her grandson’s bike track or
something.”
Noting the possible adjustments to the bypass lane placement and redesigns to the splitter
island may provide extra space for shifting the roundabout, PM43 asked the primary
researcher to figure out the guideline E52 utilized for designing the splitter island and to
continue on determining the absolute maximum shift that the roundabout could possibly
move.
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Date of Event:
Location:
Individuals Present:

Tuesday, [date redacted, day 141b] , Week 26 of the Roundabout
Project (18:14)
Region Office, Email
n/a

Email sent by the primary researcher to PM43 and E25:
“According to the FHWA Design Guideline for Roundabouts (Cover and title page
attached; excerpt on splitter islands), the distance between the inscribed circle (paint) to
the edge of the curb opening for the pedestrian opening is 25 ft.
Measuring [name redacted, E52] existing design, it looks like the proposed dimension is
25.5 ft, as is.”
Attachments:
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Date of Event:
Location:
Individuals Present:

Wednesday, [date redacted, 142a], Week 26 of Roundabout Project
(08:47)
Regional Office, Email
n/a

Email response sent by PM43 to the primary researcher and E25
The label of graphic 6-26 seems to indicate that the 25’ is a minimum dimension. Does
section 6.3.7 indicate anything different?
Another possibility to be able to shift the roundabout further west is to de-couple the path
with the bypass route at the intersection. This way the oversized trucks would run over
the nose of the splitter island (requiring all of it to be at 3” exposure). On the surface,
this seems feasible.
Thoughts?
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Date of Event:
Location:
Individuals Present:

Wednesday, [date redacted, day 142b], Week 26 of Roundabout
Project (after 12:00)
Regional Office, Primary Researchers’ cubicle
Primary Researcher, PM43

After noting PM43’s email, the primary researcher attempted to draw out the adjustments
noted by PM43’s earlier email. At approximately noon of the same day, PM43 visited
the primary researcher’s cubicle to ensure that she understood his suggestions. PM43
suggested the following adjustments:
- move the PVI further south.
- move the pedestrian path west.
- take up to a maximum of 12 feet of ROW
- all other design elements should remain the same.
- They may not need the 8’ wide ditch located west of the project location, and can move
the bypass lane over the ditch.
The primary researcher noted PM43’s suggestions and continued readjusting the bypass
lane and inscribed circle in AutoCADD.

176

Date of Event:
Location:
Individuals Present:

Wednesday, [date redacted, day 142c], Week 26 of Roundabout
Project (approx. 14:00)
Regional Office, E25’s office
E25 and Primary Researcher

The primary researcher printed out the adjusted placement of the inscribed circle and
bypass lane, and then visited with E25 in his office to discuss the adjustments. Note the
shifted pedestrian crossing and adjusted inscribed circle in the figure below.
[figure redacted – shows identifying features of site]
E25 asked the primary researcher to explain the figure to him. The primary researcher
noted that the bypass lane horizontal curve remained at a radius of 844. The inscribed
circle shifted west 10 feet. The pedestrian crossing was shifted approximately 10 feet.
The PI of the proposed bypass lane curve shifted south approximately 100 feet. These
changes appeared to indicate that the inscribed circle could shift a maximum of 10 feet
allowing the face of the curve to be placed at the very edge of the proposed permanent
bypass lane.
Noting the drawing, E25 brought out a straight edge and noted, “I think [PM43] wanted
to shift the pedestrian path completely off the bypass lane. We can bring it out to here.
Usually, we put this jog in a place that makes sense. Like here at the driveway. We can
have it come back up here and then tie back to the road here. As for this curve, did you
do a tangent curve or a line?” The primary researcher noted that she used a curve. E25
noted, “I don’t think you need to have it tie in like that. You can just get a tangent line
and have it tie back here. Same on this side. I think that’s what [PM43] was thinking.”
Noting the changes suggested by E25, the primary researcher went back to her cubicle
and drew out the changes in CADD.
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Date of Event:
Location:
Individuals Present:

Wednesday, [date redacted, day 142d], Week 26 of Roundabout
Project (approx.. 15:50)
Regional office, Primary Researchers’ cubicle
Primary researcher, E25, PM43

The primary researcher visited E25’s office to show the updated figure (shown below):
[figure redacted – shows identifying features of site]
The sidewalk (pedestrian path) was relocated and realigned as E25 suggested. Noting a
previous error in measuring the shift in the roundabout, the primary researcher noted that
the actual maximum (per this design) shift of the inscribed circle is 7 feet west. This 7foot shift would place the edge of the bypass area/ temporary construction roadway at the
yield line of the splitter island. This allowed a foot and a half of space between traffic
and the face of the curb.
E25 asked the primary researcher if she had shown the figure to PM43 yet. She answered
that she hadn’t yet. At this, E25 suggested that they visit with PM43 together to show
him the figure. As they were making their way to PM43’s office, E25 noted that PM43
appeared to be speaking to someone on the phone. He suggested that they (E25 and
primary researcher) talk about the changes in the primary researcher’s cubicle while
PM43 finished his conversation.
Once at the primary researcher’s cubicle, E25 once again asked the primary researcher to
explain the changes. The primary researcher explained the changes. During the primary
researchers’ explanation, E25 paused and pointed toward the adjusted pedestrian crossing
at the splitter island: “What’s the distance between the yield line and this again?” The
primary researcher responded that it was approximately 30 feet. E25 responded,
“Shouldn’t that stay 25 feet? If you just offset this line from this line, then the distance
should be the same right?” The primary researcher noted this and opened the file in
CADD. She measured the distance between the yield line and the pedestrian crossing to
confirm the 30-foot distance. Explaining the change, the primary researcher noted that
her goal was to keep the pedestrian crossing separated from the 31-feet width required for
the temporary construction path. E25 responded by noting that as long as the entire
western portion of the splitter island was within the construction zone, the 25 foot offset
would be fine as that section would be constructed separately anyway.
E25 continued explaining the construction process of the roundabout as PM43 walked
into the cubicle noting, “Just the two I’ve been looking for. I just got off the phone with
[Client representative]. [Client representative] suggests we push back on [regulatory
official]’s suggestion on moving the roundabout circle west. He figured that the potential
of increasing the cost of constructing and designing this thing combined with potentially
enraging the property owner may be too large a cost to the project.”

178

At this, E25 reiterated that he didn’t understand how shifting the circle would be of a
greater benefit than doing other design options anyway. He noted potential locations for
illumination along the approach. He also noted that it may be better to cut down some of
the trees located just north of the approach circle if they’re worried about people seeing
the roundabout circle. The primary researcher recalled the concerns of REG01 about
drivers’ line of sight being affected by the utility poles’ placement adjacent to the
approaches. E25 noted that it’ll already be difficult enough getting them to adjust those
lines.
The primary researcher reiterated if the issue was about sight, and not necessarily slowing
drivers down. PM43 noted that that was his take from the meeting. At this, the primary
researcher asked,
PR: Okay, so what’s the proof we need to give them to justify the not-shifting?
PM43: That’s a good question. I think we have to figure out how far back people can see
along the approach.
PR: I can figure out those number if you guys want.
E25: I think that’ll be good to have.
PR: Should we show them this figure, though?
PM43: I don’t think so. If we show this to them, then it’ll look like it’s possible. Which
it is. Which is fine. But that’s not the point. It [moving the roundabout circle]
just isn’t beneficial.
E25: Yeah, we can move it what? Between 6 to 10 feet for what? What’s it gonna do
for anybody? Cutting down those shrubs would be better for people to see out
there anyway.
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Date of Event:
Location:
Individuals Present:

Wednesday, [date redacted, day 142e], Week 26 of the
Roundabout Project, (18:04)
Region Office, Email
n/a

Email sent by the primary researcher to PM43 and E25:
From: [PRIMARY RESEARCHER]
Sent: Wednesday, [date redacted] 6:40 PM
To: [PM43]; [E25]
Subject: [ROUNDABOUT A] approach stopping sight distance calculations
Hello,
Attached are the approach sight distance calculations.
Assuming that the location of the crosswalk is at STA 5+44.22 along [ROADWAY A], I
back-calculated the maximum speed someone would have to be entering the project site
in order to react and then stop for someone crossing the crosswalk. This value is 58
mph.
Also, I back-calculated the maximum speed someone would have to be entering the
project site in order to react and then stop at the yield line. This maximum speed is 60
mph.
Further, assuming the following:
- the deviation of the bypass lane and [ROADWAY A] occurs at STA 2+00
- Someone were to going along [ROADWAY A] (outside of our project boundary) at 60
mph
The person would require approximately 570 ft total for SSD prior to the deviation
between [ROADWAY A] and the bypass lane. This point along the roadway is located
approximately 20 ft south of the existing driveway located along [ROADWAY A] outside
of the project site (see attached PDF). Note that the full length (570 ft) required is
located along a relatively straight tangent.
Attachment 1:
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Attachment 2:
[figure redacted – shows identifying features of site]
Attachment 3:
[figure edited to redact identifying features]
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143a], Week 26 of the Roundabout
Project (08:40)
Region Office, Email
n/a

Response Email sent by the E25 to the primary researcher and E25:
From: [PM43]
Sent: Thursday, [date redacted] 8:40 AM
To: [PRIMARY RESEARCHER]; [E25]
Subject: RE: [ROUNDABOUT A] approach stopping sight distance calculations
[name redacted] – Great. Thank you.
Also, how much sight distance do we actually have to the SB lane if we position the
vehicle approximately 300’ north of the project limits and run the line of sight to the edge
of the brush on the east side? How about if we cut the brush back to the ROW?
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143b], Week 26 of the Roundabout
Project (10:35)
Region Office, Email
n/a

Response Email sent by the the primary researcher to PM43 and E25:
From: [PRIMARY RESEARCHER]
Sent: Thursday, [date redacted] 10:35 AM
To: PM43; E25
Subject: RE: [ROUNDABOUT A] approach stopping sight distance calculations
Hello,
The sight distance for the SB lane (accounting for the brush on the east side of the
roadway) is approximately 786 ft. In the attached figure, this is the blue hatched area.
This is approximately 175 ft away from the NB exit along the NB lane.
The sight distance for the SB lane (if it were cleared to the ROW) is approximately 934 ft.
In the attached figure, this is the green hatched area. This point along the NB lane is
approximately 10 ft away from the inscribed circle.

[note: figure edited from original to redact identifying features of site]
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143c], Week 26 of the Roundabout
Project (approx. 12:00)
Region Office, Primary Researcher’s Cubicle
PM43 and Primary Researcher

PM43 stopped by the Primary Researcher’s cubicle. PM43 noted that he and E25 thinks
we’re getting closer to what’s needed to justify not moving the existing proposed location
of the inscribed circle. He noted that it would be interesting to see what the existing sight
distance is between the southbound approach to the center island, as well as what may
happen if the shrubs located just north of Roundabout A were to be removed. The
primary researcher asked if the center of the center island would be the point he’s talking
about. PM43 responds, “yeah that seems like as good of a place as any.”
The primary researcher noted to PM43 that she was confused as to what the Regulatory
Officials were concerned about:
PR:

Are they concerned about people mistaking the bypass lane as being the
approach?
PM43: That’s what I got out of the meeting.
PR: Well, I guess it’s a valid concern.
PM43: The thing is that’s what the splitter island’s for. You’d think people would follow
the island to the center, but you never know, I guess.
PR: So I guess, should we figure out the sight distance to the bypass lane? I mean if
that’s what they’re concerned about, maybe we can show that as well.
PM43: That might be good. Maybe you can figure out how far back they’ll be able to see
this break.
PR: Okay.
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143d], Week 26 of the Roundabout
Project (12:28)
Region Office, Email
n/a

Response Email sent by the primary researcher to PM43 and E25:
From: [PRIMARY RESEARCHER]
Sent: Thursday, [date redacted] 12:28 PM
To: [PM43]; [E25]
Subject: RE: [ROUNDABOUT A] approach stopping sight distance calculations
Hello,
I completed another drawing showing sight distance limits per [PM43] suggestions. The
sight distance to the roundabout island without removing the shrubs east of the project is
856 ft. If we were to remove the shrubs to the ROW limit, this value increases to 990 ft.
The sight distance along the NB approach to the first curve of the proposed roundabout
is approximately 713 ft.
[note: figure edited from original to redact identifying features of site]
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143e], Week 26 of the Roundabout
Project (approx. 13:00)
Region Office, Primary Researcher’s Cubicle
PM43 and Primary Researcher

PM43 stopped by the Primary Researcher’s cubicle. PM43 noted, “I’ve got just one more
change to the figure, and then I think we’re good to go.” PM43 asked the Primary
Researcher to open up the CADD file showing.
PM43: Okay. I think it would be good to show how the sight distance would change if
we moved the center of the circle down the 10 feet west. Can you show that?
PR: Yup.
PM43: I think comparing how moving the center of the circle to cutting down those
shrubs to the ROW would be good to show. Also, this [pointing to the green
hatched area in the figure sent via email], where is this going to? How’d you
figure this out?
PR: So, I figured I’m starting at the middle of the lane right when the bypass lane
deviates from the approach, and then I’m going back to where this line [gesturing
towards the hypotenuse of the triangle] would meet back up to the middle of the
approach.
PM43: Hmm. I would think that the drivers would be able to see way further back.
Right? They should be able to see way past here. But I guess that doesn’t really
matter. I don’t think showing that drivers can see thousands of feet compared to
almost a thousand feet back would be of any consequence.
PR: Oh, I see what you’re saying. Should I just take this part of the figure off then?
PM43: Yeah, it might just be confusing for people to understand what we’re trying to
show. Now, can you zoom in here [gesturing to where the blue hatched line
meets the brush]? How’d you figure it was intersecting at this point?
PR: I looked up on Google Earth, and it looked like the trunk of this tree or brush is
basically at the ditch line. Paired with the survey of the site, it looks like this is
the existing limitation for the sight.
PM43: Okay, good. And here [gesturing towards the yellow line intersect with ROW]?
How’d you figure here?
PR: That’s basically the ROW limits there. So I figured that’s where we can cut to.
PM43: Okay, that sounds good. How about these lines [gesturing towards the western
lines going toward circle]?
PR: [zooming in on the southernmost tree]. I figure the line of sight is being blocked
by this tree.
PM43: Okay, good. Yup, I think that if we show the difference between the 10 foot
offset and cutting down these shrubs would make a good case for this.
PR: Will do. I’ll get the figure created soon.
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143f], Week 26 of the Roundabout
Project (14:13)
Region Office, Email
n/a

Email sent by the primary researcher to PM43 and E25:
From: [PRIMARY RESEARCHER]
Sent: Thursday, [date redacted] 2:13 PM
To: [PM43]; [E25]
Subject: RE: [ROUNDABOUT A] approach stopping sight distance calculations
Here Is the updated version.
[note: figure edited from original to redact identifying features of site]
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Date of Event:
Location:
Individuals Present:

Thursday, [date redacted, day 143g], Week 26 of the Roundabout
Project (14:42)
Region Office, Email
n/a

Response Email sent by PM43 to the primary researcher and E25:
From: [PM43]
Sent: Thursday, [date redacted] 2:42 PM
To: [PRIMARY RESEARCHER]; [E25]
Subject: RE: [ROUNDABOUT A] approach stopping sight distance calculations
I like it. Tells a nice story. Either spend a whole bunch to shift 10’ and potentially tick
off the property owner or spend $100 and trim some trees for more benefit. . .
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Date of Event:
Location:
Individuals Present:

Tuesday, [date redacted, day 148], Week 26 of the Roundabout
Project (14:42)
Region Office, Meeting Room
Primary Researcher (PR), PM43, E25. On phone: Client
representative (CR), three Regulatory Officials (REG01, REG03,
and REG04)

Representatives from Company X (PR, PM43, and E25), Client (CR), and three
Regulatory officials (REG01, REG03, REG04) met via phone meeting about the
Roundabout Project. At one point in the meeting, PM43 noted the issue of shifting
[Roundabout A] 10 feet west, noting considerable effort from Company X in the past few
days were dedicated to finding “feasible alternative to shift it 10 feet or so.” PM43 noted
that the discussion was preceded by an email he sent out with visuals showing sight
distance did not necessarily change with moving the inscribed circle west. PM43
mentions the implications of moving the inscribed circle of the roundabout further west
by noting the requirement of acquisition of a permanent easement from the adjacent
property owner, additional cost for acquiring the easement, issues with geometry of the
approaches. Capping off these implications, PM43 noted that rather than saving on rightof-way acquisition, the movement of the inscribed circle would just shift the acquisition
from the east side of the project to the west side.
E25 added that the speed change along the approach when moving the inscribed circle 10
feet was approximately 2 mph. He notes that the geometry of the approaches are
controlled by the location of the wetland located north of the proposed inscribed circle.
As such, the impact on speed is also limited.
REG03 reiterated the situation in terms of the ROW tradeoff between the field versus the
residence. He noted that opening up a new ROW file just of move the inscribe circle a
minimum amount would not be beneficial.
PM43 reiterated Company X’s findings regarding the possible movement of the inscribed
circle.
REG04 agreed that 10 feet did not make sense, especially if it potentially angered the
adjacent owner as [Roundabout A] further encroaches into her space.
REG03 noted that if 10 feet indeed was the maximum that the inscribed circle could
move, then it did not make sense to move it.
CR inserted that it would be hard to acquire the additional ROW from the landowner, as
the landowner would more likely oppose the purchase of land adjacent to existing
structures rather than farmland.
REG01 reiterated that his initial concern – the “compelling issue” he was most concerned
with - was the visual cues (such as the utility poles) leading up to inscribed circle.
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PM43 further noted that cutting the brush up to the ROW line as indicated in the sent
figure would provide even more sight distance that may allay REG01’s concern about
visual issues. REG04 responds that he thinks cutting down the brush would be a good
idea in any case.
CR noted that the project team needs to resolve this issue soon because centerline
descriptions need to be constructed for the project. He explained that we needed to flush
out this issue, so that the [owner] can initiate the ROW process in order to meet project
deadlines and schedules.
At this PM43 asked the group if they agreed that moving the inscribed circle west was
not an action the project team should take. Everyone noted that they agreed.
The meeting continued with other issues being discussed.

