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Abstract 
Real world problems are rarely well-defined, and are usually with incomplete information, in 
other words epitomes of ambiguity. In contrast, undergraduate students are rarely exposed to the 
class of problems that they will encounter in their professions. The correlation between students’ 
tolerance of ambiguity as signified by their cognitive models of the world, and academic success 
has received limited attention. A cross sectional and longitudinal study at a Historically Black 
College and University (HBCU) is being conducted to establish baselines for the mental models 
of students and their tolerance to ambiguity. The modified Rydell-Rosen questionnaire was used 
to understand undergraduate students’ ambiguity tolerance.  Analysis of cross-sectional data 
collected indicates little change in tolerance of ambiguity of undergraduate students with time 
spent in college. This research is supported by NSF Grant# 1832041. 
 
Introduction 
 
The typical learning environment, and assessment of learning dominant in K-16 education 
promotes a dualistic understanding of the problem space. Students look for the ‘right’ answer, or 
the answer the teacher is expecting. Obviously, such learning is rarely applicable to real-life 
situations which are much more nuanced, lack complete information and usually admit multiple 
solutions. Real-life problem solving may not have a structured and established solution process 
with known input-output relationships. Thus, the real-world problem space is uncertain and 
ambiguous. Schrader, Riggs and Williams [1] capture the progression of complexity of the 
problem space by differentiating between ‘uncertainty’ and ‘ambiguity’ in context of problem 
solving as follows: 
 
“Uncertainty: Characteristic of a situation in which the problem solver considers the structure of 
the problem (including the set of relevant variables) as given, but is dissatisfied with his or her 
knowledge of the value of these variables. 
 
Ambiguity level 1: Characteristic of a situation in which the problem solver considers the set of 
potentially relevant variables as given. The relationships between the variables and the problem 
solving algorithm are perceived as in need of determination.  
 
Ambiguity level 2: Characteristic of a situation in which the set of relevant variables as well as 
their functional relationship and the problem-solving algorithm are seen as in need of 
determination.” 
 
The mismatch between the dualistic learning paradigm of typical undergraduate education and 
the needs of the real-world problem space is quite stark. McNeill et al. [2] report a typical 
response of a senior engineering student as “well basically that if you have the right equations 



then you can solve anything”. This student clearly had an understanding, of the problem space to 
be amenable to a structured, established process with known input-output relationships. Students 
therefore need to learn how to ‘develop adequate conceptual frameworks (make meaning) and 
apply those frameworks in solving complex ill-structured problems’ [3], that is, to function under 
ambiguity. A discussion on the characteristics of structured and ill-structured problems can be 
found in [4].  
 
The mismatch challenge is well recognized and is the subject of continued research on 
understanding learners’ response to ambiguity and identifying effective learning environments 
that would prepare students for the real world [2], [5], [6], [7], [8], [9], [10], [11]. Providing 
opportunities to undergraduate students to develop tolerance of ambiguity is therefore important. 
An ill-designed learning environment incorporating ambiguity however can become a daunting 
experience for students [12], [13], [14], [15].  
 
As part of a larger study, cross-sectional data measuring the tolerance of ambiguity of 
undergraduate students has been collected at an HBCU to determine the impact of time spent in 
college. The analysis of this data is discussed in this paper. 
 
Method 
The participants of this between-group quasi-experimental study were undergraduate students 
from STEM and non-STEM disciplines at an HBCU. The modified Rydell-Rosen Ambiguity 
Tolerance (AT-20) scale developed by McDonald [16] was administered to the participants. The 
scale consists of 20 true/false statements of which 16 items are from the original Rydell and 
Rosen instrument [17], 2 items are from the California Personality Inventory [18], and 2 items 
are from the Conformity Scale of Barron [19]. As reported by McDonald [16], the AT-20 scale 
has a stability coefficient of 0.63 (based on a six- month retest). The AT-20 scale has been 
shown to be free from social desirability bias [16], the most common bias in survey 
questionnaires as measured by the Marlowe-Crowne Social Desirability scale [20]. The construct 
validity of the AT-20 was also demonstrated by McDonald [16] through significant correlations 
with the “Rokeach Dogmation” and the “Gough-Sanford Rigidity” scales. The AT-20 scale is 
given in Appendix A. 
 
The AT-20 questionnaire was administered as an online fillable form in Fall 2018 to 
undergraduate students from the various STEM (aerospace engineering, electrical engineering, 
mathematics, mechanical engineering, chemistry, biology, computer science, sociology, and 
psychology), and non-STEM majors (political science, and English). The questionnaire 
administration was repeated in Spring 2019 to students from the STEM and non-STEM majors 
who had not responded in Fall 2018. The questionnaire included few additional items (gender. 
academic standing, GPA, design/project experience).  These demographic items preceded the 
AT-20 items. The study was approved by the Institutional Review Board (IRB). The students 
were invited to respond to the survey through their instructors who were provided copies of the 
informed consent forms. The survey participation was voluntary. A total of 269 students 
responded to the survey which included 121 freshmen, 37 sophomores, 54 juniors, and 57 
seniors. A detailed breakdown of the respondents is given in Table I. All students self-identified 
as African-American. 
 



 Engineering Non-Engineering 
STEM* 

Non-STEM Total 

Freshmen Female 14 35 10 59 
Male 51 9 2 62 

Sophomores Female 1 9 10 20 
Male 13 3 1 17 

Juniors 
 

Female 4 27 5 36 
Male 12 4 1 18 

Seniors 
 

Female 3 29 10 42 
Male 7 4 3 15 

Total 105 120+2 42 269 
*Two non-engineering STEM students declined to provide gender information. 
Table I: Demographics of survey respondents 
 
Results and Discussion 
 
The responses of the students were analyzed 
to determine the percentage of the average 
‘correct’ answers for each of the 20 
statements of the AT-20 survey. A correct 
response is considered to be a tell-tale of 
tolerance for ambiguity. The percentage 
correct responses of each survey respondent 
were also determined. Fig. 1 shows the 
average correct responses for all the students 
who responded to the AT-20 survey grouped 
by the three categories (engineering students, 
non-engineering STEM students and non-
STEM students). The data shows that the 
average correct responses of students across 
disciplines was less than 50%. The data was 
then de-aggregated based on academic 
standing 
 (freshmen, sophomores, juniors, and seniors). 
The average percentage correct responses of 
lower division (LD) students consisting of 
freshmen and sophomores and upper division 
(UD) students consisting of juniors and 
seniors, are shown in Fig 2. In all three groups 
there was a reduction in the average 
percentage correct responses of UD students. 
A larger (10%) reduction was observed for 
non-STEM students. However, the changes 
were not statistically significant (p < 0.05, two-tail). 
 
The responses were further de-aggregated for analysis as shown in Fig. 3. There was no 
difference in the percentage correct responses of freshmen from all the three groups. There was 
little difference in the average percentage correct responses between the freshmen, sophomore 

Figure 1: % Correct responses of all students 

Figure 2: % Correct responses (LD & UD)  



and junior engineering students.  However, the 
average percentage correct responses for 
senior engineering students were observed to 
reduce by 5%. The changes in the average 
percentage correct responses for non-
engineering STEM students with time spent in 
college were small.  There was an increase in 
the percentage correct responses of non-
STEM sophomores; however, the average 
percentage correct responses of seniors in this 
group were lower by 13% than the 
sophomores.  
 
To better understand the impact of time spent 
in college on tolerance of ambiguity, the 
average percentage responses to each of the 
20 statements were analyzed. Figs. 4a and 4b 
show the percentage correct responses of 
freshmen and seniors. A number of 
observations can be made on this data 
pertaining to individual and groups of the 
AT-20 items.    
 
For example, non-STEM freshmen had more 
percentage correct responses to the statement 
(item 4) “There is a right way and a wrong 
way to do almost everything.” These 
responses indicate that freshmen non-STEM 
students were less rigid or non-dogmatic in 
their attitudes. Similarly, the average 
percentage correct responses of the non-
STEM freshmen to the statement (item 4) “I 
would rather bet 1 to 6 on a long shot than 3 
to 1 on a probable winner” points to their 
being more ready to consider non-ambiguous 
situations. The non-STEM freshmen also 
showed their preference for a profession 
which had uncertainties by having a higher 
average correct score on the statement (item 
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.” The highest average correct score for engineering freshmen was in response to the 
statement (item 19) “I like to fool around with new ideas, even they turn out later to be a total 
waste of time.” The engineering seniors had a higher number of correct responses to the 
statement (item 1) “A problem has little attraction for me if I don't think it has a solution” which 
indicated their being more comfortable with an ambiguous situation. Engineering seniors also 

Figure 4b: % Correct responses (Seniors)  Figure 4a: % Correct responses (Freshmen)  

Figure 4b: % Correct responses (Seniors)  

Figure 3: % Correct responses by academic standing 



had a higher percentage of correct answers to the statement (item 14) “If I were a scientist, it 
would bother me that my work would 
never be completed (because science 
will always make new discoveries).” 
 
The difference between the responses 
of seniors and freshmen to the AT-20 
was analyzed.  Fig. 5 shows the 
percentage difference in correct 
responses of engineering seniors and 
freshmen. It was observed that seniors 
scored higher on only five out of the 
twenty items of the AT-20 statements. 
The percentage correct answers for 
seniors were lower than those of the 
freshmen for all the four items (2, 6, 8, 
10) that pertain to social situations 
(which signify ambiguous situations). 
They average score of seniors was 
lower on the items 12, 17, 18, and 19 
which pertain to ambiguous 
professional situations. The seniors had 
higher scores on items 1 and 14 which 
pertain to ambiguous professional 
situations. The seniors also had a 
higher average score on items 9 and 20 
which pertain to dualistic 
understanding of the world.  
 
The percentage difference in the 
correct scores of seniors and freshmen 
from non-engineering STEM majors is 
given in Fig.6. It was noted that seniors 
from non-engineering STEM majors had higher scores than non-engineering STEM freshmen on 
only eight out of the twenty questions. The largest positive difference in the correct answers by 
seniors was observed for item 15 which states “If I were a scientist, it would bother me that my 
work would never be completed (because science will always make new discoveries).” This 
result indicated that the non-STEM seniors were more inclined to work on scientific problems 
regardless of whether their work would provide the final answer or not. The correct responses of 
the seniors were lower than the freshmen for items (2, 6, 10) that pertain to social situations. The 
non-engineering STEM seniors did not seem to be comfortable with trying out new ideas in 
comparison to the freshmen as by the difference in average correct responses to item 19. 
 
The percentage difference in the correct scores of seniors and freshmen from non-STEM majors 
is given in Fig.7. Non-STEM seniors had a higher correct response average in comparison to the 
freshmen for six out of twenty items. However, as can be seen from Fig. 7, items 8, 9 had a large 

Figure 6. % Difference in Responses Non-engineering STEM 

Figure 5. % Difference (Seniors – Freshmen) Engineering  
Students) Responses 



difference as compared to the other four 
items (12, 14, 15, 17). Items 8, and 9 pertain 
to a dualistic world view and social 
interaction. The non-STEM seniors were not 
comfortable with ambiguous professional 
situations as is seen in their responses to 
items (13, 16, 18, 19). 
 
Descriptive statistics were determined for 
the responses of the participants. The ratios 
of correct responses to total responses (20) 
are given in Table II. The non-STEM LD 
students had the highest median (50% correct), while UD students had the lowest median. 
 
Group N Median Min Max 1st  

Quartile 
3rd 

Quartile 
Eng LD 79 0.4 0.15 0.70 0.30 0.50 

UD 26 0.4 0.05 0.70 0.30 0.50 
Non Eng STEM LD 55 0.4 0.05 0.75 0.30 0.50 

UD 66 0.4 0.10 0.75 0.30 0.50 
Non-STEM LD 23 0.5 0.10 0.70 0.35 0.55 

UD 19 0.3 0.20 0.70 0.25 0.40 
Table II. Descriptive Statistics 

 
Conclusions and Future Work 
It was observed from the data as measured by the AT-20 and its analysis that the average score 
for tolerance of ambiguity of undergraduate students across all disciplines was below 50%. It 
was also observed that on the average, the time spent in college did not have much impact on 
their score on the AT-20 survey. There were interesting differences observed between seniors 
and freshmen on individual items of the AT-20 scale. The seniors had higher correct scores on 
only few of the items of the AT-20.  
 
The results reported in this paper are the first phase of a three-year project funded by the 
National Science Foundation Grant # 1832041. Future work includes additional cross-sectional 
data collection. Additionally, longitudinal tracking data on students who participated in 2018-
2019 will be collected to understand the impact of duration of college stay. The data analysis is 
expected to inform curricular and syllabi changes 
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Appendix A 
 
AT-20 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) 

 
 
 


