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Research has documented that students often hold mistaken beliefs about probability 
not resolved by traditional instruction. This study surveyed college professors of 
introductory applied statistics about their views on the importance and difficulty of 
various probability topics, their awareness of students’ misconceptions, and their 
opinion on how to address them in instruction. Most instructors felt that students’ 
misconceptions are widespread, yet resolvable by instruction. Many were unable to 
rate the difficulty of correcting various misconceptions, raising the question of how 
much they had worked with them. While the majority agreed that it was possible to 
correct misconceptions, some instructors felt that the standard course time is too 
limited to address them. These findings suggest the need for faculty development and 
for research on which probability topics are essential to understanding inferential 
statistics. 

Introduction 
A substantial body of research demonstrates that students often hold non-normative concepts in 
mathematics and science (Garfield, 2001; Morton, 2008; Ozdemir & Clark, 2007; Vosniadu, 
2004). The most common and broadly accepted term used is misconception, which is defined as 
“a student conception that produces a systematic pattern of errors” (Smith, diSessa, & Roschelle, 
1993, p. 10).  
 
Numerous studies document that a large proportion of college students have misconceptions 
about probability (Antoine, 2000; Das, 2008; Giuliano, 2006; Hirsch & O’Donnell, 2001; 
Konold, 1989; delMas & Bart, 1989). These nonstandard concepts often develop as a result of 
informal encounters students have with uncertain events at home, at the workplace, or while 
playing games of chance. The most common misconceptions include equiprobability bias 
(attributing the same probability in a random experiment to different events regardless of their 
actual chances; Jones, Langrall, & Mooney, 2007; Lecoutre, 1992; Lecoutre & Rezrazi, 1998), 
outcome orientation (treating the probability of an occurrence as a certainty rather than a measure 
of likelihood; Jones, 2005; Konold, 1989, 1995), and representativeness (estimating the 
likelihood of an event based on how well an outcome represents some aspect of the parent 
population; Hirsch & O’Donnell, 2001; Kahneman, Slovic, & Tversky, 1982; Shaughnessy, 
1992). 
 
There is also strong research evidence that most misconceptions do not disappear as a result of 
formal (traditional) instruction (delMas & Bart, 1989; Khazanov, 2005; Konold, 1995, 
Shaughnessy, 1977, 1981). They can “peacefully coexist” with normative concepts and interfere 
with students’ ability to apply these concepts consistently and with confidence (Khazanov, in 
press; Ozdemir & Clark, 2007). Garfield (2001, 2007) points out that, although students may 
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learn probability rules and procedures and may actually calculate correct answers on 
mathematical tests, these same students may misunderstand basic ideas and concepts and often 
ignores the rules when making their own judgment about uncertain events. Most researchers 
agree that instructional interventions designed specifically to correct students’ misconceptions are 
necessary (Khazanov, in press; Konold, 1995; Hirsch & O’Donnell, 2001, Shaughnessy, 1981, 
1992). 
 
Addressing students’ misconceptions about probability has been acknowledged as an important 
instructional goal. Shaughnessy, one of the most frequently cited scholars in the field of 
probability and statistics education, declared that “one of the main goals of stochastics instruction 
should be to provide students with examples of how statistics is used and abused, and how 
misconceptions of probability can lead to erroneous decisions” (Shaughnessy 1992, p. 482; 
emphasis added).  
 
Teaching probability for conceptual understanding implies a major shift in emphasis from simply 
providing formulas, rules, and procedures for calculations to addressing students’ primary 
intuitions and preconceptions (Garfield, 1995; Konold, 1995; Sharma, 2006). Shaughnessy (1992) 
emphasized both the need to assess teachers’ conceptions and attitudes about teaching and the 
need to improve them. He called for the development of methods courses which directly address 
misconceptions and which sensitize teachers to their prevalence. While college professors are 
probably better trained in the rigors of the subject than the high school teachers Shaughnessy 
described, it is not likely that many of them have ever taken methods courses in teaching 
probability and statistics, as these are not commonly required. In that case, they would not have 
been trained in how to address students’ non-normative concepts. 
Before implementing major changes in the teaching of probability and statistics, it is essential to 
understand college professors’ awareness of the prevalent misconceptions and their effects on 
learning. While many misconceptions and their causes have been identified (Konold, Pollatsek, 
Well, Lohmeier, & Lipson, 1993), little is known about the extent of college teachers’ awareness 
of misconceptions, their nature, or methods to address them, let alone the extent to which they 
actually do so in their classes.  
 
The objective of the present study was to address some of the concerns identified by 
Shaughnessy: to survey college professors of introductory applied statistics in order to determine 
their views on issues pertaining to the teaching and learning of probability; their awareness of 
student misconceptions; and their opinions of whether and how those misconceptions could be 
addressed in instruction. Specifically, we were guided by the following questions: 
 
• How do college instructors assess the difficulty of various probability topics? 

• To what extent are statistics instructors aware of their students’ misconceptions of 
probability? How do they know when misconceptions exist?  

• What, in the opinion of instructors, are the most important reasons for students’ 
misconceptions about probability? 

• How do college professors assess the difficulty of correcting various misconceptions? 
Which of the misconceptions do they find the most difficult to correct?  

• What approaches and strategies do college professors identify as most effective for 
correcting students’ misconceptions? 
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Procedure 

Participants 

Participants were 66 college teachers who had experience teaching probability and statistics. 
Efforts were made to survey college professors from a spectrum of institutions ranging from 
small community colleges to large public and private universities. One hundred questionnaires 
were distributed via contact persons to instructors in colleges and universities in New York, New 
Jersey, California, and Michigan. A small number of questionnaires were personally delivered by 
the senior investigator to instructors from colleges and universities outside the USA. To identify 
potential respondents, the contact persons obtained from the departmental secretaries lists of 
instructors who had taught a course on probability or statistics at least once and attempted to 
reach out to all instructors on the list. Sixty-six questionnaires were answered and returned to the 
investigators. Participants differed with regard to their teaching experience, which ranged from 
one year to over thirty years. The mode was twelve or more years for both college-level teaching 
and teaching of probability or statistics. The distribution of respondents across the institutions of 
their affiliation is in Table 1. 
 

Table 1. Distribution of respondents across institutions of affiliation. 

Institution n % 

Community colleges 32 48 

Four-year colleges and universities 17 26 

Research universities 11 17 

Foreign colleges and universities (Russia, China, Slovakia) 6 9 

Total 66 100 

Contact persons were instructed to obtain reasons for refusal to participate in the survey. The 
majority of non-respondents came from one large upstate university where the contact person 
distributed 20 questionnaires. The chairperson informed the contact person that the department of 
mathematics and statistics that he chaired was not in a position to participate in the study, since 
they had stopped offering introductory statistics. Other reasons cited by contact persons include 
“extremely busy,” “the questionnaire is too long,” and “unsure how to answer the questions.” 

We believe that non-respondents would be unlikely to have a significant effect on results for two 
reasons: first, if one excludes the 20 questionnaires coming from a single university, the non-
response proportion falls below 20%, which is small enough not to warrant serious concerns 
(Gall, Gall, & Borg, 2003). 
 
Secondly, the cohort of non-respondents does not seem to be markedly different from that of 
respondents, as the majority of non-respondents cited extremely busy schedules as their reason 
for not answering the survey. It seems unlikely that, as a group, they would hold opinions about 
the investigated issues markedly different from the opinions of those who afforded time to answer 
the survey. We cannot rule out, however, the possibility that, since some of the non-respondents 
answered “unsure how to answer the questions,” the proportion of answers in the category neutral 
could be slightly higher if non-respondents were included. 
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Instrument 

A questionnaire designed by the first author was employed in this study since an appropriate 
instrument could not be identified in the literature. The initial version of the questionnaire was 
piloted with several of our colleagues, and some of their suggestions were incorporated into the 
final version. For example, some questions that in the original version allowed for only two 
responses—yes or no—were rewritten to allow for more nuanced responses. 
 
The questionnaire was intended to probe instructors’ opinions on a broad range of issues 
pertaining to students’ misconceptions about probability. It is comprised of ten item sets covering 
several key instructional issues, such as whether instructors believed probability was important 
for college students, whether they acknowledged the importance of students’ misconceptions, and 
whether they believed it was feasible to deal with them in the first statistics course. The format of 
questions varied and included multiple choice, arranging items in order of importance, and rating 
items on a Likert-type scale. (The complete questionnaire is in Khazanov, (2005) and is 
ayavailable online at http://64.233.169.104/search?q=cache:01P0JohMxAEJ:digitalcommons. 
libraries.columbia.edu/dissertations/AAI3192253/+Leonid+Khazanov+Investigation+approaches
+and+strategies+for+resolving&hl=en&ct=clnk&cd=1&gl=us). We also asked instructors to 
evaluate the effectiveness of various approaches for resolving students’ misconceptions, with the 
objective of finding out what they believed worked best. We attempted to list the majority of 
approaches described in the literature; however, a space was provided for respondents to add 
items they thought were missing. 

Administration of the questionnaire 

Participants were asked to answer the survey questions during their free time, with a three-week 
deadline. A small number of completed surveys were accepted after the deadline. A note that 
accompanied the questionnaire informed participants about the purpose of the survey, potential 
benefits, and how the results would be used. The survey was essentially anonymous; respondents 
were asked to indicate their mother’s maiden name to avoid duplication and for coding purposes. 
Those respondents who might be interested in participating in a teaching experiment designed to 
assist students in resolving certain misconceptions were asked to provide contact information. All 
subjects were informed that the results would be reported in statistical form only, and that no 
personal information would be revealed.  
 
Participants were instructed to answer all questions to the best of their ability. To enable informed 
responses, a supplementary information sheet was provided containing the definitions and 
examples of common misconceptions. Completed forms were collected by the contact persons 
and mailed or personally delivered to the investigators.  

Results 

This study was exploratory in nature and relatively small in scope. Although some features of 
stratified random sampling were employed (contact persons were selected from different types of 
colleges, and they were directed to solicit responses from all professors who qualified), it was not 
a true random sample of all college professors who teach probability and statistics. Because of 
this, we present the results descriptively. Nevertheless, in spite of the above limitations, they 
reveal important patterns in instructors’ attitudes that could prove useful for instruction and for 
further research.  
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Perception of learning difficulties 

Our first question concerned instructor perceptions of students’ difficulties in learning various 
probability concepts. Table 2 lists eight core probability concepts and the percentage of 
instructors who ranked each concept among the three most difficult. 
 

Table 2. Instructor’s ratings of the difficulty of key probability concepts. 

Concept % ranking the concept as among the 3 most difficult 

Bayes’s Theorem 66 

Conditional Probability 60 

Independent & Mutually Exclusive Events 55 

Counting, Permutations & Combinations 42 

Law of Large Numbers 25 

Sample Space 22 

Binomial Probability 20 

Normal Curve 15 

The results show that the majority of respondents included Bayes’s theorem, conditional 
probability, and the distinction between independent and mutually exclusive events in the list of 
the three most difficult topics for students to master. In contrast, less than a quarter of survey 
respondents listed sample space, binomial probability, and normal curve as the most difficult. 
These results were, in general, consistent with the findings of other researchers. For example, the 
three most difficult topics identified by our respondents coincide with the three most difficult 
topics cited in Antoine’s (2000) study on two items out of three. (Antoine did not include Bayes’s 
theorem in her survey.) The only difference is that a large percentage of Antoine’s subjects 
ranked normal curve as difficult, while only 15% of our subjects did so. 

Awareness of misconceptions 

Our second question concerned instructors’ position on the importance of probability for college 
students and their awareness of students’ misconceptions of probability. Table 3 presents 
instructors’ responses to several statements regarding the prevalence and importance of 
misconceptions.  
 
Table 3. Instructors’ evaluation of the prevalence and importance of probability misconceptions. 

 
 

Instructors’ Position  SA & 
A % 

N 
% 

D & 
SD %

1 The study of probability is important for all college students  81 12 7

2 A large proportion of college students have misconceptions about 
probability 

87 13 0

3 Misconceptions of probability adversely affect comprehension of 
statistics 

87 9 4
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4 Effective strategies exist for eliminating misconceptions of probability 67 27 6

5 Students’ misconceptions of probability can be significantly reduced 
during the time allocated to this topic in a typical introductory 
statistics course 

63 22 15

The results indicate that the vast majority of respondents (81%) agree with the statement that the 
study of probability is important for all college students, more than half (52%) strongly agreeing. 
Even more respondents (87%) agreed that students have misconceptions about probability and 
that these misconceptions adversely affect their ability to comprehend statistics. These findings 
raise questions about the efforts in the reform movement in the USA (Snee, 1993) toward 
reducing the emphasis on probability in introductory applied statistics. A smaller majority of 
instructors were confident that effective strategies exist for correcting students’ misconceptions 
(67%) and that this can be done within the time allotted to probability in a typical statistics course 
(63%).  

Reasons for misconceptions 

In our third question instructors were asked to evaluate various reasons for students’ 
misconceptions of probability. The results are in table 4. 
(Percentages in this and other tables may not add up to 100% due to rounding.) 
 

Table 4. Instructors’ explanations of reasons for students’ probability misconceptions. 

 Reason for misconceptions SA & 
A % 

N % D & 
SD % 

1 Students are lacking in self-regulatory skills   64 31 6

2 Instructors, in general, do not target specific misconceptions in 
their teaching 

59 26 16

3 Students do not have sufficient background knowledge of 
mathematics to understand the concepts of probability 

59 15 25

4 Instructors, in general, do not address students’ incorrect 
intuitions about probability 

58 21 21

5 Some instructors have misconceptions about probability 
themselves 

57 26 17

6 Students do not work enough with manipulatives or use 
simulated computer experiments 

57 23 19

7 Students do not have sufficient opportunities to discuss their 
understandings with others including their peers 

55 30 15

8 Probability is poorly covered in textbooks 44 37 19

9 Students, in general, find the topic uninteresting and are not 
motivated to master it 

36 34 31

10 No effective strategy exists for correcting students’ 
misconceptions of probability 

24 27 49
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It is noteworthy, that the majority of survey respondents did not indicate a belief in any single 
explanation for students’ misconceptions. Rather, most of the suggested reasons sounded 
appealing to them. Respondents’ highest levels of agreement focused on students’ skills: that 
students lack self-regulatory skills (64%) and that they lack sufficient background knowledge to 
understand probability (59%). However, only about one third of respondents agreed that students 
lack the motivation to learn probability. Several instructor-related variables drew similarly high 
levels of agreement: instructors do not target specific misconceptions (59%) or students’ incorrect 
intuitions of probability (58%), and that some instructors have their own misconceptions (57%). 
The third group concerns students’ opportunities to correct misconceptions: students do not work 
enough with manipulatives (57%) or have sufficient opportunities to discuss their understandings 
(55%). A plurality (44%) agreed that textbooks do not cover probability well, and almost half 
rejected the proposition that no effective strategies exist for correcting students’ misconceptions. 
Respondents’ ratings of various sources of information about students’ misconceptions are 
presented in Table 5. 

Table 5. Instructors’ ratings of the relative importance of sources of 
information about students’ misconceptions. 

Source of information about misconceptions % of respondents ranking source among 
3 most important 

Whole class discussions 71 

Conversations with students one-on-one  71 

Quizzes & Tests 66 

Observation of discussions in small groups 42 

Review of the literature 17 

Analysis of students’ contributions to on-line discussion 
forums 

13 

Notably, the two most highly rated sources of information—one-on-one conversations and whole 
class discussions—involve direct face-to-face interactions between instructor and student. The 
sources regarded as relatively less important were observation of discussions in small groups, 
review of the literature, and analysis of students’ contribution to on-line discussions. While 
reasons for these lower ratings may differ, it is possible that some of our respondents rated these 
sources as less important because of limited experience with them. 

Difficulty in correcting misconceptions 

In our fourth question, survey respondents were asked to assess the difficulty of correcting a 
variety of common probability misconceptions, from very difficult to very easy. Their responses 
are in Table 6. 
 

Table 6. Instructors’ perceptions of difficulty of correcting probability misconceptions. 

 Typical misconceptions VD & D 
% 

N % VE & 
E % 

1 Confusing mutually exclusive events with independent events 54 31 16
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2 Ignoring the dependence of events 47 29 25

3 Confusing a conditional statement with its inverse 46 35 19

4 Misconceptions of counting 42 38 19

5 Conjunction fallacy  41 39 21

6 Compound approach 39 49 13

7 Representativeness bias 38 42 21

8 Equiprobability bias  37 44 19

9 Outcome orientation misconception 36 36 28

10 Incorrectly identifying variables in binomial probability 34 33 33

11 Gambler’s fallacy 32 36 32

12 Insensitivity to sample size 29 43 27

13 Disregarding the population proportions when making a 
prediction 

27 47 27

14 Availability  27 42 31

15 Sample space misconception 20 41 39

The results show that confusing mutually exclusive events with independent events, ignoring the 
dependence of events, and confusing a conditional statement with its inverse are perceived by the 
respondents as the most difficult to correct: 54%, 47%, and 46%, respectively, classified them in 
the category “very difficult” or “difficult.” These three misconceptions are predicated on the 
incomplete understanding of the concepts of independence and conditional probability. Notably, 
the concepts of independence and conditional probability were quoted by the majority of 
respondents as the most difficult for students to master (see answer to question 2). In contrast, the 
sample space misconception was not identified as being difficult to correct, nor was the concept 
of sample space ranked among the most difficult for students to master. The observed association 
suggests that, at least for some respondents, the perceived difficulty of correcting specific 
misconceptions was a factor in assessing the difficulty of a particular topic for students. 

Conspicuously, for a large group of misconceptions on our list, the plurality of responses fell into 
the category neutral. This implies that many instructors refrained from taking a position on 
whether it is easy or difficult to correct these misconceptions. The decision to ‘reserve judgment’ 
suggests that many of our respondents did not have much experience with correcting students’ 
misconceptions, and, therefore, had difficulty in making a choice.  

Strategies for correcting misconceptions 

In question 5, surveyed instructors were asked to assess the effectiveness of a number of common 
approaches that can be used to correct students’ misconceptions of probability. Their responses 
are in Table 7. 
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Table 7. Instructors’ ratings of the effectiveness of approaches for 
reducing probability misconceptions.  

 Effectiveness Effective 
& Highly 
Effective 

% 

N % Ineffective 
& Highly 

Ineffective 
% 

1 Instructor and student discuss student’s misconceptions 
one-on-one 

81 17 2

2 Students work on individualized instructor-designed written 
assignments that address misconceptions 

60 32 8

3 Instructor explains concepts and typical misconceptions in 
lecture form 

60 30 10

4 Students work with manipulatives or use simulated 
computer experiments 

60 26 15

5 Instructor facilitates whole class discussions of 
misconceptions 

58 31 11

6 Students discuss their understandings in small groups in 
class 

50 35 16

7 Peer tutoring  39 35 26

8 Students participate in on-line discussions with their peers 
via a discussion forum 

29 28 44

9 Students read explanations of concepts and typical 
misconceptions in textbooks or on the internet 

15 39 46

Our data reveal a noteworthy pattern: instructor-centered approaches are viewed by the majority 
of respondents as more effective for reducing misconceptions than student-centered ones. For 
example, teacher-centered discussions—one-on-one and whole-class—are assessed as effective 
or highly effective by 81% and 58% of respondents, respectively, while student-centered 
discussions—small group face-to-face and internet based—received approval of only 50% and 
29% of respondents, respectively.  

Similarly, instructor explanation of misconceptions in lecture form is considered effective by 
60% of respondents, while students reading explanations on-line is assessed as effective by only 
15% of survey respondents. What appears to be the only exception to the pattern is students 
working with manipulatives or using computer simulations; this student-centered approach was 
identified as effective by 60% of respondents. It is possible, however, that some respondents did 
not view it as solely student-controlled and envisioned opportunities for instructor intervention.  
 
We were also interested in knowing how many instructors had actually tried collaborative-
learning approaches and how effective they found them. The responses to this question are 
presented in Table 8.  
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Table 8. Instructors’ experience with collaborative-learning approaches to correcting 
students’ probability misconceptions. 

 
Approach n % 

Tried successfully 14 26 

Tried unsuccessfully 4 8 

Never tried because I don’t believe in it 11 21 

Never tried because I never heard of it 8 15 

Never tried for other reasons 16 30 

Total 53 100 

The results show that only 34% have tried collaborative learning, 26% successfully. The majority 
of respondents (66%) had never tried these techniques at all, 21% because they did not believe 
they would be effective. Among “other reasons” for not having tried collaborative learning 
approaches the most common were “no time”, ”I just use lectures”, “prefer whole class 
discussions”, and ”don’t know how to do it”. Only few respondents who never tried collaborative 
learning to address students’ misconceptions manifested interest in this organizational format and 
indicated that they would like to try it in the future. Again, this repeats the theme noted in the 
other responses that instructors lean toward teacher-centered more than student-centered methods. 

Discussion 

Instructors’ ratings of students’ learning difficulties 

Instructor ratings of students’ difficulty in learning various topics were, in general, consistent 
with the findings of other researchers. As noted, the only difference was that the concept of 
normal distribution, which was among a list of three most difficult topics in the Antoine (2000) 
study, was not ranked by our subjects as particularly difficult. We can suggest two possible 
explanations for this discrepancy. One is that Antoine surveyed instructors teaching finite 
mathematics, whereas in about half of the colleges we surveyed, finite mathematics was a 
prerequisite for statistics, thus providing students with prior experience with the topic. Another 
possibility is that in statistics students work with a variety of applications of the normal 
distribution and thus come to understand it in more depth, while in finite mathematics it is an 
isolated topic usually covered in just two hours.  
 
Another finding is noteworthy for its divergence from other research. Counting (combinatorics) 
was rated as difficult by fewer than half of our respondents; nonetheless, inadequate counting 
skills or failure to use counting where necessary are often mentioned in the research literature as 
one of the main reasons students have certain misconceptions. It would be useful to investigate 
whether poor counting skills are indeed to blame, or if the majority of students have the skills but 
simply fail to invoke them and use inappropriate heuristics instead (Lecoutre, 1992; Lecoutre & 
Rezrazi, 1998). If indeed counting is not particularly difficult for students, then the answer may 
be, as some researchers suggested (e.g., Kaminski, 2008; Lecoutre & Rezrazi, 1998; Sloutsky, & 
Heckler, 2008), in inducing the utilization of appropriate cognitive models by helping students to 
construct abstract, symbolic representations of the situations.  
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It is also possible, as some of our respondents pointed out, that students manage to master 
counting in relatively simple situations, but become confused when the situations get more 
involved. Thus, some misconceptions may result from the difficulties students have with 
counting, whereas others may be explained by the failure to apply counting techniques mastered 
by students; irrespective of the reason, however, students often use an inappropriate “chance 
model” (Lecoutre, 1998) that results in equiprobability and other biases.  

Instructors’ views of the importance of probability misconceptions 

Our respondents’ views on the prevalence and importance of probability misconceptions  
 
(Table 2) raise a provocative question about the optimal approaches to instruction. A vast 
majority agreed that the study of probability is important for all college students; they also agreed 
overwhelmingly that misconceptions about probability adversely affect comprehension of 
statistics. But while a majority also agreed that misconceptions can be significantly reduced 
during the time allotted to probability in a typical elementary statistics course, the level of 
agreement was over twenty percentage points lower. Moreover, several instructors expressed 
skepticism about this when interviewed, saying that they devoted more time to probability 
instruction than indicated in their department syllabus. Indeed, our informal examination of some 
department syllabi revealed that in some courses, only four hours were allotted to this topic. One 
instructor told us bluntly that all one can do in four hours is “to throw into them a couple of 
formulas that they [students] will apply without any understanding.” Another instructor said that 
he would be interested in addressing students’ erroneous concepts regarding probability, but it 
was impossible to go beyond basic definitions in the limited time currently set aside for this topic. 
 
These sentiments appear somewhat at variance with the views voiced in academic journals and 
elsewhere by prominent statistics educators who advocate placing less emphasis on probability in 
introductory college statistics to make room for teaching data collection methods, graphical 
representation of data, and exploratory data analysis (Rocha, 2008; Schaeffer, 1992; Snee, 1993). 
While it may be tempting to dismiss our instructors’ position as simply resistance to change, we 
believe it would be imprudent to do so. Some instructors pointed to major obstacles in the way of 
mastery of several key concepts of inferential statistics that are directly linked to poor 
understanding of probability. The topics that suffer most, according to these instructors, are the 
law of large numbers, sampling distribution, confidence intervals, and hypothesis testing, 
according to Khazanov (2005). This study also found a strong negative correlation between 
students’ misconceptions about probability and their achievement in statistics. Because of this, 
while we have high regard for instructional reforms, we are hesitant to dismiss these instructors as 
simply being behind the current trends. Rather, we would like to see more research on the 
possible consequences for students’ understanding of reducing or eliminating specific probability 
topics in introductory applied statistics. If one agrees with McLean (2000) that statistics is, for the 
most part, applied probability, then the reasonable course of action is to investigate which basic 
probability concepts and rules are essential to understanding statistical inference and to increase 
emphasis on these topics while removing inconsequential ones. Notably, some investigator-
teachers have adopted this approach and set as their teaching-learning goal the identification of 
basic probability topics “one must understand for statistical inference” (Keeler & Steinhorst, 
2001, p. 8). This is a direction we hope to pursue in our own future research and practice. 

Reasons for misconceptions and difficulty correcting them 

Most survey respondents emphasized students’ lack of self-regulatory skills and background 
knowledge of mathematics as major contributors to the development of misconceptions. We 
speculate that the fact that instructors put a high premium on student variables implies their 
acknowledgement that the concepts are difficult and require a high degree of sophistication which 
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many students lack. The research literature supports this: studies have found that students’ 
insufficient understanding of ratios is an important stumbling block in their understanding of 
probability (Green, 1983). Helping students to develop the skill of self-regulation has been cited 
by Shaughnessy (1992) as a key to success in probability. 
 
Many of our respondents also appear to believe that instructors are in part responsible for 
students’ misconceptions, as they agreed that instructors do not target misconceptions and that 
many instructors have misconceptions themselves. Some also agreed that textbooks do not cover 
probability well. Interestingly, they were mostly disinclined to blame students’ lack of 
motivation; rather, they indicated that they believed effective strategies exist and that students 
need to work more with manipulatives or simulations. This suggests, once again, that they 
acknowledge the difficulty of some concepts and the need to help students to learn them. 
 
But, while the instructors said they believe effective strategies exist for correcting students’ 
misconceptions, they did not indicate a great deal of confidence or experience with doing so. It is 
striking that, when asked to rate the difficulty of correcting various misconceptions (Table 6), in 
only one case (confusing mutually exclusive events with independent events) did they have a 
majority opinion and that opinion was that it was difficult. No misconception was rated by many 
instructors as easy to correct. Certainly, if instructors rate a misconception as difficult to correct, 
that does not necessarily mean that they would not know how to correct it, or have never been 
successful in doing so.  However, these responses do not fit well with the opinion expressed early 
in the questionnaire that misconceptions can be corrected within the time allotted in the typical 
introductory course. The large percentage of “neutral” responses is also striking. These responses 
raise the question of whether many of the instructors have ever really tried to correct students’ 
misconceptions; otherwise one would expect more of them to have an opinion. If our respondents 
have, by and large, not worked explicitly to correct students’ misconceptions, they may not fully 
appreciate how many preconceptions and conflicting beliefs their students hold, how much these 
beliefs interfere with learning, and how difficult it is to get students to rethink them. Examination 
of what strategies, if any, instructors have used to correct students’ misconceptions, as well as 
how successful they were, is an important direction for further research. 
 
If it is true that many instructors do not understand misconceptions well enough to know how to 
address them in instruction, then there is a need for professional development in this area. One of 
the present authors, Leonid Khazanov, has conducted a study with the aim of establishing 
whether instructors who attended a workshop on stochastic misconceptions can do a better job in 
helping their students to resolve them than those who try to address the misconceptions without 
any assistance. The results of that study are in the process of being analysed. 

Strategies for correcting misconceptions 

As noted in the section on strategies for correcting misconceptions, the majority of respondents 
view instructor-centered approaches to reducing misconceptions of probability as more effective 
than student-centered. It would be interesting to investigate in future studies whether this pattern 
is, for the most part, a reflection of the fact that many college teachers tend to favour instructor-
centered approaches and are reluctant to use organizational formats other than lectures (Lammers 
& Murphy, 2002; Roseth & Garfield, 2008), or whether instructors believe that the task of 
untangling other students’ erroneous concepts is too difficult for peers to tackle. Even some of 
our respondents who like student-centered methods expressed reservations regarding their 
suitability for teaching probability. One instructor observed in open-ended remarks that “students 
working with peers can be very successful …. With probability I am not optimistic because of the 
sophisticated nature of the subject.” Consistent with this position, Civil (1998) asserted that it was 
not fair to leave students to deal with their peers’ misconceptions, when even some instructors 
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have difficulty understanding their origin and precise nature. There is, however, research 
evidence that students working in small collaborative groups may be at least as successful in 
resolving their misconceptions of probability as those engaged in instructor-centered activities 
(see, e.g., Hirsch & O’ Donnell, 2001).  
 
To our respondents, internet-based discussion forums and reading about misconceptions in books 
or on the internet were among the least effective methods for addressing students’ misconceptions 
of probability. Since internet-based discussion can be facilitated by a competent instructor, it is 
not immediately obvious why many respondents deem it to be much less effective than, say, 
whole class discussion conducted face-to-face. It is possible that many instructors perceive it as 
too remote, since they cannot see or hear students directly to assess their reactions. The time lag 
and absence of face-to face contact may raise doubts that communication is received as it is 
intended. For this reason it may create a feeling of insecurity about whether one can really control 
the communication effectively. However, one participant who used the internet-based Blackboard 
system for course delivery addressed misconceptions of probability in a discussion forum that she 
launched for her students. She found that many students had their conceptual knowledge 
considerably improved and misconceptions corrected. She cited the following advantages of this 
approach: “What students say in class may be incoherent and difficult to analyze, while when one 
scrutinizes their explanations elaborated in an on-line discussion and saved on Blackboard, it is 
much easier to discern the precise nature of their misconceptions, as well as develop strategies for 
addressing them.” Future studies should illuminate the reasons for instructors’ tendency to give 
low ratings to this approach, and how they might be trained to use it to their advantage. 
 
Along these lines, it is noteworthy that while half of our instructors rated student small-group 
discussion as effective for reducing misconceptions, only about one quarter indicated that they 
had themselves tried this approach successfully, with an additional 8% saying they had tried it 
without success (though whether they viewed the lack of success as due to its ineffectiveness or 
due to their not knowing how to do it well is unclear). The combination of many instructors’ 
tendency to rely on teacher-directed methods and the tendency of many to abstain from judgment 
about difficulty raises some of the same issues as instructors’ reluctance to trust internet-based 
discussions. Perhaps teachers are more comfortable when they can control the discussion; but 
when they do most of the talking, they may not be fully aware of how students may be 
misinterpreting what they are saying, only to find later that students’ misperceptions persist. What 
kinds of collaborative or interactive techniques might enhance instructional effectiveness the 
most, and how instructors can best be trained to use a variety of approaches and techniques 
successfully, represents another important direction for improving probability instruction. 

Conclusion 

Our main purpose was to investigate the instructors’ perspectives on teaching probability in a first 
statistics course. We collected and summarized instructors’ opinions on a broad spectrum of 
questions pertaining to this topic; we believe that the information gathered can be used to 
improve the teaching of this subject, which is commonly considered difficult for students.  
 
As noted, this study has generated several directions for additional research; in particular research 
identifying topics essential to understanding statistical inference, how misconceptions interfere 
with that understanding, and what activities are most effective in overcoming misconceptions is 
essential.  
 
Another benefit of the study is that it revealed the need for college instructors to expand their 
methods and skills for teaching probability. Instructors are often blamed for their unwillingness to 
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try out new ideas, approaches and strategies. But is it not natural to feel uncomfortable with 
something one never has had an opportunity to study? Even when statistics teachers are well 
versed in their subject, they may not have received training in the psychology of learning about 
probability or methods of effective teaching. Thus, another important direction for the future is to 
design professional development that can increase instructors’ understanding of how students’ 
misconceptions interfere with learning and expand their repertoire of teaching methods to help 
students overcome them. Over the course of conducting the study we had numerous conversations 
with our colleagues, some of whom answered the survey. Many of the professors admitted that 
this was the first time they were induced to think deeply about students’ concepts and 
misconceptions of probability, what they mean, and how to deal with them. It appears that raising 
participants’ awareness about an important issue is a welcome added benefit of this study.  
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