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Abstract
There is a lack of knowledge on the way transportation engineering practitioners engage with various Contextual
Representations (CRs) to solve traffic engineering design problems. CRs such as equations, graphs, and tables could be per-
ceived differently, even if they represent the same concept. The present study recognized left-turn treatment at signalized
intersections as a prominent concept in traffic engineering practice and identified three associated CRs (a text-book equation,
a graphical representation, and a stepwise flowchart) to design a phasing plan. Two data collection mechanisms were concur-
rently employed: 1) eye-tracking to analyze visual attention and document problem-solving approaches and 2) reflective clini-
cal interviews to analyze ways of thinking and document problem-solving rationales. The problem-solving experiment was
completed by twenty-four transportation engineering practitioners. Transportation engineering practitioners not only
demonstrated preferences for different CRs, they also demonstrated different reasoning as to the selection of the same CR.
Results of Multivariate Analysis of Variance showed that there was a statistically significant difference in visual attention based
on CR. Additionally, in-vivo coding of participants’ interviews identified seven distinct rationales for CR selection. Findings
from this study could be employed to modify transportation engineering curricula with optimized visual CRs.

Engineering practitioners need to be competent in a vari-
ety of contexts and applications (1). Situated cognition
theory suggests knowledge is an interaction between an
individual and the resources and artifacts that are avail-
able to solve a particular problem and, correspondingly,
that knowledge should be learned in the context in which
it will be applied (1, 2). Evidence from diverse fields and
perspectives suggests that cognitive processes are affected
by the external resources available to the individual. The
most striking examples come from studies of situated
cognition that describe: how grocery baggers manipulate
their environment to optimize their task (3); or how indi-
viduals, tasked with placing 1/3 of 2/3 of a cup of food
in a bowl, did so by measuring cups, as opposed to using
formal math (4); or how shoppers were much more profi-
cient in mathematics while grocery shopping than when
asked to perform the same conceptual tasks in a purely
mathematical context (5).

Similarly, previous literature showed that engineering
students’ responses to conceptual questions are dramatically
different depending on the contextual representations (CRs)

that are provided to them (6). CRs such as equations,
graphs, and tables could be perceived differently, even if
they represent the same concept (7). For instance, when
asked about the water pressure when it flows from one size
pipe to a significantly smaller one, students reasoned and
responded differently when the visual representation was
oriented horizontally as opposed to vertically; however, in
either case, velocity and the associated fluid energy, as the
main variables, were neglected (8). While a key feature of
situated cognition research is the interaction between the
individual and the CR, including features of the problem,
there is limited research within engineering education in
general, and within transportation engineering in particular,
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that investigates the role of CRs in individual’s problem-
solving approach. Additionally, CRs that are authentic to
engineering practice are rarely identified. As such, the pres-
ent study attempted to address this gap by first determining
prominent and relevant concepts and associated CRs in
transportation engineering for both academic and practi-
tioner settings. Subsequently, design problems were devel-
oped and engineering practitioners’ interaction with and
interpretation of CRs during the problem-solving process
were analyzed.

The decomposition of the problem-solving process
often requires the application of different interviewing
and monitoring techniques. In the present study, two
mechanisms for data collection were concurrently
employed to more holistically understand transportation
engineering practitioners’ interaction and reasoning
while solving traffic engineering design problems: 1) eye-
tracking and 2) reflective clinical interviews. Eye-tracking
was employed to document gaze patterns and the visual
attention of engineering practitioners and reflective clini-
cal interviews were used to document their way of think-
ing. In other words, eye-tracking made it possible to
determine ‘‘how’’ transportation engineering practi-
tioners engaged with various CRs to solve an engineering
problem, and reflective clinical interviews provided
insight as to ‘‘why’’ transportation engineering practi-
tioners did so.

This study is novel as it provides a variety of evidence
to expand the current understanding of how engineering
practitioners use representations of relevant contexts as
they engage in engineering design problems. This study
refers to CRs as items that can be shown on a piece of
paper (e.g., graphs, tables, equations, etc.), that represent
some context. It also refers to context as the meaningful
association between a particular representation and an
individual’s ways of thinking, experience, and statement
of beliefs.

Background

The role of contexts on cognition can be captured within
the framework of inscriptions and representations. Roth
et al. described an inscriptional chain, which includes
representations such as equations, graphs, tables, natura-
listic drawings, diagrams, and photographs, that span a
spectrum relating the abstract nature of language to the
tangible, material world (7). Zhang defined ‘‘external
representations’’ as physical symbols and physical con-
figurations that represent knowledge and structure (9).
An example of the role of context in problem solving
comes from Reisslein et al., who noted that students
exposed to both real-life situations and imagery as well
as abstract problems (devoid of contextual scenarios and
imagery) did better in solving problems on electrical

circuits than groups of students exposed to only context
or only abstract problems (10).

The CRs in this study encompass several of the same
characteristics as inscriptions and external representa-
tions. The CRs are static in nature (rather than being
dynamic), they are embedded within a tangible medium,
and they are symbolic. Existing literature, particularly in
the field of engineering education, provides limited
explanations for the role of these representations in pre-
senting contextual factors, despite the central role of
representations within the fields of science and engineer-
ing. Detailed accounts note the central role of CRs in the
everyday practice of scientists and engineers, and in
referential texts used in education and research (11–15).
The role of representations as the object of use that initi-
ates interaction within situated contexts is a central con-
cern within the situated cognition perspective on learning
(16). However, only a limited amount of research within
engineering education explores the role of CRs in intro-
ducing, presenting, highlighting, or noting contextual
factors and the resulting effects on individuals’ problem-
solving processes (17). These studies suggest that the con-
texts or resources available to individuals may affect
their approach to problem-solving and the cognitive
domains they operate in. However, the specific features
of the context that individuals pay attention to during
problem solving are still largely unknown.

Researchers have proposed that eye-tracking could
distinctly describe problem-solving practices and cogni-
tion (18, 19). Eye-tracking refers to the application of
technology to measure the activity of the human eye and
is based on the ‘‘eye-mind’’ assumption, which suggests
that eye movements correlate with attentional focus and
cognitive processing (20, 21). Eye-tracking measures
where, when, and for how long individuals look at differ-
ent features in their field of view. Common eye-tracking
measures include data in the form of eye fixation loca-
tions, fixation durations, saccades (eye movements
between fixation locations), and saccadic durations (22).
Mayer has suggested that, ‘‘eye-tracking measures, such
as total fixation time on relevant areas of an instruc-
tional graphic, can be successfully added to a research-
er’s toolbox as a way of testing hypotheses about
perceptual processing during learning under different
instructional methods’’ (23). Therefore, in response to
the lack of knowledge regarding the influence of CRs on
the problem-solving approaches of transportation engi-
neering practitioners, this study employed an eye-
tracking technique.

Concerns have been raised about relying solely on eye-
tracking measures (a representation of visual attention)
to interpret the cognitive processes of learners (24). In
response to this concern, some have proposed a mixed-
methods approach that would combine elements of
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clinical interviews with eye-tracking (18, 25). It has been
suggested that if problem solving tasks are followed by
clinical interviews, the tasks need to be relatively short in
duration because of the risk of omission or the reporting
of extraneous thoughts not used (24). An experimental
design including short problems, eye-tracking, and reflec-
tive clinical interviews will provide a robust assessment of
individuals’ problem-solving across different contexts.

Research Objectives

According to the reviewed literature, gaps exist regarding
the interaction of individuals and CRs, especially in engi-
neering topics. The influence of CRs on engineering
practitioners’ problem-solving approach needs to be ana-
lyzed and this analysis should take place in a context that
is representative of engineering practice. However, pro-
minent concepts and associated CRs are rarely identified
in engineering education in general and in transportation
engineering in particular. As such, the present study
employed eye-tracking and reflective clinical interviews,
as two accepted methodologies in cognition research, to
address the identified these gaps in literature.
Specifically, the present study attempted to pursue the
following research objectives:

� What is an example of a prominent concept in
transportation engineering and what are the asso-
ciated CRs?

� What influences the context selected by transpor-
tation engineering practitioners while solving a
design problem?

� What do the fixation patterns of transportation
engineering practitioners look like while solving
engineering design problems?

Method

Developing Concept and Context

The overarching goal was to identify a prominent con-
cept in transportation engineering and develop design
problems that could be solved using a diverse set of CRs.
To identify a concept and a variety of associated CRs,
and to develop problems that leveraged both, semi-
structured phone interviews were conducted with six
transportation engineering practitioners. Left-turn treat-
ments at signalized intersections was unanimously recog-
nized as a prominent concept in transportation
engineering practice. The design of a phasing plan at a
signalized intersection is a complex multifaceted trans-
portation engineering problem. Left-turn treatment is
‘‘the single most important feature that drives the devel-
opment of a phase plan’’ at a signalized intersection (26).
Using the information gathered from these interviews

and academic and professional resources, an open-ended
design problem was developed. In this problem, engi-
neering practitioners were asked to identify the appropri-
ate left-turn treatment (protected, permitted, protected-
permitted, or split phase) on each approach of a four-leg
intersection with two lanes in each approach. They were
given traffic volume (left-turn, through movement, and
right-turn), speed limit, sight distance, and number of
left-turn-related crashes on each approach. They could
make any assumptions or create any changes in geo-
metric design and lane configuration but were asked to
specify such modifications.

As shown in the literature review, various forms of
CRs could be perceived differently, even if they convey
the same concept. Therefore, it was important to include
CRs that were formulaic in nature, tabular, and graphi-
cal because they potentially provide insight into the pre-
ferences for the kinds of representation that
transportation engineering practitioners tend to choose.
As such, three CRs were identified:

1) Equation (adopted from [26])

Protected or partially protected phasing should be
considered whenever there is a left-turn that satisfies one
of the two following criteria:

VLT ø 200 vph ð1Þ

VLT 3 vo=No

� �
ø 50, 000 vph ð2Þ

where VLT is the left-turn flow rate (vehicles per hour
[vph]), vo is the opposing through movement flow rate
(vph) and No is number of lanes for the opposing through
movement

2) Graph (adopted from [27])

Protected or partially protected phasing should be
considered based on left-turn volume, opposing speed
limit, and number of opposing lanes (Figure 1).

3) Flowchart (adopted from [28])

A structured evaluation procedure to identify the
least-restrictive left-turn operational mode that can meet
desired operational and safety objectives (Figure 2).

The questions and associated contextual representa-
tions were piloted in a workshop setting with 45 trans-
portation faculty. The goal was to get feedback on the
overall question design, and to validate that each of the
CRs was reasonably equivalent in relation to the ability
to solve the problem with the CR. This effort somewhat
validated the approximate equivalence of the CR. In
addition, research participants used different CRs for
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different reasons, with a somewhat equal use of each
CR.

Participants

Participants were recruited through targeted emails to
local firms and agencies. Specifically, transportation
engineering practitioners in both public and private sec-
tor in the Greater Portland, Oregon area were first pre-
sented with the study design and purpose, and were then
asked to volunteer in this study. The final sample
included a total of 24 engineering practitioners from two
public agencies and two private consulting firms.

This sample is considered one of convenience, which is
common in this type of qualitative research (29, 30). A
random sample is impossible because of challenges in get-
ting practicing engineers to participate in such research.
We did, however, take steps to get a diverse sample, and
to show the data is somewhat representative of the larger
population of practicing transportation engineers. The
sample is diverse in the following ways: 1) the expertise
of the responding transportation professionals empha-
sized combinations of signal timing, urban planning, and
transportation design; 2) participants had a range of
experience from 2 to 17 years, and the sample was
approximately 40% women. Additionally, in our analysis
we took steps to evaluate the representativeness of the
data. Specifically, the interview data was consistent with
the responses gathered from the six transportation engi-
neering practitioners who provided feedback on the ini-
tial question design. Additionally, we observed that in
the later interviews we did not find additional evidence
that had not already been uncovered from the previous
interviews. This is termed ‘‘saturation’’ in qualitative
research and is a commonly used method to establish
generalizability (31).

Data Collection

The data collection process started after official approval
from the Institutional Review Board (IRB) at Oregon
State University (study number 6959). The developed
problem alongside the associated CRs were organized in
a single PowerPoint slide. The data collection process
required a participant to sit in front of a wide computer
monitor that displayed the slide. Sheets of paper and a
pen were provided for each participant to document their
calculations and their final solution. Participants wore
eye-tracking equipment (Mobile Eye-XG platform from
Applied Science Laboratories) during the entire problem-
solving experiment (Figure 3a). During the experiment,
the participants solved the problem while the researcher
monitored their gaze pattern in real time. Once the parti-
cipants had completed the problem, the eye-tracking
equipment was removed and a reflective clinical inter-
view was immediately conducted and audio recorded
(Figure 3b). The questions aimed to discover the steps
taken by the participant during problem-solving, which
CRs were used, and why decisions were made to use
those CRs. Employing a semi-structured interview proto-
col for reflective clinical interviews allowed researchers to
ask probing questions based on their observations during
the problem-solving experiment.

Data Reduction

Data reduction was twofold. First, eye-tracking data was
analyzed and second, reflective clinical interviews were
coded. Eye-tracking data reduction determines the
amount of time that each participant fixated on a specific
CR. A single fixation was defined as when the visual
gaze on a single point was maintained for a 10th of a sec-
ond or longer. Eye-tracking data was manually reduced
using ETAnalysis software. Each CR was considered to
be an Area of Interest (AOI). Once each AOI is created,
ETAnalysis calculated a wide range of visual variables
including fixation counts and durations for each
AOI based on the gaze patterns of the participant.
Specifically, 1) Total Fixation Duration (TFD) in sec-
onds, and 2) Average Fixation Duration (AFD) in sec-
onds were extracted from the visual attention data. Five
student transcribers spent total of 134H to reduce eye-
tracking data for the dataset.

More than 220min of the reflective clinical interviews
were transcribed via a professional transcription service.
Dedoose, an online qualitative research tool was used to
code and analyze interviews. The coding process was
completed through in-vivo techniques where each code
was based on the words of the participants (32). As the
participants described their reasoning during problem
solving, similar words were used to describe their
problem-solving steps. These words became the codes

Figure 1. Graphical representation to determine left-turn
treatment (CR #2) (27).
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Figure 2. Flowchart representation to determine left-turn treatment (CR #3) (28).

Figure 3. Data collection process: (a) eye-tracking and (b) reflective clinical interview.
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for what we describe as the participant’s rationale for
their preference of a specific CR. The codebook created
for this study was analyzed during multiple meetings
among the authors to determine consistent definitions of
each code. A second coding process was completed with
the developed codebook to insure proper application of
those codes in each of the participants reflective
interviews.

Results

From the 24 transportation engineering practitioners
who participated in this experiment, nine (37.5%) had
never encountered any of the provided CRs. For the
remainder of participants: four (16.7%) were only famil-
iar with the Equation; three (12.5%) were only familiar
with the Graph; three (12.5%) were only familiar with
the Flowchart; two (8.3%) were familiar with both the
Equation and Graph; one (4.2%) was familiar with both
Equation and Flowchart; and two (8.3%) were familiar
with all three CRs. To identify left-turn phasing for the
given intersection, twelve participants (50.0%) solely
relied upon the Flowchart, and three (12.5%) solely
relied upon the Graph. However, seven participants
(29.2%) used both the Flowchart and Graph, and one
(4.2%) used both the Equation and Graph to reach to
their final design recommendation.

Interestingly, participants not only demonstrated pre-
ferences for different CRs, they also demonstrated differ-
ent reasoning as to the selection of the same CR. To
understand ‘‘why’’ and ‘‘how’’ transportation engineering
practitioners in this study engaged with CRs during
problem-solving, data from the reflective clinical inter-
views and eye-tracking experiments are holistically ana-
lyzed in the following sections.

CR Selection Rationale

One of the research objectives of the present study was
to develop an understanding of CR characteristics that
influence the decision of transportation engineering prac-
titioners during problem-solving. To better understand
why each participant engaged with the CRs, reflective
clinical interviews were analyzed. Codes were developed
from the words the engineering practitioners used to
describe their problem-solving practice. Each code repre-
sents a rationale for the choice of a particular CR. The
codes are defined as follows:

Comprehensive/Detailed. This code refers to a rationale in
which a CR is selected because it provides a comprehen-
sive/detailed approach to solve the problem. The compre-
hensive and detailed nature of the Flowchart caused four
participants to solely rely upon this CR to solve the

problem. The rationales among these participants were
very similar and usually included statements such as: ‘‘I
relied more heavily upon this flowchart here because it
seemed to be just a little bit more detailed than was this
[Graph].’’

Experimental Effect. This code refers to a rationale in
which a CR is selected because of its placement on the
screen or by overlooking problem description or other
CRs. One of the limitations of the present study is the
role of experimental effect on CR choice. In fact, the
problem-solving approach for three participants was
affected by the positioning of CRs on the screen. For
example, in response to the question, ‘‘Why did you
spend quite a long time evaluating each individual CR
and then moving from one to another?’’, one engineering
practitioner indicated that: ‘‘I didn’t, at first, look to see
what everything was. I kind of took it piece by piece and
looked at each one in turn. Had I looked at everything
beforehand, I might have gone straight to the flowchart.
But . I just looked at the problem then kind of went
through each of the pieces from left to right.’’

Familiarity/Comfortable. This code refers to a rationale in
which a CR is selected because it is more familiar to use
and is often described as a comfortable choice. Similar to
previous research, this study showed that familiarity, and
the comfort that arises from it, are determinants in sol-
ving problems (33, 34). Familiarity and subsequent com-
fort are used by four of the engineering practitioners as a
description for their engagement with Flowchart as their
final choice of CR. For example, when asked about their
reason for choosing Flowchart, one of the participants
said: ‘‘I did look at all three of these [CRs], and I did end
up using the flowchart. I think at the beginning, I spent a
little bit of time looking at this method [Graph] from the
Traffic Engineering Handbook . Well, it’s not something
I use as much so as ... Trying to think if I liked that method
or not ... So, I settled on the flowchart method, I felt more
comfort using the flowchart because it is typically what I
use if I am just going out and building a new intersection.’’

Judgement. This code refers to a rationale in which a CR
is selected based on the participant’s engineering judg-
ment of the level of accuracy that it provides.
Engineering judgement was found to be the major reason
behind the choice of a CR to design a left-turn treatment
at a signalized intersection. Six participants relied upon
their judgement to choose a CR. In fact, the level of
accuracy that was perceived by each participant from
each of the CRs played a pivotal role in the engineering
judgement. For example, when asked about the reason
for using both the Graph and Flowchart, one participant
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mentioned that: ‘‘I assumed they both were valid and
accurate contexts to use and so I decided both of them ...
Depending on the answer they gave, both of them could
work.’’

Simplicity. This code refers to a rationale in which a CR is
selected because it requires less work and effort to solve
the problem. From the 24 participants, four only selected
the Graph because of the perception of reduced complex-
ity. This was especially important for those participants
who were not familiar with the provided CRs: ‘‘I don’t
think I’ve seen the ITE [Graph] or the traffic engineering
formulas [Equation] before . I started with the ITE
charts [Graphs] because they’re super simple.’’

Speed. This code refers to a rationale in which a CR is
selected because it provides the quickest means to solve
the problem. Speed was considered a key CR prefer-
ence for three participants. Here, the Graph was more
frequently referred to as a quick approach: ‘‘The graph
is a quick ... for me it was used as a quick guide to
determine, should I even evaluate any further, based on
just two factors. Just, what’s my volume? What’s my
speed?’’

Stepwise. This code refers to a rationale in which a CR is
selected because it provides a step by step approach to
solve the problem. For three of the participants, the
Flowchart was selected as the CR because of its stepwise
procedure: ‘‘There was more decision points here and I
could see if I had a different variable, how would that
reset?... I wasn’t really sure how to use this exactly. It’s
pretty straightforward, but at the same time, It’s some-
thing more ...’’

Selection Rationales vs. CRs. Table 1 presents the co-
occurrence of selection rationales and CRs. As shown in
this table, participants most frequently selected the
Flowchart because of the level of comprehensiveness that
it provides (4/24 participants) and familiarity with this
CR (four participants). The Graph was also chosen
because of engineering judgement (four participants) and
the simplicity of using this CR (four participants). The
Equation was only referred to in two cases because of its
simplicity and engineering judgement. The bottom three
rows of Table 1 represent the co-occurrence of CR selec-
tion. From 24 participants, seven selected both the
Flowchart and Graph and one selected both the Graph
and Equation to solve the problem. The remainder of
the participants relied upon a single CR to solve the
problem.

Visual Attention

According to the literature, eye-tracking can be used to
describe problem-solving practices. Data from eye-
tracking encompasses several different variables. Some
of these variables refer to standardized values (effects
neutralized over the entire sample) while others refer
to the direct observed values (distinct individual
variations). Since the present study attempted to capture
distinct trends in the problem-solving practices of
individual transportation engineering practitioners, non-
standardized variables are adopted. As such, two eye-
tracking performance measures were considered: 1)
Total Fixation Duration (TFD) in seconds, and 2)
Average Fixation Duration (AFD) in seconds. TFD
refers to the total length of time for all fixations on a spe-
cific AOI and AFD refers to the mean length of time for
all fixations on a specific AOI (35). Fixations are the
period of time during which the eyes are relatively still
and new information from the visual stimulus are
obtained and processed (36). As such, when a participant
is looking at each CR, and how long they look at it dur-
ing each fixation (quantified by AFD), and for the entire
experiment (quantified by TFD), describes how they
engage with various problems and contexts. Table 2
shows mean and standard deviation values for TFD and
AFD across all AOIs. In addition to CRs, participants’
fixation on the problem statement (problem) and solu-
tion (outside) are included.

The data in this study was obtained through a multi-
variate experimental design, as two dependent variables,
TFD and AFD were recorded for each individual partici-
pant. To analyze the influence of CRs on either of the
visual attention measurements, Multivariate Analysis of
Variance (MANOVA) was performed to test whether or
not the CRs affect TFD and AFD. Additionally, to
investigate the interaction of visual attention measure-
ments, data was visualized against each of the CRs.
MANOVA results showed that there was a statistically

Table 1. Co-occurrence of Selection Rationales and CRs

Rationales Equation Graph Flowchart

Comprehensive/detailed 0 0 4
Experimental effect 0 2 3
Familiarity/comfortable 0 0 4
Judgement 1 4 3
Simplicity 1 4 0
Speed 0 2 1
Stepwise 0 0 3
Flowchart 0 7
Graph 1
Equation

Note: CRs = contextual representations.
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significant difference in visual attention based on CR use
(F(10, 274) = 6.065, p \ 0.001, Wilk’s L = 0.670, par-
tial h2= 0.181). It was found that CR use has a statisti-
cally significant effect on both TFD (F(5, 138) = 9.998,
p \ 0.001, partial h2= 0.266) and AFD (F(5, 138) =
4.847, p \ 0.001, partial h2= 0.149).

To further investigate the influence of CRs on visual
attention, TFD values are plotted against AFD values
for each CR (Figure 4). Based on the recorded mean val-
ues, the distribution of visual attention by TFD and
AFD can be divided into four regions which necessitates
additional scrutiny. Quadrant 1 (QI) includes partici-
pants with longer TFD but shorter AFD. This group of
participants spent more time fixating on each CR (com-
pared with the mean value for the entire dataset) but
their total fixation consisted of shorter gazes. The density
of observations in QI for Equation, Graph, and
Flowchart was 0.208, 0.125, and 0.208 respectively.
Quadrant 2 (QII) includes participants with both longer
TFD and AFD values. This group of participants spent
more time fixating on each CR and their total fixation
consisted of longer gazes. The density of observations in
QII for Equation, Graph, and Flowchart was 0.208,
0.292, and 0.250 respectively. Quadrant 3 (QIII) includes
participants with shorter TFD but longer AFD. This
group of participants spent less time fixating on each CR
but their total fixation consisted of longer gazes. The
density of observations in QIII for Equation, Graph,
and Flowchart was 0.125, 0.292, and 0.167 respectively.
Finally, Quadrant 4 (QIV) includes participants with
both shorter TFD and AFD. This group of participants
spent less time fixating on each CR and their total fixa-
tion consisted of shorter gazes. The density of observa-
tions in QIV for Equation, Graph, and Flowchart was
0.458, 0.292, and 0.375 respectively.

Discussion

Engineering practitioners made different decisions during
the observed design problem-solving. Figure 4 presents
the fact that engineering practitioners prefer different
CRs and spend varying amounts of time fixating on each
of the provided CRs. As such, a holistic understanding
of problem-solving approaches among engineering

practitioners requires analysis of the underlying mechan-
isms of their way of thinking. This could be achieved
through concurrent analysis of visual attention and
reflective clinical interviews.

The first observation from Figure 4 is the distribution
of black dots (participants who did not select the CR as
their final choice) in the quadrants of the CRs. Almost
every engineering practitioner looked at all the CRs
before selecting their final choice (black dots close to
zero TFD represents participants who did not allocate
visual attention to a CR). However, the distribution of
black dots revealed that, from the participants who did
not select a specific CR, 50.0% and 58.3% spent above
average TFD, processing the Equation and Graph,
before moving to another CR to design the final plan of
left-turn treatment. On the other hand, another interest-
ing observation is that when the Equation and Graph
are selected as the final choice (anything rather than
black dots), participants are more frequently placed
toward shorter TFD (QIII and QIV). This could repre-
sent two distinct problem-solving approaches among
engineering practitioners. The former represents the case
in which participants are searching for the most appro-
priate method, of course in their own frame of reference,
and are willing to move across the CRs as described by
one of the participants: ‘‘I looked at all of them [CRs]
really. I looked at the first one [Graph] and I thought,
well it looks like some protection is needed and then I
walked through the flowchart to determine what I thought
was the best scenario.’’ The latter approach represents the
case in which participants select a simpler CR (predomi-
nance of triangles among CR selection rationales), again
based on their own definition of simplicity, and try to
design the final plan of left-turn treatment: ‘‘It’s [Graph]
very easy to correlate one with the other and feed it into
the question, versus the other items require some type of
calculation. I don’t think I felt prepared or felt like I had
the time to go through any rigorous calculations. I used
what was simplest and most efficient.’’

Variations in the AFD and TFD values (as shown in
Table 2) and quadrants’ density for each of the CRs (as
shown in Figure 4) shed further light on the problem-
solving approach of practicing engineers. Participants
maintained a more consistent visual attention while using

Table 2. Mean (M) and Standard Deviation (SD) of Dependent Variables against Each AOI

Dependent variable Descriptive statistics Problem Equation Graph Flowchart Outside

TFD M 104.86 23.93 38.25 135.16 167.89
(SD) (59.52) (19.25) (23.11) (95.74) (211.08)

AFD M 0.28 0.27 0.25 0.28 0.35
(SD) (0.05) (0.08) (0.05) (0.05) (0.12)

Note: AOI = area of interest; TFD = total fixation duration; AFD = average fixation duration.
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the Graph. This is well demonstrated by the smaller
range and standard deviation of TFD values and higher
circular density concentrated around the mean AFD and
TFD (dark green and blue), in addition to the fact that
density values showed participants are almost equally
distributed in the quadrants of Graph. On the other
hand, participants are very different in their visual atten-
tion when it comes to interactions with the Flowchart.
Considerably higher standard deviation and visual atten-
tion that is skewed toward shorter AFD values (QI and
QIV) confirm the inconsistent approach in using the
Flowchart. The question is now why engineering practi-
tioners employ these two CRs differently. The Graph is
chosen based on rationales that are inherently very simi-
lar. Simplicity, speed, and judgement (accuracy) are often
mentioned as reasons to select the Graph. However, the
Flowchart is chosen based on distinct reasoning.
Comprehensiveness of the Flowchart and participants’
familiarity (comfort) with its procedure are frequently
mentioned as reasons to select the Flowchart. While the

former rationales created a consistent narrative for the
problem-solving practice, the latter ones caused inconsis-
tency. For example, when one of the participants who
used both the Graph and Flowchart was asked about
their CR selection rationale, it was stated that: ‘‘It’s sim-
ple [Graph]. There’s only two variables to look at. Only
two numbers. It did help me, actually, look at this and say,
okay am I gonna have it two easy numbers. If they tell me
that I need some protection, then look at the more compli-
cated. The tree [Flowchart] which involves more input.’’

Another observation relates the visual attention with
specific rationales for the entire CRs. Looking at the
visual attention shows that working with a CR that is
perceived to be simpler (triangles in Figure 4) resulted in
shorter total fixations as this group of participants are
all positioned within QIII and QIV. Familiarity (dia-
monds in Figure 4) was found to be an important ratio-
nale behind the choice of a CR for several engineering
practitioners in this study. Distribution of visual atten-
tion shows that while this group of participants are

Figure 4. Distribution of visual attention across CRs and based on selected rationale.
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observed in three of the four quadrants (QI, QII, and
QIV), they are shifted toward shorter AFD values,
meaning that they had shorter fixations each time that
they fixated on the familiar CR. Experimental effect
(squares in Figure 4) was previously mentioned as a lim-
iting factor, causing some participants to select a CR
based on the PowerPoint slide layout. While this group
of participants are observed in all four quadrants, they
typically had shorter TFD values. As might be antici-
pated, the group of participants who chose Flowchart
because of its comprehensive (plus signs in Figure 4) and
stepwise (stars in Figure 4) procedure, were more fre-
quently observed in QI and QII. In fact, they had longer
TFD values as they spent more time going through all
the details and steps of the Flowchart. Opposite to this
group, those who chose a CR because of its fast proce-
dure (crosses in Figure 4) were shifted toward QIV, with
both shorter TFD and AFD values. Finally, no consis-
tent pattern was observed for that group of participants
who chose a CR based on their engineering judgement
(circles in Figure 4).

Summary and Conclusion

There is a gap in knowledge about prominent concepts
and contexts in civil engineering in general, and in trans-
portation engineering in particular. Much of engineering
education still relies upon the teaching and presentation
of concepts in an academic context rather than an
applied engineering context. Additionally, no one has yet
analyzed how transportation engineering practitioners
interact with CRs, including features of a problem while
solving traffic engineering design problems. This study
attempted to first identify an example of a prominent
concept and its associated CRs in transportation engi-
neering, and then to evaluate transportation engineering
practitioners problem-solving approach. Left-turn treat-
ment at signalized intersection was identified as a promi-
nent concept and three distinct formats of presentation,
Equation, Graph, and Flowchart were identified as asso-
ciated CRs. Eye-tracking was used to evaluate ‘‘how’’
transportation engineering practitioners engaged with
various CRs to solve a signal phasing problem and
reflective clinical interviews provided insight as to ‘‘why’’
transportation engineering practitioners did so.

The findings of the current study emphasized the
importance of rationale and how it can impact the
problem-solving approach of transportation engineering
practitioners. The results showed that there was a statis-
tically significant difference in visual attention based on
the selected CR. Transportation engineering practi-
tioners employed CRs in distinct ways and described
their problem-solving decision in different rationales.

For example, the Graph was selected because of similar
rationales and therefore, visual attention was equally dis-
tributed, while the Flowchart was selected on distin-
guishable rationales and participants were observed all
over the map. Additionally, one group of participants
spent quite a long time processing all the details and
steps of the Flowchart, while another group chose the
Graph as a simple and fast method to design final left-
turn phasing plan.

Seven distinct rationales were identified and described
in detail. However, one concern rises from familiarity
with the provided CRs. Signal phasing in general, and
left-turn treatments in particular, are foundational topics
in traffic and transportation engineering. As such, trans-
portation engineering practitioners should be familiar
with the available resources in these areas or at least have
encountered some of the CRs. Nonetheless, it was found
that 9 of 24 of transportation engineering practitioners in
this study had never encountered any of the CRs and
only 2 of 24 were familiar with all three CRs. This find-
ing suggests a revision of traffic and transportation engi-
neering course content may be warranted to equip the
future workforce of transportation engineering practi-
tioners with the most up-to-date knowledge on signal
phasing and left-turn treatments.

Because of the close connection between the eyes and
the brain, visual attention is an important measure of
cognitive activity (35). Notably, it is during fixations that
one receives information from the visual stimulus that
they are processing. Therefore, results from this research
could be utilized to modify transportation engineering
curriculum with optimized visual CRs. Longer AFD
could represent more difficult tasks that require higher
levels of interpretation skills. It was found that a conven-
tional graphical representation caused the lowest AFD
and created the most consistent pattern in visual atten-
tion. On the other hand, a more comprehensive
approach, the Flowchart, was found to have the highest
AFD with a large degree of uncertainty in the observed
pattern of visual attention. While this could break the
balance in favor of graphical representations, it should
be noted that transportation engineering practitioners
more frequently relied upon the Flowchart as it repre-
sented a detailed procedure to solve an engineering
design problem. As such, CRs that are inherently
detailed, comprehensive, and stepwise but at the same
time include graphical representations could be a good
choice to use in a transportation engineering classroom.
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