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Concepts in roundabout resources:  A comparison between 

academic and practical texts using content analysis 

 
 

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, 

and- as 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.            

 

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 non-negotiable 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 
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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 understanding1.   

 

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 education2.  

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 problems3.  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 production4:  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” (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.   

The application of roundabouts as a transportation facility is relatively new in the United States5.  

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 
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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 fieldwork6:  

“Once in the field, however, the observer must somehow organize the complex stimuli 

experienced so that observing becomes and remains manageable” (p. 278)  As such, this study 

provided insight into various textual resources, while adding value and information to a large 

case study of the engineering workplace.   

 

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 4 practical transportation 

engineering resources and 11 transportation engineering textbooks, a comparison of approaches 

to roundabout design between practical and academic texts is provided. 

 

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”7.  Moreover, knowledge is not coded information; it is not “knowing what,” but “knowing 

how” to act in a particular social setting8,9.  

 

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, 
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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 

accordingly10.   

 

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 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 

practice8.  “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 start8,11.   

 

Greeno, Collins, and Resnick used the term “situative” while comparing various lenses on 

learning12.  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 forces12.  

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-based12,13.  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 embedded14,15.  

 

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 identified “material context” as inclusive of all objects, 

tools, symbols, representations, or materials that mediate activities leading to understanding of 

the world13.  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 textbooks16.  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 sciences17,18,19,20.   

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 
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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 expertise21.  Traditional views of cognition 

view concepts as a means for humans to categorize and organize the world22 and serve as “big 

ideas” upon which knowledge may be founded23.  Research within engineering education have 

explored issues of conceptual knowledge24,21,25, development of assessments such as concept 

inventories26,27,28,29,30,31, differences in understanding of concepts between novices and relative 

experts32, and identifying relevant concepts for various engineering domains33,34. 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.        

 

Methodology 

 

Content analysis informed the research methodology provided within the study35,36,37,38.  Berg 

and Lune35 describe content analysis as “not inherently quantitative or qualitative and may be 

both at the same time” (p. 354).  Per Hsieh and Shannon’s three approaches to content analysis37, 

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 phases36.  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 completed38.  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 
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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.   

 

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 availability39.  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 study40.   

 

Despite this, past research examining transportation engineering practice identified the textual 

resources utilized in this study as being relevant to practice and academia41,42,16,43,44.  For 

example, a previous study examined syllabi of introductory transportation engineering courses 

within the United States, and identified 7 textbooks (with two of the textbooks being represented 

in various editions) utilized within such courses41.  For this study, seven of the textbooks 

analyzed match those mentioned in the previously conducted syllabi analysis41.  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” 42.  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 States45.  Two editions of the AASHTO Green Book are utilized within 

the study.  Turochy’s work43,44, 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 field46.  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 

analysis41, the research team decided to only include texts whose publishing dates ranged 

between 1997 and 2012 for the final analysis.  Table 1 summarizes the resources analyzed in this 

study.   

 

 

 

 

P
age 26.391.7



Source 

Type 

ID Authors/Title Year of 

Publication 

Practical P01 AASHTO / “Green Book” 2001 

P02 ITE / Freeway & Interchange Geometric Design Handbook 2005 

P03 ITE / Urban Street Design 2008 

P04 AASHTO / “Green Book” 2011 

Textbook T01 Garber & Hoel / Traffic and Highway Engineering 1997 

T02 / Transportation Engineering Planning and Design, 3rd Edition 1998 

T03 Banks / Introduction to Transportation Engineering 1998 

T04 Khisty & Lall / Transportation Engineering:  An Introduction, 3rd 

Edition 

2002 

T05  / Traffic Engineering 2004 

T06 Wright & Dixon / Highway Engineering, 7th Edition 2004 

T07 Mannering, Washburn, & Kilareski / Principles of Highway 

Engineering & Traffic Analysis, 4th Edition 

2009 

T08 Khisty / Transportation Engineering:  An Introduction, 2nd 

Edition 

1997 

T09 Mannering & Kilareski / Principles of Highway Engineering & 

Traffic Analysis, 2nd Edition 

1997 

T10 Garber & Hoel / Traffic & Highway Engineering, 4th Edition 2009 

T11 Wright, Ashford, Stammer / Transportation Engineering Planning 

& Design, 4th Edition 

1998 

 Table 1.  Resources analyzed in study 

 

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.  

 

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 definition of major elements of written messages35, 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 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 
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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.ti47, 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 2 summarizes the 

counts completed for the study.   

 

  Counts Completed for 

Unitizing Stage 

Counts Completed for Sampling Stage 

Source 

Type 

ID Pages 

Analyzed 

Figures/ 

tables 

counted 

sentences 

analyzed 

sentences in 

pages 

analyzed 

relevant to 

roundabouts 

sentences 

including at 

least one 

transportation 

engineering 

concept 

concepts 

coded in 

textual 

resource 

Sentences 

with both 

concepts and 

auxiliary 

verbs (should, 

must), or 

“recommend” 

Practical P01 6 3 87 80 53 65 14 

P02 15 9 165 54 26 18 1 

P03 2 2 32 9 1 1 1 

P04 15 10 206 202 144 140 24 

Textbook T01 0 0 0 0 0 0 0 

T02 1 0 15 6 3 0 0 

T03 0 0 0 0 0 0 0 

T04 2 1 25 5 5 1 1 

T05 3 4 19 9 4 0 0 

T06 2 0 37 8 0 0 0 

T07 0 0 0 0 0 0 0 

T08 1 0 20 5 3 1 1 

T09 0 0 0 0 0 0 0 

T10 5 3 32 14 7 8 0 

T11 2 0 43 7 2 2 0 

Table 2.  Summary of counts reflecting unitizing and sampling procedure 

 

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 development33,48,49, 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 codes6.     

 

Additionally, the visual, or symbolic representations utilized within the practical resources and 

textbooks were counted and compared according to source types.  Visual representations denoted 
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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) 50,51,53,20.  These visual representations are often 

referred to as “inscriptions” in such text.  Based on a process established in earlier work41, these 

visual representations were unitized according to type of inscription.     

 

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 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-distribution40.  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 =
𝑌̅𝑇𝐸𝑋𝑇𝐵𝐾−𝑌̅𝑃𝑅𝐴𝐶𝑇𝐼𝐶𝐴𝐿 

𝑆𝑝√
1

𝑛𝑃𝑅𝐴𝐶𝑇𝐼𝐶𝐴𝐿
+

1

𝑛𝑇𝐸𝑋𝑇𝐵𝐾

 , 

 

where t is the t-statistic, 𝑌̅𝑇𝐸𝑋𝑇𝐵𝐾 is the mean value of a measure of interest for the textbooks, 

𝑌̅𝑃𝑅𝐴𝐶𝑇𝐼𝐶𝐴𝐿 is the mean value of a measure of interest for the practical resources, 𝑆𝑝 is the pooled 

standard deviation, 𝑛𝑃𝑅𝐴𝐶𝑇𝐼𝐶𝐴𝐿 is the sample size for the practical resources, and 𝑛𝑇𝐸𝑋𝑇𝐵𝐾 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 p-value.   

 

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 
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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.    

 

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 4 summarizes the words and 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.        

 

Concept Categories Words/phrases included in category (codes) 

Control Control, signal, yield 

Element 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 

Table 3.  Words and phrases included in concept categories 

 

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 2.  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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Figure 1.  Percentage of sentences including noted concept categories  

 

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 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 

illustrates the distribution of these words according to the concept categories identified.     
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Figure 2.  Prevalence of concept categories in inscriptions 

 

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.   

       

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 1 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.   
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 Figure 3.  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)20.  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 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.   
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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 4) are paired with 

interpretations of meaning by the researchers.   

 

Excerpt 

ID 

Source Excerpt  

(concepts coded italicized) 

Interpretation of function of 

“should” 

1 Source:  P04 

 

Code Line:  

01:98 

“To these ends, the alignment should 

be as straight and the gradients as flat 

as practical.” 

 Used to describe 

expectations of resulting 

designs 

 Creates a compulsion for 

practicality and safety  

2 Source:  P04 

 

Code Line:  

01:98 (2) 

  

“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.” 

 “Minimum” and “equal 

to or greater than” are 

utilized to convey certain 

considerations that ensure 

the safety and practicality 

of the roundabout 

3 Source:  P02 

 

Code Line: 

02:04 

“However, it [entry width] should not 

become so large as to encourage 

‘high-speed’ operation.” 

 Used to caution the 

reader and to have them 

consider the implications 

of the design 

4 Source:  P02 

 

Code Line:   

02:05 

“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).” 

 Used to refer the reader 

to other sources  

5 Source:  T05 

 

Code Line:   

03:08 

“It should be noted that roundabouts 

have no additional control devices, 

and that circulating traffic has the 

right of way at all times. 

 Used to offer further 

explanation of 

roundabouts 

6 Source:  T04 

 

Code Line:  

21:03 

“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…” 

 Used to offer further 

explanation of 

roundabouts 

 Emphasis for what seems 

to be a very simple 

explanation of 

roundabouts 

Table 4.  Excerpts from Textual Resources 
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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 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.   
  

Discussion 

 

Through qualitative and quantitative analysis of the collected field and academic resources for 

roundabouts, there is evidence of a fundamental difference between the 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 
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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 the same feeling 

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

 

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 
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understanding of what would occur as a roundabout is designed. Practical resources focus more 

on examples and real-world application. Perhaps, presenting theory (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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