
ABSTRACT 

KOUT, MAHDI. Barriers to Implementation of Unconventional Intersection Designs: An 
Interview with Transportation Professionals in the State of Kuwait. (Under the direction of 
Dr. Joseph E. Hummer, P.E). 
 

Unconventional intersection and interchange design (UIID) is a popular topic 

nowadays in the transportation world. Despite the many documented benefits UIIDs offer as 

compared to conventional designs, implementations are rather slow. Shumaker et al have 

done a survey study documenting the barriers to implementation of UIIDs in the United 

States, which identified public support as the biggest barrier to increase the use of such 

unconventional designs. Their survey findings suggest that providing proof of benefits of the 

design is the most important factor to increase the implementation of UIIDs. Although this 

topic has been addressed to transportation professional across the United States, barriers to 

implementation of UIIDs in other parts of the world have not been identified. This paper 

aims at presenting results from an interview study on the barriers of implementation of UIIDs 

in the Middle East area in general, but zeroing in on Kuwait as the localized area of study. 

This research identified the support of transportation professionals to be the biggest barrier 

that is holding back UIIDs from becoming more widespread. Not only were the barriers to 

implementation of UIIDs different than those in the United States, but also the factors in 

overcoming those barriers were different. Shumaker et al identified the need of proof of 

benefits of design function to be the most important factor, whereas the finding of this 

research suggests that educating engineers on the benefits of UIIDs is most important. 

Moreover, the paper also identified the following barriers as important in Kuwait:  potential 

for drivers’ confusion (identified as the biggest public barrier), professional resistance to 

change (identified as the biggest barrier among transportation professionals), and lack of 

proof of design function (identified as the biggest cause of lack of political support). This 

paper has also found that design and construction costs associated with UIID’s were higher 

than that of conventional designs, especially due to the need to hire outside consultants to do 

the job. It is worth noting that most participants were in favor of increasing the use of UIIDs 

and believe that, besides the already existing applications of UIIDs in the State of Kuwait, 

the near future will show a rapid increase in the use of unconventional designs. 
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INTRODUCTION 

Unconventional intersection and interchange designs (UIIDs) are well known over the world 

to improve the overall capacity and safety. UIIDs prioritize through movements, increase 

green times by reducing the number of signal phases, and boost the level of safety by 

reducing the total number of traffic conflict points [1]. There are several successful UIID 

projects in the United States and other places around the world that have proven to provide 

capacity and safety benefits as compared with conventional intersections. In spite of the 

existence of successful projects, these designs are only slowly increasing in number.  

Shumaker, et al. recently conducted a survey study targeting transportation professionals 

across the United States to identify barriers to implementation of UIID designs in the USA 

[2]. They found that the biggest barrier to implementation of UIIDs was the lack of support 

by public followed by the lack of professional support. Potential for driver confusion was the 

biggest public acceptance barrier as stated in Shumaker et al, and the lack of proof of design 

function was the biggest barrier in holding back professional support. Shumaker et al also 

identified proof of benefits to be the most important factor in overcoming those barriers, 

followed by educating public on the benefits of UIIDs in order to gain their support.    

This particular research expands on that work with a slightly modified questionnaire 

by interviewing transportation professionals across the State of Kuwait to understand why 

UIIDs are not becoming more widespread, and compared the results with the barriers 

identified across the United States. Although this research focuses on the State of Kuwait as 

the local area of study, the results likely apply to the majority of the other countries in the 

Arabian Peninsula due to the close proximity in space, status, and driving behaviors.  

 Although Shumaker et al’s survey results did identify barriers to implementation to 

UIIDs in the United States; it is interesting to investigate barriers in other parts of the world 

with diverse traffic atmospheres and different drivers’ ideologies, so Kuwait was chosen as 

the subject area. European consultant companies initially designed Kuwait transportation 

network back in the 1960’s and those consultant agencies were strictly the decision makers 

until about 20 years ago, which explains the extensive use of roundabout intersections across 

the State of Kuwait for example. Beginning from the mid 1990’s, Kuwait started to hire 
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consultants from all over the world to identify the weak links in the transportation network 

and provide adequate solutions, as well as planning and designing transportation networks 

for the new developments. This has resulted in a multi-cultural transportation network across 

the State of Kuwait.  

 The State of Kuwait is located in the Arabic Peninsula in the Middle East and is 

surrounded by Iraq in the north and Kingdom of Saudi Arabia in the south. Kuwait is 

positioned nearly in the middle of the Arabic Peninsula making it perfect for this study due to 

its geographical location between the two biggest countries in the Peninsula. Kuwait shares 

relatively similar driver and transportation network characteristics with the rest of the 

countries in the Arabic Peninsula, making the results of this study likely widely applicable 

across that area. 

 
LITERATURE REVIEW 

UIIDs are a popular topic in the contemporary transportation engineering world. The 

fundamental purpose of constructing UIIDs is to ease transportation through the provision of 

high quality road user experiences under the constraints of limited finances and strict 

environment protection [3]. Sangster and Hummer hold it that unconventional intersections 

have brought about a lot of benefits to the transport sector, but their implementation has been 

slow; this they attribute to the existence of a number of implementation barriers such as lack 

of political and professional support, negative public opinion, and lack of extensive research 

on their benefits, construction and importance [4]. The public has found it hard to fully 

accept the concept basically because of the ‘fear of the unknown’ and the fact that the 

designs may result in driver confusion. Retting also points out that these two factors have 

been found to be the top ranked public concerns with the implementation of the UIID 

concept [5]. Absence of design proof as well as a number of safety issues have been 

identified as some of the major reasons eliciting a negative professional take on the concept. 

In light of the above, since the public and the professionals seem to hold pessimistic opinion 

on the concept, the political support will tend to be weak.  Without political support and 

goodwill, definitely implementation will not occur as required. 
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Hughes holds the same view as that of Sangster and Hummer and classifies the 

barriers under three major categories:  political, professional and public acceptance [6]. 

Different unconventional designs differ in efficiency, meaning some have more advantages 

in certain spots than others.  The barriers limiting their implementation are similar, however, 

and cut across all designs. UIID implementation barriers need to be overcome first before the 

concepts can spread worldwide; failure to overcome the barriers will only see the concepts 

remaining just as unpopular as they presently are. 

While investigating the hurdles to the implementation of UIIDs, FHWA found that 

design professionals point to negative public perception as the chief limiting factor [7]. 

Survey results presented in the FHWA report stated that education is the most important 

determining factor.  Once the general public is educated on the importance and advantages of 

the UIIDs and reinforced by witnessing the role played by existing construction they should 

have a more receptive attitude to the designs. The existing designs will serve as practical 

examples and proof that the UIIDs work better than standard designs. However, until the 

above-mentioned factors are dealt with, UIIDs will remain under-utilized. 

Barriers to implementation of unconventional designs have not been identified for 

other countries besides the United States. This research focuses on exploring such barriers in 

the State of Kuwait as identified by transportation professionals.  

 
THE QUESTIONNAIRE 

To investigate the barriers to UIID use in Kuwait, thirty-three interviews were conducted 

with transportation professionals in the State of Kuwait.  During the interviews we asked 

about the barriers that are holding UIIDs from becoming more widespread and asked for 

opinions about important factors that will help increase the implementation of such designs. 

The idea of this study was therefore to identify the existing hurdles to the execution of these 

unconventional intersections and interchange designs that have led to their slow 

implementation in another part of the world outside the US. 

There are numerous methods that could be utilized to reach out to transportation 

engineers in Kuwait. Although Internet surveys are simple and cheap, a list with 
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transportation professionals’ email addresses could not be obtained. A questionnaire with an 

interview, on the other hand, provides more in depth feedback from the participants and 

eliminates any misunderstandings and blurred points commonly associated with surveys. 

 The questionnaire consisted of twenty-seven questions. The questions were intended 

to explore the respondents’ background, job tasks, general and type-specific familiarity with 

UIIDs, personal opinions about UIIDs, and barriers they think affects the implementation of 

more UIIDs. Questions 18 to 22 were only asked to respondents who had personal 

experience with a specific type of UIID and were intended to explore their opinion about 

public reactions and general costs associated with UIIDs in both the design and construction 

phases. Each interview lasted about 45 minutes on average to complete, which provided 

adequate time for each participant to comfortably contribute to the questionnaire. 

The questions in the questionnaire were based on Shumaker et al’s survey [2] but 

were modified a little to make it applicable for the State of Kuwait. For example, the 

institutions that are important to the success of a transportation project are different in 

Kuwait than the United States. Also, Shumaker et al’s survey sought to determine the kind of 

professional certificates the respondents carried. These professional certificates are nationally 

accepted in the United States and are seen as a way to rank transportation professionals. In 

Kuwait, however, such a certification system does not exist and engineers are ranked based 

on their years of experience and, therefore, the question was changed accordingly. Moreover, 

questions 6, 7, and 8 of this questionnaire ask to rank professional, political, and public 

acceptance barriers. Those barriers were imported from Shumaker et al’s survey, which were 

in-turn based on Kim et al [8]. Only respondents who called for professional, political, or 

public support in question 5 of the questionnaire were asked to rank the matching barriers in 

questions 6, 7, or 8. These questions were skipped by respondents who called for additional 

support and those who either thought that there were no barriers or had other barriers than the 

ones listed.  

The sample of this study came from every major transportation institution in the State 

of Kuwait in an effort to obtain as much diversity as possible. Although the sample has 

covered all the major transportation institutions in Kuwait, some bias still undoubtedly exists 
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in the sample. The sample size represents a small percentage of the transportation 

engineering population in Kuwait (about 10%) and therefore, there might be other people 

than the ones interviewed whose opinions could have been different and could have affected 

the results. Also, six consultants were included in this study, four of which were foreigners, 

which could make their opinions unrepresentative due to the fact that they were from another 

country with another culture. About 12 people declined to participate in the questionnaire, 

most of whom were younger engineers who felt they were under-qualified to participate.  

Although the sample size was not large, with 33 participants, it was a high-quality sample 

and had in-depth interviews of each participant and is believed to be a good representation of 

the actual population.  

 

Each respondent was asked to answer the following questions and, where allowed to, 

chose multiple answers where they felt necessary: 

 
1.  Are you familiar with unconventional designs? 

_Not familiar  
_Somewhat familiar  
_Familiar 
_Very familiar 

 
2.  Of the following intersection designs, which designs are you familiar with? Mark all that 

apply. Please refer to Appendix A in the end of the survey for descriptions of each design. 

__ Median U-Turn 
__ Jughandle 
__ Superstreet 
__ Paired Intersection 
__ Continuous Flow Intersection 
__ Continuous Green T 
__ Quadrant Roadway 
__ Bowtie 
__ Split Intersection 
__ Roundabout 
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3.  Of the following interchange designs, which designs are you familiar with? Mark all that 
apply. Please refer to Appendix A in the end of the survey for descriptions of each design. 
  
 __ Echelon 
 __ Center Turn Overpass 
 __ Single Point Urban Interchange/SPUI 
 __ Contraflow Left Interchange 
 __ Single Loop Interchange 
 __ Diverging Diamond Interchange 
 __ Single Roundabout Interchange 
 __ Double Roundabout Interchange 
 
 
 
4.  What is your opinion of unconventional intersection and interchange designs? 

_Unconventional designs offer much possibility for improvement over conventional 
designs.   
_Unconventional designs offer some possibility for improvement over conventional 
designs.   
_Unconventional designs do not offer much possibility for improvement over 
conventional designs.   
_I do not have an opinion. 

 
5.  What do you feel is the biggest barrier to designers using more unconventional 
intersection/interchange designs? 

_Additional research 
_Political support 
_Professional support 
_Public support 
_There are no barriers 
_Other barriers.  Please explain.   

 
 
 
6.  If you believe there are professional barriers to greater use of unconventional intersection 
and interchange designs, please rank the following from 1 to 8 with 1 being the biggest 
barrier.   

_Professional indifference/inertia to change 
_Uncertainty in the design/construction process 
_Lack of proof that the design will function properly 
_Lack of standards 
_Liability 
_Lack of software to analyze the design  
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_Concerns about safety 
_Balancing the needs of vehicle traffic with pedestrians, bicycles, transit, and other 
road users.   

 
 
7.  If you believe there are public acceptance barriers to greater use of unconventional 
intersection and interchange designs please rank the following from 1 to 6 with 1 being the 
biggest barrier.   

_Potential for driver confusion 
_Fear of the unknown 
_Concern about delay/extra travel time 
_Concern about property access 
_Concern about safety 
_Balancing the needs of vehicle traffic with pedestrians, bicycles, transit, and other 
road users. 
   

8.  If you believe that there are political barriers to greater use of unconventional intersection 
and interchange designs please rank the following from 1 to 8 with 1 being the biggest 
barrier.   

_Cost/funding 
_Liability 
_Lack of proof that the design will function properly 
_Public opinion 
_Concern about safety 
_Lack of political will  
_Balancing the needs of vehicle traffic with pedestrians, bicycles, transit, and other 
road    users.   

 
9.  Which institution’s support is most important to overcome barriers to using 
unconventional intersection and interchange designs?   

_Ministry of Public Works 
_Kuwait Society of Engineers 
_ Traffic Administration of the Ministry of Interior 
_Local Agencies  
_ Kuwait Municipality  
_Other.  Please list all agencies.   

 
 
10.  Which one of the following do you believe is the most important factor to increasing the 
number of unconventional designs used? 

_Champions willing to promote the designs 
_Educating engineers on the benefits of the designs 
_Educating politicians on the benefits of the designs 
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_Educating the public on the benefits of the designs 
_Proof of the benefits offered by these designs.   
_Other.  Please explain.   

 
11: In general, how do you rate the importance of education in overcoming barriers to 
unconventional design? 

_Very important 
_Quite important 
_Fairly important 
_Slightly important 
_Not at all important 
 

12: Which group would you target first for an educational effort in order to overcome 
barriers to unconventional designs? 

_Design engineers 
_Politicians 
_Project Planners 
_Public 

 _Media 
 
13: In general, how do you rate the importance of identifying a champion to overcoming 
barriers to unconventional designs? 

_Very important 
_Quite important 
_Fairly important 
_Slightly important 
_Not at all important 

 
14: In your opinion, a champion from which group would most increase the success of 
overcoming barriers to unconventional designs? 

_Community leader 
_Developer 
_Politician 
_Technical staff 

15: How important is proof of the benefits offered by the design to the eventual 
implementation of unconventional designs? 

_Very important 
_Quite important 
_Fairly important 
_Slightly important 
_Not at all important 
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16.  What type(s) of unconventional intersection designs do you have experience with? 
Please mark type(s) of unconventional designs used in your most representative project in the 
first column and answer questions 18-22 based on that project. Please mark any other type(s) 
of designs you have worked on in the second column. Mark all that apply. 
 
 Recent Design 

Experience 
Previous Design 

Experience 
Median U-Turn   
Jughandle   
Superstreet   
Paired Intersection   
Continuous Flow Intersection   
Continuous Green T   
Quadrant Roadway   
Bowtie   
Double Wide Intersection   
Split Intersection   
Roundabout   
Other (Please List)   

 
17.  What type(s) of unconventional interchange designs do you have experience with? 
Please mark type(s) of unconventional designs used in your most representative project in the 
first column.  Please mark any other type(s) of designs you have worked on in the second 
column. Mark all that apply.   
 
 Recent Design 

Experience 
Previous Design 

Experience 
Echelon   
Center Turn Overpass   
Single Point Urban Interchange / 
SPUI 

  

Michigan Urban Diamond   
Contraflow Left Interchange   
Single Loop Interchange   
Diverging Diamond Interchange   
Single Roundabout Interchange   
Double Roundabout Interchange   
Other (Please List)   

 
If you have been a part of the team for an unconventional design project please answer 18-22 
for your most representative such experience, otherwise skip to question #23: 
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18.  What was the public’s opinion of the design during the design phase, prior to opening? 
_Completely satisfied 
_Fairly satisfied 
_Neutral 
_Somewhat dissatisfied 
_Very dissatisfied 
_We have not asked for public opinion yet 
 

19.  What was the public’s opinion of the design after it was open for a few months? 
_Completely satisfied 
_Fairly satisfied 
_Neutral 
_Somewhat dissatisfied 
_Very dissatisfied 
_We have not asked for public opinion yet 
_The project is not open yet.   

20.  In comparison to the conventional design, please select the response that best describes 
the planning and design (preconstruction) cost for this unconventional design: 

_Much higher 
_Higher 
_About the same 
_Slightly lower 
_Much lower 
_Unable to assess.   

 
21.  How did the construction cost for this unconventional design compare to what the cost 
would have been for a conventional design? 

_Much higher 
_Higher 
_About the same 
_Slightly lower 
_Much lower 
_Unable to assess.   
 

22.  What city was the project located in?    
 
23.  How does your current position include roadway design?  Mark all that apply.   

_Project planning 
_Review of design plans 
_Functional design 
_Final design 
_Traffic operations 
_Environmental impact studies/assessments 
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_Current position does not include roadway design 
_Other.  Please explain.   

 
24.  Which of the following best describes your current position? 

_Engineering consultant  
_Planning consultant 
_Local government 
_State government 
_Federal government 
_University/research 
_Other.  Please explain.   

 
25.  Please select your age range: 

_Under 30 
_30-39 
_40-49 
_50-59 
_60 or older 

 
26.  How many years of experience do you have in the Transportation engineering/design 
field? 

__ Less than 5 years 
__ 5 to 10 years 
__ 11 to 15 years  
__ 16 to 25 years 
__ More than 25 years  

 
27.  Please add any additional comments on your experiences with unconventional designs 
below.  
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RESPONDENTS’ BACKGROUNDS 

Questions (23-26) were to determine the respondents’ professional responsibilities. The 

questions inquired about the respondents’ job tasks, the type of their employers, age ranges, 

and years of experience. The largest percentage of the respondents (42%) identified review of 

design plans as being their main job task. Other tasks included traffic operations and 

functional design (both 21%), project planning and final designs (both 15%), and 

environmental impact studies (3%). A majority of the respondents included roadway design 

as a component of their current position except for only 9% who did not have it as a task. The 

respondents were encouraged to identify all applicable tasks.  Respondent job tasks included: 

 
• Project Planning ( 5 ) 
• Review of Design Plans ( 14 ) 
• Functional Design ( 7 ) 
• Final Design ( 5 ) 
• Traffic Operation ( 7 ) 
• Environmental Impacts Study ( 1 ) 
• Does not Include Roadway Design ( 3 ) 
• Other ( 0 )  

 
Modern designs in Kuwait are designed by outside consultants (non-Kuwaitis) so most of the 

engineers in the design departments are design and plan reviewers. 

 To keep the study consistent with Shumaker et. al study, job titles were used to 

categorize the respondents as follows. Professionals who worked the Kuwait Municipality 

were considered to be in Federal government, those who worked for the Ministry Of Interior 

and in the main building of the Ministry of Public Works were categorized as state 

government employees, and those who worked at other government sectors were considered 

local government employees.  

The majority of the respondents, constituting of about 37% of the whole group, 

worked for the State government, with those working as engineering consultants making up 

18% and the Federal government constituting the second highest percentage at 21%. Other 
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positions represented include university workers (12%), local government workers (9%) and 

planning consultants (3%). 

Most of the sample consists of engineers that hold the nationality of Kuwaiti. Those 

below 30 years of age constituted 18% of the total respondents, those between 30 and 39 

made up 40%, and those between 40 and 49 were 27%, those between 50-59 constituted 3%, 

while those over the age of 60 made up about 12%. The category between 30 to 39 years of 

age made up the largest percentage of workers (40%) with those between 50 and 59 making 

up the smallest percentage (3%). The retirement age in Kuwait is 50, which is the reason that 

the number of employees above this age is very low. The employees aged 50 and above who 

were interviewed were all non-Kuwaitis.   

Most respondents had between 16 and 25 years of experience (37%). This was 

followed by 21% of respondents with experience of between 5 and 10 years.  Those with 

experience of between 11 and 15 years made up 15% of the respondents while those with 

over 25 years of experience were 12%. Workers with less than 5 years experience also made 

up 15% of the respondents.  

 

Definition of Each Institution 

The Ministry of Public Works  (MPW) is a government agency that is responsible for the 

design and construction phase of all projects in the State of Kuwait, including state and 

public buildings, roads, and other transportation networks.  

The Department of Traffic in the Ministry of Interior (MOI) is responsible for 

calibrating all signal timing across the State of Kuwait. They control all signals and decide on 

cycle lengths and green time allocations.  

Kuwait Municipality is responsible of the planning phase for all public projects 

around the State of Kuwait, including transportation networks. They are also responsible for 

approving or rejecting current and new legislation that is related to the transportation world. 

Any new intersection of interchange project starts off in the design department at the 

Ministry of Public Works. A new design is then sent to the Department of Traffic in the 

Ministry of Interior to do a safety study and all the signal timing. Kuwait Municipality then 
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receives and reviews the complete design from the Ministry of Interior and then makes the 

final decision of whether to approve the design. If the design gets approved, it gets sent back 

to the Ministry of Public Works where the Department of Execution starts the construction 

phase.  The author interviewed professionals in all institutions listed here except the 

Department of Execution. 

 

FAMILIARITY WITH UIIDs 

Regarding the degree of familiarity with UIIDs, the interview results revealed that the more 

familiar an individual proved to be with UIIDs, the more willing he or she was to think that 

UIIDs provided positive contributions over conventional designs. Figure 1 describes the 

general familiarity respondents had with UIIDs. The interview findings showed that most 

engineers in Kuwait (64%) claimed familiarity with UIIDs. 

 

Very%familiar
27%

Familiar
37%

Somewhat%
familiar
27%

Nor%
familiar
9%

Familiarity)with)UIID's

 
Figure 1: Are you familiar with unconventional designs? 

 
A Chi Square test of independence was performed to investigate the relationship between the 

level of familiarity with UIIDs and age groups, where the null hypothesis was set as variables 

are Independent. The chi square value (X2) was calculated to be 0.0044, which favored the 
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null hypothesis at a 95% confidence level and with one degree of freedom with a critical X2 

of 3.841. This suggests that familiarity with UIIDs and age group are indeed independent in 

this sample. A Chi Square test was also utilized to see whether years of experience was 

related to familiarity with UIIDs. With a similar null hypothesis and at the 95% confidence 

level with one degree of freedom, the number of years of experience was independent from 

the level of familiarity of UIIDs with a X2 of 0.732. 

 

POSSIBILITES FOR IMPROVEMENT WITH UIIDs 

Question four showed that the majority of the engineers interviewed believed that UIIDs 

offer a good level of improvement over standard designs: 

• Will offer much improvements ( 16 ) 
• Will offer some improvements ( 15 ) 
• Will offer no improvements ( 1 ) 
• No opinion ( 1 ) 

 
It was of interest to see how different levels of familiarity interact with respondents’ opinion 

about UIIDs offering possibility for improvements over conventional designs. Comparison of 

the different opinions on familiarity with the UIIDs and the possibilities for improvements 

are represented in Table 1.   

 

Table 1: Comparison of familiarity to possibility for improvement 

 Familiarity with UIIDs (Question 1) 
Total Not 

Familiar 
Somewhat 
Familiar 

Familiar Very 
Familiar 

Po
ss

ib
ili

ty
 fo

r 
Im

pr
ov

em
en

ts
 

(Q
ue

st
io

n 
11

) Much 
Improvements 

1 3 7 5 16 

Some 
Improvements 

2 5 5 3 15 

No 
Improvements 

0 0 0 1 1 

No Opinion 0 1 0 0 1 
 Total 3 9 12 9 33 
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From Table 1, it appears that there was a weak relationship between familiarity and opinion 

on potential for improvement. However, a Chi Square Test of Independence suggests an 

independent relationship between the level of familiarity with UIIDs and professional 

opinion about UIIDs offering improvements over conventional designs. Setting the null 

hypothesis to be that the variables are independent, the Chi Square value was only 1.587 

while the critical value at the 95% level with one degree of freedom was again 3.841, which 

suggests failure to reject the null hypothesis. 

Tables 2 and 3 give a summary of the UIIDs that are referenced in the questionnaire 

along with questionnaire responses in relation to the experience of the respondents. Recent 

design experience indicates that the respondent is currently working of the design or has 

worked on it the past two years, whereas previous design experience indicates specific 

experience that is more than two years old. Table 2 illustrates that roundabouts are the most 

common intersection type identified, followed by continuous green T intersections, median 

U-turns, and jug-handles, both for general familiarity with design types and types designed. 

 

Table 2: Familiarity and experience with specific unconventional intersection designs 

Intersection design Familiar 
with 

(Question 
2) 

Recent design 
experience 

(Question 16) 

Previous 
design 

experience 
(Question 16) 

Total of recent 
and previous 
experience 

Median U-Turn 27 8 3 11 

Jughandle 12 6 1 7 
Superstreet 11 3 0 3 
Paired Intersection 7 0 0 0 
Continuous Flow 
Intersection 

5 1 1 2 

Continuous Green T 30 16 7 23 
Quadrant Intersection 8 2 2 4 
Bowtie 9 2 0 2 
Split Intersection 10 5 0 5 
Roundabout 33 27 15 42 
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As noted, the most widespread unconventional intersection design in Kuwait is 

regarded as the roundabout. Continuous Green-T intersections are increasing, as the number 

of respondents with recent design experience is more than double that of respondents with 

previous design experience. Superstreets and median u-turns are also among the fast 

increasing unconventional design in the State of Kuwait. It is worth noting that, according to 

most respondents, roundabouts are no longer considered an unconventional design due to 

their large numbers across the State of Kuwait. 

 

Among interchanges, Table 3 shows an increasing concentration of single roundabout 

interchanges, followed by single point urban interchanges.  Some respondents said they were 

familiar with center turn overpass, contra-flow left interchanges, single loop interchanges, 

and double roundabout interchanges.  Most of these respondents were consultant engineers 

who were non-Kuwaitis, and most of the designs were constructed outside of Kuwait. 

 

Table 3: Interchange design types included in the questionnaire 

Intersection Designs Familiar with 
(Question 3) 

Recent design 
experience 

(Question 17) 

Previous 
design 

experience 
(Question 17) 

Total of 
recent and 
previous 

experience 
Echelon 6 0 0 0 
Center Turn Overpass 5 1 1 2 
Single Point Urban 
Interchange 

15 7 0 7 

Contraflow Left 11 1 0 1 
Single Loop 7 1 0 1 
Diverging Diamond 2 0 0 0 
Single Roundabout 31 17 6 23 
 

 
 
 
 
 

 



 

18 

BARRIERS 

Respondents in this study were asked to identify the barrier they considered the biggest in 

widespread use of UIID. The responses were: 

 
• Additional research: 13 
• Political support: 6 
• Professional support: 10 
• Public support: 4 
• No barriers: 4 
• Other: 2 

 
Table 4 shows a side-by-side comparison between the barriers identified in research 

versus the ones found in Shumaker, et al. [2].  As compared to the results from Shumaker et 

al’s paper, which was based on the United States, additional research in this study plays a 

greater role as a barrier with 34% as compared to 9%. In fact, Shumaker’s research identified 

lack of public support as the biggest barrier. Lack of professional support was also identified 

as a comparatively large barrier in this research (26%) as compared to other barriers; this is 

synonymous with the findings of Shumaker’s paper, which also identified professional 

support as the second largest barrier with 23%.  

 

Table 4: Barriers in Kuwait versus barriers in the United States 

Barriers State of Kuwait United States 
Additional research 34 % 9 % 
Political support 15 % 14 % 
Professional support 26 % 23 % 
Public support 10 % 35 % 
Other barriers 5 % 19 % 
No barriers 10 % 0 % 
Total 100 % 100 % 

 
 

Respondents drawn from the federal, state, and local governments all identified 

professional support as a great barrier. Particular barriers the respondents cited came from 
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several quarters including but not limited to cost, access, effectiveness of the design, and 

right of way. A few respondents expressed concerns about the fear of liability as another 

barrier; this was mainly associated with new designs that have not been proven to be viable. 

The liability situation in the State of Kuwait is a little different than other countries around 

the world. Crash victims cannot sue Kuwait government and engineers working for the 

government. As mentioned earlier in the paper, Kuwait Municipality takes the final decision 

in whether or not to approve a new design or traffic law; so even if local agencies did the 

design work and resulted in major failure when operated, crash victims still cannot sue them 

due to the fact that final decision has been made by Kuwait Municipality which is part of the 

government. However; although one cannot sue local agencies, Kuwait Municipality and the 

Ministry of Public Works will cease future contracts with agencies if their design fails when 

operated. Agencies with bad reputations can simply be put out of business forever, especially 

in a small country like the State of Kuwait, where the word or mouth gets spread very 

quickly.  

Questionable consultant reputations also resulted in reluctance from the respondent to 

make choices. The habit of many planners in Kuwait is to keep turning to the designs that 

they are most comfortable with and ignore implementation of new designs.  This is a big 

hurdle to the development of new designs. This is coupled by inadequate research and lack of 

support from transportation professionals. Other respondents believe that there is no such 

thing as barriers; instead they believe we are just seeing prioritization. They explain that the 

new designs have not been implemented not because they are being overlooked, but because 

they fall lower in the priority list of the projects to be implemented.  

 

PUBLIC, PROFESSIONAL, POLITICAL BARRIERS AFFECTING UIIDs 

This particular interview presented respondents with a total of six possible barriers to UIID 

use from the public, eight from professionals and seven from political leaders. The 

respondents to this survey were asked to rank the barriers presented in accordance to their 

own independent personal opinion. As expected, the responses were varied. Tables 4, 5, and 

6 show a summary of the responses, with a ranking of one being the most important factor. 
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Table 5: Public Acceptance Barriers 

Barriers Avg. 
rank 

Response count for each rank Tot-
-al 1 2 3 4 5 6 

Potential for driver confusion 1.17 5 1 0 0 0 0 6 
Fear of the unknown 3 0 4 0 1 0 1 6 
Concern about safety 3.33 1 0 3 0 2 0 6 
Concern about property access 4.33 0 0 1 3 1 1 6 
Concern about delay/travel time 4.33 0 1 0 2 2 1 6 
Balancing vehicle traffic needs 
with others 

4.83 0 0 2 0 1 3 6 

 
 

Table 5 shows response counts for ranking public acceptance as the biggest barrier. The 

biggest public acceptance barrier was identified as potential for driver confusion followed by 

fear of the unknown. According to Retting [5] and Sangster and Hummer [4], the 

aforementioned barriers are commonly identified as public acceptance barriers. The findings 

of this research are no different than public acceptance barriers in the United States [2]. 

Concerns about delay, travel time, and property access had a low rank as it appears in Table 

5. 

 

Table 6: Professional Barriers 

Barriers Avg. 
rank 

Response count for each rank Total 1 2 3 4 5 6 7 8 
Professional inertia to change 2.1 6 0 2 1 1 0 0 0 10 
Uncertainty in the 
design/construction process 

3.2 1 4 1 1 2 1 0 0 10 

Lack of proof of design function 3.4 1 4 1 1 1 1 1 0 10 
Lack of standards 3.8 0 0 4 4 2 0 0 0 10 
Concerns about safety 4.3 2 1 1 0 2 3 0 1 10 
Liability 5.3 0 0 1 2 2 3 2 0 10 
Balancing vehicle needs with 
others 

6.2 0 1 0 1 0 1 6 1 10 

Lack of software to analyze 
designs 

7.7 0 0 0 0 0 1 1 8 10 
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Table 6 clearly shows that professional inertia to change is the biggest professional 

barriers followed by uncertainty in the design and construction processes. Survey research by 

Orcutt and Alkadri identified professional inertia to change as being the biggest barrier in the 

transportation profession in the United States [9], and this research shows that the State of 

Kuwait shares the same barrier. On the other hand, Shumaker et al’s research found lack of 

proof of design function was identified as the biggest barrier.  Liability, balancing vehicle 

needs with others, and lack of software to analyze designs ranked lower in both Shumaker et 

al’s paper and this research [2]. 

 

Table 7: Political Barriers 

Barriers Avg. 
rank 

Response count for each rank Tota
l 1 2 3 4 5 6 7 

Lack of proof of design function 2.2 2 1 3 0 0 0 0 6 
Lack of political will 2.3 2 2 1 0 1 0 0 6 
Concerns about safety 3.5 0 1 1 4 0 0 0 6 
Public opinion 4.2 0 2 0 0 3 1 0 6 
Cost/funding 4.2 1 0 1 2 0 1 1 6 
Liability 5.3 1 0 0 0 1 2 2 6 
Balancing vehicle needs with 
others 

6.3 0 0 0 0 1 2 3 6 

 
 

Table 7 represents the response counts for political barriers as identified by 

transportation professionals in the State of Kuwait. The biggest barrier was found to be lack 

of proof of design function immediately followed by the lack of political will. The finding of 

this section of the paper differs from Shumaker et al’s survey; Shumaker et al identified 

public opinion as being the biggest political barrier whereas this barrier received a moderate 

ranking in the State of Kuwait. Furthermore, cost and funding were not believed to be as big 

an issue in the State of Kuwait while it was considered to be among the biggest barriers in the 

United States [2]. Balancing vehicle needs with others ranked lowest in both research efforts 

perhaps due to the great benefits UIIDs offer to pedestrians and bicyclists or due to the low 

count of such users in the US and in the State of Kuwait.  
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FACTORS TO INCREASE THE USE OF UIIDs 

The factors listed in the questionnaire included having a champion participate in promoting 

the design, education of engineers, education of politicians, and education of the public on 

the benefits and usefulness of the designs.  The responses were: 

 
• Champions willing to promote the designs: 2 
• Educating engineers of the benefits of the designs: 22 
• Educating politicians on the benefits of the designs: 7 
• Educating public on the benefits of the designs: 3 
• Proof of the benefits offered by these designs: 5 
• Other: 0 

 
Respondents believe that educating engineers on the benefits of the designs is the most 

important factor to increase the use of UIID’s, which is different than what transportation 

professionals in the United States believed according to Shumaker [2]. Shumaker et al 

identified the need for proof of benefit of UIIDs to be the most important factor to increase 

the use if them.  Table 7 shows a side-by-side comparison of factors needed to increase the 

use of UIIDs between the State of Kuwait and the United States. 

 
Table 8: Factors influencing the use of UIIDs in Kuwait versus the United States 

Factors The State of 
Kuwait 

The United 
States 

Champions willing to promote the design 5 % 18 % 
Educating engineers of the benefits of the 
designs 

57 % 18 % 

Educating politicians of the benefits of the 
designs 

18 % 6 % 

Educating public of the benefits of the 
designs 

8 % 20 % 

Proof of the benefits offered by these designs 12 % 33 % 
Other 0 % 5 % 
Total 100 % 100 % 
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Furthermore, the respondents were also asked to identify the agency whose support they 

thought was the most critical: 

• Ministry of Public Works (MPW) ( 27 ) 
• Kuwait Society of Engineers (KSE) ( 3 ) 
• Ministry of Interior (MOI) ( 29 ) 
• Local Agencies ( 0 ) 
• Kuwait Municipality ( 24 ) 
• Other ( 1 ) 

 
 Most of the respondents believed that the support of the MPW, MOI, and Kuwait 

Municipality are all important, as opposed to Shumaker et al’s paper which points out 

support from the state department of transportation matters the most in the US.   

One interesting response from a high ranking engineer was that individual support for 

UIIDs exists from each institution; however, the lack of inter-organization cooperation 

between the aforementioned institutions is the reason behind slow growing of UIID’s. The 

respondent also mentioned that if someone were to set up a committee with members from 

each of the three aforementioned institutions, approving the use of more UIIDs would have 

been easier and more efficient. 

The Kuwait Society of Engineers is a public association that consists of Kuwait 

engineers from all engineering disciplines. Its main objective is to deliver the voice of 

engineers to both the public and the government through public and professional seminars.  

Respondents did not believe its support to be of great importance compared to those of the 

government agencies.  This is similar to the responses Shumaker et al received from US 

engineers about the role of professional organizations there. 

 

THREE KEY FACTORS 

Three factors most of the professionals believe are most necessary to promote UIID usage 

include education, identifying a champion and proof of benefit that UIID offers. The 

respondents in the study rated each of the factors on a five-point scale. Table 8 shows the 

factors that were considered and the importance attributed to all three factors.  
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Table 9: Importance of Three Key Factors to increasing the use of UIIDs 

 Education Identifying a 
champion 

Proof of benefits 

Very important 31 7 27 

Quite important 1 3 4 
Fairly important 1 18 2 
Slightly important 0 4 0 
Not important 0 1 0 

Total 33 33 33 
 

 

A majority of the respondents considered education as the most important factor capable of 

overcoming the barriers to implement UIIDs whereas Shumaker et al’s paper indicated that 

the ability to prove the expected benefit is the most important factor [2]. Having witnessed 

the design operating somewhere else boosted the positive response to a UIIDs 

implementation since it provides a clear proof of the viability and practicability of the 

project; especially if the design was constructed in one of the nearby countries as the 

government tends to be more open to designs that are located close by. In this particular 

study, 94% of the respondents believed that education was a very important step towards 

overcoming the barriers.  None of the respondents felt that education was unimportant. Most 

respondents felt that, regardless of the type of current position, engineers are supposed to be 

the first targets of educational efforts.  Project planners were also considered to be very 

important targets of the education followed by politicians and the public. The media was also 

considered as one of the groups that required education on UIIDs. Proof of benefits of the 

design function was considered the second key factor in overcoming barriers to 

implementation of UIIDs. Although a lot of research about various types of UIIDs have 

already been conducted and are available online, they are published in an English language 

and most people in Kuwait, and especially older people, are not fluent with this language. 

What transportation professionals need are researches in their native language that are done 

in nearby countries where driving characteristics and drivers’ ideologies are similar. 

Although identifying a champion is considered to be a key factor in the United States [2], it 
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was not seen as important in the State of Kuwait. The system in the State of Kuwait is 

different than a lot of other countries; the Kuwait government and government-related 

institutions can apply whatever they see fit without worrying about public opinion or 

reaction.  

 

SPECIFIC DESIGN COST EXPERIENCE 

This section of the paper zeroes in on the opinion of those respondents who have had recent 

or past experiences with a specific design and its cost. Respondents identified the relative 

planning, design, and construction phase costs of implementing unconventional designs as 

opposed to using conventional designs.  Most respondents reported some experience with at 

least one unconventional design.  Their responses for planning and design cost were: 

• Much higher: 3 
• Higher: 14 
• About the same: 13 
• Lower: 0 
• Much lower: 0 
• Unable to assess: 3 

 
The responses for construction cost were: 

• Much Higher: 8 
• Higher: 11 
• About the same: 9 
• Lower: 0 
• Much lower: 0 
• Unable to assess: 5 

The largest number of respondents believed that the costs between UIID and conventional 

models during the planning and design stage were either higher for UIIDs or about the same, 

with about 40% of responses for each of those opinions. The percentage of respondents who 

believe that the cost for UIID was much higher than the conventional models was 

comparatively much smaller at 9%. 
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Just like the planning and design costs, the greatest percentages of the respondents 

indicated that the cost of UIID was either higher (33%) or roughly the same (27%) as 

conventional designs, respectively, for construction costs. However, the number of 

respondents who believed the costs were much higher is greater than that of the design and 

planning stage. It is worth noting that the percentage of those who believe the costs are quite 

similar is much lower than in the planning and design stage. 

Kuwait engineers interviewed identified that the reason for the high cost of the UIIDs, 

both in the design and planning phases and in the construction phase, is that the 

unconventional designs are done by outside consultants and are also supervised by an outside 

consultant during the construction phase.  It appears generally true in Kuwait that UIIDs cost 

more than a comparable conventional design; however, planning and design costs may get 

comparatively less expensive when more UIIDs are constructed since planners and engineers 

will become more familiar with them, have available sites to mimic during the process of 

design, and have more guidelines available. Furthermore, as more UIIDs are constructed, 

local engineers would gain more knowledge and will be capable of leading the design and 

construction phases, which will eliminate at least the extra costs associated with hiring 

outside consultants. 

 

DISCUSSION WITH THE RESPONDENTS 

Besides the questions that respondents were asked to answer in the questionnaire, willing 

respondents were also encouraged to provide their own thoughts and ideas about UIIDs in 

Kuwait along with additional barriers they think affects the increase in implementing UIIDs. 

 During the interview with the manager of the design department at the Ministry of 

Pubic Works, he mentioned that all the new designs are being designed and supervised by 

outside consultants. These consultants are from all over the world, so Kuwait has a 

transportation network that is a mix from the United States of America, Europe, and 

Australia. According to him, this is beneficial to us as far as having more than “one man’s 

head” to look over the transportation network in Kuwait and identify weak links and flows. 

However, he also emphasized the fact that there is a unique aggressive driving behavior 
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among drivers in Kuwait that is hard to predict. Therefore, those outside consultants should 

stay in Kuwait for longer periods of time to realize the driving characteristics among Kuwaiti 

drivers and make their recommendations accordingly. He also added that most consultants do 

not stay for extended periods of time in Kuwait and therefore do not have an exact idea about 

the type of drivers they are dealing with.  Although some designs could work great in their 

country of origin, they would create a disaster if implemented in Kuwait due to the fact that 

most drivers do not respect traffic laws. The manager also provided an example of what he 

believes is a great design that would not work in the State of Kuwait. He stated that the 

diverging diamond interchange is a great design that helps traffic flow smoothly; however, 

due to the non right-angle intersections in the design and the increasing number of red light 

runners in Kuwait, this design would create more collisions than a regular conventional 

intersection in his opinion. 

On the other hand, a traffic operation professor at the College of Technological 

Studies in Kuwait thought that a lot of the UIIDs could actually work very well in Kuwait if 

it wasn’t for the closed-minded traffic professionals. The professor thought that their 

resistance to change is what is keeping the transportation network from adopting new designs 

and ideas. “They like to only do what they know without spending the effort to study newer 

designs,’’ he said.  Another professor, at the University of Kuwait, emphasized the 

importance of offering a class on UIID designs within the transportation-engineering 

program to educate future engineers and make them more aware of the benefits of UIIDs.  

It is worth noting that despite the concerns that respondents had in regard to some of 

the UIIDs, most respondents were quite interested in the topic and in seeing the designs 

constructed to prove their efficiency. The diverging diamond interchange was one the 

designs that caught their attention most frequently. A high ranking engineer at Kuwait 

Municipality mentioned that, although the DDI could have its negative impacts in the level of 

safety due to its non right-angled intersections at the beginning, drivers would adopt to it 

especially as it gets more widespread. Although the collision rate might spike up at first, it 

will soon regress to the mean if not lower, he said.  
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APPLICATIONS OF UIIDs IN KUWAIT 

Respondents who identified a specific experience with any of the designs that were 

mentioned in the questionnaire were asked to identify the design location. Utilizing Google 

Earth, it was possible to obtain aerial photos of some of the designs.  Figures 2 through 7 

show that some UIIDs have been implemented in Kuwait already.  The split intersection in 

Figure 5 is particularly noteworthy as it is thought to be rare worldwide. These are not the 

only ones for each type to be found across the state of Kuwait. There is very large number of 

roundabouts all over the country.  There are three continuous green T intersections already 

operating and 4-6 that are under construction. There are also 3 to 4 other superstreet 

intersections, and 2 more split intersection with a few currently under construction. The 

fastest increasing unconventional design in Kuwait is the single roundabout interchange; 

there are 3-4 additional ones besides the one shown below and 6-7 designs that are under 

construction. However, there were only 2 single point urban interchange designs that the 

author could locate including the one shown below. 

 

 
Figure 2: Roundabout intersection in Kuwait 
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Figure 3: Single Roundabout Interchange in Kuwait 

 

 
Figure 4: Continuous Green T Intersection in Kuwait 
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Figure 5: Split Intersection in Kuwait 

 

 
Figure 6: Single Point Urban Interchange (SPUI) in Kuwait 
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Figure 7: Superstreet Intersection in Kuwait 

 
CONCLUSION 

The following conclusions were reached after a total of 33 extensive interviews targeting 

respondents who have transportation engineering as their specialty. Respondents were mostly 

national citizens of the State of Kuwait and a few outside hired consultants. It was concluded 

that education comes across the most important factor influencing the adoption of more 

UIIDs.  Also, of the people interviewed, 94% of them agreed that implementation of UIIDs 

offer a great potential for improvement over conventional designs. The biggest barrier to the 

implementation as identified by the study came out to be additional research, followed 

closely by lack of professional support, whereas the lack of professional support was 

considered to be the biggest barrier in the United States as identified by Shumaker, et al. [2]. 

A particular barrier within the broad professional support category was determined to be 

professional resistance to change. This resistance to change was followed by uncertainty in 

the design and construction processes. Shumaker et al identified lack of proof of design 
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function as being the biggest professional barrier in the United States, whereas this barrier 

received a moderate rank in the State of Kuwait. Shumaker et al’s survey identified the 

biggest barrier to implementation of UIIDs in the US to be public support, while the need for 

more professional support scored second in both parts of the world.  

 Furthermore, the importance of education was seen to be equally important in both 

research efforts, with engineers being seen as the first group to be targeted in both parts of 

the world.  Most interviewees were in favor of increasing the use of UIIDs and were hoping 

to see more of them in the near future, especially since a few unconventional designs already 

exist in the State of Kuwait. Unconventional designs such as continuous green T’s, median u-

turns, superstreets, and single roundabout interchanges are gaining popularity in Kuwait. 

However, respondents who have had specific experience with any of the UIIDs stated that 

the overall planning/design and construction phase costs are typically higher than that of 

conventional designs. This is especially due to need for outside consultants to do the new 

designs and supervise the construction process.  

There was near unanimity among the respondents that that the future is bright for UIIDs 

across the State of Kuwait especially for the type of the designs that are already existed.  

While some designs, such as the diverging diamond interchange, may have particular 

difficulties in Kuwait, other designs are already gaining popularity and will continue to do so 

in the future years as more and more people, both public and professionals, embrace the 

concepts. 

 

RECOMMENDATIONS  

This study proposes the following recommendations following the interview results.  First, 

planners and designers in Kuwait should do more research on various types of UIIDs to add 

onto what they are already familiar with. University professors should perform additional 

research since they are the research experts. To aid that, the Ministry of Interior should start 

an accessible, online database of all collisions and turning movement counts for all the 

intersections and interchanges in the State of Kuwait. The MOI should also perform periodic 

data updates to record an after treatment effect where applicable. This will help future 
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researchers to investigate the effect of certain treatments to an existing design, and to be able 

to prove the benefits offered new designs. A current example would be to examine the 

benefits of the single roundabout interchanges, which are rapidly increasing without local 

proof of benefits. The Ministry of Public Works continuously offers funds and sponsorships 

for research studies, and with the cooperation of the MOI and professors at the academic 

institutions in Kuwait, conducting more research should not be difficult.  This research would 

provide valuable knowledge about the transportation network in Kuwait and could be a key 

to increase the use of UIIDs in the future. 

 Second, professionals in this field need to consider being flexible and more 

accommodative to new ideas. They need to do away with their fixed mindedness and 

embrace change so as to consider an increased application of UIID’s principles. Although 

some unconventional designs do exist, there may be better ones left on the table.  

Next, the author calls on the MPW, MOI and Kuwait Municipality to work together 

as a team and in a united front in pushing for the implementation of UIIDs. There is also a 

need to establish and implement a policy by Kuwait that requires planners and designers to 

make comparisons about their proposed designs with various UIID’s prior to approval to 

determine which of them is more feasible and viable. Finally, to reduce overall costs of 

UIIDs, the local engineers must become educated and experienced, and the bulk of the design 

and planning work should be left to native engineers instead of hiring outside consultants. 
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Appendix A 

DESIGN TYPES DISCRIPTIONS 
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INTERSECTION DESIGNS 
Median U-Turn 

 
Figure 8: Median U-Turn 

 
Left turns are made "indirectly" using directional U-turn crossovers closest to the 

intersection. For example, a vehicle traveling on the arterial that desires to turn left at the 

cross-street must travel thru the cross-street intersection, make a U-turn at the first median U-

turn crossover, and then turn right onto the cross-street. Similarly, vehicles turning left from 

the cross-street must turn right onto the arterial and use the median U-turn crossover. 
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Jughandle 

 
Figure 9: Jughandle 

 
The Jughandle ramps diverge from the right side of the arterial in advance of the intersection, 

removing the left turn movement from directly at the cross-street intersection. Arterial left 

turns are made at minor, stop-controlled intersections on the cross-street. Left turns from the 

cross-street remain as direct movements at the intersection. 
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Superstreet 

 
Figure 10: Superstreet 

 
The Superstreet design is similar to the Median U-turn Crossover concept but features a 

break in cross-street traffic that allows the signals on opposite directions of the arterial to 

operate independently. Left turns from the arterial can make direct left turns onto the cross-

street but cross-street thru and left turn movements must use the directional U-turn 

crossovers. 
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Paired Intersection 

 
Figure 11: Paired Intersection 

 
The Paired Intersection concept alternates prohibited left turn movements from the arterial 

then the cross street at consecutive intersections along an arterial corridor. Circulation to 

provide adequate turning movement connection to the cross-streets requires a system of two-

way "backage" roads parallel to the arterial. 
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Continuous Flow Intersection 

 
Figure 12: Continuous Flow Intersection 

Left-turning vehicles begin their turn several hundred feet prior to the main intersection at a 

signalized "crossover" intersection and move into separated lanes to the right of the opposing 

thru movement. The protected left turns are completed simultaneously with thru movements, 

allowing simple two-phase intersection signal control. 
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Continuous Green T 

 
Figure 13: Continuous Green T 

The Continuous Green-T can only be used at T-intersections. The design provides free-flow 

operations in one direction on the arterial and can reduces the number of approach 

movements that need to stop to three by using free-flow right turn lanes on the arterial and 

cross streets and acceleration/merge lanes for left turn movements from the cross street. 
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Quadrant Roadway 

 
Figure 14: Quadrant Roadway 

 

Left turns are removed from the main intersection by using an additional roadway in one 

intersection quadrant. Left-turn movements are routed from the arterial and cross-street 

(using unique turning paths for each approach) onto the quadrant roadway to complete the 

left turn movement at the quadrant roadway "minor" T-intersections. 
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Bowtie 

 
Figure 15: Bowtie 

Roundabouts on the cross-street are used to accommodate arterial and cross-street left turns. 

Arterial left turns turn right at the cross-street and use the roundabout to "double back" thru 

the main intersection. Left turns at the main intersection are prohibited, eliminating the left 

turn bays and reducing right-of-way requirements. The main intersection operates under a 

simple two-phase signal control. 
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Split Intersection 

 
Figure 16: Split Intersection 

 

Similar to a diamond interchange, the Split Intersection separates traffic flow on the mainline 

into offset one-way roadways with two intersections with the cross-street, separated by 200 

to 300 feet. The roadway between the intersections allows left turns to be stored so that an 

exclusive arterial left turn signal phase can be eliminated. 
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Roundabout 

 
Figure 17: Roundabout 

All thru and turning traffic from all intersection approaches circulate within the two-lane 

Roundabout roadway. Roundabout designs with smaller roundabout island diameters require 

all entering vehicles to yield to circulating flows, and often right-turns are channelized so that 

they are not part of the circulating flow. 
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INTERCHANGE DESIGNS 

Echelon 

 
Figure 18: Echelon 

One approach on both the arterial and intersecting cross-street are elevated on structure as 

they intersect, while the other approach halves intersect at-grade. The result is a symmetrical 

but offset pair of two-phase intersections separated by grade, both operated by two-phase 

signals as in the meeting of two one-way streets. 
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Center Turn Overpass 

 
Figure 19: Center Turn Overpass 

 
Left turn traffic is separated from arterial and cross-street thru and right-turn movements by 

elevating all left turns to a separate, elevated intersection using narrow ramps within the 

median. Both the elevated and at-grade intersections are controlled by simple two-phase 

signal. Left turn traffic descends from the elevated intersection and merges into thru traffic 

lanes. 
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Single Point Urban Interchange / SPUI 

 
Figure 20: Single Point Urban Interchange/SPUI 

Free-flow arterial thru movements are provided by creating a separate, signalized intersection 

of arterial turning movements with the cross-street on a separate grade, creating an 

intersection either under or over the priority thru roadway. Right turns are made at 

unsignalized ramps separated from the main intersection. 

 
 
 
 
 
 
 



 

51 

Contraflow Left Interchange 

 
Figure 21: Contraflow Left Interchange 

Cross-street left turns cross-over opposing left turn movements in storage bays prior to the 

first ramp intersection. Vehicles move into contraflow lanes within the interchange, before 

making the turn onto the ramp. These special lanes run in the opposite direction from the 

adjacent thru-lanes, and provide additional storage for left turn vehicles. 
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Single Loop Interchange 

 
Figure 22: Single Loop Interchange 

 
A roadway in one intersection quadrant is used to handle turning movements between the 

arterial and the cross street, while arterial and cross-street movements are separated by grade. 

All left and right-turn movements are routed from the arterial and cross-street (using unique 

turning paths for each approach) onto the single loop roadway to complete the turn 

movements at the signalized T-intersections, located on both the arterial and cross-street. 
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Diverging Diamond Interchange 

 
Figure 23: Diverging Diamond Interchange 

 

The concept of the DDI is to "cross" the cross street through lanes on the overpass (or 

underneath) the main roadway so that left turns can be made without conflicting the opposing 

through direction of travel. The through lanes are crossed for only a short section between 

diamond ramp intersections and then cross back to be on the normal (right) side of the 

roadway. 
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Single Roundabout Interchange 

 
Figure 24: Single Roundabout Interchange 

Free-flow arterial thru movements are provided by using a roundabout on a separate grade to 

accommodate arterial left and right turns and all movements on the cross street. In most cases 

the arterial is depressed and passes underneath the roundabout, and the ramps serve as 

frontage roads approaching the intersection. 
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Double Roundabout Interchange 

 

 
Figure 25: Double Roundabout Interchange 

Free-flow arterial thru movements are provided by using two single or multi-lane 

roundabouts on the cross street to accommodate arterial left and right turns and all 

movements on the cross street. The design provides a much narrower bridge (no storage turn 

lanes) and the elimination of signal control at the interchange.  
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Appendix B 

PARTICIPANTS RESPONSES  
TO THE QUESTIONNAIRE 
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PARTICIPANTS RESPONSES 

The numbers inside the cells refer to the option number selected by each respondent in the 
questionnaire. In questions 6, 7, and 8, the numbers in the cell are arranged in the same order 
according to respondents’ selection. Question 27 is not in the table 
Table 10: Participants responses to the questionnaire 

Respon
--dent 

Question Number 
1 2 3 4 5 6 7 

1 1 - - 2 3 1,2,5,3,4,8,6,7 - 
2 1 1,2,3,10 7 1 3 3,1,2,45,6,8,7 - 
3 1 6,10 - 2 1 - - 
4 4 1,2,4,5, 

6,7,9,10 
3,5,7,8 2 6 - - 

5 3 1,6,7,8,10 4,7 1 2 - - 
6 3 1,4,6,10 3,4,7 1 1 - - 
7 3 1,2,3,5,6,8,10 1,5,7, 1 1,3 5,4,6,3,7,8,1,2 - 
8 3 1,6,9,10 7 1 2 - - 
9 4 1,2,6,10 3,7,8 1 6 - - 
10 2 6,10 7 2 5 - - 
11 2 1,6,9,10 7 1 5 - - 
12 3 1,2,3,5,6,7,10 1,3,4,7 1 3 1,6,2,4,5,8,3,7 - 
13 3 1,2,5,10 1,2,7,8 2 5 - - 
14 4 1,6,8,10 1,2,3,5,7 2 3 1,2,4,3,7,8,5,6 - 
15 3 3,6,9,10 7 2 4 - 1,2,4,5,3,6 
16 3 1,3,6,7,8,10 4,5,7 2 1,2,3 4,2,1,5,3,7,6,8 - 
17 3 1,2,3,6,8,9,0 7,8 2 1 - - 
18 3 1,2,3,5,6,10 2,3,6,7 1 3 1,3,2,4,6,8,5,7 - 
19 4 1,6,7,10 3,7 1 2 - - 
20 3 1,2,3,6,8,9,10 7,8 2 1 - - 
21 2 2,4,6,10 3,5,7 2 4 - 1,2,6,4,5,3 
22 2 1,6,10 7 2 1 - - 
23 2 1,3,4,6,10 1,3,7 2 3,4 1,2,3,5,4,8,6,7 1,4,2,3,5,6 
24 4 1,3,5,6,8,9,0 2,3,4,7 1 1 - - 
25 4 1,4,6,7,8,10 3,5,7,8 1 1,3 3,5,2,4,6,8,1,7 - 
26 4 1,3,6,7,9,10 3,4,7,8 1 3 1,5,7,3,6,8,2,4 - 
27 2 6,9,10 7 2 4 - 1,2,4,6,3,5 
28 4 1,6,9,10 4,5,7 2 4 - 1,2,5,4,3,6 
29 3 1,4,6,10 1,2,3,4,7 1 1 - - 
30 2 1,6,10 3,4,7 1 2 - - 
31 2 1,2,10 3,4,7 1 1 - - 
32 2 1,2,6,10 7 4 1,2 - - 
33 4 1,4,6,7,8,9,10 4,6,7 3 4 - 2,6,5,4,1,3 
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Table 10: Continued 
Respon-

-dent 
Question Number 

8 9 10 11 12 13 14 15 
1 - 1,3,5 2 1 1 4 3 1 
2 - 3 3 1 3 1 1 1 
3 - 1,5 2 1 3 3 4 1 
4 - 3,5 2 1 3 3 2 1 
5 1,7,2,5,4,3,6 1,3,5 2 1 1 3 3 2 
6 - 2,3,5 2,5 1 1,3 5 2 3 
7 - 1,2,3 2 1 1 3 1 1 
8 3,7,1,5,4,2,6 1,3,5 2 1 2 3 3 1 
9 - 1,3,5 6 1 4 3 2 2 
10 - 1,3,5 2 1 3 3 2 1 
11 - 1,3,5 1 1 1 3 4 1 
12 - 1,3 2 1 1 2 1 2 
13 - 3 2,3 3 1 3 4 1 
14 - 1,3 2,3 1 1 1 3 1 
15 - 1,3,5 2 1 1 3 4 1 
16 6,1,3,2,4,5,7 1,3,5 2 1 2 4 3 3 
17 - 1,3 5 1 3 3 2 1 
18 - 1,3,5 2 1 3 3 2 1 
19 4,5,1,6,3,2,7 1,3,5 2 1 1 3 3 1 
20 - 1,5 5 1 3 3 2 1 
21 - 1,3,5 1 1 1 1 2 1 
22 - 1,3,5 2 1 3,4 3 2 1 
23 - 3 3 1 2 4 3 1 
24 - 1,3,5 2,3 1 2,3 3 2,3 1 
25 - 1,2,3,5 3,4,5 1 1,2,3 2 2 1 
26 - 1,5 2,5 1 1 1 3 1 
27 - 1,3,5 2 1 1 3 4 1 
28 - 1,3,5 2 2 1 4 4 1 
29 - 1,3 2 1 3 3 2 1 
30 4,6,3,5,2,1,7 1,5 3 1 2 1 3 1 
31 - 1,3,5 2,5 1 1 2 3,4 1 
32 7,6,3,2,4,1,5 3 4 1 4 1 3 1 
33 - 1,3,5 4 1 2 1 2,3 1 
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Table 10: Continued 

Respon-
-dent 

Question Number 
16 17 

Recent Design 
Experience 

Previous Design 
Experience 

Recent Design 
Experience 

Previous Design 
Experience 

1 - - - - 
2 1,2,3,10 10 7 7 
3 10 - - - 
4 1,2,6,7,9,10 6,10 3,5,7,8 7 
5 10 - - - 
6 10 10 - - 
7 2,8 1,2,5,6,10 3,7 7 
8 1,6,10 - 7 - 
9 1,2,6,10 6,10 3,7 7 
10 6,10 - 7 - 
11 6,10 - 7 - 
12 2,3,5,6,9 1,2,6,10 3,4 7 
13 - 10 - 2 
14 10 10 7 - 
15 6,9,10 - 7 - 
16 10 - - - 
17 6,10 - 7 - 
18 1,3,10 10 2,3 - 
19 1,6,10 7 7 - 
20 6,10 6 7 - 
21 10 - - - 
22 6,10 10 7 - 
23 10 10 - - 
24 10 - 3,7 - 
25 6,10 1,6,10 7 - 
26 7,10 10 3 - 
27 6,10 - - - 
28 1,6,9,10 10 7 - 
29 6,10 10 - - 
30 - - - - 
31 - - - - 
32 1,2,10 - - - 
33 6,8,9,10 6 7 7 
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Table 10: Continued 
Respon-

-dent 
Question Number 

18 19 20 21 22 23 24 25 26 
1 6 6 6 6 Kuwait 5 3 1 1 
2 6 6 6 6 Kuwait 4 4 1 1 
3 6 6 6 6 Kuwait 7 4 1 1 
4 6 6 2 2 Kuwait 2 1 5 5 
5 6 6 3 2 Kuwait 1,2,4 4 1 1 
6 6 6 3 3 Kuwait 3 4 2 2 
7 6 6 2 1 Kuwait 5 1 5 5 
8 6 6 1 3 Kuwait 2 5 2 2 
9 6 6 3 1 Kuwait 1,2,4 1 3 4 
10 6 6 2 2 Kuwait 7 4 3 4 
11 6 6 2 2 Kuwait 2 5 3 4 
12 6 6 1 1 Kuwait 5 4 3 3 
13 6 6 3 2 Kuwait 5 6 2 2 
14 6 6 2 1 Kuwait 3 4 2 2 
15 6 6 2 2 Kuwait 2 5 2 4 
16 6 6 3 2 Kuwait 2,4 4 2 3 
17 6 6 2 1 Kuwait 3 4 2 4 
18 6 6 2 3 Kuwait 5 6 1 2 
19 6 6 1 3 Kuwait 2 5 2 2 
20 6 6 2 1 Kuwait 3 1 5 5 
21 6 6 3 3 Kuwait 2,4 5 3 4 
22 6 6 2 3 Kuwait 3 3 2 4 
23 6 6 3 3 Kuwait 7 4 1 4 
24 6 6 3 2 Kuwait 2,5 6 3 3 
25 6 6 3 3 Kuwait 2,5 4 2 3 
26 6 6 2 1 Kuwait 1,5 2 2 2 
27 6 6 2 1 Kuwait 2 5 1 1 
28 6 6 3 6 Kuwait 1,2 4 3 4 
29 6 6 2 2 Kuwait 3 1 4 4 
30 6 6 3 2 Kuwait 5,6 6 2 3 
31 6 6 2 2 Kuwait 3 3 5 5 
32 6 6 3 3 Kuwait 7 1 3 4 
33 6 6 3 6 Kuwait 1,2 5 3 4 

 
 


