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Tolerance of Ambiguity and Engineering Identity 
 
 
An understanding of the determinants of academic success of engineering students is important 
to improve the learning environment. The identity of a person is composed of several component 
identities. These various identities include but are not limited to, personal, identity, social 
identity, and professional identity. The correlation between professional identity and professional 
success as indicated by research has prompted the focus on development of engineering identity 
in engineering students. The tolerance of ambiguity of problem spaces is also being explored to 
move the learning environment closer towards a real-world problem space. This paper provides 
results of a study conducted at an HBCU to determine a correlation between tolerance of 
ambiguity, engineering identity. The responses of a cross-section of engineering students to 
validated surveys on engineering identity and tolerance of ambiguity were collected. The study 
indicated that the length of stay in college enhanced the engineering identity of the students. 
However, it was observed that the length of stay in college did not impact the tolerance of 
ambiguity.  
 
Introduction 
The primary objective of education is to develop the critical thinking skills of students so that 
they can use their knowledge and skills in real life to solve problems hitherto unsolved. Critical 
thinking is a process to solve problems through “conceptualizing, applying, analyzing, 
synthesizing, and/or evaluating” relevant information [1]. The higher education environment in 
general and engineering education environment in particular incorporate to some degree critical 
thinking-based pedagogies such as open-ended problems, and design exercises [2], [3]. 
Recognizing relevant information and identifying dependencies are essential elements of critical 
thinking. The process of critical thinking becomes intellectually more demanding if the 
dependencies between various pieces of information are either ill-defined or not defined. The 
real-life problem space spans the spectrum of full information about the variables, to a 
probabilistic understanding of the relations to no knowledge of the dependencies. In other words, 
the problem space spans the ambiguity spectrum [4] - [6]. Tolerance of ambiguity has been 
termed as a “critical future fit skill” [7] and can be discriminator between entrepreneurs and 
managers [8]. Students are usually averse to solving problems that have incomplete information, 
that is they exhibit an intolerance of ambiguity. The impact of duration of stay in college on 
tolerance of ambiguity as well as age have been studied in the past [9]. Intolerance of ambiguity 
can lead to poor academic performance and persistence [10]. Appropriately structured learning 
experiences that provide a scaffolding, can increase tolerance of ambiguity [11], [12]. 
 
Another important construct that impacts academic success and persistence in a major is 
professional identity. An individual’s identity consists of several sub-identities [13] such as 
personal identity, social identity, and professional (engineering) identity [14]. The impact of 
engineering identity on retention in the profession has been reported [15] - [17]. Research 
indicates that professional identity is malleable [17] - [20].  
 
The contents of this paper are based on a study to establish baseline understanding of tolerance 
of ambiguity, and engineering identity of undergraduate students and the impact of duration of 
stay in college. 



Method 
The participants of the study were undergraduate engineering students enrolled at an HBCU. A 
total of 154 students responded to the modified Rydell-Rosen Ambiguity Tolerance survey 
(RRAT) (Appendix A, [21]). Of the 154 respondents, 116 were freshman while 38 were 
graduating seniors. The survey has 20 true/false items. The Godwin [22] Engineering Identity 
(EI) (Appendix B) survey was also administered to the students. The EI survey which measures 
the responses on a 5-point Likert scale (Strongly Agree (SA) =5; Agree (A) = 4; Neutral (N) = 3; 
Disagree (D) = 2, and Strongly Disagree (SD) = 1) has 11 items that measure three dimensions 
namely, Acceptance (3 items), Interest (3 items), and Competence (5 items). A total of 292 
freshmen and 35 graduating seniors responded to the EI survey. The data was collected using 
Google forms. The surveys were administered to freshmen at the start of their first semester in 
college and to the graduating senior towards the end of their graduating semester. 
 
Results and Discussion 
The analysis of the responses to the RRAT survey for the freshmen is given in Fig.1. There are 
several observations that can be made based on these responses. The average percentage of the 
correct responses to the survey items is 46%. There were only 8 items to which the percentage 
correct responses 50% or higher and only two items to which the percent correct answers were 
greater than 70%. The highest percentage of correct responses was to item Q19 which pertained 
to “fooling around with new ideas”. The lowest percentage response was to item Q7 that asserted 
that “every problem has a 
solution”. Q20 elicited 
about 20% correct 
responses to the statement 
that a good composition 
must have balance. Q16 
for which the correct 
responses were 28% 
gauged the student 
satisfaction with getting 
to a solution which in the 
case was placing the last 
piece of the jigsaw 
puzzle. 
 
The percentage correct 
responses for graduating 
seniors are shown in Fig. 
2. The average of the 
percent correct responses 
to the survey is 43%. The percentage of correct answers for only 8 items of the survey were 
higher than 50%. The percentage correct answers were higher than 70% for only two questions 

Figure 1. Correct responses to RRAT Survey by Freshmen 



(Q14 and Q19). The highest percentage of correct answers was for Q19, similar to but lower than 
the percentage correct 
answers of freshmen. 
The next highest 
percentage of correct 
answers was for Q14 
indicating that the 
students were likely to 
accept the 
incompleteness of their 
work i.e., without any 
solution. Like the 
responses of freshmen, 
the lowest percentage of 
correct answers was for 
Q7. Interestingly, Q8 
which pertained to 
ambiguity in social 
interaction had the next 
lowest percentage of 
correct responses. 
 
A comparison of the responses between the freshmen and graduating seniors is provided in Fig. 
3. This comparison captures the impact of the duration of stay in college. It was noted that there 
was no statistically significant difference (p < 0.05) between the averages of the percentage of 
correct responses for 
freshmen (46%) and 
seniors (43%). The 
freshmen had higher 
percentage of correct 
responses than the 
graduating seniors on 13 
of the 20 items of the 
survey. The trend of the 
correct responses was in 
general similar. For 
example, both freshmen 
and seniors had the 
lowest percentage of 
correct responses (about 
18%) for Q7 which 
indicated that a little 
over 80% felt that every 
problem must have a 
solution. An almost 25% 

Figure 2. Correct responses to RRAT Survey by Graduating Seniors 
 

Figure 3. Comparison of Correct responses to RRAT  
 



difference was noted in the correct responses to Q8 which indicated the seniors were less 
comfortable with their inability to follow another person’s train of thought.  
 
 The data analyses to determine the impact of duration of stay in college on the engineering 
identity of the participants of the study are discussed next. The responses of the freshmen to the 
EI survey are shown in Fig. 4. The analysis of freshmen responses identified opportunities. 
While the average 
percentage of “strongly 
agree” and “agree” 
responses for the Interest 
dimension as the highest of 
the three dimensions, and 
the lowest percentage was 
for the Recognition 
dimension. The highest 
percentage of SA & D 
responses was for Q1 (81%) 
which was about 
respondents being 
recognized as engineers by 
their parents. The lowest 
percentage of SA & D 
responses was for Q2 (58%) 
which pertained to the 
respondents’ perception of 
their instructors recognizing them as engineers.  
 
The responses of the graduating seniors are shown in Fig. 5. It was observed that the students’ 
perception of their instructors’ recognition had significantly improved. There was an increase in 
the students’ strong agreement and agreement with the items in all three dimensions to 90% or 
higher.  
 

Figure 4. Responses of Freshmen to Engineering Identity Survey  

Figure 5. Responses of Freshmen to Engineering Identity Survey  



A comparison of freshmen and graduating seniors’ responses to the EI survey is shown in Fig 6. 
The impact of duration 
of stay can be clearly 
observed. The 
graduating seniors had 
significantly improved 
their perception of 
being recognized as 
engineers by the 
instructors as well as 
peers. The seniors  
recorded a higher 
interest in engineering 
and reported increased 
perception of their 
technical competence 
as engineers. 
 
 
 
 
 
Conclusions and Future Work 
The analysis of the RRAT survey indicated that on the average there was not much difference in 
the correct responses between freshmen and graduating seniors. The less than 50% average of 
the correct answers to the RRAT survey signifies an opportunity to design curricular materials 
and the learning environment to enhance the students’ tolerance of ambiguity. Thus, several 
hands-on activities are being designed which have incomplete information to simulate real-life 
problem spaces. These interventions are being implemented in the introductory aerospace 
engineering course in the Spring and Fall 2023 semesters. Data will be collected using the RRAT 
survey to determine the impact of these interventions on participants tolerance of ambiguity as 
measured by the instrument. The EI survey identified that freshmen students felt that their 
instructor did not recognize them as engineers. This observation provides as opportunity to 
instructors to proactively improve students’ perception of professional recognition by faculty.  
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Appendix A 
RRAT Scale (McDonald, 1970) with ‘correct’ responses 

1. A problem has little attraction for me if I don't think it has a solution (FALSE) 
2. I am just a little uncomfortable with people unless I feel that I can understand their 

behavior. (FALSE) 
3. There is a right way and a wrong way to do almost everything. (FALSE) 
4. I would rather bet 1 to 6 on a long shot than 3 to 1 on a probable winner. (TRUE) 
5. The way to understand complex problems is to be concerned with their larger aspects 

instead of breaking them into smaller pieces. (TRUE) 
6. I get pretty anxious when I am in a social situation over which I have no control. 

(FALSE) 
7. Practically every problem has a solution. (FALSE) 
8. It bothers me when I am unable to follow another person's train of thought. (FALSE) 
9. I have always felt that there is a clear difference between right and wrong. (FALSE) 
10. It bothers me when I don't know how other people react to me. (FALSE) 
11. Nothing gets accomplished in this world unless you stick to some basic rules. (FALSE) 
12. If I were a doctor, I would prefer the uncertainties of a psychiatrist to the clear and 

definite work of someone like a surgeon or X-ray specialist. (TRUE) 
13. Vague and impressionistic pictures really have little appeal for me. (FALSE) 
14. If I were a scientist, it would bother me that my work would never be completed (because 

science will always make new discoveries). (FALSE) 
15. Before an examination, I feel much less anxious if I know how many questions there will 

be. (FALSE) 
16. The best part of working a jigsaw puzzle is putting the last piece. (FALSE) 
17. Sometimes I rather enjoy going against the rules and doing things I am not supposed to 

do. (TRUE) 
18. I don't like to work on the problem unless there is a possibility of coming out with a clear 

cut and unambiguous answer. (FALSE) 
19. I like to fool around with new ideas, even they turn out later to be a total waste of time. 

(TRUE) 
20. Perfect balance is the essence of all good composition. (FALSE) 

 
  



Appendix B 
Engineering Identity (Goodwin 2016) 
Recognition 1 My parents see me as an engineer 

2 My instructors see me as an engineer. 
3 My peers see me as an engineer. 

Interest  4 I am interested in learning more about engineering. 
5 I enjoy learning engineering. 
6 I find fulfillment in doing engineering. 

Competence 7 I  am confident that I can understand engineering in class. 
8 I am confident that I can understand engineering outside of class. 
9 I can do well on exams in engineering. 
10 I understand concepts I am studying in engineering. 
11 Others ask me for help in engineering/math subjects 

 


