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Both research evidence and theories of situated knowledge suggest that 
students are not prepared for the engineering workforce upon gradua-
tion from engineering programs. Concept inventory results from diverse 
fields also suggest that students do not understand fundamental concepts 
of engineering, mathematics, and science. These concerns may result 
from different knowledge deficiencies: one from a lack of conceptual 
understanding and the other from a lack of applied knowledge. In an 
attempt to explain the patterns in misconceptions across three cohorts, 
the research goals of this paper are to identify misconceptions (knowl-
edge about phenomena that are persistent and incorrect) related to traf-
fic signal operations and design across the cohorts of novice engineering 
students, expert engineering students, and practicing engineers. Results 
indicate three misconception patterns (decreasing, increasing, and no 
change) across the three cohorts. The pattern of decreasing misconception 
can be explained by a traditional model of learning that suggests improved 
understanding with additional instruction and student time on task. The 
pattern of increasing misconception appeared for concepts that are par-
ticularly complex and confounding; practicing engineers produce much 
more complex answers that are mostly correct but include leaps and spec-
ulations not yet proven in the literature. Misconception frequencies that 
stay the same tend to include topics that do not have required national 
standards or that are buried in automated processes. The process of iden-
tifying and documenting misconceptions that exist across these cohorts 
is a necessary step in the development of a data-driven curriculum. An 
example of a conceptual exercise developed from four misconceptions 
identified in this study is also demonstrated.

Traffic signals are a critical component of transportation infra-
structure because they directly contribute to the safety and effi-
ciency of the surface transportation system. Transportation safety 
is traditionally concerned with the minimization of crash frequency 
and severity on the nation’s roadways. These crashes are influ-
enced by three system components: the driver, the vehicle, and 
the built environment. Civil engineers have the unique ability to 

directly manipulate the built environment, all the while needing to 
understand the associated human factors and vehicle capabilities. 
In 2010, approximately 36% of all crashes occurred at signalized 
intersections and represented approximately 787,236 crashes (1). In 
2004, NCHRP Report 500, Guidance for Implementation of the 
AASHTO Strategic Highway Safety Plan, Volume 12: A Guide for 
Reducing Collisions at Signalized Intersections suggests that the 
use of traffic control and operational improvements have the greatest 
likelihood to improve safety at signalized intersections (2).

Challenges in TraffiC signal eduCaTion

Traffic signal operations can be described as either pretimed (fixed 
timing determined a priori), semiactuated (detection for some traf-
fic movements, with timing based on traffic demand), or fully actu-
ated (detection for all traffic movements). Regardless of the type of 
signalized intersection, much of the core conceptual knowledge is 
transferable between these intersection types. It is those cross-cutting 
concepts that have been the focus of this study. Preparation to solve 
complicated transportation issues related to the safety and efficiency 
of traffic signals requires deep conceptual knowledge of these cross-
cutting transportation fundamentals. This content area is particularly 
difficult for civil engineering students because they possess numerous 
preconceptions about traffic signal system processes from their driving 
or riding experiences—and the logic of the processes are embedded 
in the software and hardware in a traffic controller cabinet. Much of 
the content is highly confounded, i.e., many design parameters are 
related to other design parameters (e.g., the setting of passage of time 
is dependent on the length, placement, and operation of the detector as 
well as the speed and classification of approaching vehicles). Further-
more, traffic patterns and driver behavior, which are important consid-
erations in the design and operation of traffic signals, vary widely and, 
unlike many design parameters in other engineering disciplines, they 
are difficult to predict with mathematical models. This phenomenon 
makes traffic signal education challenging for students, educators, and 
practicing engineers.

BaCkground

Individuals make sense of new information in terms of what they 
already know, including a myriad of existing impressions, beliefs, 
assumptions, and models of phenomena (3). Learning, then, is not 
just a process of gaining new knowledge, but also of revising existing 
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knowledge. Existing knowledge can originate from everyday experi-
ences or from instruction (4). For example, in the study of kinetics 
and kinematics in physics, students bring a lifetime of experience of 
observing objects move in the world (5). The same is true of transpor-
tation engineering, specifically referencing the behaviors of drivers 
and the movement of vehicles on roads and through intersections. 
Most individuals, from a very young age, have observed the move-
ment of vehicles on roadways. Misconceptions are knowledge about 
phenomena that are persistent and incorrect (6). Research conducted 
over the past 20 years in physics and engineering education has illus-
trated students’ misconceptions in physics (7), statics (8), mechanics 
of materials (9), statistics (10), thermodynamics (11), and transpor-
tation engineering (6, 12). Because most engineering students and 
practicing engineers have extensive interactions with the transporta-
tion system, it is expected that they also will have misconceptions 
related to signal operations and design. This expectation is due to 
the fact that many of the elements that govern the control of a signal-
ized intersection, such as timing processes or detector activations, 
do not provide directly observable feedback to the traveling public. 
Additionally, from the perspective or context of traveling through 
an intersection from a single approach, many elements, such as the 
inclusion of a red clearance interval, may not be directly observable.

An explicit assumption of most research related to misconceptions 
is that a correct conceptual understanding would relate to the ability 
to apply this conceptual knowledge to other settings and contexts, 
basically a cognitive approach. This assumption is important because 
it means that if engineering students understand the central concepts, 
they will be able to use them in engineering practice. However, situ-
ated cognition theories suggest that knowledge is not comprised of 
fundamental concepts that are applied in different contexts, but that 
knowledge is related to application and context. Knowledge is embed-
ded in and related to the social environment in which it is learned, and 
preparation for practice should be in an environment that is authentic 
to that practice (13, 14). For example, the average 17-year-old has 
learned vocabulary at a rate of 5,000 words per year, or 13 words 
per day, through everyday experiences of talking, listening, and read-
ing. In contrast, students learn between 100 and 200 words per year 
through formal classroom instruction, using tools such as vocabulary 
lists (13). Another example includes shoppers who were found to be 
nearly perfectly proficient (about 98% correct) with algebraic con-
cepts within the context of grocery shopping but far less competent 
(about 50% correct) when asked about the same mathematical con-
cepts absent the context of the grocery store (15). Previous results 
in transportation engineering show that practicing engineers include 
three to four contexts such as features of the roadway and the sur-
roundings in definitions of fundamental concepts of sight distance 
and stopping sight distance, as compared with engineering faculty, 
who mostly include no context in their definitions (16).

Differences between conceptual understanding and situational 
learning have been described as the cognitive–situational divide by 
learning theorists (17): on the cognitive side experts believe that it is 
concepts that are important to learn and are the core of individuals’ 
understanding, while on the situative side it is the situation in which 
concepts are applied that is the prominent feature of understanding. 
In engineering, as compared with sciences such as physics, it is likely 
that contextual, or embedded, features are even more important to 
learning and knowing because of the applied nature of work and 
the social, legal, and other factors that often dictate solutions. How-
ever, there is very limited research comparing engineering student 
and practicing engineer in the understanding of engineering concepts; 

therefore, illuminating the importance of concepts versus contexts 
will contribute to the body of knowledge. This study explores differ-
ences in the thinking of students and practicing engineers regarding 
concepts related to transportation engineering in an attempt to begin 
to understand the cognitive–situational divide in engineering. These 
results have important implications for curriculum and instruction 
in engineering, specifically relating to the importance of focusing 
on concepts or applications.

researCh goals

The goals of this research are to determine engineering student and 
practicing engineer misconceptions related to traffic signal design; 
explain patterns in misconceptions across the categories of novice stu-
dent, expert student, and practicing engineer; and demonstrate data-
driven curriculum design through the application of misconceptions 
to conceptual exercises.

MeThodology

The overall methodologies used in this study are shown in Figure 1  
and include the development of concepts to be studied using a modi-
fied Delphi method, interview protocol development, interview 
methodology, and data analysis procedures.

Concept selection: Modified delphi Method

The concepts related to traffic signal systems examined in this research 
were determined in an iterative process with experts in the field of 
transportation engineering from around the country (Figure 1). All par-
ticipants were asked to individually identify traffic signal systems con-
cepts that they deemed important to traffic signal systems. Webinars 
were then conducted with four experts each. Prior to the webinar, each 
webinar group’s individual responses were consolidated into a single 
list, resulting in each webinar group having a unique list of concepts. 
During each webinar, experts discussed the importance of listed con-
cepts and developed consensus on the importance (high, medium, or 
low) of each concept. Each webinar resulted in a list of concepts sorted 
into the three importance categories. All concepts were then sorted into 
three importance categories using the ranking for each concept from 
the individual webinars and the four highest ranking concepts (listed 
in the following methodology section) were selected for investigation 
in this research project.

subject recruitment and sample size

Interview participants consisted of three cohorts: practicing engi-
neers, expert students, and novice students. The first cohort included 
24 practicing engineers: 10 from Spokane, Washington; 12 from 
Portland, Oregon; and 2 from Boise, Idaho. Both private- and public- 
sector practicing engineers with a range of 1 to 28 years of experience 
were interviewed. The second cohort included 13 expert students 
from Oregon State University. Expert students had taken at least one  
graduate-level course in traffic engineering. The third cohort con-
sisted of 17 novice students from Washington State University. 
Novice students had either completed the introduction to a transpor-
tation engineering course or were currently enrolled in the course 
when interviewed.
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Protocol development and implementation

A semistructured interview protocol (18) was developed using the 
selected concepts of traffic-signal justification (called signal war-
rants by experts), signal timing, traffic signal phasing, and tim-
ing parameters. It could be argued that these are not necessarily 
concepts, but rather content areas. This concern is mitigated by the 
wording and focus of the interview questions. For example, questions 
such as “What is traffic signal justification?” were not asked; but, 
rather, those which would more naturally lead to a discussion of 
the concepts relevant to traffic signal justification, “What factors 
contribute to the decision to place a signal at an intersection?” Semi-
structured interview protocols include base questions that were asked 
of all participants, and probing questions that are asked selectively 
based on interview responses. The interview protocol consisted of 
28 core questions and 13 probing questions. An identical interview 
protocol was used for both the practicing engineer and the expert 
student cohorts on the basis of their relatively advanced knowledge 

of the subject. A different interview protocol, with more common 
and accessible terminology, was developed for novice students 
based on their lack of technical knowledge related to the content. 
Care was taken to focus questions on the same underlying concepts 
in both protocols to generate meaningful responses on the same con-
ceptual content from all three cohorts. The interview protocol was 
refined and improved through a pilot process to ensure that the pro-
tocol could be used as a valid instrument to determine participants’ 
understanding of the transportation concepts.

Clinical interviews, an open-ended style of interview, were used in 
this study to elicit interview participants understanding of core con-
cepts (19). The clinical interview is focused on uncovering an individ-
ual’s way of thinking about an idea, and is based on the assumption 
that individuals have unique features of their understanding. The 
clinical interview method with a semistructured protocol allows the 
interviewer the required flexibility to ask probing questions to elicit 
individualized meanings in the interview on the basis of interviewees’ 
responses.

FIGURE 1  Flowchart of Delphi method and clinical interviews.
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Interviews lasted from 45 to 60 min for practicing engineers 
and expert students, and about 30 min for novice students. In total, 
48 hours of clinical interviews were conducted and transcribed, 
resulting in 975 pages of interview data for qualitative analysis.

Qualitative data reduction

Transcribed interview data were coded and analyzed using the quali-
tative data analysis and research software, Atlas TI (20). With the goal 
of identifying misconceptions, interviews were coded for the correct-
ness of responses. For the purposes of this research, misconceptions 
were considered to be anything verbalized by respondents that was 
incorrect and detailed enough to be understood. Biweekly discussions 
were held between two researchers; one at Oregon State Univer-
sity and the other at Washington State University, for the purpose of 
establishing coding consistency. The outcome of approximately two 
months of meetings and the iterative refinement of the coding proce-
dure was a set of 58 codes for misconceptions and associated defini-
tions that were used to analyze the remaining interview transcriptions 
independently. A typical code included two components: the general 
topic, and the description of the misconception. For example, “cycle 
length-coordinated-concept-misconception—it has to be the same 
for all intersections.” In this example, “cycle length-coordinated” 
describes an interviewee misconception about the cycle length of 
coordinated traffic signals; and the phrase, “It has to be the same for 
all intersections,” provides additional details of the misconception. 
This is a misconception because there are cases in a coordinated cor-
ridor where, due to large differences in volumes at subsequent signals, 
cycle lengths may be different, as long as they are an even multiplier 
of one another. Responses of “I don’t know,” or “It could be,” were 
not considered misconceptions, but the argument that the duration 
of red clearance intervals is related to intersection volumes or that 
approach speed does not factor into the decision to signalize an inter-
section were classified as misconceptions. Frequencies of misconcep-
tions in each cohort were determined, and all misconceptions that 
were initiated by at least 30% of the participants from one of the three 
cohorts were included in the results. Most misconceptions were pres-
ent in much less than or much greater than 30% of the participants, 
making it a reasonable choice of threshold to exclude some data from 
the final results.

resulTs

For each concept and cohort (e.g., approach speed–novice students) 
one of four categories was determined: highest, medium, lowest, and 
not applicable. Categories of highest and lowest were defined first as 
the cohort within a concept with the highest and lowest percentage of 
participants with a misconception, respectively. The middle category 
is the cohort that fit within the highest and lowest categories, and the 
not applicable category indicates that no individuals within a particu-
lar category displayed substantial evidence of a misconception. How-
ever, individuals who fell within the not applicable category may not 
have known the concept. When the percentage of individuals in two 
cohorts with misconceptions related to a concept was within 15% 
(e.g., vehicle volumes), they were considered to be approximately 
equivalent.

Four noticeable trends, as shown in Tables 1 through 4, were found 
when comparing the categories across cohorts for each concept. 

TABLE 1  Misconceptions and Quotations, Trend 1

Concept

Cohort Number of Participants (%)

Novice 
Students 
(n = 17): 
Highest

Expert 
Students 
(n = 13): 
Middle

Practicing 
Engineers 
(n = 24): 
Lowest

Approach speed 65 (11) 38 (5) 17 (4)

Cycle length 47 (8) 54 (7) 17 (4)

TABLE 2  Misconceptions and Quotations, Trend 2

Concept

Cohort Number of Participants (%)

Novice 
Students 
(n = 17): 
Lowest

Expert 
Students 
(n = 13): 
Highest

Practicing 
Engineers 
(n = 24): 
Medium

Coordinated signals 29 (5) 46 (6) 17 (4)

Yellow change interval 12 (2) 38 (5) 17 (4)

Actuated signals 18 (3) 46 (6) 25 (6)

Vehicle detection 18 (3) 54 (7) 13 (3)

Phases 18 (3) 62 (8) 21 (5)

TABLE 3  Misconceptions and Quotations, Trend 3

Concept

Cohort Number of Participants (%)

Novice 
Students 
(n = 17): 
NA

Expert 
Students 
(n = 13): 
Lowest

Practicing 
Engineers 
(n = 24): 
Medium

Minimum green time NA (0) NA (0) 33 (8)

Passage time NA (0) NA (0) 29 (7)

Note: NA = not applicable.

TABLE 4  Misconceptions and Quotations, All Cohorts 
Approximately Equal, Trend 4

Concept

Cohort Number of Participants (%)

Novice 
Students 
(n = 17)

Expert 
Students 
(n = 13)

Practicing 
Engineers 
(n = 24)

Semiactuated signals NA (0) 31 (4) 42 (10)

Vehicle volume (traffic 
signal warrants)

12 (2) 23 (3) 21 (5)

Red clearance interval 35 (6) 31 (4) 29 (7)

Effective green time NA (0) 69 (9) 67 (16)

Gaps 18 (3) 31 (4) 21 (5)

Note: n = number; highest = highest percentage of misconceptions; 
middle = mid-level percentage of misconceptions; lowest = lowest 
percentage of misconceptions; NA = not applicable.
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Tables 5 through 8 display data for each of the four previously identi-
fied trends, including common misconceptions and example quota-
tions for each cohort and concept. Example misconceptions shown in 
Table 5 (e.g., approach speed is determined from posted speed limits) 
through 8 are summary statements developed by the researchers to 
represent common misconceptions, and those that cross two cohorts 
were misconceptions shared by these cohorts. Because of space limi-
tations, misconceptions and quotations were not included for each 
concept. The selection of concepts to be included here is based on the 
importance of the misconceptions and the clarity of the associated 
quotations.

Trend 1. highest to lowest number  
of Misconceptions: novice students,  
expert students, and Practicing engineers

The percentage of misconceptions related to the concepts of approach 
speed and cycle length decreased as the expertise of the cohort 
increased. To explain this pattern of misconceptions across cohorts, 
approach speed was examined in greater detail. One common mis-
conception regarding approach speed was “approach speed is deter-
mined by taking an average of the speeds empirically observed in 

the field.” Eleven of 17 novice students, one of 13 graduate students, 
and none of the 24 practicing engineers were found to have this 
misconception.

When approach speed is considered as the operating speed of 
the road, it is commonly determined by calculating the 85th per-
centile from spot speed study data collected in the field (21–23). 
Novice students are not familiar with this process and are more 
prone to propose using the average speed, which is a common 
descriptive statistic used to measure the central tendency of data 
sets in numerous classes and alternative contexts in which these 
students have participated. However, expert students are exposed 
to the mechanics of calculating an 85th percentile speed as well 
as its theoretical justification. For example, traffic signal justifi-
cation is performed by applying the nine traffic signal warrants 
that require the consideration of the approach speed, as found in 
the Manual on Uniform Traffic Control Devices. All of the expert 
students interviewed for this study had taken at least one graduate-
level transportation engineering course that elaborately covered 
this topic. Practicing engineers frequently refer to various engi-
neering manuals and design guides where 85th percentile speed 
is commonly used for design and operational purposes, such as 
the calculation of the yellow change and red clearance interval 
durations. Additionally, engineers deal with real-world data for 

TABLE 5  Misconceptions for Example Concepts Across Cohorts, Trend 1

Novice Students, Highest Expert Students, Middle Practicing Engineers, Lowest

Concept Question, Approach Speed: How Should the Approach Speed of an Intersection Be Determined When Considering Signalization?

Example misconceptions
Approach speed is determined from 

equations.
Posted speed is an advisory speed. NA 

Approach speed is determined from 
speed limits.

Speed data are irrelevant when considering the signalization  
of an signalized intersection.

Average speed is used for the  
approach speed.

Posted speed is the 85th percentile speed. 

Example quotations
Novice student: “Well, if it’s just speed 

I would probably find the mean and 
standard deviation of speed to figure 
out an average of how fast are these 
cars coming into this intersection.” 

Expert student: “Posted speed is  
going to give you a rough indication 
of how fast people are traveling, but 
I’ve never met a single driver who 
drives the exact speed limit. You 
know, it’s an advisory speed.”

Practicing engineer: “I feel like most 
of the work that I did was based on 
the speed limit, not actual speed data 
collected in the field. If there’s issues 
with speeding it might warrant  
actually collecting speed data.”

Concept Question, Cycle Length: How Is the Cycle Length Determined at Isolated Signalized Intersections?

Example misconceptions
The determination of cycle length is the 

same for an isolated intersection and 
a coordinated intersection.

Cycle length is the green  
duration. 

Crash history–type contributes to the 
cycle length.

Volume is the only factor that controls 
the cycle length.

There is a minimum cycle length for 
actuated signal.

There is no such thing in an isolated 
actuated system.

Cycle length can vary based on phase 
order.

There is an equation for coordinated 
system cycle length.

Cycle lengths for all intersections in a  
coordinated corridor have to be the  
same.

Example quotations
Novice student: “Cycle length would be 

sporadic, I’d imagine. It wouldn’t be 
like a linear amount of time, it would 
change, had a fluctuation.” 
 
 

Expert student: “The volume on the 
approach, and the crash history and 
type of crashes would affect the 
cycle length, you know, the yellow 
time and the red time in some way, 
and then the speed, probably speed 
more than anything else.”

Practicing engineer: “So the cycling is 
I guess what contributes to that is the 
green time, the yellow time, and the 
red time for all of the different phases. 
I mean I guess it also depends on what 
order you have the phasing going.” 

Note: NA = not available.
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planning, design, and operations and are more familiar with the 
implication of approach speed in terms of intersection performance 
and safety.

Trend 2. highest and lowest number  
of Misconceptions: novice students  
and Practicing engineers

For the concepts-coordinated signals, yellow change intervals, 
actuated signals, vehicle detection, and phases, the frequency of 
misconceptions was found to be highest among expert students; 
example misconceptions and quotes for coordinated signals and 
yellow-change interval are shown in Table 6. This trend was not 
anticipated by the authors because expert students should be 
more familiar with these concepts from the additional exposure 
in graduate-level traffic engineering classes. However, topics 
such as coordinated signals still tend to be covered in somewhat 
superficial ways, even at the graduate level. While expert students 
were familiar with the terminology, their depth of understand-

ing was limited enough to generate mistakes in their conceptual 
understanding.

Novice students either had relatively simple misconceptions 
such as those shown in Table 6 or demonstrated a near-complete 
lack of knowledge about these more advanced concepts, with 
responses such as, “I don’t know.” “I’m not sure.” or “It might 
work this way.”

The low rates of practicing engineer misconceptions are likely 
due to the importance of these concepts in professional practice. 
The topics that presented this pattern (coordinated signals, yellow 
change interval, actuated signals, vehicle detection, and phases) are 
all critical elements of traffic signal design and operations, mapping 
directly to the daily work experience of practicing engineers.

Trend 3. highest number of Misconceptions: 
Practicing engineers

For concepts of minimum green time and passage time, practicing 
engineers indicated several misconceptions; however, there was 

TABLE 6  Misconceptions for Example Concepts Across Cohorts, Trend 2

Novice Students, Lowest Expert Students, Highest Practicing Engineers, Lowest

Concept Question, Coordinated Signals: How Does Vehicle Detection Operate in Coordinated Signals?

Example misconceptions
All signals turn green at the same time.
Coordinated signals do not use vehicle 

detections.
Detectors tell computer where platoons 

are located and how fast they are 
going. 

Coordinated signals are always pretimed, 
they cannot be actuated.

Signals with more than four legs  
cannot be coordinated.

Actual driving speed of the drivers  
control the signal timing.

More time is lost in a coordinated 
signal than an isolated signal.

 Coordinated phases are allowed to gap 
out once the queue is cleared.

Termination of an actuated coordinated 
phase depends on side street demand.

The first intersection in a coordinated 
system is actuated and has detectors.

Coordinated signals are generally 
actuated.

Example quotations
Novice student: “I would guess that 

there would be only one sensor at the 
first light determining when there’s 
someone at the light and then it’ll 
change that light and then the next 
one and the next until that person or 
a group of people can get through 
the lights.”

Expert student: “You can’t have actua-
tion in a corridor, to my knowledge, 
because, it’ll change your cycle length. 
And, I mean, I guess in a sense maybe 
you could set-up actuation at the first 
signal in a progression.” 
 

Practicing engineer: “Coordinated  
signals are generally actuated but 
the difference with isolated signals 
is that the coordinated signals have 
to communicate with each other 
and all of the same cycle length and 
have to maintain a certain offset 
from a zero point.”

Concept Question, Yellow Change Interval: How Is the Duration of the Yellow Change Interval Determined?

Example misconceptions
Yellow needs to be longer when the 

flow rates are higher.
Yellow time can be shortened if no 

vehicles are approaching. 

Calculation procedure of yellow and  
AR duration differ between isolated 
and actuated signals.

It is a waste because the AR gets the 
vehicle through the intersection. 

Duration of yellow depends on inter-
section width.

 It is used to avoid the dilemma zone. 

Yellow and AR should be longer in 
isolated intersections.

 The purpose is to let the vehicle go through the intersection.
Example quotations

Novice student: “You would definitely 
want to make sure that there is a long 
period of yellow time because if 
there’s a high flow of people will most 
likely be rushing to get through the 
intersection; they want to—so you 
would want a longer all-red time.”

Expert student: “The yellow time is more 
based on, you know, the speed that 
the driver’s traveling and how big the 
intersections are. And to be completely 
honest, yellow time is usually done 
more with a rule of thumb than an 
actual calculation, for good or ill.”

Practicing engineer: “The yellow time 
I guess could be used to chang-
ing the signal from one phase to 
another and also to avoid, I guess, 
the dilemma zone.” 
 

Note: AR = all red.
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minimal evidence of misconceptions for novice and expert students 
in the data set (Tables 1 through 4).

It was evident from the novice student responses that they were 
not particularly familiar with the minimum green time concept, even 
from their everyday driving experiences. Two students said that a 
very short green duration is a rare event that might result from the 
preemption caused by emergency vehicles, and two other students 
said that it might happen due to a software or hardware malfunction. 
However, expert students seem to understand the concept very well, 
because most of them worked with this concept in graduate course 
work; only one of thirteen students appeared to show any confusion 
with the concept.

The most noticeable discrepancy was found in the practicing engi-
neer cohort; four of 24 were able to define the concept accurately, 
but their perception of the concept was confounded by performance 
measures such as queue length and delay at the intersection. Traffic 
engineers deal with these two measures of effectiveness more fre-
quently than any other. Specifically, they often use simulation soft-
ware to predict the performance of transportation systems. These 
applications allow engineers to enter timing parameters such as the 
minimum green time, and in response to those variables and numer-
ous others, the software produces measures of effectiveness such as 
average delay and queue length. It is possible that this operational 

procedure has resulted in a way of thinking for some traffic engineers 
that makes a connection between the minimum green time and those 
measures of effectiveness.

Trend 4. equivalent frequency  
of Misconceptions across Cohorts

As shown in Table 8, the trend of cohorts being approximately equal 
was found in the concepts of vehicle volume, red clearance interval, 
effective green time, and gaps. Considering the high rate of miscon-
ceptions for all of the cohorts, it is possible that these are embedded 
concepts. As embedded concepts, it is possible that they are not used 
directly for traffic signal timing, and therefore practicing engineers 
may not have a need to fully understand these concepts. One such 
example is effective green time. It is a topic specific to signalized 
intersection timing and capacity measurement, so the concept is 
not as explicit as cycle length or maximum green time. Furthermore, 
because it is not a timing parameter that engineers use as a direct entry 
to the traffic controller or traffic simulation software, and because 
the implications often cannot be mapped directly to the signal timing 
issues, engineers seem to have difficulty recalling and understand-
ing the concept as well. Contributing to the lack of understanding or  

TABLE 7  Misconceptions for Example Concepts Across Cohorts, Trend 3

Novice Students, NA Expert Students, NA Practicing Engineers, Highest

Concept Question, Minimum Green Time: What Function Does the Minimum Green Time Serve?

Example misconceptions
Green time can be cut short only 

by emergency vehicles or a 
technical issue.

The purpose of minimum green is to let 
the vehicles on minor road use the 
green more.

The purpose of minimum green time is to 
clear the entire queue. 

Minimum green time is used to reduce 
delay and queues.

Minimum green time is associated with 
red times and is used for pedestrians.

Example quotations
Novice student: “There could be a 

bug in the programming. Maybe 
an emergency vehicle comes 
by and it switches or some kind 
of event perhaps triggered the 
green to end early.”

Expert student: “The minimum green 
time is used to let the traffic from the 
other approach use the intersection 
more.” 
 

Practicing engineer: “Minimum green 
time is so that you’re not trapping a 
car. It’s called a yellow trap. You need 
to make sure you get a certain number 
of cars through. The minimum green is 
also tied to the minimum ped-time.”

Concept Question, Semiactuated Signals: How Do Semiactuated Isolated Signals Operate?

Example misconceptions
NA 

 
Detectors are placed on the major street, 

and not on the minor street.
 It is a hybrid of pretime and actuated.

Both streets have vehicle detectors.
Cycle length is constant for semi- 

actuated signal.
Coordinated means semiactuated.
As the signal always turns green on minor 

street, there’s more lost time, and thus 
it is less efficient operation than fully 
actuated signal.

Major street has a fixed amount of green time in a semiactuated signal.
Example quotations

Novice student: NA 
 
 
 
 
 
 

Expert student: “In a semi-actuated 
signal, I believe we cycle the timing 
in favor of the major road, we always 
put longer green cycle for the major 
road, because there are a lot of cars 
there. It is not green all the time, it’s 
just given longer green than the minor 
road.”

Practicing engineer: “Semi actuated is 
when you typically would have loops 
on side streets and you wouldn’t have 
them on the main line, and your main is 
going to get a fixed amount of time.” 
 
 

Note: NA = not available.
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creating misconception about this concept across all three cohorts 
could be the reality that effective green time is related to a number of 
other concepts, such as start-up lost time, green duration, cycle length, 
and clearance lost time. Additionally, many of these variables are con-
cepts related to the Highway Capacity Manual, which may be obscure 
for engineers not directly involved in the manual’s application.

Although, most engineers were at least familiar with the termi-
nology, one believed that it was software-specific. Some engineers 
believed that the effective green time was actually the duration of 
green signal, which suggests a lack of familiarity with effective green 
time. However, in a few instances, engineers were found to have a 
deeper understanding of the concept but eventually drew an incorrect 
conclusion while trying to draw connections between different ele-
ments of the effective green time equation. For example, one of the 
engineers stated the following:

“I believe it’s the min. green time [effective green time]. I think your 
effective green time is where you would. . . . Okay we’re gonna run 
our green time of twelve seconds, then we have the ability to extend 
it to fifteen seconds if the volume is there, but your effective green 
time is the minimum green time, that would be if your signal would, 
I think it would, be under the scenario where the signal is running free 
as opposed to be in like the set up with specific timing. Your effective 
green is your min green, and then it can extend. Does that make sense?”

This statement suggests that the subject has connected the effec-
tive green time directly to the green time and proceeds to relate that 
time to various timing parameters that would influence the duration 
of green time for a particular movement at an actuated signal.

findings

Findings suggesting that students have misconceptions are rela-
tively less surprising than findings that practicing engineers have 
misconceptions. It is common, at least by academics, to presume 
that practicing engineers are masters of their practice and would 
not hold some of the same misconceptions as students. These find-
ings may be explained through the lens of the cognitive–situational 
divide in transportation engineering, which requires examining 
what students and practicing engineers know about fundamental 
traffic signal concepts and how they may use or relate these concepts 
to their current context (e.g., driving experience or application to 
design). The most striking evidence is a comparison between the 
advanced concepts for which practicing engineers had relatively 
few misconceptions and those for which they had several. Concepts 
with low practicing engineer misconception rates include coordi-
nated signals, yellow change intervals, actuated signals, vehicle 

TABLE 8  Misconceptions for Example Concepts Across Cohorts, Trend 4

Novice Students Expert Students Practicing Engineers

Concept Question, Red Clearance Interval: How Is the Duration of the Red Clearance Interval Determined?

Example Misconceptions
 Red clearance interval can be 

shortened if no vehicle is  
approaching. 

Grade of an intersection  
approach affects the duration of 
the red clearance interval. 

The yellow change and red clearance inter-
val durations are inversely related.

Isolated signals have longer red clearance 
interval than coordinated signals.

Duration of red clearance interval depends on the volume of the intersection.
The purpose of using a red clearance interval is to clear the pedestrians of the intersection.

Example Quotations
Novice Student: “If the sensors 

don’t detect any cars on one 
street and a lot of the other, 
they could lower the all red 
time; it could be lowered, the 
yellow time as well as the allo-
cated green time just to speed 
up the process.”

Expert Student: “I mean, I think 
you have to look at all-red by 
an intersection-by-intersection 
basis. Because some  
intersections—say they have 
low volume of traffic—aren’t 
going to need to have that.” 

Practicing Engineer: “All red is really an 
option. You don’t have to do all red.  
The City of Spokane does mainly for 
clearance and to make sure that everyone 
is set before you give them the green 
time. In an isolated intersection, all red 
may not even be necessary depending on 
the volumes.”

Concept Question, Traffic Volume: How Are Traffic Volumes Considered When Justifying a Traffic Signal?

Example Misconceptions
If no traffic volume data is avail-

able, then it can be guessed 
and adjusted in the field based 
on signal performance.

Traffic signal warrants require 
AADT, thus the traffic volume 
should be collected for at least 
one year for that matter.

Only weekday volumes are important for 
traffic signal warrants.

Considering only peak hour volume might 
be enough to justify a signal.

A traffic signal can be approved 
for installation even if there is 
no traffic volume data.

If the signal is warranted based 
on other factors, volume data is 
not required.

Only left-turn volumes are important for 
signal warrant. 

 If the traffic volume data is not available for an intersection, installing a signal can still be justified based on other warrants.
Example quotations

Novice student: “You’d probably 
just have to kind of guess, and 
then adjust it later on based on 
how the signal is performing, 
and how much traffic is back-
ing up in each direction.”

Expert student: “Volume data is 
probably used in four of the 
nine MUTCD warrants or so 
and then there’s another five 
that could be maybe looked at 
without volume.”

Practicing engineer: “I think traffic signal 
justification is primarily based on left 
turning volumes, but I suppose there 
could also be safety concerns as well. 
But I think it’s mainly left turning 
volumes.”

Note: AADT = annual average daily traffic; MUTCD = Manual on Uniform Traffic Control Devices.
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detection, and phases. These concepts are all an explicit part of 
the traffic signal design process. Coordinated and actuated sig-
nals are classifications of intersection types, and the determina-
tion of intersection type is one of the first decisions that a traffic 
engineer needs to make when considering how to signalize an 
unsignalized intersection. When developing the timing plan for 
a signalized intersection, traffic engineers are required to make 
frequent decisions regarding phasing and the duration of yellow 
change intervals. In contrast, the concepts where practicing engi-
neers had relatively high rates of misconceptions (minimum green 
time and passage time) are fundamental timing processes that are 
embedded in analysis, software, and guidebooks as mentioned in 
the results section. By embedded it is meant that practicing engi-
neers can generate values for these parameters by applying equa-
tions, software, or guidebooks without a deeper understanding of 
the limitations of the procedures or the fundamental importance 
of the parameters.

This comparison begs the question of what should be done in 
terms of preparing students to be practicing engineers in transporta-
tion engineering courses. Should the embedded concepts be left out 
or only minimally covered? Most educators would be concerned 
with this approach. The authors suggest that a research-based cur-
ricular approach would be a first step toward better understanding 
core traffic signal concepts. If the concepts are embedded in prac-
tice, they should be presented as such in the curriculum (i.e., in an 
authentic context). Direct data from interviews should be used to 
represent this authentic knowledge. The next section provides two 
examples with a description of how the data were used to develop 
the exercises.

daTa-driven CurriCuluM develoPMenT

For the purpose of demonstrating how clinical interview data, and in 
particular the identified misconceptions, can be applied to improve 
traffic signal education, a series of conceptual questions were devel-
oped to help students and young practitioners to better understand 
traffic signal fundamentals and to help educators better teach those 
principals. When using interview data to construct conceptual exer-
cises, it is important to correctly select meaningful student miscon-
ceptions. Misconceptions in this sense are not just wrong answers, 
they are wrong answers founded in strong student reasoning, and are 
traditionally difficult to correct even when students are presented 
with contradictory evidence. Examples of a concept inventory ques-
tion and a ranking task (Figure 2) are considered in the following 
sections.

Concept inventory Questions

One type of conceptual exercise is a concept inventory question. 
Concept inventory questions are multiple-choice questions with one 
correct answer and three to four incorrect distractors. Distractors are 
misconceptions that are determined from research on student and prac-
titioner understanding through interviews and pilot testing. Below 
is an example concept inventory question about the red clearance 
interval developed to address a misconception that the duration of 
red clearance interval varies with traffic volume at the intersection 
that was pervasive among all three cohorts. All the wrong answers 

were drawn from misconceptions that were found through the student 
and practitioner clinical interviews:

Which of the following statements most accurately describes the rela
tion between the red clearance interval and the traffic volume at an 
intersection?

A. Only the volume of the major street influences the duration of 
the red clearance interval.

B. Only the volume on the active approach influences the duration 
of the red clearance interval.

C. Traffic volume is not directly related to the duration of the red 
clearance interval.

D. Higher traffic volumes result in longer red clearance intervals.
E. The duration of red clearance interval is inversely related to 

intersection traffic volumes.

The correct response to this question is C, “Traffic volume is not 
directly related to the duration of the red clearance interval.” This type 
of question can be used both as a formative and summative measure 
of student understanding.

ranking Tasks

Ranking tasks constitute another category of conceptual exercise. In 
a ranking task (Figure 2) students are asked to order a sequence of 
typically three to six items on the basis of a particular characteristic. 
Often the items are pictures or figures and the task is intended to be 
completed without the use of calculations. The task can be made 
more difficult by including extraneous information and presenting 
the items in a variety of contexts. A ranking task deals with the same 
content as the concept inventory question, the misconception that the 
volume of conflicting vehicles is related to the duration of the red 
clearance interval.

The correct response to this question is that the red clearance inter-
val should be the same for all four intersections. Traffic volume is not 
directly related to the duration of the red clearance interval. Questions 
of this type can be used both as a formative and summative measure 
of student understanding.

ConClusions

Advancing understanding of the knowledge of experts and novices 
in engineering is important for both theoretical and practical reasons. 
Theoretically, these findings provide the first evidence that practic-
ing engineers also have misconceptions and that these particular con-
cepts may be embedded in practice, perhaps not requiring explicit 
knowledge on a day-to-day basis by practicing engineers. Participants 
answered questions in terms of their context and previous experience 
(e.g., students and minimum green time, or practicing engineers and 
reference manuals), suggesting that to some extent their knowledge 
is embedded in or related to a particular context. The cognitive–
situational divide has not been solved, but progress has been made in  
understanding how largely different cohorts relate to particular con-
cepts. Practically this has implications for student preparation. Sug-
gesting curriculum based on direct results from clinical interviews is 
the first step. This curriculum must be tested with students to evaluate 
the effectiveness in understanding its impact on preparing students 
for the workforce. It is likely that representing knowledge cannot be 
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accomplished completely in a paper-based curriculum but may require 
facilitating either synchronous or asynchronous interactions between 
students, faculty, and practicing engineers.

This research is a first step in identifying misconceptions in nov-
ice and expert students and practicing engineers, and in consider-
ing what these individuals relate their knowledge to. The results 
can be used as an attempt to bridge the gap between academia and 
the workplace. To make further progress, future research is necessary 
at multiple steps along the continuum for fundamental research to 
classroom implementation. Future research is needed to explicitly 
test the effectiveness of curriculum development that attempts to 
authenticate curriculum. Does this curriculum result in fewer mis-
conceptions? Do engineers result who have better situated knowl-
edge, but less conceptual knowledge. Better preparation of engineers 
has the potential to positively influence the safety and efficiency of 
signalized intersections currently in the planning, design, or operations 
phase of development.
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