
CONCORDIA UNIVERSITY 

 

–  
 

Anna Sierpinska, Georgeana Bobos, Andreea Pruncut  

10/1/2010 

 

 

This is Part 3 of a supporting document for the Report from the teaching experiment on absolute 

value inequalities conducted by the authors. The document contains transcripts of task-based 

interviews with 18 students who participated in the experiment. Part 1 contains transcripts of 

interviews with the Procedural Approach (PA) group, Part 2 –with the Theoretical Approach 

(TA) group, and Part 3 – with the Visual Approach (VA) group. The transcripts in each group are 

given in the order of the participants‟ codes: we start with the transcript of the interview with 

participant PA-1, and continue with PA-2, PA-3, etc. The transcripts are annotated, pointing to 

evidence of positive and negative symptoms of theoretical thinking behaviors.  Explanation of the 

meaning of the terms used to name the behaviors can be found in the Report. The supporting 

document contains also some additional information on each participant: age, mathematics 

courses taken at the time of the interview, emotional experience in the courses, average grade in 

the courses, and performance on the exercises in the experiment. The interviews focus mainly on 

participants‟ solutions of the exercises, but they contain also transcripts of the more general part 

of the interview, based on questions such as: 1) How do you normally know if your answer is 

right or wrong? Are you even interested in that? 2) What did you like about the lecture? What did 

you not like? What would you change to make it better adapted to students like you? 3) Was the 

lecture different from what you are used to?  4) Why are you taking math courses? 5) Explain 

why you find that the math courses you are taking are stressful (or not); enjoyable (or not).   
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THE VISUAL APPROACH (VA) GROUP 

PARTICIPANT VA-1 

Age: 20-25 

Courses:  MATH 204 (Vectors and matrices) 

Reason for taking courses: Prerequisite for Civil engineering 

Experience with courses: very enjoyable, mildly stressful 

Average grade in the courses: Not record found 

Performance on exercises: All exercises attempted and incorrect 

 

Interview after the lecture 

1. Interviewer: OK, why did you mark this page? Was there something unclear? 

 

(Reference to the part of the lecture where reading a function graph was explained. The lecturer 

was giving examples of solving equations using the graph. One of the examples was: for what 

value of x is the function equal to 0? See Figure 1).  

 

 
 

Figure 1. One of the initial slides from the VA lecture 

2. VA-1: I didn‟t understand when they said x is 2.5; x-axis didn‟t come 

perpendicular to any point, they said f(2.5) is 0 , it‟s constant.  

3. Interviewer: You don‟t need to draw a perpendicular because the line 

passes through this point, right? Now here, on this page [the Jane and 

Joe story] you marked “Jane‟s result is” and so on.  

4. VA-1: You said that the true length is 56. Jane‟s is the closest, Joe‟s 

should be a bigger mistake because it was a little bit far. 

5. Interviewer: So you do not agree 

6. VA-1: No, I agree Joe‟s is a bigger mistake. 

7. Interviewer: This was the point really, because what you are looking 

at is (is interrupted by the student). 

8. VA-1:  Both of them are not accurate but Joe‟s mistake is bigger 

Line 2: The student 

has very basic 

difficulties with 

graphing.  

In the lecture the 

explanation for values 

other than zero was: 

draw a perpendicular 

to y-axis and then, 

from the point where 

it intersects the graph, 

draw a perpendicular 
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9. Interviewer: Because you don‟t take the relative distance, whether it 

is to the right or to the left, but is just how big it is, and this magnitude, 

how big it is, is the absolute value. So that‟s the reason we introduce 

absolute values, to calculate how big errors are. That was the point of 

this introduction, why do we actually use absolute values. When you 

have studied absolute values, I‟m sure you did? 

10. VA-1: Yes, I did. 

11. Interviewer: What context was it? Where did you encounter them? 

12. VA-1: In high school. 

13. Interviewer: In algebra? 

14. VA-1: In calculus, CAL I. 

15. Interviewer: When was it used then? 

16. VA-1: Absolute value? To solve equalities. 

17. Interviewer: Just this. 

18. VA-1: Yes. 

19. Interviewer: But this doesn‟t show the applications of it. And when 

you were in physics? 

20. VA-1: In physics for the magnitude of velocity, the speed, yeah. 

21. Interviewer: Yeah? You did calculate it. „Cause it doesn‟t matter 

whether this goes this way or that way 

22. VA-1: It‟s the magnitude, the absolute value and it‟s positive. To find 

the direction (pause) 

23. Interviewer: Direction is a different thing, „cause you can go west or 

east, but how far you went, this is measured by the absolute value. You 

marked this page [Graphical solution of the inequality, Figure 2] . 

What was the problem here? 

to the x-axis. At 0, 

there is no need to 

draw a perpendicular 

to the x-axis because 

the intersection is on 

the x-axis already) 

Lines 10,16: Claims 

he studied absolute 

value equations 

before (maybe he 

studied inequalities as 

well, but he doesn‟t 

remember. In 

Calculus, inequalities 

would be studied as 

well). 

 

 

 

Line 20: Seems to 

understand absolute 

value as a magnitude 

of a quantity.  

Line 22: Is aware of a 

property of absolute 

value: “positive” 

 

 

 
Figure 2. Slide from the VA lecture with the graphical solution of the example inequality. 
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24. VA-1: I don‟t know why they assume –1/2, could be –1/4 or more 

than ½. 

25. Interviewer: How would you know whether this is right or wrong? 

26. VA-1: Well, I‟m not sure this is –1/4 but I don‟t understand how 

they know that is –1/2 

27. Interviewer: If you plug –1/2 into f(x) and g(x) you should get the 

same thing because that‟s where they are equal. 

28. VA-1: OK, so they intersect here 

29. Interviewer: –1/2 into f(x), so f(–1/2)? 

30. VA-1: minus 1 

31. Interviewer: So how much is it? 

32. VA-1: –3/2 

33. Interviewer: OK, so absolute value is? 

34. VA-1: 3/2 

35. Interviewer: OK, now g(–1/2)? 

36. VA-1: 3/2  

37. Interviewer:  So that‟s the same. They don‟t seem to intersect 

anywhere else, because this is parallel to that so the only place they 

intersect must be this number.  

38. VA-1: OK. 

39. Interviewer: You know, this is just the verification of something 

that seems to be guessed, but I didn‟t guess it when solving. I actually 

solved an equation, because in this interval – this is f(x) and this is 

g(x) – the function g(x) is positive  

(Battery went down, recording lost; the rest of this part of the 

interview was Interviewer‟s explanation) 

 

Line 24: Doesn‟t see 

how this value can be 

read off the graph. 

Again a sign that he 

has trouble with 

graphing.  

 

Interruption during solving exercises 

VA-1 interrupts solving Exercise 6 and asks for a calculator 

40. VA-1: I need a calculator for the last one. 

41. Interviewer: Why would you need a calculator for that? 

42. VA-1: To divide 101 by 49. 

43. Interviewer: Well, it‟s still a number. 101/49 is about what? 

44. VA-1: 101? 

45. Interviewer: No, 101/49, what would be the whole number? Can you name two numbers 

between which it can be located? Is it 100? Is it 2, is it 0? 

46. VA-1: Between 2 and 3. 

47. Interviewer: So there is nothing else you need to know.  

Interview after solving the exercises 

Exercise 1 

48. Interviewer: OK, let me just look at this from the beginning. Exercise 1. 16 minus 24, it‟s 

–4? You really need your calculator!?  

49. VA-1: Yes, I always use the calculator.  
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Exercise 2 

51. Interviewer: The second exercise? You just transformed 

it into that, ignoring the absolute value? Why? 

52. VA-1: „Cause absolute value is always positive, 

53. Interviewer: Yes, but you see, x could be negative, if I 

take x =1/2 for example, ½–1 is –1/2. Take x = 0. 0–1 is –1 

so it‟s not equal to the absolute value of that.  

54. VA-1: Should be minus. 

55. Interviewer: Yes, in this interval you have different 

(pause) 

56. VA-1: OK.  

57. Interviewer: And then you didn‟t even go on with this, 

and you didn‟t solve. You didn‟t, did you? It is not a 

solution. It‟s just a transformation. 

58. VA-1: „Cause I‟m not sure with this equality.  

59. Interviewer: You didn‟t think of using these graphs at 

all? No? The graphing approach? 

60. VA-1: They didn‟t ask to graph. 

61. Interviewer: No, of course nobody is asking but you 

could use the method that is convenient. For example here, 

if you drew x – 1 just this function, x – 1, it would be  

[drawing the graph of the inequality], right?  

(Loud voice over the intercom asking to evacuate because 

of a security threat)  

62. Interviewer: We have to stop here. We can probably 

take it and discuss it on our way downstairs, OK? So 

inconvenient.   

 

Lines 51, 57 & 58: Student solved 

the exercise by dropping the 

absolute value brackets and 

writing the inequality as 

 and leaving it at that. He 

didn‟t know what to do with it. 

Simplification leads to –1 < 1 

which means that the inequality is 

true for all values of x. 

Understanding this requires 

understanding the notion of 

solution of an inequality as the set 

of values of the variables for 

which the inequality (a 

propositional function) becomes a 

true statement.  But VA-1 may 

understand „solution‟ formally as 

an expression containing x on one 

side and a number on the other 

(see line 78).    

Line 52: Seems to believe that x 

represents a positive number: a 

symptom of a notion of number as 

a compound entity Sign+AMN.  

Line 60: Symptom of Procedural 

Knowing: a student does only 

what he is explicitly told to do.  

 

Final interview, Part I 

62. Interviewer: What did you study before? You are taking courses? 

63. VA-1: Math 204 

64. Interviewer: It‟s a prerequisite? 

65. VA-1: Yes. 

66. Interviewer: For what? 

67. VA-1: Civil engineering. 

68. Interviewer: You didn‟t take this course in college?  

69. VA-1: No. 

70. Interviewer: Did you go to college here in [this country]? 

71. VA-1: No. 

72. Interviewer: You came from a different country?  

73. VA-1: Yes (…) 

74. Interviewer: We just have to wait till they tell us to evacuate, we can stay in our office. 

Anyway, maybe we can just go on with my explanation for exercise 2.  

Back to Exercise 2 

75. Interviewer: If I graph this function, the absolute value of x 

+ 1, let‟s use a different color perhaps, here, then I would draw 

it like this, you see? And they intersect at? 

Line 78: see remarks above.  

 

 



6 

 

76. VA-1: At 0. 

77. Interviewer: You want the black function to be higher than 

the red function. And it‟s higher from 0 up. So here I would 

just write from the picture x > 0. But what was bothering you 

in the inequality here? 

78. VA-1: We kept variables only in equality.  

79. Interviewer: OK, and the inequalities you don‟t know. You 

never solved them? 

80. VA-1: I solved them but I forgot.  

81. Interviewer: OK, you didn‟t seem to learn much from the 

lecture.  

82. VA-1: Some people are telling us, well if I‟m not sure about 

my answer I just go to the teacher.  

 

 

 

 

 

 

Line 82: He seems to be the 

kind of student who‟d answer 

“agree” to the questionnaire 

item: “I need the teacher to 

tell me if I am right or 

wrong”.  

 

Final interview, Part 2.  

83. Interviewer: What was bad about this lecture? How would you improve it so that you could 

learn something from it? 

84. VA-1: Have more exercises. 

85. Interviewer: Yeah? More examples? 

86. VA-1: More examples about absolute values. It should be from scratch. 

87. Interviewer: I have a few questions. OK, now about this lecture again because we are trying 

to see how people react to different approaches. This is one of the three approaches that we are 

using. So you did tell me what you did not like about the lecture. Was there anything you liked 

about the lecture that you would like to keep? 

88. VA-1: The graph, but they should give examples to graph it. But it‟s good to know the basics 

for absolute value, „cause we need it in other courses. 

89. Interviewer: Was this lecture very different from what you are used to? 

90. VA-1: Yeah 

91. Interviewer: In what sense? 

92. VA-1: It‟s different „cause now I‟m taking stuff more complicated than this one. 

93. Interviewer: OK, that‟s very basic.  

94. VA-1: Yes, this is very basic, although everyone should know them „cause absolute value is 

used in physics and other subjects.  

95. Interviewer: So what courses are you taking this semester aside of [Vectors and Matrices]? 

96. VA-1: Physics 204, Math 204, ESL 208.  

97. Interviewer:  English, Second language, yes.  

98. VA-1: And Engineering 201  

99. Interviewer: OK, how are you doing in these courses? 

100. VA-1: Good, engineering is hard stuff.  

101. Interviewer: Because it is combining everything? 

102. VA-1: Not combining, just memorizing everything is hard; it‟s 1.5 credits, it‟s not worthy 

of study. (Symptom of Procedural Knowing) 

103. Interviewer: Not worthy? 

104. VA-1: To spend time. 

105. Interviewer: For 1.5 credits. 

106. VA-1: He gives us hard questions in the course.  

107. Interviewer: It should be worth more credits? 

108. VA-1: Yes. Spend [time] on physics is better than this simple course.  
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109. Interviewer: Do you think Math 204 (Vectors and matrices) is relevant for your future 

studies? For engineering, do you think is useful? 

110. VA-1: Yes. 

111. Interviewer: You think is useful. You‟re not sort of thinking well it‟s a waste of time. No? 

112. VA-1: No, it‟s useful because I‟m sure that there are other courses, minor courses, which 

lead to matrices. 

113. Interviewer: You‟re mentioning that you found the courses very enjoyable but you didn‟t 

mark anything for stressful. Are they not at all stressful? 

114. VA-1: Mildly stressful. 

115. Interviewer: Mildly…and what is so stressful? Let‟s say about Math 204, what‟s stressful 

about this course?  

116. VA-1: There‟s nothing stressful. 

117. Interviewer: Not really? You can‟t mention anything?  

118. VA-1: What‟s stressful is the engineering 201. 

119. Interviewer: So the engineering courses are stressful, more than math? 

120. VA-1: Yes, because it‟s tough.   

121. Interviewer: In what sense, what is tougher about it more than in math. 

122. VA-1: Math is simple stuff. OK, you need to understand math, but as engineer you have to 

follow and get every detail. You can‟t (pause) 

123. Interviewer: Skip anything  

124. VA-1: You can‟t skip anything, you can‟t. Physics is a nice subject. 

125. Interviewer: Yes, but engineering also contains some dealing with real life objects, 

relations that you need to know so it‟s not just mathematical formal transformations, where 

everything is on paper; paper that‟s all you need. But in engineering I guess you need to know 

other stuff, about machines, about how they function, so there is some external knowledge that 

you have to integrate to do a problem in engineering; so it‟s not self-contained in that way. Is 

that a problem for you? 

126. VA-1: No. 

127. Interviewer: No? So it‟s just the amount of detail… 

128. VA-1: Yes, the amount of detail is stressful.  

129. Interviewer: One last question: when you solve a problem, how do you know you got it 

right? Are you even interested in knowing if you’re right or wrong? 

130. VA-1: Yes. 

131. Interviewer: But how do you make sure you‟re right? 

132. VA-1: In math?  

133. Interviewer: In math. 

134. VA-1: I look at the answer key from the solution set or I go to the math professor. (More 

symptoms of Procedural Knowing) 

135. Interviewer: You don‟t use like plugging in numbers, to see if you‟re right? No? 

136. VA-1: No, I just take the method and I solve it. (Symptom of negative Proving behavior) 

137. Interviewer: All right, and you‟re never checking? 

138. VA-1: No, I don‟t look at other ways, no. (negative Proving behavior) 

139. Interviewer: OK, that will be it (…). 

PARTICIPANT VA-2 

Age: 22  

Courses: MATH 203 (Calculus), MATH 204 (Vectors and matrices) 

Reason for taking courses: Prerequisite 

Experience with courses: Not enjoyable at all; mildly stressful   

Average grade in the courses: 30% 

Performance on exercises: Ex. 2, 3, 4, 5 correct; Ex. 1, 6 incorrect 
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Interview after the lecture 

1. Interviewer: So was there anything that bothered you in the 

lecture? 

2. VA-2:  I think that one thing that bugs me after a while in these 

pages are [explanations of how to read information from the 

graphs: values for given x; finding x corresponding to a given 

value, solving equations, inequalities, etc.] Actually is would be 

all that. All the perpendicular lines and finding the points. It‟s 

kind of going over the same thing over and over. I found these 

confusing. But then I understood afterwards what you are trying 

to get at. It seemed like a weird way of showing it, at the bottom 

there but I mean I kind of understand it.  

 

Line 2: In the graph 

representing graphical 

solving of an inequality 

, the solution 

interval is marked by an 

arrow lying on the x-axis, 

Figure 3. As we see in the 

next bit of the conversation 

(line 6), VA-2 would have 

preferred to have the 

solution marked by 

shadowing a plane region. 

 

 

 
Figure 3. Slide in the VA lecture representing graphical solving of an inequality. 

 

3. Interviewer: What‟s the problem with the arrows being at the bottom  

4. VA-2: Yes, I think it would have been better maybe up here actually to 

the point.  

5. Interviewer: Aha, so you‟d rather see them here, not on the x-axis but (is 

interrupted) 

6. VA-2:  Or even maybe actually just color in these sections. 

7. Interviewer: The plane sections. Which sections would you color? I give 

you something to draw. How about that? You tell me what to color. 

8. VA-2: „Cause you were trying to show that this graph becomes higher 

than this graph here. 

9. Interviewer: So? What should I [shade]? 

10. VA-2: [Silence] I don‟t know what I was thinking there. 
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11. Interviewer: You don‟t like this arrow at the bottom on the x-axis there, 

you would like to color all area here? 

12. VA-2: I was thinking color maybe this area up here. 

13. Interviewer: Between the two lines? 

14. VA-2: Yes, and show the graph becomes higher here, I don‟t know. I 

think the coloring idea might be bad now I come to think of it [laughs] 

15. Interviewer: Like this is higher than that so the arrow is going down? 

Like that? 

16. VA-2: Yes, something like that. 

17. Interviewer: And here it‟s like this way? 

18. VA-2: Exactly.  

19. Interviewer: Here it goes up and here it goes down, yeah? OK. 

20. VA-2: And here in this page [Jane and Joe slide] there is just too much 

clip art, these lines here I found it very distracting, „cause are very rough 

(referring to drawings of the strings used for measuring the circumference 

of the dime). And stuff constantly popping up, I couldn‟t even listen to 

what you were saying for this whole page cause it‟s just too much 

graphing, they are not like all appearing at once; they were kind of 

appearing one after the other while you were talking, which (pause) 

21. Interviewer: Distracted you? 

22. VA-2: Yes, very distracting. I think this was one of the worst slides. I 

completely tuned out for a while. 

23. Interviewer: So you don‟t like the distraction on a page in a 

mathematical lecture? 

24. VA-2: This is all too much, maybe if there‟s just one clip art and it is 

appearing right at the beginning, I think that will be OK, but they were 

really popping up while you were speaking.  

25. Interviewer: But the question? Or you didn‟t even listen to it? 

26. VA-2: I got very, very distracted by the things that constantly (is 

interrupted)  

27. Interviewer: Can we go over this page a bit? These two guys are 

measuring the circumference with a string, so it‟s a little bit sloppy of 

course, then the result of Jane was 55, the other got 58 and the real result 

is 56. So this guy is subtracting 55 from 56, right? This result from the 

real value then the other result from the real value and once he gets 1 and 

the other –2 and because 1 is greater than –2 he said this person made a 

bigger mistake than this person. Would you agree?    

28. VA-2: No.  

29. Interviewer: OK, that was the point.  

30. VA-2: I didn‟t understand what was going on there, when you explain it 

just now I completely understood but I really was distracted. 

31. Interviewer: All right, I understand, good. Here this is the next page.  

32. VA-2: Here, what was bothering me at some point here, you were saying 

“the opposite of 2” so many times and there‟s so many numbers together, 

and it was just the opposite of 2, the opposite of the opposite of 2,  I just 

got (pause). And I mean looking at it I understand, it is just when you… 

33. Interviewer: Was talking too much 

34. VA-2: Yes, in a way you were reading all of these one after another 

pretty fast and there was way too many negative two‟s. It was all packed 

together. 

35. Interviewer: OK, here on the next page [the page with the formal 

 

 

 

 

Line 14: When 

asked to be more 

precise in defining 

which regions he 

would like to be 

colored, student 

realizes it may not 

make much sense.  
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definition of absolute value]? 

36. VA-2: I think the roughness of the lines again.  

37. Interviewer: Roughness of the lines?! 

38. VA-2: The way that lines are kind hand drawn, I don‟t think this is 

something that‟s shown well in a graph. 

39. Interviewer: But you didn‟t like the straight arrows either. Maybe you 

don‟t like arrows at all whether they are flats, aligned on x-axis, or hand-

drawn. Is there something you have against drawing in general? 

40. VA-2: I don‟t think so.   

41. Interviewer: No? 

42. VA-2: And normally I do like to have a clip art in there a bit, but I don‟t 

think that this is something that shows well on a graph, like with the 

arrows. 

43. Interviewer: Doesn‟t show? 

44. VA-2: It doesn‟t explain the concept of the absolute value very well, 

with the arrows.  

45. Interviewer: The meaning here is that the absolute value of –2 … 

46. VA-2: Yeah 

47. Interviewer: Is the opposite of –2. 

48. VA-2: Yeah, I understand that but looking at that here doesn‟t (pause) 

49. Interviewer: Doesn‟t help. 

50. VA-2: I don‟t think this should be even shown at all. From the way I see, 

I don‟t think this really helps.  

51. Interviewer: OK, and that here? [The page with graphs of several 

absolute value functions, ].  

52. VA-2: That‟s it; that was awful that page.   

53. Interviewer: And you also marked this page [the page where the RBC 

solution of the example inequality starts]  

54. VA-2: Once again here I think everything was read, kind of fast and it 

was all really packed together and it was really hard to follow. I mean 

there‟s just a lot of xs in there.  

55. Interviewer: OK, so you couldn‟t follow because it was just too fast. 

56. VA-2:  Everything spirals. 

57. Interviewer: It just spirals out of control; the frustration grows up on 

you. OK, let‟s get some more frustration here. You have a lot of time, 40 

minutes and you can think about that in sequence or otherwise and then 

you can vent your frustration as much as you wish. 

 

Interview after solving the exercises 

61. Interviewer: So, just tell me what you did, what you had trouble with. 

Exercise 1 

62. Interviewer: This is the first question? 

63. VA-2: Yeah, I found 57 for the first question.  

64. Interviewer: You have two minuses here, what is this? The absolute value of –49 is… 

65. VA-2: 49, I forgot to do this. So it ends up being 41. 

66. Interviewer: OK, good.  
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Exercise 2 

67. Interviewer: Now in exercise 2, what did you do? 

68. VA-2: I actually did the graphs for those ones.  

69. Interviewer: You did the graphs; x + 1 that was here. Were you looking at 

the slides here, or you just? 

70. VA-2: No, I wasn‟t looking at the slides, but I didn‟t figure out a lot too.  

71. Interviewer: What is this? , the absolute value should be lower than 

that, so how? 

72. VA-2:  should be the one that‟s here? 

73. Interviewer: –  below, so isn‟t that from this point of intersection, no? 

74. VA-2: Yes, from 0. 

75. Interviewer: So that‟s from 0. OK, did you check in other way that you‟re 

right? It‟s obvious? Oh, you shaded this part between, OK.  

76. VA-2: That‟s kind of what I was getting at with coloring, it‟s just shading, 

it‟s how I can, you know.  

77. Interviewer: But what does this part of the graph actually represent? This 

area?  

78. VA-2: Just the difference between them. 

79. Interviewer: Difference between them? Is that normally you would do it in 

your courses? Which courses did you take? 

80. VA-2: 203 and 204 apparently 

81. Interviewer: Are you doing absolute values in 203? 

82. VA-2: I [Silence]  

83. Interviewer: It‟s not the first time you are hearing about it,  

84. VA-2: No, I‟ve done that before, I did have a lot of hard time with graphing 

in general, though. That‟s something I have always had trouble with.  

85. Interviewer: But you had to choose this method to do it, right? Where did 

you see absolute values before? 

86. VA-2: High school, and probably in math 201 that I took last semester. 

87. Interviewer: And the way you were doing it then was it with graphs, like 

this? 

88. VA-2: I couldn‟t tell you. 

89. Interviewer: You don‟t remember? 

90. VA-2: That‟s why I have a hard time with math because it‟s like I‟m like 22 

now…  

91. Interviewer: So? 

92. VA-2: So basically [laughs] since I graduated from high school I stopped 

doing math completely and I cannot remember. 

93. Interviewer:  How many years that would be? 

94. VA-2: 5 or 6, yeah, 5.  

95. Interviewer: Since then, when you finished high school you were doing 

what? 

96. VA-2: I studied, actually I went to university for one semester and I ended 

up going to a private college to study for computer networking and now I 

decided to come back to computer science for programming.  

97. Interviewer: OK, so computer science is your area.  

98. VA-2: Yes.  

99. Interviewer: All right, so this method you have learned from the lecture.   

100. VA-2: Yes, I remember seeing him doing that on the video.  

Lines 71, 77: 

Interviewer is 

asking about 

the meaning of 

the shaded 

area between 

the two graphs 

in the first 

quadrant in the 

student‟s 

solution.  

Line 75: No 

checking : 

negative 

Proving 

behavior.  

 

Line 78: The 

shading 

represents the 

“difference” 

between the 

graphs.  

 

 

Lines 84, 88, 

92: Has 

probably seen 

absolute value 

inequalities 

before. But 

doesn‟t 

remember 

what 

technique he 

was using 

then.  

 

 

Line 100: 

Learned the 

graphing 

method from 

the lecture.  
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Exercise 3 

101. Interviewer: OK, so the 3
rd

 one? So you graphed here.  

102. VA-2: For this one I said that this one is never smaller than 

this one „cause it‟s multiplied by –3.  

103. Interviewer: OK, so it‟s never going to be smaller, OK 

104. VA-2: I often make little mistakes like that, little inattention 

mistakes like on the first exercise, stuff I know how to do. 

105. Interviewer: Well, if you make a mistake in your 

programming then nobody can work with that, you get very 

quickly the feedback in computer science, very quickly you see 

this doesn‟t run   

106. VA-2: This little message that says the program cracked 

because it‟s something wrong at this line take a look at it, you 

know 

107. Interviewer: So you know very quickly you‟re wrong, in 

math not so often. Only when the teacher tells you that you‟re 

wrong then you know you‟re wrong? How do you make sure 

you know you‟re right? Are you cautious, when you finish a 

problem do you check so that you know, or do you leave it to the 

teacher?  

108. VA-2: Leave it to the teacher. 

Line 102: In writing he 

drew the graph and 

concluded “  is never 

smaller than ” 

without further justification. 

Orally, he spontaneously 

gave a more complete 

structural argument, but did 

not mention the property of 

absolute value of being 

non-negative. So symptom 

of Positive Proving 

behavior regarding Ex. 3, 

and symptom of 

Constructed Knowing CB1.  

 

 

Line 108: Negative Proving 

habits are mentioned here 

 

Exercise 4 

109. Interviewer: So here, in exercise 4, you tried a few 

numbers?  

110. VA-2: Yes, I just basically did the values and found that 

at –2 it‟s equal to 5. I think at 3 is equal to 5 and at –2 it‟s 

equal to 5 so all the values in between 3 and –2. 

111. Interviewer: Because of some symmetry there? But could 

you perhaps graph it? You are using a different method 

suddenly. 

112. VA-2: Right .  

113. Interviewer: Can we use the graphing method here? (…) 

114. VA-2: I mean, I knew the shape of the graph already. 

Knowing that –2 evaluates the 5 and then 3 evaluates the 5.   

115. Interviewer: You see the symmetry? 

116. Interviewer: And how did you get those numbers then? 

Why did you choose these ones? 

117. VA-2: I just put in x into this right here and evaluated  

118. Interviewer: Why did you choose 0, why did you choose 

1, 2, 3? Why? What made you choose these numbers? Why 

didn‟t you choose 100 for example? You could have… 

119. VA-2: Well, I knew what was gonna roughly come out 

around 5, that you know, –  to come around 5 would be, 

you know would be somewhere in between 4 and –4 so I tried 

these numbers. I mean, I chose those numbers knowing that 

these are the numbers that are likely to evaluate the 5 or 

smaller than 5. 

120. Interviewer: And you were thinking of the graph?   

Line 110: Uses something 

similar to SNT. Finds 

numbers which satisfy the 

equality   (the 

“critical numbers”) and tests 

the inequality for numbers in 

intervals  marked by these 

“critical numbers”.  Line 114: 

He uses a different language 

to name these critical 

numbers.   

Feels free to use any method 

he finds appropriate for 

solving a given problem. 

Does not feel bound by the 

lecture. Symptom of 

Constructed Knowing CB3.  

Lines 114, 119, 121: this 

suggests a notion of the use of 

letters in mathematics as 

variables (representing an 

arbitrary element of a set) and 

a notion of inequality as a 

propositional function.   

Lines 121, 123: VA-2 is not 

checking his answers in any 
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121. VA-2: I just thought of the shape of the graph and I knew 

if I found the values [at which] that was equal to 5 (pause) 

122. Interviewer: For 3 it is 5 and for –2 it is also 5? 

123. VA-2: Knowing the shape of the graph, I know that there 

are no other values [at which] that can possibly be lower than 

5. 

124. Interviewer: OK, good.  

visible way, but it seems that 

he controls his solutions by a 

kind of Proving behavior: he 

justifies his decisions about 

the answer by mathematical 

arguments: structural 

properties, shapes of graphs.  

 

Exercise 5 

127. Interviewer: [Exercise] 5, now this is bigger so you figured 

it that is “for all values greater than 3 and less than –2”, like the 

opposite of that, OK.  

Lin 127: Interviewer refers 

to a symptom of CB2 in 

written solution. 

 

Exercise 6 

128. Interviewer: [Exercise] 6, here you did a lot of calculations 

129. VA-2: I just got lost there, I tried a bunch of stuff ending not getting 

an answer and (pause) 

130. Interviewer: You chose some numbers here to? 

131. VA-2: I tried going for something similar there and (pause) 

132. Interviewer: But these are numbers like 50 and 100 here. Why did 

you choose the 3 and the 2 then? If I use those numbers here this should 

be much bigger than.  

133. VA-2: Right, I don‟t know I just got lost there 

134. Interviewer: Was the fact that this is 50 and this is 100 driving you 

to think something around, you see 2 times 50 is 100 and then you 

subtract 1, from –3 to 3 that you evaluated?  

135. VA-2: The problem here is for this to evaluate around 0; x has to be 

up in a hundreds so I had a harder time finding numbers there that I 

(pause) 

136. Interviewer: The graphing wouldn‟t work? 

137. VA-2: I had a rough idea that at –2 here it was bigger. 

138. Interviewer: This was bigger? 

139. VA-2: At –2 this one was bigger 

140. Interviewer: So it‟s not good. 

141. VA-2: And at 3, I can figure out that between –2 and 3 this became 

bigger but I couldn‟t pinpoint like the decimal point that I would need.  

142. Interviewer: Let‟s say, if you tried –2, you have… 

143. VA-2: Yes, evaluates at 101.  

144. Interviewer: OK, you compare these two tables; it‟s 101 here and 98 

so it‟s not good. –2 it‟s too low, so you tried –1 you get 51 and 99 here so 

that‟s good; so –1 it‟s good.  

145. VA-2: Doing this I knew that the numbers should be somewhere 

between –2 and –1 and then that it would also be between 2 and 3  

146. Interviewer: Between 2 and 3 because here is 99 and then it‟s a huge 

change.  

147. VA-2: Right, and I mean what I can‟t do is find the decimal points 

where would become equal really. 

148. Interviewer: OK, so how would you go about finding these? 

149. VA-2: I guess I would have had to try values between 2 and 3 like go 

Lines 129, 141, 

147, 149: His 

algebraic skills are 

very poor, which 

may explain his 

low grades in 

mathematics 

courses. He tries to 

find solutions to 

the “critical 

equations” in his 

SNT technique by 

numerical testing. 

He tries only 

integers and 

therefore does not 

get anywhere close 

to the solutions.  

He was thinking of 

testing for non-

integers (line 149) 

but probably 

didn‟t feel like 

getting into heavy 

computation, and 

just left the 

solution there.  

 

Line 137: 

visualizing graphs 

 

Lines 150, 151: He 

does not feel 

confident about his 

algebraic skills.  
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with 2 and ½ here and then see if it‟s more or less.  

150. Interviewer: You wouldn‟t think of solving an equation. 

151. VA-2: No, but I‟m pretty bad at math.  

152. Interviewer: You‟re good at calculating like for example in a 

restaurant to calculate the tip, you‟re quick at it? 

153. VA-2: I just use the tax [laughs] 

154. Interviewer: Good that they are actually printed. In other situations 

are you quick at calculating? 

155. VA-2: No. 

156. Interviewer; No.  What are you good at? 

157. VA-2: Computer science, which is kind of funny being bad at math 

and being good at computer science. 

158. Interviewer: What‟s the difference? It‟s a different thinking involved 

there? 

159. VA-2: I think so, when it comes, like if I‟m working on a program I 

think the problem solving it‟s different. It‟s more, how can I say? 

160. Interviewer: It‟s logic? 

161. VA-2: It‟s all logic. Yes, it‟s all Boolean logic. 

162. Interviewer: How complicated were the programs you were writing? 

163. VA-2: In the course so far, we only had one course, nothing much, 

but I have done programs outside of university, before coming back to 

university, I‟ve done some fairly complicated something like 3 or 4 

hundreds lines of code. 

164. Interviewer: Is there a way to check that your program is correct? 

Just run it and then debug it or how? 

165. VA-2: What would happen usually I run it and debug it and you get 

very verbose messages error messages that will pinpoint errors, and then 

you can go and see exactly around where your error is, and change some 

values and stuff to make it work. 

166. Interviewer: What kind of programs? What were these programs 

doing? 

167. VA-2: One of the recent programs I made was “go read”. It would 

take a program on the screen and it will go read the numbers that were on 

the program.  

168. Interviewer: What these numbers represent? 

169. VA-2: What it is, it interfaces with a game and what would happen is 

there‟s no way to copy any of the information out of the game, until like 

adding a different program so what it will do, my program, would go 

make squares around all the boxes with numbers I will need to get and it 

will read all the pixels one line at a time, going backward looking for 

numbers then it will turn the pixels that were white, cause the text was 

white, will turn the lines into lines of 0s an 1s and then evaluate, you 

could read the numbers from there. Will actually go, get the pixel, turn it 

into 0s and 1s; it could read the numbers. 

170. Interviewer: Do you think that you could write programs for solving 

these kinds of problems [like the absolute value inequalities]? 

171. VA-2: If I understood the problem, it would be a better program, you 

know.  

172. Interviewer: Do you think it‟s possible? 

173. VA-2: Yes, definitely. 

174. Interviewer: You make certain decisions on the basis of visual 

 

 

 

 

Line 161: His 

analytic skills are 

more in logical 

reasoning, 

developed in his 

work in 

programming.  
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imagery, right?  Suppose you teach the computer to solve this type of 

inequalities your way, so it will try some numbers, but what numbers 

would you instruct it to use, let‟s say if you just have something like ax + 

b because you want to use this for any kind of problems, and then you 

have cx + d and then how you choose your first number to check 

depending somehow on these a,b,c and d, right? „Cause the computers are 

slow and they don‟t have any intuition. 

175. VA-2: I‟m trying to think why.  

176. Interviewer: Why you choose –3? 

177. VA-2: I knew that values like –2 and –3 would start becoming bigger 

here.  

178. Interviewer: Yes, but how would you tell the computer to recognize 

this? 

179. VA-2: Good question. I‟m not even 100% sure why I took these 

numbers. I mean, knowing this is times 50, that it will be small numbers.  

180. Interviewer: Because it is 50 so you looked at 100 here, 50 here, 1 

there so you divide 100 by 50 [equals] 2 less 1, so you take d divided by a 

minus 1[laughs] 

181. VA-2: Yes, that‟s roughly what I was thinking when I chose these 

numbers. 

182. Interviewer: Yes, but there is a lot of intuition, you see, that 

computers are not using, they prefer algebra. 

183. VA-2: Right, that would make sense dividing a by d and find the 

numbers around worth to try.  

184. Interviewer: Worth to try but you see, with trying this is a very 

lengthy program because then you are finding when they switch signs, 

right? And then you are trying to divide this into 2 so it‟s a lot of 

iterations going on, so it‟s a very lengthy program, but I think with the 

Boolean logic, which I think the lecture was suggesting, it‟s just to check 

four cases. That‟s where you got completely turned off. 

185. VA-2: I had a hard time with this page really.  

186. Interviewer: Yes, here are two cases and all you do here it is really 

Boolean logic.  

187. VA-2: I think when you were reading the cases there, it was very 

hard to follow. (…) 

 

 

 

 

 

 

 

Line 179: Tries to 

explain his 

intuition in 

choosing numbers 

to test in exercise 

6.  

 

Final interview 

188. Interviewer: Here you are saying you‟re not finding these courses enjoyable at all. 

189. VA-2: Specifically, 203 I like a lot more, but the 204 it‟s been very bad. I‟m taking 204 

online and it‟s a new course they just developed this semester. I took it based on, like I‟m 

taking another online course, History of China, and I started with that course and I found that 

was good, it was very well done, so I decided to take Math 204 online as well cause I had to go 

to the suburban campus, and I didn‟t want to go that far, so I figured to try this one online. 

Basically this course online there no video of the teacher solving any problems, there‟s no 

graphics, there‟s nothing but text, like reading Q-cards.    

190. Interviewer: Q-cards? 

191. VA-2: It‟s kind like a power point presentation with absolutely no graphics. It‟s like a slide 

of text, with another slide of text.  

192. Interviewer: Static.  
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193. VA-2: Yes, and I mean 204 it‟s a kind of thing that‟s really hard to teach, I found, without 

graphics, I mean it‟s linear algebra.  

194. Interviewer: So you need a teacher to (pause) 

195. VA-2: I just like the video; I just like seeing actually the teacher on the board doing the 

problem, whereas (…)  

196. Interviewer: So, if we had here a person talking and writing on the board, and everything 

happened like in the real life, you would have liked it better.  

197. VA-2: One of the things, like how I learn math usually is I like to see somebody solving 

the problem, you know, doing it on the board. I like to go over, I mean the first time I got 

calculus, the one semester I went to university a long time ago, I was taking a calculus course, 

and basically I spent all semester, all first half of the semester up to the midterm, just copying 

one of my friend‟s homework. I‟d go to class regularly but I end up getting like 97 on the 

midterm because that‟s, I mean I really understand when I see a problem already done, with the 

solution and everything and all the steps. That‟s how I can really learn how to do something 

well, just have it shown to me. That‟s something,  that‟s really how I learn math, seeing the 

problem being solved.  

198. Interviewer: I‟m not sure that I understood, you say you just copied the homework but 

you still did very well on the midterm, because you were seeing these? 

199. VA-2: Because I was copying the homework pretty much, I mean I learned the whole 

course through copying the homework. 

200. Interviewer: Copying, you just copied with understanding, right? 

201. VA-2: Yes, I mean at first I didn‟t understand, but when I was copying, I wasn‟t just 

blindly copying, I was learning.  

202. Interviewer: Learning how to do it 

203. VA-2: Exactly. And I found that‟s one of the better ways to learn math; it‟s having like 

(pause) 

204. Interviewer: A model? 

205. VA-2: It‟s better not just have questions that you do and then the teacher corrects them, but 

would be better to have a few pages of questions that already have been done to show you.  

206. Interviewer: Examples. 

207. VA-2: Exactly. 

208. Interviewer: But you didn‟t see the person or your friend there actually doing it and yet 

you learned from copying but you said also that you like to see how the person solves the 

problem in real time, watch this. Getting stuck and overcoming something, so the process rather 

than the final product.  

209. VA-2: Yeah. 

210. Interviewer: OK, and stressful; you said it‟s mildly stressful, so it‟s not very stressful 

though.  

211. VA-2: I don‟t find anything very stressful really, I mean I‟m not doing good in any of my 

classes, you know,  mathwise.  

212. Interviewer: Do you think you could do better if you spend more time?  

213. VA-2: Yes, definitely.  

214. Interviewer: You‟re just not studying hard enough.  

215. VA-2: Yeah, yeah. 

216. Interviewer: Whose fault is this? 

217. VA-2: Yeah, yeah, I know (…) 

218. Interview: What‟s the reason of this stress; you said it‟s mildly stressful  

219. VA-2: Just cause I‟m not getting math. I have a long-standing problem with math. 

220. Interviewer: So what stresses you is math. OK, thank you very much. 
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PARTICIPANT VA-3 

Age: 21-25 

Courses: MATH 203 (Calculus) 

Reason for taking courses: “I need the course for admission into Computer Science”; “I‟ll need 

the math in my future profession”; he didn‟t complete college; dropped out after one year; went to 

work so lacks many prerequisites for Computer Science 

Experience in courses:  mildly enjoyable, mildly stressful 

Average grade in the courses: 82% 

Performance on exercises: Ex. 1, 2, 3, 4, 5 correct; Ex. 6 incorrect 

Interview after viewing the lecture 

1. Interviewer: So, what did you mark [as bothering you] here? 

2. VA-3: The thing I was frustrated the most about was mainly the lack 

of real teacher because everything was on PowerPoint, I can‟t see 

what was written at the moment of speaking, I can‟t figure it out 

mentally the same way that she does cause she‟s probably reading; 

when you are reading your notes it is more easy for you to analyze 

than for me to catch up because I‟m not really (pause)  It‟s really 

good when the teacher is writing at the same moment as explaining. 

(…) Also I found very boring the first part because it was a recap of 

very basic things that (…) I already know (…) And also (…) I didn‟t 

really like it with the real life situation about Jane and Joe, it reminds 

me of my first English [language] class. But I understand there has 

to be some real life application to the stuff that is being introduced. 

3. Interviewer: So you know that‟s  “no”, you don‟t agree? 

4. VA-3: Yes, I don‟t agree with the last sentence “Do you agree with 

Tom?” 

5. Interviewer: Did you expect this type of explanation then? 

6. VA-3: Yes, that there is a difference between minus line [and the 

plus line] [when] doing the magnitude.   

7. Interviewer: Did it get clear on page 6? 

8. VA-3: It was pretty clear; I know why you are doing all of this; it is 

just recap for people who don‟t know what absolute value is. 

Probably those people won‟t know either what is a linear equation 

and inequalities. Basically, if you don‟t know what is absolute value, 

[then] probably you don‟t know a lot of that stuff that explains 

absolute value too. So, for me, it makes no sense; if I wouldn‟t know 

absolute value, I don‟t think this would have helped me much. 

9. Interviewer: This definition of absolute value, you are familiar with 

that too? 

10. VA-3: Yes, yes. 

11. Interviewer: So, you would have started with that. 

12. VA-3: Yes, I would just say that basically an absolute value is if 

you have a minus sign you remove it, that‟s all.  

13. Interviewer: OK. (…) So it was a very boring lecture? 

14. VA-3: Yes? 

15. Interviewer: Was that also known to you? Solving inequalities in a 

graphical way? 

16. VA-3: Graphically it‟s really easy because basically you have to 

pick at what part of the equation one is above the other. But  that 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Line 6: Seems to be 

aware of the different 

rules for calculating the 

absolute values of 

positive and negative 

numbers; seems to have 

a conditional 

understanding of 

absolute value close to 

its piece-wise linear 

definition. In fact (line 

10, he claims to be 

aware of the formal 

definition. Understands 

absolute value as 

magnitude of a number.  

Line 8: Conditional 

statements but not in a 

mathematical reasoning, 

so not counted as 

symptom of 

Hypothetical Thinking.  
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part [the analytic solution by complete RBC] became stressful 

because I didn‟t know what the teacher was writing in that time he 

was writing, so basically, I just (incomprehensible) those who are 

coming from, I know they are coming from two sets of equations, 

but you lost me a bit there. (…) I heard it [the explanation] but I 

can‟t figure it out. 

17. Interviewer: If you were to do it yourself, would you be able to do 

it on your own? 

18. VA-3: Probably by giving me a lot of time trying to figure it out 

from the notes and trying to deduce and reproduce the same thing, 

but 

19. Interviewer: You don‟t know where this is coming from? 

20. VA-3: I didn‟t even try to pay attention; you lost me so much at 

this point that I just stopped hearing.  

21. Interviewer: This is complicated? 

22. VA-3: Yes. I understand that there are two equations and each of 

them divides into other equations because we stated the definition of 

the absolute value that way. 

23. Interviewer: But let‟s go over this, because if you don‟t know that 

then you may have trouble with the exercises (Interviewer explains 

the solution on page 10) 

24. VA-3: OK. 

25. Interviewer: Graphing method can be misleading; you can make a 

mistake, so you check another way. You do this then you check with 

the graph or vice versa. Normally how do you make sure you are 

right? 

26. VA-3: I‟m checking in the answer book. The way our courses are, 

one set of numbers it‟s odd exercises for assignments, and the other 

is even so we have the answer in the book. Basically, I‟m trying out 

few even numbered questions from the book before actually doing 

homework to be sure that I‟m on the right track and then I just 

submit everything and check the grade back. If the grade is good I‟m 

not asking more questions, if it‟s bad I may check on Moodle for 

answers. By the time I‟m getting back my answers I already figured 

out what I did wrong. 

27. Interviewer: Without the teacher, without the answer how do you 

know you are wrong? 

28. VA-3: Hmm… Calculator sometimes, I check a marginal value just 

to check 

29. Interviewer: All right, here are these exercises and you have paper 

over there and you have 40 minutes to work on them, if you finish 

earlier you could tell me, and then you tell me what you did and 

what was so frustrating about these. 

30. VA-3: I don‟t have the answers, right? 

31. Interviewer: No   

32. VA-3: And I don‟t have any calculator. 

33. Interviewer: You want a calculator? 

34. VA-3: No. 

Line 12: This could be a 

sign of conditional 

thinking about absolute 

value.  

 

Line 16: Appears to 

have never seen RBC 

before.  

 

 

 

 

 

 

 

 

 

 

 

Line 22: Refers to the 

definition in explaining 

to himself why there are 

four cases in Example 

2.  

 

 

 

 

 

 

Line 26: Has a habit of 

checking his answers; 

asks teachers but is able 

to figure out reasons for 

mistakes by himself. 
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Interview after solving the exercises 

35. VA-3: (…) About the last one (…) I‟m not quite sure if the answer should be impossible 

except when it‟s going the opposite way. This one I had trouble with because I had to use your 

method that I didn‟t get. 

36. Interviewer: And you didn‟t have to use the method in the other questions? No? OK, let‟s 

start from the beginning. 

Exercise 1 

37. Interviewer:  First question; you got 41. This is just calculating, OK, I agree.  

Exercise 2 

38. Interviewer: Exercise 2, how did you do it? 

39. VA-3: I did it graphically.  

40. Interviewer: So you got [the graph of] absolute value of , OK, 

and the other one is .  

41. VA-3: So basically this is strictly greater than 0.  

42. Interviewer: OK, and you didn‟t check with the other method? 

43. VA-3: No, I tried to put in some numbers. 

44. Interviewer: You did, in your head? 

45. VA-3: It makes sense. 

 

 

 

 

 

Line 43: Checking 

answer by numerical 

testing: Proving 

behavior.  

 

Exercise 3 

46. Interviewer: Now 3? 

47. VA-3: It‟s never true.  

48. Interviewer: Never true, how did you figure that out? 

49. VA-3: Because this is always negative 

50. Interviewer: What is negative? 

51. VA-3: –3 times the absolute value of x – 1 is always smaller than 

whatever you put in here. I tried to graph and it was obvious that one is 

always smaller than the other. 

52. Interviewer: It was obvious for you from the graph, or from (pause)? 

53. VA-3: From the graph. 

54. Interviewer: What did you do first, the graph or you noticed? 

55. VA-3: Yes, the numbers were small so I was able to do the graph. 

When I did it I just saw immediately that it was never true; but then, 

after looking in the equation I was thinking about “yes, true, it‟s never 

true”. 

56. Interviewer: Did you try the new approach in this problem or just the 

graphical one?  

57. VA-3: I did try the new approach, I mean the last number [problem], 

and I had trouble so (is interrupted)  

58. Interviewer: But not in this question. In this question you just tried to 

graph and then you looked at this, so it‟s always negative on the right 

hand side. 

59. VA-3: Yes. 

 

Line 47: Written 

solution contains a 

graph and statement, 

“never true”.   

Line 51: 

Understands 

inequalities as 

propositional 

functions.  

Line 53, 55: Graph 

led to the conjecture 

that it‟s never true 

(CB1); conjecture 

then confirmed by 

structural analytical 

thinking (not fully 

verbalized): 

symptom of Proving.  
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Exercise 4 

60. Interviewer: OK, [exercise] 4? What did you do here? 

61. VA-3: I calculated, I tried to see when it‟s equal to 5.  

62. Interviewer: There is a graph here, which is kind of crossed out, is 

that right? Did you start with the graph here? 

63. VA-3: Yes. (…) Started with the graph and see that I have to find 

when x it‟s equal to 5 in both equations.  

64. Interviewer: To solve the equation when it‟s equal to 5, yes? And 

then you got? 

65. VA-3: I got minus the equation when it‟s equal to 5, and I got both 

answers. Here it‟s between –2 and 3.   

66. Interviewer: So, it‟s between two points on the graph, right? 

67. VA-3: I had to find values for which xs cross the y = 5 line.  

68. Interviewer: You solved the two equations and then? 

69. VA-3: Yes, I solved it twice because I solved minus the equation and 

one just the original equation because I know that in absolute value 

you can have both answers.   

70. Interviewer: So –2 and 3 and then you know it‟s between.  

71. VA-3: Because it‟s strictly, otherwise I would have put equal.  

Lines 61, 63: 

Graphical solution 

supported by algebra.  

Line 65: his written 

answer says: “true 

when –2 < x < 3”, 

where the word 

“when” is a sign of 

Hypothetical 

thinking.  

Line 71: Symptom of 

Analytic Linguistic 

sensitivity.  

 

Exercise 5 

72. Interviewer: Then you did exercise 5? 

73. VA-3: The 5
th

 one is exactly the opposite of the 4
th

 one, so I 

just reused the same thing.  

74. Interviewer: So you said it‟s less than –2 or (pause) 

75. VA-3: Greater than 3.  

76. Interviewer: You wrote “and”? 

77. VA-3: “And” which is impossible, should have been really 

“or”.  

Line 73: Used Ex. 4 to solve 

Ex. 5: symptom of CB2.  

 

Line 77: Corrects himself; is 

aware of the difference 

between the connectives or 

and and: symptom of 

Analytical Logical sensitivity.  

 

Exercise 6 

78. VA-3: And then the 6th one with the big numbers, I said oh, 

my God, I‟m stuck with the method that I don‟t quite like, so I 

tried to reproduce it by doing 4 associations. 

79. Interviewer: So you looked at the lecture at this point, the 

lecture notes. 

80. VA-3: Yes, I will link up everything except [that I will be] 

plugging in my numbers.  

81. Interviewer: And then you have these 4 cases.  

 

Line 78: Explicitly applied 

the definition: Symptom of 

Definitional Thinking.  

Analyzed the cases 

somewhat, discovering a 

contradiction in one case, but 

did not complete the 

reasoning. Said he disliked 

the method.  

 

 

Final interview 

82. Interviewer: So you are between 21 and 25. You have a gap in your education? 

83. VA-3: Yes, I was working full time for two years before coming to university last fall 

84. Interviewer: Did you finish [a college]? 

85. VA-3: No.  
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86. Interviewer: You didn‟t go to [college]?  

87. VA-3: I did go to a college but I didn‟t graduate, I didn‟t get any diploma, I dropped after one 

year. I have been searching from program to program [in college] 

88. Interviewer: What was the first program that you entered? 

89. VA-3: Natural sciences, which required that course [Calculus], I added that course and I just 

failed so badly that I switched to human sciences and I failed badly for personal reasons, so I 

dropped out of school, I started working full-time for 2 years, I did not study at all.  

90. Interviewer: Where did you work if I may ask? 

91. VA-3: I worked in a call center. 

92. Interviewer: And you got tired of it probably, right? 

93. VA-3: No, no, actually I still work in a call center full-time but as a programmer for an 

information system. Now I‟m training to do computer sciences to get a degree in that because I 

really love it, and I also want to have a higher position than a programmer, maybe a team leader 

or a manager, and for this I need a university degree. In order to be accepted I had to take back 

the awful Math 203 (Calculus) class that I hate so much because it‟s actually the first time that I 

failed any class, I‟ve always have been good at everything but in [the college] I had my Math 

203 or something equivalent to what I am taking right now but a lot easier with a lot more time 

for us to take every subject into account. I failed because I wasn‟t attending the class but I had a 

really bad memory about it, I was really afraid at the beginning of that term, to just try to do 

derivatives and (pause) 

94. Interviewer: And how do you feel now? You are saying you are mildly stressed? 

95. VA3: Yes, I had to take Math 201 [Elementary functions] because I just wasn‟t remembering 

anything from high school at all. Math 201, I finished it with A + so it gave me a kind of 

confidence to fight for Math 203. I was really stressed with limits, it‟s really abstract, I had 

difficulties, this is probably why I failed, especially because I did no homework at all at [the 

college], I was trying to do the same as in high school, sit back and listen to the course but it 

wasn‟t enough. But I clearly got that with my first university course, Math 201, I did a lot of 

homework, a lot of practice before the exam. In this case I saw the result because I got an A+, 

my first grade in university so I‟m kind of proud. I try to reproduce for Math 203 a lot of things. 

I‟m more confident than I used to be before entering university but I‟m still stressed because 

there‟s a lot of formulas to learn by heart in that course and I‟m really not comfortable with 

learning things by heart. Especially I have this little card that is plastified with every derivative 

formula in it, for trig and everything and that stresses me a lot because at the exam I never 

remember the good one and I mix them all up. (…) 

96. Interviewer: “I need the math in my future profession”. You are convinced that the stuff that 

you are learning in 203 will be useful later? 

97. VA-3: Definitely, because I‟m having really, I have respect for [what] the people at “google” 

did. As far as I can remember they were my heroes if I can say, I want to be like them, I want to 

do a start up like they did and make a lot of money quickly with computer science stuff, 

basically it was just information systems and when I try to dig into what is at heart of this 

success it‟s an algorithm that predicts that all pages are ranked according to a link between each 

other, it‟s all complicated math that I didn‟t get anything and basically I‟m thinking if I study 

more and more math through my computer science program, maybe someday I will understand 

what they did to have so much success and basically to be able to  reproduce it or improve it. 

But for now I see those papers like hieroglyphs and I just don‟t get it. It‟s probability, all 

complicated formula that make this huge little thing work.   

98. Interviewer: OK, so they are using the kind of theories that you are learning or this is just a 

basis of (pause)? 

99. VA-3: For now I feel like I‟m learning the alphabet of that language. I know that I probably 

won‟t be able to do such things because there are programmers and there are mathematicians, 

one writes and the other just implements it. 
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100. Interviewer: OK, so they work in a team, everybody has their own expertise. 

101. VA-3: Yes, but one should be able to talk the language of the other at some level. 

PARTICIPANT VA-4 

Age: less than 21 

Courses:  MATH 204 (Vectors and Matrices)  

Reason for taking the courses: prerequisite for ENGR 213 (an engineering course)  

Experience in courses: very enjoyable, some courses are not stressful at all, some are 

Average grade in the courses: 89% 

Performance on exercises: All exercises correct.  

Interview after viewing the lecture 

1. VA-4:  It‟s very analytical 

2. Interviewer: So it‟s very boring and long, yes? 

3. VA-4: Yeah. With the [graphing] paper it‟s very easy to graph, but you don‟t always have this 

paper.  I learned to graph the absolute value function: graph first the function and then copy it. 

For more complicated functions, like cosine and sine, do the regular sin function and then see 

how to work with symmetry along the x-axis. 

4. Interviewer: So suppose you want to draw the function , you just translate, is that 

what you are talking about? 

5. VA-4: Draw the regular function and then (pause) 

6. Interviewer: So suppose I ask you to draw the absolute value of , what would you do? 

Can you just show me how you do it?  

7. VA-4: I would first draw .  

8. Interviewer: Yeah? Show me what you do. 

9. VA-4: But we talk about the easy functions. Now about more complicated functions (pause) 

10. Interviewer: OK, give me an example. 

11. VA-4: You do not have to draw exactly the points, you sketch (pause) 

12. Interviewer: OK, yes. Give me an example of a complicated function, for example, sine 

squared? 

13. VA-4:  sine x  squared, yes  

14. Interviewer: I simply want to understand what you normally do, because from what you say I 

don‟t quite get what exactly you are doing when you‟re sketching a graph of a function. 

Suppose you have  

15. VA-4: OK, we find a value of . In order to graph this function we have to put some 

values to x, we‟ll put 0 so  is 0; ) is , no (pause) 

16. Interviewer: one half  

17. VA-4:  one half, so this [sine squared] is one quarter.  

18. Interviewer: Yes. 

19. VA-4:  is two quarters 

20. Interviewer: So one half.  

21. VA-4:  it‟s three quarters.  

22. Interviewer: OK, let‟s not go into all the details, you were saying you would go on like this 

until π? 

23. VA-4: Yes 

24. Interviewer: Why until π and not further? 

25. VA-4: Further?  One can use the period. 

26. Interviewer: This is a periodic function .  
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27. VA-4: So we know this is a periodic function. Until 2π. We know the graph is like this 

(sketches a rough shape of the function ). (…) I don‟t remember exactly how is this 

(pause). We could find by the points. I don‟t know how exactly is the function, so suppose it‟s 

like this and when we try to find the absolute value, we draw this one until here and continue 

here and then like this.  

28. Interviewer: OK, so that‟s what you were referring to? 

29. VA-4: Yeah.  

Interview after solving the exercises 

30. VA-4: 2 or 3 years [ago] I solved these, in high school, I solved more 

intensively, algebraically. I forgot it, but after solving one it all came 

back.  

31. Interviewer: Which method did you use? 

32. VA-4: This one, this method. Not the graphing.  

33. Interviewer: All right, so just tell me what you did. The first one, 

you just calculated. And the second one? 

Lines 30, 32: Learned 

to solve absolute 

value inequalities by 

RBC in high school.  

 

Exercise 2 

34. VA-4: I just separated the cases, 4 cases. 

35. Interviewer: Which cases? 

36. VA-4: One; this is positive.  

37. Interviewer: Left side. 

38. VA-4: Yeah, left side positive, right side positive then positive-

negative then negative-positive and negative-negative.   

39. Interviewer: OK  and  and then you go here and 

then you say? 

40. VA-4: We‟ll obtain this one from this case, x is… 

41. Interviewer: Between 1 and infinity. 

42. VA-4: Yes, yes, the next case it‟s impossible. 

43. Interviewer: Why? 

44. VA-4: Because x cannot be greater equal than 1 and less than –1; it‟s 

more helpful for me when I solve this equation to graph only the 

number line, so I tried to find if they‟re (pause) 

45. Interviewer: Overlapping? 

46. VA-4:  Yes, or crossing, intersecting. And the 3
rd

 one, the 3
rd

 case, I 

obtained ,  , so I obtained this interval. By the equation 

this is positive, so x > 0, so combining these two I take from 0 to 1. 

And last one it‟s impossible. After we gather all together, how do we 

call this?  

47. Interviewer: The union. 

48. VA-4: The union of two intervals, so from 0 to infinity. I‟m not sure 

if… 

49. Interviewer: You‟re not sure if it‟s correct? 

50. VA-4: Not 100% because it‟s not fresh in my mind after the four 

cases what we are doing in the last step.  

51. Interviewer: You can‟t remember if this is the correct procedure.  

52. 79: VA-4: The last one, the union, I think it‟s union. 

53. 80. Interviewer: How you would be sure that‟s a union and not 

intersection? 

 

 

 

Line 38: Seems to 

have a rather 

procedural way of 

understanding RBC.  

 

 

 

 

 

Line 14: His solutions 

are analytical but he 

would use number 

line graphs to solve 

conjunctions and 

disjunctions of simple 

linear inequalities.  

 

 

 

 

 

Line 50: This shows 

that he tries to recall 

the procedure; he is 

not reasoning by 

cases based on the 

conditional definition 

of absolute value.  
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54. VA-4: I tried to put some values after 1 and then I confirmed that this 

is. 

55. Interviewer: You were not sure that is union or intersection and you 

tried what, 2? 

56. VA-4: 0 so it can‟t be 0 so I tried 1 and it‟s valid. 

Line 54: He makes 

his decision based on 

numerical testing, 

which is somewhat 

like SNT.  

 

Exercise 3 

57. Interviewer: And question3, what did you do? 

58. VA-4: I did the same, 4 cases; separate the cases.  This positive 

(is interrupted) 

59. Interviewer: The right side.  

60. VA-4: This positive also so I obtained.  

61. Interviewer: OK, so you did the same as you did before, and 

what did you get? 

62. VA-4: I found two impossible cases.   

63. Interviewer: Two were impossible? 

64. VA-4: Yes, the first one and the third one, I think.  

65. Interviewer: But here, the second you see? 

66. VA-4: Also impossible . 

67. Interviewer: And the 4th? 

68. VA-4: The 4
th

  it was impossible, all impossible, I think. 

69. Interviewer: Are you sure? What are you doing now? You are 

looking back at the cases? 

70. VA-4: Yes, if I did right the intersection of the intervals.  

71. Interviewer: And how about looking at the initial inequality? 

72. VA-4: To plug some numbers? 

73. Interviewer: Just look at it 

74. VA-4: (Pause) I think it‟s impossible.  

75. Interviewer: Impossible because? 

76. VA-4: I tried 1.  

77. Interviewer: You‟re trying a few numbers? 

78. VA-4:  Yes 

79. Interviewer: Well, you know, you can‟t try all the numbers! 

80. VA-4: But I can try some values like 0, 1or –1… 

81. Interviewer: Suppose it‟s true for 100, can it be true for 100? 

82. VA-4: No, it can be but I know in general I can‟t prove this 

method, to try numbers 

83. Interviewer: No, but why it can‟t be true? 

84. VA-4: We can‟t obtain 3 or 4 from this equation, or 100. If all 

the cases are impossible then we know in the end that no x can 

satisfy this.  

85. Interviewer: But did you actually have to look at all these 

cases? That‟s what I‟m trying to have you notice. Absolute value 

is? 

86. 113.VA-4: Yeah, it can‟t be (pause) less than a negative, it‟s 

always positive 

87. 114. Interviewer: Yes, exactly. So it wasn‟t really necessary to 

do all this, was it? 

88. 115. VA-4: Yes, it wasn‟t.  

Line 58: Uses the same 

technique as in Ex. 2 to 

solve Ex. 3: symptom of 

Procedural Knowing PK1.  

 

Line 62: Recalls he found 

two impossible cases, not 

that he found all cases to be 

impossible. This shows he 

did not think structurally 

about the problem at any 

point, and did not reflect 

upon his solution after 

having completed it. 

Symptom of Procedural 

Knowing PB1 

Line 70: Checks if he 

applied the procedure 

correctly.  

Line 76. One of many 

symptoms of Procedural 

Knowing. Even though the 

student is writing the cases, 

putting implication arrows, 

etc., his reasoning is not 

based on Hypothetical 

Thinking about the 

inequality such as:  “if the 

values of the variable are in 

this domain, what happens, 

and if it‟s in another 

domain, what happens”, etc. 

He uses numerical testing to 

make decisions about the 

application of the 

procedure, in case of 

uncertainty about having 

memorized it well.  

Line 84: Sticks to the 

procedure. It is hard to get 

him to think in terms of 

properties of absolute value.  
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Exercises 4 and 5 

89. 116. Interviewer: OK, now 4 and 5. You seem to have used 

the fact that the absolute value less than something then it‟s 

between –5 and 5. Did you remember that from school? 

90. 117. VA-4: Yes, we used this very often.  

91. 118. Interviewer: Yes, and you got it between –2 and 4. And 

how did you check here? Did you check at all when you got 

this? Do you check somehow? 

92. VA-4: Yes, I check a number inside the interval.  

93. Interviewer: Not beyond? 

94. VA-4: No, I proved it, I don‟t have to check. 

95. Interviewer: Now again, was it necessary to do all this 

algebra when you had an answer for this, absolute value less 

than 5 and here it‟s just the same number, the same expression 

but greater than 5? And what you get is (pause), you see?  

96. VA-4: I get the other (pause) 

97. Interviewer: The complement, so again it wasn‟t really 

necessary. (…)  

Line 90: Used PROP in 

exercises 4 and 5.  

 

 

Line 94: He did not really 

“prove” anything; he just 

used a procedure he 

remembered, and, not being 

sure whether he should take 

the conjunction or 

disjunction, he tested for one 

number, and this was enough 

to decide.  

Line 95: Interviewer points 

to unreflective character of 

VA-4‟s approach to 

mathematics.  

 

Exercise 6 

98. Interviewer: All right and now about the 6, you did the 4 cases again?  

99. VA-4: Yes 

100. Interviewer: And, you ended up with… 

101. VA-4: This one 

102. Interviewer: And you trusted, did you try some numbers or… 

103. VA-4: No, they are too big. (No checking) 

104. Interviewer: Too big? Come on! 101/50  it‟s just about 2, very big number indeed! 

[laughs]. They are fractions, are you scared of fractions, perhaps? 

105. VA-4:  No, no, I prefer fractions than decimals 

106. Interviewer: But still you call them big numbers  

107. VA-4: No, they are not big numbers (pause) 

108. Interviewer: They are more complicated?  

109. VA-4: Yeah 

Final interview 

109. Interviewer: So, is it your habit to check your answers somehow? 

110. VA-4: Yes, if they seem not very normal. 

111. Interviewer: You have a feeling? 

112. VA-4: Yes, I have a feeling. 

113. Interviewer: How do you have this feeling?    

114. VA-4: If I obtain some normal numbers because when we solve exercises they almost 

never put some complicated [numbers] or roots in the denominator. If I find something like 

this, if I try to solve a quadratic formula and I don‟t obtain, if I obtain like root of 25 I think it‟s 

true, if I obtain something like root of 27 I will reject almost always. Yes, because most of the 

more advanced math do not depend on doing calculations, it‟s more about your (pause) 

115. Interviewer: Reasoning? 

116. VA-4: Yeah, reasoning. 

117. 150. Interviewer: So, you‟re in 204 this semester? 

118. VA-4: Yes. 
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119. Interviewer: OK. 

120. VA-4: Yes, because I have to take engineering 213. 

121. Interviewer: Tell me where did you study, where did you go to high school? 

122. VA-4: In [another country] 

123. Interviewer: When did you come here? 

124. VA-4: I came last summer; this is my second semester. 

125. Interviewer: You didn‟t go to college here? 

126. VA-4: The high school is 12 years in [my country], so here I just wrote an exam, a 

placement test for Math 203 and I passed it and I didn‟t have to take it. But they have a separate 

exam for Math 202, so I had to take Math 202.  

127. Interviewer: What‟s the difference between MATH 202 and 203? 

128. VA-4: MATH 203 it‟s calculus 

129. Interviewer: Yes, and the 202? 

130. VA-4: 202 is elementary algebra. If you want to write a placement test, it‟s only for Math 

204. If you pass Math 204 test, you pass Math 202, but they have the knowledge of Math 204, I 

had Math 202. Even if I wrote the test, it‟s more advanced so I didn‟t write the test. It was 

within a week to write as many tests as you want for math and physics, so I preferred to write 

two tests for the courses I had the knowledge of, not trying to learn new things and fail the one 

I knew.  

131. Interviewer: So you‟re a young person. You say that you enjoy very much your courses.  

132. VA-4: Math courses? Engineering 213 is included or only the math? 

133. Interviewer: These courses, these are like prerequisite courses.  

134. VA-4: Math 205 I enjoy, math 202 not very much, it was more boring.  

135. Interviewer: Boring, you already knew it. But 204, does this “enjoyability” apply to this? 

136. VA-4: Yes, matrices, it‟s the first time (pause) 

137. Interviewer: This is the first time you‟ve seen matrices.  

138. VA-4: We did most of the things in high school but not matrices.   

139. Interviewer: „Cause I think you have very small systems of equations, two variables, three 

variables.  

140. VA-4: Two variables. In the last year we do calculus more, also CAL II, not very deep, but 

more logic, to combine complex numbers and also functions with calculus.  

141. Interviewer: OK, about the logic, you were using logical notations, unions and all that, did 

you have a separate course? 

142. VA-4: Oh, we have also statistics and probability in the last year of high school also, 

additional two courses. 

143. Interviewer: But that‟s advanced, is it for everyone? 

144. VA-4: No, it was for everyone.  

145. Interviewer: Oh yeah? 

146. VA-4: The more advanced was the calculus and the complex numbers. For general 

[stream], it was the statistics, probability and very easy calculus, basic. 

147. Interviewer: But about the logic, did you have a separate course in logic? 

148. VA-4: No, no, no separate  

149. 185.Interviewer: It‟s just that you used the notations. 

150. VA-4: We used this from grade 10. 

151. Interviewer: Set notations? 

152. VA-4: We learned this in grade 10 

153. 189 Interviewer: OK, and these inequalities with absolute value you do it in grade 10? 

That‟s probably where you used these unions and intersections? 

154. VA-4: Yes, after that we don‟t solve equations like we solved this, but we use it in 

functions, but not separate; it was a previous knowledge.  

155. Interviewer: OK, did you do a lot of proofs? 
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156. VA-4:  Proofs yes, very much, proofs and write the theorem, prove the theorem, most 

examples and exercises in the final were proofs. Prove this equation (pause) 

157. Interviewer: OK, you told me what you didn‟t like about this lecture; it was too boring for 

you, right? Is there anything you liked about this lecture at all? 

158. VA-4: Yes, if it were louder would be better. I think this is appropriate for people who 

don‟t have the knowledge of these things and try to apply. 

159. Interviewer: You were a little bit too advanced for that, right.  

160. VA-4: If it was to be an online course, it would be appropriate.  

161. Interviewer: OK, I see. Can you tell me why you didn‟t use the graphing method? 

Graphing method was shown in this lecture as something that is easy, in case of easy numbers. 

Yet, even though some of the exercises had kind of easy numbers, you decided to use the 

logical analysis, which was used like a check-up here, in this lecture. Why, why not the 

graphic?  

162. VA-4: I agree that sometimes geometrical is better but is not always the best way. It‟s more 

applicable to use algebra. 

163. Interviewer: Because you wouldn‟t trust your graphs, is that right? 

164. VA-4: Sometimes yes [laughs] 

165. Interviewer: OK, was this lecture, abstracting from the fact that this is in PowerPoint 

presentation, but the fact that‟s just lecture, example, definition, example and all that, is this any 

different from what you experience in the 204 and the 202? Here, I mean, because you have 

two experiences, you have the [home country] experience and the [new country] experience. 

How these three styles of communicating mathematics differ, or are similar? 

166. VA-4: I think the best way is to express the theory and solve more problems. I think the 

best way for me to learn is to give a glimpse of the theory, not study very hard [the theory] and 

try to solve the problems and when I find some difficulties, turn back to the theory and check. I 

learn better the theory if I apply, by applications, I think it‟s the best way. So stating briefly, not 

very, but to tell the theory, the most important parts, and then, by solving problems you cans 

see more specific cases you can apply. 

167. Interviewer: OK, this is the best, but if you compare now the style of teaching in [your 

country] and the style that you experienced here in your Calculus or 204 classes, how do they 

compare? 

168. VA-4: They are not very different, they cannot be.   

169. Interviewer: Cannot be? 

170. VA-4: No. 

171. Interviewer: You know, there are some reform approaches; sometimes, you see, the 

teacher would give a problem that‟s a little bit difficult to the whole class, have them sit in little 

groups, discuss this and then each group presents their solution, other people have a different 

solution so they debate on that, that exists, you see. 

172. VA-4: I never experienced this in math, in English classes maybe, math is more the one-

person (pause) 

173. Interviewer: Teacher talking, students taking notes and working alone? 

174. VA-4: Alone. I prefer that.  

175. Interviewer: And you prefer that 

176. VA-4: To work alone. 

177. Interviewer: You never worked with anybody? 

178. VA-4: In math? No. 

179. Interviewer: No? 

180. VA-4: I solve my own equations [laughs]. Yes, because you must find a person who is the 

same level as you and if you are a group of three or four, it can‟t be, guaranteed.  

181. Interviewer: I think that‟s it, thank you very much.  
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PARTICIPANT V-5 

Age: less than 21 

Courses: MATH 204 (Vectors and matrices) 

Reason for taking the courses: a prerequisite 

Experience in the courses: very enjoyable, mildly stressful 

Average grade in the courses: No record available 

Performance on exercises: All exercises eventually correct; he had a draft and then wrote a clean 

copy. Some answers in the draft are incorrect.  

 

Interview after viewing the lecture 

1. Interviewer: Did you have any problems? 

2. VA-5:  Everything is perfect, I just have one thing here, I was a little bit confused [on page 10, 

first page of analytic solution of Example 2] 

3. Interviewer: On page 10? 

4. VA-5: I don‟t understand why this one is greater than or equal 1 and greater than   and we 

have this one 

5. Interviewer: You don‟t know where these inequalities come from. There are four cases, right? 

For each side you have two possibilities; like this side here is for absolute value of x – 1, it‟s 

either x – 1 or –(x – 1), OK? For this, there‟re also two cases. So now, I don‟t know which case 

was taken first (pause) 

6. VA-5: This one is here.  

7. Interviewer: OK, let‟s say. This really comes from these two together; x can be greater than 1 

or equal 1 so you just write it like this, that you know. Then here it‟s greater or equal –2, so this 

comes from this point, this is that and this is that, now where this comes from? Well, it‟s 

because in this case for this interval when x is greater equal 1. Then absolute value of x – 1 it‟s 

equal to x – 1. So you‟re looking at this inequality, which becomes this inequality for these 

conditions, so here absolute value of x + 2 is equal to x + 2 so you have that is coming from 

here.   

8. VA-5: Oh, OK, now I understand.  

9. Interviewer: And that‟s for each case because there are four, OK? Now everything is clear? 

10. VA-5:  Yes, everything is clear. 

11. Interviewer: Good, this is the list of questions. Of course, this [paper copies of slides] is for 

you; you can look at it. There‟s paper I think, under; if you need more I can give you more and 

you just work on these problems and when you finish we are going to talk, OK? 

12. VA-5: Can I use a calculator? 

13. Interviewer: No calculator, nobody got it before, so (pause) Besides I don‟t think you need it. 

14. VA-5: OK.  

Interview after solving the exercises 

15. Interviewer: So, tell me what you did.   

Exercise 1 

16. VA-5: The first one I did this, I took the absolute value and this one is the answer. 

17. Interviewer: And you know you‟re right? 

18. VA-5: Yes. 

19. Interviewer: How? Without the calculator? [laughs] 

20. VA-5: It‟s so simple. 

21. Interviewer: All right, now second question. 
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Exercise 2 

22. VA-5: I wasn‟t sure what we have to do so I write four cases like I saw in 

PowerPoint. First case x – 1 > 0 and this one also greater than 0, so I 

compute this and we have x > 1, and I got that [continues to read his 

solution, see on paper; his solution is incorrect: . But this was his draft 

only. On another sheet he wrote his “clean copy”, and the solution was 

correct] 

23. Interviewer: OK, you looked at the four cases so your answer at the end is 

x > 0.So how did you look at (pause), you have four cases and then you have 

the answer, how did you decide that this is (pause) 

24. VA-5: In the four cases we have two answers, x > 1 and x > 0. When we 

combine these we get this. 

25. Interviewer: But it‟s not like it‟s “and”. It can be this or that. 

26. VA-5: Or? 

27. Interviewer: Yes. 

28. VA-5: So how can we (sounds puzzled). So is that right? 

29. Interviewer: How do we know? 

30. VA-5: I put some numbers. 

31. Interviewer: How did you do? You put some numbers?  

32. VA-5: Yes, and I saw that is right. 

33. Interviewer: Did you try –1? Or not? Because you just wanted to confirm 

34. VA-5: Yes, I tried –1 too but it doesn‟t work because it has absolute value 

here.  

35. Interviewer: So you did check.  

36. VA-5: Yeah, I did check.   

37. Interviewer:  OK, so in question number 2 you got x > 1 

38. VA-5: Yes. 

39. Interviewer: And what, you decided that is not correct? 

40. VA-5: No, when I did that I thought it is all correct but I lost one case in 

this one, when I wrote again I saw that this works so (pause) (refers to case 3 

on the page that we labeled as draft)  

41. Interviewer: What did you get in here? (reads the draft solution)  So how 

come you lost the greater than 0 somehow here? You got x > 1 here and 

from all these considerations you got everything is impossible, so one of the 

cases was missed, right? Which case? 

42. VA-5: The first case I got this, the second case I got impossible and the 

third case here it should be possible but I wrote impossible. 

43. Interviewer: OK, why is it possible?  Less than 1 and greater than –1, OK 

[see the paper solution]. OK, so just to have it in order. I don‟t understand. 

This was done first? 

44. VA-5: No, no, this one is just [a draft]. I did it here (The student had a 

rough copy and a clean copy; on the clean copy the solution to exercise 2 is 

correct) 

45. Interviewer: But what‟s that?  It‟s a draft? 

46. VA-5: Yes, the first time I got confused because I didn‟t know how to do 

with this one [combination of the results of the cases]. The first thing that 

came to me it‟s like I put this one smaller than this one, but I forgot this 

doesn‟t work so I changed.  

47. Interviewer: You think it doesn‟t work, how do you know it doesn‟t work?   

48. VA-5: I just think, I‟m not sure. 

Line 22: learned 

RBC in the 

lecture, not 

previously. 

Since he used 

PROP in ex. 4 

and 5 and did 

them first 

because they 

were “easy”, we 

suppose he 

knew PROP 

from previous 

studies.  

Line 25: The 

interviewer 

incorrectly 

interprets VA-

5‟s thinking in 

this solution. 

He was using 

disjunction, but 

his mistake was 

to discard one 

of consistent 

cases:  

and .  

 

Lines 30, 34, 

36: checked his 

solution and 

realized he was 

wrong in 

claiming one of 

the cases to be 

impossible: 

Proving 

behavior.  

 

Line 46: Was 

confused about 

whether to use 

conjunction or 

disjunction.  
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49. Interviewer: What were you thinking? You see I‟m interested in your 

thinking not whether your results are correct or not, I just want to understand 

how you think. So you wrote x – 1 <  x + 1 and then you wrote x – 1 less 

than minus this thing? 

50. VA-5: minus x + 1 [–(x+1)] 

51. Interviewer: And then you sort of erased, you crossed it out. 

52. VA-5: Yes, because I think it‟s not enough or something. 

53. Interviewer: It‟s not enough? 

54. VA-5: I think, I‟m not sure but I think this way is working because it‟s the 

same if we put minus here and change the sign.  

55. Interviewer: You tried to take a shortcut here.  

56. VA-5: This one is right, I think. No, no this one is not. I don‟t know 

57. Interviewer: So you had a bad feeling about this? 

58. VA-5: Because this way is so confusing, it‟s clear if you divide like the 

four cases (pause)  

 

 

 

 

 

Exercise 3 

59. VA-5: And this one I think it‟s right.  

60. Interviewer: OK, what were you thinking here?  

61. VA-5: First, I divided into 4 cases but after I saw that because this 

one is positive and this one is positive so when we multiply by –3 

this will be negative so we cannot find any value of x that satisfies it. 

Line 61: Complete 

structural argument 

already in the written 

solution: CB1. 

 

Exercise 4 

62. VA-5: I did number 4 and number 5 before exercise 3, because 

number 4 and number 5 it‟s like more simple.   

63. 87. Interviewer: You did it because it‟s simple. So you did 1, 2, 4, 

5, 3 and then you did 6. So what did you do in 4 and 5 and how do 

you know this is correct? 

64. VA-5: I don‟t know how to explain. When you have this < 5, I mean 

this one is < 5 and this one is > –5, this one I studied in high school, 

it‟s been a long time.  

65. Interviewer: OK, you remember something. So you didn‟t actually 

go through all these cases but (pause) All right, so you just solved 

these two [inequalities] and you get that, and how do you know this is 

right? Did you check? 

66. VA-5: I checked already. 

67. Interviewer: How did you check?  

68. VA-5: First I put –1 and after that, no, first I put –2 here it doesn‟t 

work, no [that] doesn‟t work but it‟s like 5.  

69. Interviewer: Exactly 5.  

70. VA-5: And I put 3 here, it‟s 5 too and I put –1 and 2 so I think 

everything is OK.  

71. Interviewer: OK, but how do you know? You tried –1 and 2, but 

how do you know there isn‟t something (pause) one number between 

–2 and 3 or two numbers or maybe an interval that would not satisfy? 

They‟re infinitely many numbers here, what makes you so sure? 

72. VA-5: It should work because we can see that this one is  

73. Interviewer: –2 you mean 

 

 

 

 

Line 64: Studied 

absolute value 

inequalities of type 4 

and 5 probably with 

PROP in high school.   

 

Line 66: Checked his 

answer: Proving 

behavior.  

 

Line 68: Analytical 

sensitivity: noticed the 

inequality is strict.  
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74. VA-5: Yes, it‟s smaller than –1 and when we take the absolute value 

it‟s smaller than 5.  

75. Interviewer: So it‟s not like you actually... when you‟re plugging in 

–1 you‟re not thinking of this –1 concretely but anything that‟s in 

between, right?   

76. VA-5: I just calculate to check that. 

77. Interviewer:  Yes, but you are talking about anything here, you just 

take something smaller, bigger, that‟s what are you talking about, not 

really concrete?   

78. VA-5: Yes, but it‟ll always work, I think. 

79. Interviewer: You‟d bet your head?  

80. VA-5: Let‟s see (pause) It‟s correct I think. 

 

 

Exercise 5 

81. 109. Interviewer: OK, exercise 5? 

82. VA-5: This one is the same, greater than 3 and smaller than –2, take 

all numbers from minus infinity to –2 and from 3 to infinity  

83. Interviewer: And again to know that this is right what did you do? 

Did you even check this? 

84. VA-5: Yes, I checked but not with a lot of numbers, I just took two 

numbers, one from this side and one from this side.  

85. 113.Interviewer: Some people were telling me that since problem 4 

it‟s less than five and it‟s between –2 and 3 than this [exercise 5] is 

the rest of these numbers. No? You didn‟t think like this. Because the 

difference between questions 4 and 5 is that this is the same function 

but greater than 5? 

86. VA-5: Oh, yes, now I see.  

87. Interviewer: But you didn‟t think about it then.  

Line 82: Seems to be 

seeing the connection 

between exercises 4 

and 5 here, but maybe 

he refers only to 

similarity of the types 

of inequality here and 

the method of solving; 

see what he says later 

in the interview.  

 

Line 86: Did not see 

the relation: PB2.  

 

Exercise 6 

88. Interviewer: All right and so about number 6 now. 

89. VA-5: First, I did it with my graph, it‟s not [the clean copy] (the draft of solution of exercise 6 

contains rough graphs of absolute value functions intersecting and drawings of number lines 

with intervals marked on them, see Figure 4) 
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Figure 4. Part of VA-5's draft of solution of exercise 6 

90. Interviewer: What, which graph?  

91. VA-5: This one I wrote again.  

92. Interviewer: This is clean copy. Good, so what about this, 6? 

93.  VA-5: This one I didn‟t check anything because the number I find is 

[not easy] so I did that [probably refers to leaving the answer in the 

form of non-simplified disjunction]. 

94. Interviewer: This is your answer? x less than 101/49 or that. Would 

you be able to combine these two conditions? 

95. VA-5: Combine it? (…) I‟m not sure, if when we combine then we 

take all numbers, or…so the answer is these ones  

96. Interviewer: But you put “or” here. 

97. VA-5: Yes, or. 

98. Interviewer: But then if you put or, it could be this or this, or that, 

anything. It‟s like in the previous exercise; you had greater than 0 or 

greater than 1 and you decided that it‟s just greater than 0, remember? 

99. VA-5: Oh, so we take all? (…) 

100. Interviewer: If you had a calculator do you think you would do 

it better? 

101. VA-5: Much more better, yes I think so. When I work with math 

I always use a calculator like every time. Sometimes when I work 

without calculator, I feel not confident. But it‟s OK; it‟s just my 

behavior. (…) So we combine here, and we have (long pause) (…) 

117. Interviewer: All right, so here we did a lot of checking, but 

when you work alone at home, let‟s say you work at home and you 

work in tests in class, do you check? Are you interested in knowing 

whether your answer is correct or not? How do you do it?  

118. VA-5: With myself [working alone], after I do one question 

every time I check it once or twice before I go to the next question. 

Because when I finish I don‟t want to finish all and check again. I 

always want to know if it‟s right or wrong, but in math sometimes we 

don‟t know, we cannot check if it‟s right or wrong. 

 

Line 94: Answer 

correct but written as a 

disjunction of two 

conditions, with 

written “or” between 

them.  

 

Line 95: Unsure 

whether “or” refers to 

union (“all numbers”) 

or intersection. He 

used “or” because he 

saw that in the lecture 

combination of cases 

was done using “or” 

but he was not sure 

whether it refers to 

union or intersection, 

And he could not 

decide by numerical 

testing because the 

numbers were not 

“easy” (line 93).  

Line 101: Relies 

heavily on his 

calculator.  

Line 118: Habitual 

Proving behavior 
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119. Interviewer: Can you give me an example where you don‟t 

know if your answer is correct or not? 

120. VA-5: A lot of questions.  

121. Interviewer: A lot? Give me an example. 

122. VA-5: We know that we do step by step and we check that for 

sure all these steps are right so we can like think that 90% is right. In 

a system we can substitute the answer to find that is right or wrong, 

but if we are asked to find the derivative or integral or something 

(pause) 

123. Interviewer: Well if you have an integral then you can 

differentiate what you got to see if you‟re right, but with a derivative, 

that‟s a little bit (pause) 

124. VA-5: When we draw the graph or something and you are asked 

to find the area. 

125. Interviewer: I didn‟t quite understand, when you draw a graph, 

yeah? 

126. VA-5: In Math 203 in the last exam, I checked it and they give 

the equation and they ask to draw the graph and when I draw the 

graph I don‟t know if it‟s right or wrong, and when I finish I ask my 

friends and ten friends they have like nine different graphs. 

127. Interviewer: OK, about graphs, by the way. This lecture was 

showing in a way two methods, one with graphs and another with 

these four cases and I see you drew one graph here on one of these 

[draft] pages with question 6 and the rest of it is more the cases, the 

logical analysis, why you didn‟t use the graphs?  

128. VA-5: Because when we use the graph we have to have accuracy 

in points.  

129. Interviewer: But you didn‟t use it even in question number 2 

where there‟s just  and  and this could be easy to draw, 

wouldn‟t it? So this is what you draw? This is the graph for the 

second? Except that what you found with algebra was that x should 

be greater than 0 but your graphs do not quite intersect in 0. So that 

you don‟t trust in graphing.  

130. VA-5: Yes, I don‟t trust the graph; just by substituting some 

numbers or by analytic (pause) 

131. Interviewer: Methods, OK. Now in question number 6 you said 

you were craving for a calculator, but what would you do with this 

calculator? What would you do to solve this problem?  

132. VA-5: I just use it to check. 

133. Interviewer: OK, you use it to check. So what would you do 

with this calculator if you had one at this point? You said you were 

not sure, but if you had a calculator what would you do? 

134. VA-5: For this one I would take this point to check if is good or 

not.  

135. Interviewer: If you plug 101/49 into calculator you get decimal 

expansion, right? 

136. VA-5: Yeah. 

137. Interviewer: And then what would you do? You plug in the 

whole thing? I‟ll give you the calculator here and show me what you 

would do; I‟m just curious what you would do. (…) 

138. VA-5:  [punches something into the calculator] This point works, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Line 128: Decided not 

to use graphs for 

finding solutions 

because they are not 

sufficiently precise. 

But his draft of ex. 6 

contains rough graphs 

(Figure 4) which he 

used to resolve his 

confusion between 

conjunctions and 

disjunctions.  
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so I check (is interrupted]) 

139. Interviewer: 101/49? 

140. VA-5:  [using the calculator] is (pause) oh, it‟s [mumbling] –50-

1. Oh it‟s the same! 

141. Interviewer: The same as what? 

142. VA-5: On two sides. I checked a value a little bit greater than this 

one  

143. Interviewer: So what would you take? 

144. VA-5: I take 105/49 [calculates] I got, yes, this doesn‟t work, this 

one is smaller. I will check just one more, like 95/49 

145. Interviewer: Why are you so sure that if you try just one number 

a little bit bigger than that one and then you said all the numbers that 

are on the right are just no good, what makes you so sure about it? 

146. VA-5: If I just do one question like this, I will check more, but in 

exam we have a lot of questions, so I don‟t have time to check. 

147. Interviewer: So you don‟t have a complete certainty of that 

(pause) 

148. VA-5: Because like, I just take one and if it‟s in (pause) and 

normally I saw that it worked every time.  

149. Interviewer: [Laughs] it worked let‟s say hundreds of times, but 

not infinitely many times. You see, maybe graphs are not something 

that gives you accurate answers but it gives you a reason to believe, 

right? Because, you see, you look at the graphs – suppose this was 

right – then this function is always above this one from here to here, 

and this is always above this one.  

150. VA-5: Yes, that‟s why I take a number.   

151. Interviewer: It‟s greater, that‟s why you can take a number, it‟s 

always true. The graphic representation makes you sure that it‟s 

enough to check one number.  

152. VA-5: Oh, yeah.(…) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Line 148 & 150: 

Perhaps visualizes the 

graphs vaguely when 

making decisions after 

having tested his 

inequality for a few 

numbers only.  

 

 

Final interview 

153. Interviewer: You‟re a young person, right? You are taking 204, why? 

154. VA-5: It‟s a prerequisite for my major, mechanical engineering. 

155. Interviewer: And you didn‟t take vectors and matrices before, in high school? 

156. VA-5: In high school? Like in my country (pause) 

157. Interviewer: OK, you didn‟t study here? 

158. VA-5: I‟m an international student. 

159. Interviewer: OK, you finished high school in your country and you didn‟t take linear 

algebra at all? 

160. VA-5: In my country I studied something about vectors, and then I studied derivatives and 

integrals. 

161. Interviewer: You did? 

162. VA-5: Yes, but when I came here I had to take it again in Math 205 and 203. 

163. Interviewer: OK. And here you also said that you enjoy the courses, you like math? 

164. VA-5: Yes, I like math. 

165. Interviewer: But you say they are mildly stressful, what‟s so stressful?  
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166. VA-5: I don‟t find them stressful but I wrote that because when I study in summer it‟s just 

5 weeks and after 2 weeks we have a midterm exam, and after 2 weeks I have to take the final. I 

don‟t have enough time to practice it a lot before the exam. 

167. Interviewer: Too fast, too much. 

168. VA-5: Yes, too fast. 

169. Interviewer: About the lecture now, what did you like and what you did not like about this 

lecture? 

170. VA-5: I think it‟s quite good because I don‟t like the graphs but when teaching with graphs 

it‟s very easy to imagine numbers and anything. And that about three people (pause) 

171. Interviewer: You liked the story? 

172. VA-5: Yes, it was a little bit funny.  

173. Interviewer: Is this lecture very different from what you are experiencing in these 

courses? 

174. VA-5: Yes, because I take three math courses and all these are writing on the blackboard, 

no PowerPoint.  

175. Interviewer: Yes, but suppose it‟s a real person just talking. Of course it is PowerPoint but 

aside of that, the presentation of the math, is this any different from what you see in classes? 

176. VA-5: It‟s not much different I think, it‟s maybe more clear and detailed, but if you teach 

this lecture can I ask some questions?  

177. Interviewer:  You would ask questions, so the difference is in the possibility in classes to 

just ask immediately a question, and here you cannot? 

178. VA-5: Yes.  

179. Interviewer: It‟s just an experimental situation. I think that‟s it.  Thank you.  

PARTICIPANT V-6 

Age: 21-25 

Courses: MATH 204 (Vectors and matrices); MATH 205 (Calculus)   

Reason for taking the courses: Prerequisites for admission into mechanical engineering 

Experience with the courses: Mildly enjoyable, not stressful at all 

Average grade in the courses: 95% 

Performance on exercises: Ex. 1, 2, 4, 5, 6 correct; Ex. 3 incorrect 

 

Interview after viewing the lecture 

1. Interviewer: So, did anything bother you in the lecture? 

2. VA-6: I just marked this one [analytical solution of example 2] because I 

thought the method that we used, the graph, is more convenient. I feel like this 

kind of method, it‟s too long. 

3. Interviewer: So it was boring? 

4. VA-6: Yes, but I know this one is the traditional method, but I like the method 

using the graph better. 

5. Interviewer: Which is traditional? The graphic? 

6. VA-6: No, this one [referring to the complete RBC method, shown on this 

slide] 

7. Interviewer: Have you seen this before? Have you seen inequalities with 

absolute value before? 

8. VA-6: Yes. 

9. Interviewer: Where?  

10. VA-6:  In high school. 

11. Interviewer: OK, so this is the way it was solved. 

Line 2: 

Preference for 

the graphical 

method.  

 

Line 4: 

Considers 

RBC to be 

“traditional” 

so must have 

seen it before. 

 

 

Line 7: Saw 

absolute value 

inequalities 
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12. VA-6: Yes, in high school. 

13. Interviewer: OK, so you like the (pause) 

14. VA-6: the graph one. 

15. Interviewer: You can use whichever method you like. This method was 

given also as a backup because sometimes it is hard to graph. For small 

numbers you can graph it easily, but if your numbers are big then it‟s harder 

so you have to have some kind of backup to use in those cases, so that‟s why 

it was given. Otherwise everything was good? 

16. VA-6: It was OK, because I‟m not sure if this is the way to teach these kinds 

of things so I didn‟t feel frustrated or any discomfort. 

17. Interviewer: All right, now you just go and do these problems. You have 40 

minutes and then we will discuss it.   

before, solved 

with RBC.  

 

Interview after solving the exercises 

18. Interviewer: OK, so how was it? 

19. VA-6: Oh, you proved that your boring method it‟s the best 

method. 

20. Interviewer: OK, the boring method is best, why? 

21. VA-6: Because there is a question there where it is very hard to 

draw the graph, especially when you times the x component it‟s 

very hard to draw.  

22. Interviewer: You are talking about number 6? 

23. VA-6: Yes, question 6 and question 3 , it‟s very hard to draw the 

graph. 

24. Interviewer: Why is it difficult to draw the graph? I understand 

that for number 6 you have 50 times x, so that‟s hard but why is it 

so difficult with question 3? 

25. VA-6: Because I think when you times 3 you need a very long 

graph. It‟s very easy for question 2 for example; you just need to 

move to re-graph to the right, to the left. I think I was not very 

concentrated on the lecture and then at the beginning I forgot it 

should be combination of the cases. The first will be like 

combined, like for example here.  

Line 19: Appreciated the 

analytic method.  

Line 21: Sensitive to 

analytical details of 

expressions: Analytical 

linguistic sensitivity 

 

Line 25: Transformational 

understanding of graphs.  

Had problems with 

combining the cases, but 

at least he was aware of 

the fact that cases must be 

combined and that it is 

not obvious how they 

should be combined: 

Analytic logical 

sensitivity.  

 

Exercise 2 

26. Interviewer: In question 2, yes? 

27. VA-6: So here will be like greater than 1 and bigger than –1 but here 

you get this area instead of the last part, bigger than 1 and bigger then 

0, you need to get the area here. 

28. Interviewer: When did you notice that you were doing this wrong? 

29. VA-6: Because here [exercise 2] my result from the graph is 

different from the calculations and then when I continued doing it I 

had like weird feeling. 

Line 29: Graph and 

analytic solutions are 

used to mutually 

control the validity of 

their results: Proving 

behavior. 

 

Exercise 3 

30. Interviewer: For the question number 3 you got that x should be 

between 0 and –3 

Line 30: Tried to solve 

exercise 3 by RBC 
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31. VA-6: Yes 

32. Interviewer: OK, let‟s take –1, what do you get for x equal –1? 

33. VA-6: Oh, it‟s 2 < –6 

34. Interviewer: So it‟s 2 < –6. Is it true that 2 < –6? 

35. VA-6: No 

36. Interviewer: No, so? 

37. VA-6: I‟m wrong. 

38. Interviewer: What do you think about that? 

39. VA-6: I don‟t know, maybe (mumbling). Oh, it will be like 0 to 1? 

40. 40: Interviewer: 0 to 1? 

41. VA-6: Oh, no!  

42. Interviewer:  You‟re taking a half, I see. It‟s like 3 and ½ on this 

side and here? It‟s still not true? 

43. VA-6: Yes. It‟s still not true. 

44. Interviewer: What have you got here? (looks over VA-6‟s solution) 

(…) so the last line here is a contradiction. You have to take all this 

[all the conditions] into account.  

45. VA-6: At the same time, yes 

46. Interviewer: So the last is certainly not possible. Here, in the second 

from the bottom you get x < –3 and at the same time x > 1; now look, 

you see, there are contradictions at least in these two last conditions, 

probably some contradictions here as well. Because look at this 

inequality at the beginning; what you have learned probably from this 

lecture is that the absolute value is always greater or equal to zero. So 

this left hand side is always greater or equal 0, and the right hand 

side?   

47. VA-6: That will be always bigger than this part. So that would be 

contradiction for the equation.  

48. Interviewer: There‟s no solution. 

49. VA-6: Always contradiction.    

50. Interviewer: Here I‟d say that the graphical solution is still possible 

because here what you have is  so the “v” is here with vertex 

at –3, that‟s left side, right? (continues demonstrating the graphical 

solution) (…) so that on that side the graph is always higher than this 

one, so you can‟t have it less, it‟s never less. 

51. VA-6: Oh, yes. Right. 

52. Interviewer: You did a lot of work completely unnecessarily, if 

you‟d just looked at this.  

53. VA-6: It proves that this one is better for the graphing. 

54. Interviewer: Yes, because you don‟t even have to go into 

calculations, but I see you have got very impressed by the 

“traditional” method. It‟s harder to see a contradiction when you do 

these calculations because you omit some of the conditions.  

(PB1) but his solution 

is a total mess. He was 

obviously only just 

learning the technique 

while doing this 

exercise. He did not 

pay attention to it 

during the lecture and 

had to read the slides 

while solving the 

exercises.  

 

 

 

Line 44: VA-6 wrote 

down the interval 

conditions but did not 

take them into account 

in writing the results 

of each case; however, 

he started taking into 

account the interval 

conditions in exercise 

4 and continued using 

them until ex. 6. 

 

Line 47: Gets the hint 

for the structural 

argument very quickly 

and completes it.  

 

VA-6 used RBC to solve Exercise 4, complete with interval conditions and using disjunction of 

the results of cases. His solution of Ex. 5 is using the results of Ex. 4: he does not solve the 

inequalities for interval conditions for a second time, but used the results obtained in ex. 4 (CB2). 

His first draft solution was incorrect. He must have checked it (Proving behavior) and crossed it 

out. The incorrect solution has the sign of union in it, so at least this was correct. The final answer 

has no logical connective or set operation in it: it is” ” which may reflect still some 

lingering confusion about the logical connective to use. Exercise 6 is already done correctly and 
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very precisely, with RBC, and without too much writing, all in four lines plus the answer (no 

ritualistic behavior here, CK3), with the answer given in the form . The student 

seems to have finally overcome his confusion with the logical connectives (Analytical logical 

sensitivity).  

Final interview 

55. Interviewer: Now suppose this was an exam and you learned something like that from the 

teacher, well it‟s wrong because you made a mistake, would you be frustrated then? Noticing 

that you made a mistake, which is, let‟s say, a silly mistake, would you be frustrated? 

56. 57. VA-6: Frustrated that he didn‟t teach me the graphing method? 

57. Interviewer: Or didn‟t warn you, or yourself, you can be frustrated by yourself, why didn‟t I 

see it? 

58. VA-6: Yes, I would be frustrated, I think so, yes.  

59. Interviewer: Because here you don‟t get any marks, you actually get 20 dollars, so there‟s no 

reason for being frustrated, but on an exam this will cost you great in marks. 

60. VA-6: Yes, and I would probably spend a lot of time thinking about what did I do wrong.   

61. Interviewer: How do you make sure you‟re right? How do you check? Are you even 

interested in knowing whether you‟re right or wrong? 

62. VA-6: Normally, if I want to check I would use two methods. But if it‟s very hard to find two 

methods to prove it, so I will look through again if I think I have some strange feeling about 

some parts, I will cover the original answer and do it again. (…) 

63. Interviewer: You say you‟re in MATH 205, that‟s Calculus, right? How do you check your 

answers? Like integration for example?  

64. VA-6: I will differentiate.   

65. Interviewer: Differentiate back; that‟s a control for you, OK. And in MATH 204, that‟s linear 

algebra, how do you know you‟re right or wrong? 

66. VA-6: Oh, with 204 it‟s better if I calculate the matrix and put back the answer into the 

original matrix. 

67. Interviewer: If you have a system of equations? 

68. VA-6: Yes. 

69. Interviewer: And if you draw a graph for control, well, what if the points are too far away? If 

the points are between –1000 and 1000, that‟s a bit hard to estimate?  

70. VA-6: You don‟t have to get the exact points for geometry; you need to have approximately 

the graph in your head, first. 

71. Interviewer: So can you ever be completely sure if your answer is right or wrong? 

72. VA-6: Completely? You have to prove it, I think. Yes, if I [prove it] I‟m confident. I don‟t 

think you can be 100% sure. But it depends on the question; if for example the question is very 

long and very hard I always check actually. (Habitual Proving behavior) 

73. Interviewer: You do check. So, you‟re not just running to the teacher to tell you if you are 

right or wrong.  

74. VA-6: What do you mean, I don‟t understand? 

75. Interviewer: Some people are telling us, well, if I‟m not sure about my answer I just go to the 

teacher.  

76. VA-6: I don‟t go to the teacher, unless I have completely no idea, just no clue about it, and I 

think, “Oh, he didn‟t teach that”. (Autonomous student) 

77. Interviewer: Otherwise you rely on yourself to check, to know whether you‟re right or 

wrong? 

78. VA-6: Yes. 

79. Interviewer: You say you‟re between 21 and 25, you‟re taking these courses for? 

80. VA-6: Actually half of that I‟m not sure if I learned it before.  
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81. Interviewer: Not sure?  

82. VA-6: Not sure if I have this kind of knowledge.  

83. Interviewer: You decided yourself to take these courses? 

84. VA-6: Yes, because I don‟t have to take them 

85. Interviewer: You don‟t have to, nobody told you to take them. 

86. VA-6: No, I have exemption for the math courses from Admissions Office.   

87. Interviewer: But you still take them? 

88. VA-6: Yes, because I learned it three years ago, and I‟m still not sure if I remember it and if 

there is some new stuff in this university. 

89. Interviewer: You‟re applying to [University U]? 

90. VA-6: Yes, I want to apply to [U]. 

91. Interviewer:  Which program? 

92. VA-6: Mechanical engineering (…)  

93. Interviewer: Why do you want to switch to [U] and not stay at this university? 

94. VA-6: There are not very good math teachers here. (…) 

95. Interviewer: Why? What is wrong about their teaching? What would you change?   

96. VA-6: I understand that in practice it is very difficult to learn math, but they don‟t usually 

explain orally very well the examples.  

97. Interviewer: OK, so the explanations are not sufficient for you.   

98. VA-6: They normally explain very well from the writing.  

99. Interviewer: But the oral explanation is not (pause) 

100. VA-6: Not very well (pause) 

101. AP: Do you think the pace is too fast? 

102. VA-6: Actually the pace is not fast; sometimes I think that it can be faster. They just like 

writing everything from the book.  

103. Interviewer: So you don‟t get anything more than in the book. You were talking about the 

oral explanation, is it because they don‟t speak English well enough? 

104. 137.VA-6: Some of them yes. 

105. Interviewer: Some of them are not native English speakers or not mastering English well, 

so they just copy from the book, is that right? 

106. VA-6: They also explain, but when they explain it‟s like, it‟s the same. 

107. Interviewer: As in the book, you don‟t get anything more? Would you like an alternative 

explanation? A different explanation? Discussion, more interaction? 

108. 144. VA-6: Actually they discuss in the class. 

109. 145. Interviewer: If you ask a question do you get an answer that is satisfying for you or 

sometimes not? Do you ask questions in class? 

110. 146. VA-6: No. 

111. 147. AP: But other student, do they ask? 

112. 148. VA-6: Yes, they can explain sometimes very good. (…) But there was one teacher last 

semester, because the original teacher was sick, the replacement for half a semester was very 

good. 

113. Interviewer: (…) So you are talking about not being satisfied with math teachers but here 

you say that you are not stressed at all?  

114. VA-6:  If I‟m stressed this means I have difficulties in the math courses, right? But I don‟t 

have difficulties.  

115. Interviewer: You still would like to have better teachers.   

116. VA-6: You always want to learn more, right? 

117. Interviewer: Or perhaps this is in “mildly enjoyable”, you would enjoy more if your 

teachers were better? I‟m not sure I quite know what would you expect from these teachers 

except for better explanations. Can you give us some examples? 
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118. VA-6: I would be satisfied if after the lecture I would not have to read the textbook (sic!). 

This means I understand everything from the lecture and I don‟t have to read the textbook again 

to clarify what I missed. 

119. Interviewer: Oh, but I‟m not sure this is possible. 

120. VA-6: Oh, I just suggest that. But actually there is one teacher, my friend recommended 

him, he is very good; he told me “you don‟t even need the book”. 

121. Interviewer: About the lecture, saying that the last part was boring, we heard that, 

anything else? Was this lecture any different from what you were normally experiencing in 

your studies? Was it any different?  

122. VA-6: Yes, this kind of material is from high school, it‟s not from university. 

123. Interviewer: OK, that‟s different because the material is different, but in terms of 

presentation, is it different? 

124. VA-6: Normally they don‟t use PowerPoint.  

125. Interviewer: Aside PowerPoint, the way it was explained? 

126. VA-6: Actually, this lecture is more detailed. Normally, in Math 205 they just tell you the 

theory and then you just use it and they don‟t normally prove the theory. I understand that most 

of the class doesn‟t understand but I think it‟s important for us to know how the scientists 

proved it. 

127. Interviewer: You would be happier if the proofs were given in class? 

128. VA-6: Yes, why this is true. 

129. Interviewer: And you don‟t get too much of this in classes? 

130. VA-6: Not very much. (…) Even after explanation [the teacher in the Calculus course] 

said, “Oh, I shouldn‟t give this to you, it is too much”, because most of the class is so confused. 

But I like it when he explains and actually proves.  

131. Interviewer: What was this course? 

132. VA-6: It‟s math 203. 

133. Interviewer: OK, so that‟s what you took last semester. Would that be anything you would 

change about this lecture, except PowerPoint, except real people talking to you and all that? Is 

there anything you would actually change so that is better for you? 

134. VA-6: [Silence] No. (…)  

135. Interviewer: OK, thank you very much. 

 

 


