
The Socratic Method:  

Teaching by Asking Instead of by Telling  

by Rick Garlikov 

       The following is a transcript of a teaching experiment, using the Socratic method, with a regular 

third grade class in a suburban elementary school. I present my perspective and views on the session, 

and on the Socratic method as a teaching tool, following the transcript. The class was conducted on a 

Friday afternoon beginning at 1:30, late in May, with about two weeks left in the school year. This time 

was purposely chosen as one of the most difficult times to entice and hold these children's 

concentration about a somewhat complex intellectual matter. The point was to demonstrate the power 

of the Socratic method for both teaching and also for getting students involved and excited about the 

material being taught. There were 22 students in the class. I was told ahead of time by two different 

teachers (not the classroom teacher) that only a couple of students would be able to understand and 

follow what I would be presenting. When the class period ended, I and the classroom teacher believed 

that at least 19 of the 22 students had fully and excitedly participated and absorbed the entire material. 

The three other students' eyes were glazed over from the very beginning, and they did not seem to be 

involved in the class at all. The students' answers below are in capital letters.  

         The experiment was to see whether I could teach these students binary arithmetic (arithmetic 

using only two numbers, 0 and 1) only by asking them questions. None of them had been introduced to 

binary arithmetic before. Though the ostensible subject matter was binary arithmetic, my primary 

interest was to give a demonstration to the teacher of the power and benefit of the Socratic method 

where it is applicable. That is my interest here as well. I chose binary arithmetic as the vehicle for that 

because it is something very difficult for children, or anyone, to understand when it is taught normally; 

and I believe that a demonstration of a method that can teach such a difficult subject easily to children 

and also capture their enthusiasm about that subject is a very convincing demonstration of the value of 

the method. (As you will see below, understanding binary arithmetic is also about understanding 

"place-value" in general. For those who seek a much more detailed explanation about place-value, visit 

the long paper on The Concept and Teaching of Place-Value.) This was to be the Socratic method in 

what I consider its purest form, where questions (and only questions) are used to arouse curiosity and at 

the same time serve as a logical, incremental, step-wise guide that enables students to figure out about a 

complex topic or issue with their own thinking and insights. In a less pure form, which is normally the 

way it occurs, students tend to get stuck at some point and need a teacher's explanation of some aspect, 

or the teacher gets stuck and cannot figure out a question that will get the kind of answer or point 

desired, or it just becomes more efficient to "tell" what you want to get across. If "telling" does occur, 

hopefully by that time, the students have been aroused by the questions to a state of curious receptivity 

to absorb an explanation that might otherwise have been meaningless to them. Many of the questions 

are decided before the class; but depending on what answers are given, some questions have to be 

thought up extemporaneously. Sometimes this is very difficult to do, depending on how far from what 

is anticipated or expected some of the students' answers are. This particular attempt went better than 

my best possible expectation, and I had much higher expectations than any of the teachers I discussed it 

with prior to doing it.  

        I had one prior relationship with this class. About two weeks earlier I had shown three of the third 

grade classes together how to throw a boomerang and had let each student try it once. They had really 

enjoyed that. One girl and one boy from the 65 to 70 students had each actually caught their returning 

boomerang on their throws. That seemed to add to everyone's enjoyment. I had therefore already 

established a certain rapport with the students, rapport being something that I feel is important for 
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getting them to comfortably and enthusiastically participate in an intellectually uninhibited manner in 

class and without being psychologically paralyzed by fear of "messing up".  

        When I got to the classroom for the binary math experiment, students were giving reports on 

famous people and were dressed up like the people they were describing. The student I came in on was 

reporting on John Glenn, but he had not mentioned the dramatic and scary problem of that first 

American trip in orbit. I asked whether anyone knew what really scary thing had happened on John 

Glenn's flight, and whether they knew what the flight was. Many said a trip to the moon, one thought 

Mars. I told them it was the first full earth orbit in space for an American. Then someone remembered 

hearing about something wrong with the heat shield, but didn't remember what. By now they were 

listening intently. I explained about how a light had come on that indicated the heat shield was loose or 

defective and that if so, Glenn would be incinerated coming back to earth. But he could not stay up 

there alive forever and they had nothing to send up to get him with. The engineers finally determined, 

or hoped, the problem was not with the heat shield, but with the warning light. They thought it was 

what was defective. Glenn came down. The shield was ok; it had been just the light. They thought that 

was neat.  

        "But what I am really here for today is to try an experiment with you. I am the subject of the 

experiment, not you. I want to see whether I can teach you a whole new kind of arithmetic only by 

asking you questions. I won't be allowed to tell you anything about it, just ask you things. When you 

think you know an answer, just call it out. You won't need to raise your hands and wait for me to call 

on you; that takes too long." [This took them a while to adapt to. They kept raising their hands; though 

after a while they simply called out the answers while raising their hands.] Here we go.  

   

1) "How many is this?" [I held up ten fingers.]  

                                      TEN  

2) "Who can write that on the board?" [virtually all hands up; I toss the chalk to one kid and 

indicate for her to come up and do it]. She writes  

                                    10  

3) Who can write ten another way? [They hesitate than some hands go up. I toss the chalk to 

another kid.]  

 

4) Another way?  

 

5) Another way?  

                        2 x 5 [inspired by the last idea]  



6) That's very good, but there are lots of things that equal ten, right? [student nods agreement], 

so I'd rather not get into combinations that equal ten, but just things that represent or sort of 

mean ten. That will keep us from having a whole bunch of the same kind of thing. Anybody else?  

                        TEN  

7) One more?  

                        X       [Roman numeral]  

8) [I point to the word "ten"]. What is this?  

                     THE WORD TEN  

9) What are written words made up of?  

                       LETTERS  

10) How many letters are there in the English alphabet?  

                          26  

11) How many words can you make out of them?  

                          ZILLIONS  

12) [Pointing to the number "10"] What is this way of writing numbers made up of?  

                           NUMERALS  

13) How many numerals are there?  

                             NINE / TEN  

14) Which, nine or ten?  

                           TEN  

15) Starting with zero, what are they? [They call out, I write them in the following way.]  

0  

1  

2  

3  

4  

5  

6  

7  



8  

9 

16) How many numbers can you make out of these numerals?  

                    MEGA-ZILLIONS, INFINITE, LOTS  

17) How come we have ten numerals? Could it be because we have 10 fingers?  

                      COULD BE  

18) What if we were aliens with only two fingers? How many numerals might we have?  

                            2  

19) How many numbers could we write out of 2 numerals?  

                        NOT MANY /  

                     [one kid:] THERE WOULD BE A PROBLEM  

20) What problem?  

                   THEY COULDN'T DO THIS [he holds up seven fingers]  

21) [This strikes me as a very quick, intelligent insight I did not expect so suddenly.] But how can 

you do fifty five?  

                       [he flashes five fingers for an instant and then flashes them again]  

22) How does someone know that is not ten? [I am not really happy with my question here but I 

don't want to get side-tracked by how to logically try to sign numbers without an established 

convention. I like that he sees the problem and has announced it, though he did it with fingers 

instead of words, which complicates the issue in a way. When he ponders my question for a 

second with a "hmmm", I think he sees the problem and I move on, saying...]  

23) Well, let's see what they could do. Here's the numerals you wrote down [pointing to the 

column from 0 to 9] for our ten numerals. If we only have two numerals and do it like this, what 

numerals would we have.  

                                   0, 1  

24) Okay, what can we write as we count? [I write as they call out answers.]  

                                      0             ZERO  

                                      1             ONE  

                                       [silence]  



25) Is that it? What do we do on this planet when we run out of numerals at 9?  

                         WRITE DOWN "ONE, ZERO"  

26) Why?  

     [almost in unison] I DON'T KNOW; THAT'S JUST THE WAY YOU WRITE "TEN"  

27) You have more than one numeral here and you have already used these numerals; how can 

you use them again?  

                   WE PUT THE 1 IN A DIFFERENT COLUMN  

28) What do you call that column you put it in?  

                         TENS  

29) Why do you call it that?  

                     DON'T KNOW  

30) Well, what does this 1 and this 0 mean when written in these columns?  

                     1 TEN AND NO ONES  

31) But why is this a ten? Why is this [pointing] the ten's column?  

                       DON'T KNOW; IT JUST IS!  

32) I'll bet there's a reason. What was the first number that needed a new column for you to be 

able to write it?  

                         TEN  

33) Could that be why it is called the ten's column?! What is the first number that needs the next 

column?  

                        100  

34) And what column is that?  

                        HUNDREDS  

35) After you write 19, what do you have to change to write down 20?  

                        9 to a 0 and 1 to a 2  

36) Meaning then 2 tens and no ones, right, because 2 tens are ___?  



                        TWENTY  

37) First number that needs a fourth column?  

                         ONE THOUSAND  

38) What column is that?  

                         THOUSANDS  

39) Okay, let's go back to our two-fingered aliens arithmetic. We have  

                                0          zero  

                                1          one.  

What would we do to write "two" if we did the same thing we do over here [tens] to write the 

next number after you run out of numerals?  

                           START ANOTHER COLUMN  

40) What should we call it?  

                              TWO'S COLUMN?  

41) Right! Because the first number we need it for is ___?  

                             TWO  

42) So what do we put in the two's column? How many two's are there in two?  

                      1  

43) And how many one's extra?  

                       ZERO  

44) So then two looks like this: [pointing to "10"], right?  

                     RIGHT, BUT THAT SURE LOOKS LIKE TEN.  

45) No, only to you guys, because you were taught it wrong [grin] -- to the aliens it is two. They 

learn it that way in pre-school just as you learn to call one, zero [pointing to "10"] "ten". But it's 

not really ten, right? It's two -- if you only had two fingers. How long does it take a little kid in 

pre-school to learn to read numbers, especially numbers with more than one numeral or column?  

                         TAKES A WHILE  



46) Is there anything obvious about calling "one, zero" "ten" or do you have to be taught to call 

it "ten" instead of "one, zero"?  

                            HAVE TO BE TAUGHT IT  

47) Ok, I'm teaching you different. What is "1, 0" here?  

                         TWO  

48) Hard to see it that way, though, right?  

                            RIGHT  

49) Try to get used to it; the alien children do. What number comes next?  

                          THREE  

50) How do we write it with our numerals?  

                    We need one "TWO" and a "ONE"  

[I write down 11 for them] So we have  

 0         zero  

 1          one  

10          two  

11        three 

51) Uh oh, now we're out of numerals again. How do we get to four?  

                                 START A NEW COLUMN!  

52) Call it what?  

                                  THE FOUR'S COLUMN  

53) Call it out to me; what do I write?  

                               ONE, ZERO, ZERO  

                        [I write    "100       four"      under the other numbers]  

54) Next?  

                              ONE, ZERO, ONE  

                   I write  "101         five"  



55) Now let's add one more to it to get six. But be careful. [I point to the 1 in the one's column 

and ask] If we add 1 to 1, we can't write "2", we can only write zero in this column, so we need to 

carry ____?  

                            ONE  

56) And we get?  

                           ONE, ONE, ZERO  

57) Why is this six? What is it made of? [I point to columns, which I had been labeling at the top 

with the word "one", "two", and "four" as they had called out the names of them.]  

                        a "FOUR" and a "TWO"  

58) Which is ____?  

                        SIX  

59) Next? Seven?  

                         ONE, ONE, ONE  

                I write          "111       seven"  

60) Out of numerals again. Eight?  

                       NEW COLUMN; ONE, ZERO, ZERO, ZERO  

                      I write      "1000           eight"  

[We do a couple more and I continue to write them one under the other with the word next to 

each number, so we have:]  

                                   0          zero  

                                   1          one  

                                 10          two  

                                 11          three  

                               100          four  

                               101          five  

                               110          six  

                               111          seven  

                             1000          eight  

                             1001          nine  

                             1010          ten  

61) So now, how many numbers do you think you can write with a one and a zero?  



                              MEGA-ZILLIONS ALSO/ ALL OF THEM  

62) Now, let's look at something. [Point to Roman numeral X that one kid had written on the 

board.] Could you easily multiply Roman numerals? Like MCXVII times LXXV?  

                              NO  

63) Let's see what happens if we try to multiply in alien here. Let's try two times three and you 

multiply just like you do in tens [in the "traditional" American style of writing out 

multiplication].  

                                         10          two  

                                      x 11          times   three  

They call out the "one, zero" for just below the line, and "one, zero, zero" for just below that and 

so I write:  

                                          10          two  

                                       x 11          times   three  

                                          10  

                                        100  

                                        110  

64) Ok, look on the list of numbers, up here [pointing to the "chart" where I have written down 

the numbers in numeral and word form] what is 110?  

                                SIX  

65) And how much is two times three in real life?  

                              SIX  

66) So alien arithmetic works just as well as your arithmetic, huh?  

                                 LOOKS LIKE IT  

67) Even easier, right, because you just have to multiply or add zeroes and ones, which is easy, 

right?  

                                YES!  

68) There, now you know how to do it. Of course, until you get used to reading numbers this way, 

you need your chart, because it is hard to read something like "10011001011" in alien, right?  

                                   RIGHT  

69) So who uses this stuff?  



                                 NOBODY/ ALIENS  

70) No, I think you guys use this stuff every day. When do you use it?  

                                   NO WE DON'T  

71) Yes you do. Any ideas where?  

                                 NO  

72) [I walk over to the light switch and, pointing to it, ask:]    What is this?  

                                 A  SWITCH  

73) [I flip it off and on a few times.]   How many positions does it have?  

                                   TWO  

74) What could you call these positions?  

                                   ON AND OFF/ UP AND DOWN  

75) If you were going to give them numbers what would you call them?  

                                    ONE AND TWO/  

                           [one student]  OH!! ZERO AND ONE!  

                        [other kids then:]   OH, YEAH!  

76) You got that right. I am going to end my experiment part here and just tell you this last part.  

Computers and calculators have lots of circuits through essentially on/off switches, where one 

way represents 0 and the other way, 1. Electricity can go through these switches really fast and 

flip them on or off, depending on the calculation you are doing. Then, at the end, it translates the 

strings of zeroes and ones back into numbers or letters, so we humans, who can't read long 

strings of zeroes and ones very well can know what the answers are.  

[at this point one of the kid's in the back yelled out, OH! NEEEAT!!]  

I don't know exactly how these circuits work; so if your teacher ever gets some electronics 

engineer to come into talk to you, I want you to ask him what kind of circuit makes 

multiplication or alphabetical order, and so on. And I want you to invite me to sit in on the class 

with you.  

Now, I have to tell you guys, I think you were leading me on about not knowing any of this stuff. 

You knew it all before we started, because I didn't tell you anything about this -- which by the 



way is called "binary arithmetic", "bi" meaning two like in "bicycle". I just asked you questions 

and you knew all the answers. You've studied this before, haven't you?  

                         NO, WE HAVEN'T. REALLY.  

Then how did you do this? You must be amazing. By the way, some of you may want to try it 

with other sets of numerals. You might try three numerals 0, 1, and 2. Or five numerals. Or you 

might even try twelve 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, ~, and ^ -- see, you have to make up two new 

numerals to do twelve, because we are used to only ten. Then you can check your system by doing 

multiplication or addition, etc. Good luck.  

After the part about John Glenn, the whole class took only 25 minutes.  

Their teacher told me later that after I left the children talked about it until it was time to go 

home.  

. . . . . . . . . . . . . .  

My Views About This Whole Episode 

        Students do not get bored or lose concentration if they are actively participating. Almost all 

of these children participated the whole time; often calling out in unison or one after another. If 

necessary, I could have asked if anyone thought some answer might be wrong, or if anyone 

agreed with a particular answer. You get extra mileage out of a given question that way. I did not 

have to do that here. Their answers were almost all immediate and very good. If necessary, you 

can also call on particular students; if they don't know, other students will bail them out. Calling 

on someone in a non-threatening way tends to activate others who might otherwise remain silent. 

That was not a problem with these kids. Remember, this was not a "gifted" class. It was a normal 

suburban third grade of whom two teachers had said only a few students would be able to 

understand the ideas.  

        The topic was "twos", but I think they learned just as much about the "tens" they had been 

using and not really understanding.  

         This method takes a lot of energy and concentration when you are doing it fast, the way I 

like to do it when beginning a new topic. A teacher cannot do this for every topic or all day long, 

at least not the first time one teaches particular topics this way. It takes a lot of preparation, and 

a lot of thought. When it goes well, as this did, it is so exciting for both the students and the 

teacher that it is difficult to stay at that peak and pace or to change gears or topics. When it does 

not go as well, it is very taxing trying to figure out what you need to modify or what you need to 

say. I practiced this particular sequence of questioning a little bit one time with a first grade 

teacher. I found a flaw in my sequence of questions. I had to figure out how to correct that. I had 

time to prepare this particular lesson; I am not a teacher but a volunteer; and I am not a 

mathematician. I came to the school just to do this topic that one period.  

        I did this fast. I personally like to do new topics fast originally and then re-visit them 

periodically at a more leisurely pace as you get to other ideas or circumstances that apply to, or 

make use of, them. As you re-visit, you fine tune.  



        The chief benefits of this method are that it excites students' curiosity and arouses their 

thinking, rather than stifling it. It also makes teaching more interesting, because most of the time, 

you learn more from the students -- or by what they make you think of -- than what you knew 

going into the class. Each group of students is just enough different, that it makes it stimulating. 

It is a very efficient teaching method, because the first time through tends to cover the topic very 

thoroughly, in terms of their understanding it. It is more efficient for their learning then 

lecturing to them is, though, of course, a teacher can lecture in less time.  

        It gives constant feed-back and thus allows monitoring of the students' understanding as you 

go. So you know what problems and misunderstandings or lack of understandings you need to 

address as you are presenting the material. You do not need to wait to give a quiz or exam; the 

whole thing is one big quiz as you go, though a quiz whose point is teaching, not grading. Though, 

to repeat, this is teaching by stimulating students' thinking in certain focused areas, in order to 

draw ideas out of them; it is not "teaching" by pushing ideas into students that they may or may 

not be able to absorb or assimilate. Further, by quizzing and monitoring their understanding as 

you go along, you have the time and opportunity to correct misunderstandings or someone's 

being lost at the immediate time, not at the end of six weeks when it is usually too late to try to 

"go back" over the material. And in some cases their ideas will jump ahead to new material so 

that you can meaningfully talk about some of it "out of (your!) order" (but in an order relevant 

to them). Or you can tell them you will get to exactly that in a little while, and will answer their 

question then. Or suggest they might want to think about it between now and then to see whether 

they can figure it out for themselves first. There are all kinds of options, but at least you know the 

material is "live" for them, which it is not always when you are lecturing or just telling them 

things or they are passively and dutifully reading or doing worksheets or listening without 

thinking.  

        If you can get the right questions in the right sequence, kids in the whole intellectual 

spectrum in a normal class can go at about the same pace without being bored; and they can 

"feed off" each others' answers. Gifted kids may have additional insights they may or may not 

share at the time, but will tend to reflect on later. This brings up the issue of teacher expectations. 

From what I have read about the supposed sin of tracking, one of the main complaints is that the 

students who are not in the "top" group have lower expectations of themselves and they get 

teachers who expect little of them, and who teach them in boring ways because of it. So tracking 

becomes a self-fulfilling prophecy about a kid's educability; it becomes dooming. That is a 

problem, not with tracking as such, but with teacher expectations of students (and their ability to 

teach). These kids were not tracked, and yet they would never have been exposed to anything like 

this by most of the teachers in that school, because most felt the way the two did whose 

expectations I reported. Most felt the kids would not be capable enough and certainly not in the 

afternoon, on a Friday near the end of the school year yet. One of the problems with not tracking 

is that many teachers have almost as low expectations of, and plans for, students grouped 

heterogeneously as they do with non-high-end tracked students. The point is to try to stimulate 

and challenge all students as much as possible. The Socratic method is an excellent way to do 

that. It works for any topics or any parts of topics that have any logical natures at all. It does not 

work for unrelated facts or for explaining conventions, such as the sounds of letters or the 

capitals of states whose capitals are more the result of historical accident than logical selection.  

        Of course, you will notice these questions are very specific, and as logically leading as 

possible. That is part of the point of the method. Not just any question will do, particularly not 

broad, very open ended questions, like "What is arithmetic?" or "How would you design an 



arithmetic with only two numbers?" (or if you are trying to teach them about why tall trees do 

not fall over when the wind blows "what is a tree?"). Students have nothing in particular to focus 

on when you ask such questions, and few come up with any sort of interesting answer.  

         And it forces the teacher to think about the logic of a topic, and how to make it most easily 

assimilated. In tandem with that, the teacher has to try to understand at what level the students 

are, and what prior knowledge they may have that will help them assimilate what the teacher 

wants them to learn. It emphasizes student understanding, rather than teacher presentation; 

student intake, interpretation, and "construction", rather than teacher output. And the point of 

education is that the students are helped most efficiently to learn by a teacher, not that a teacher 

make the finest apparent presentation, regardless of what students might be learning, or not 

learning. I was fortunate in this class that students already understood the difference between 

numbers and numerals, or I would have had to teach that by questions also. And it was an added 

help that they had already learned Roman numerals. It was also most fortunate that these 

students did not take very many, if any, wrong turns or have any firmly entrenched erroneous 

ideas that would have taken much effort to show to be mistaken.  

         I took a shortcut in question 15 although I did not have to; but I did it because I thought 

their answers to questions 13 and 14 showed an understanding that "0" was a numeral, and I 

didn't want to spend time in this particular lesson trying to get them to see where "0" best fit 

with regard to order. If they had said there were only nine numerals and said they were 1-9, then 

you could ask how they could write ten numerically using only those nine, and they would 

quickly come to see they needed to add "0" to their list of numerals.  

        These are the four critical points about the questions: 1) they must be interesting or 

intriguing to the students; they must lead by 2) incremental and 3) logical steps (from the 

students' prior knowledge or understanding) in order to be readily answered and, at some point, 

seen to be evidence toward a conclusion, not just individual, isolated points; and 4) they must be 

designed to get the student to see particular points. You are essentially trying to get students to 

use their own logic and therefore see, by their own reflections on your questions, either the good 

new ideas or the obviously erroneous ideas that are the consequences of their established ideas, 

knowledge, or beliefs. Therefore you have to know or to be able to find out what the students' 

ideas and beliefs are. You cannot ask just any question or start just anywhere.  

          It is crucial to understand the difference between "logically" leading questions and 

"psychologically" leading questions. Logically leading questions require understanding of the 

concepts and principles involved in order to be answered correctly; psychologically leading 

questions can be answered by students' keying in on clues other than the logic of the content. 

Question 39 above is psychologically leading, since I did not want to cover in this lesson the 

concept of value-representation but just wanted to use "columnar-place" value, so I 

psychologically led them into saying "Start another column" rather than getting them to see the 

reasoning behind columnar-place as merely one form of value representation. I wanted them to 

see how to use columnar-place value logically without trying here to get them to totally 

understand its logic. (A common form of value-representation that is not "place" value is color 

value in poker chips, where colors determine the value of the individual chips in ways similar to 

how columnar place does it in writing. For example if white chips are worth "one" unit and blue 

chips are worth "ten" units, 4 blue chips and 3 white chips is the same value as a "4" written in 

the "tens" column and a "3" written in the "ones" column for almost the same reasons.)  



        For the Socratic method to work as a teaching tool and not just as a magic trick to get kids 

to give right answers with no real understanding, it is crucial that the important questions in the 

sequence must be logically leading rather than psychologically leading. There is no magic 

formula for doing this, but one of the tests for determining whether you have likely done it is to 

try to see whether leaving out some key steps still allows people to give correct answers to things 

they are not likely to really understand. Further, in the case of binary numbers, I found that 

when you used this sequence of questions with impatient or math-phobic adults who didn't want 

to have to think but just wanted you to "get to the point", they could not correctly answer very 

far into even the above sequence. That leads me to believe that answering most of these questions 

correctly, requires understandingof the topic rather than picking up some "external" sorts of 

clues in order to just guess correctly. Plus, generally when one uses the Socratic method, it tends 

to become pretty clear when people get lost and are either mistaken or just guessing. Their 

demeanor tends to change when they are guessing, and they answer with a questioning tone in 

their voice. Further, when they are logically understanding as they go, they tend to say out loud 

insights they have or reasons they have for their answers. When they are just guessing, they tend 

to just give short answers with almost no comment or enthusiasm. They don't tend to want to 

sustain the activity.  

        Finally, two of the interesting, perhaps side, benefits of using the Socratic method are that it 

gives the students a chance to experience the attendant joy and excitement of discovering (often 

complex) ideas on their own. And it gives teachers a chance to learn how much more inventive 

and bright a great many more students are than usually appear to be when they are primarily 

passive.  

[Some additional comments about the Socratic method of teaching are in a letter, "Using the Socratic 

Method".]  
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Using Questioning to Stimulate Mathematical Thinking 

Article by Jenni Way 

Stage: 1, 2 and 3  

 
Good questioning techniques have long being regarded as a fundamental tool of effective 
teachers. Unfortunately, research shows that 93% of teacher questions are "lower order" 
knowledge based questions focusing on recall of facts (Daines, 1986). Clearly this is not the 
right type of questioning to stimulate the mathematical thinking that can arise from 
engagement in open problems and investigations. Many Primary teachers have already 
developed considerable skill in good questioning in curriculum areas such as Literacy and 
History and social studies, but do not transfer these skills to Mathematics. Teachers' instincts 
often tell them that they should use investigational mathematics more often in their teaching, 
but are sometimes disappointed with the outcomes when they try it. There are two common 
reasons for this. One is that the children are inexperienced in this approach and find it difficult 
to accept responsibility for the decision making required and need a lot of practise to develop 
organised or systematic approaches. The other reason is that the teachers have yet to 
develop a questioning style that guides, supports and stimulates the children without 
removing the responsibility for problem-solving process from the children. 

Types of Questions  

Within the context of open-ended mathematical tasks, it is useful to group questions into four 
main categories (Badham, 1994). These questions can be used be the teacher to guide the 
children through investigations while stimulating their mathematical thinking and gathering 
information about their knowledge and strategies. 
 
1. Starter questions  
These take the form of open-ended questions which focus the children's thinking in a general 
direction and give them a starting point. Examples:  
How could you sort these.......?  
How many ways can you find to ....... ?  
What happens when we ......... ?  
What can be made from....?  
How many different ....... can be found?  
 
2. Questions to stimulate mathematical thinking  
These questions assist children to focus on particular strategies and help them to see 
patterns and relationships. This aids the formation of a strong conceptual network. The 
questions can serve as a prompt when children become 'stuck'. (Teachers are often tempted 
to turn these questions into instructions, which is far less likely to stimulate thinking and 
removes responsibility for the investigation from the child). 
Examples:  
What is the same?  
What is different?  
Can you group these ....... in some way?  
Can you see a pattern?  
How can this pattern help you find an answer?  
What do think comes next? Why?  
Is there a way to record what you've found that might help us see more patterns?  



What would happen if....?  
 
3. Assessment questions  
Questions such as these ask children to explain what they are doing or how they arrived at a 
solution. They allow the teacher to see how the children are thinking, what they understand 
and what level they are operating at. Obviously they are best asked after the children have 
had time to make progress with the problem, to record some findings and perhaps achieved 
at least one solution.  
Examples:  
What have you discovered?  
How did you find that out?  
Why do you think that? 
What made you decide to do it that way?  
 
4. Final discussion questions  
These questions draw together the efforts of the class and prompt sharing and comparison of 
strategies and solutions. This is a vital phase in the mathematical thinking processes. It 
provides further opportunity for reflection and realisation of mathematical ideas and 
relationships. It encourages children to evaluate their work. 
Examples: 
Who has the same answer/ pattern/ grouping as this?  
Who has a different solution?  
Are everybody's results the same?  
Why/why not?  
Have we found all the possibilities?  
How do we know?  
Have you thought of another way this could be done?  
Do you think we have found the best solution?  

Levels of Mathematical Thinking  

Another way to categorise questions is according to the level of thinking they are likely to 
stimulate, using a hierarchy such as Bloom's taxonomy (Bloom, 1956). Bloom classified 
thinking into six levels: Memory (the least rigorous), Comprehension, Application, Analysis, 
Synthesis and Evaluation (requiring the highest level of thinking). Sanders (1966) separated 
the Comprehension level into two categories, Translation and Interpretation, to create a seven 
level taxonomy which is quite useful in mathematics. As you will see as you read through the 
summary below, this hierarchy is compatible with the four categories of questions already 
discussed. 
 
1. Memory: The student recalls or memorises information  
2. Translation: The student changes information into a different symbolic form or language  
3. Interpretation: The student discovers relationships among facts, generalisations, 
definitions, values and skills  
4. Application: The student solves a life-like problem that requires identification of the issue 
and selection and use of appropriate generalisations and skills  
5. Analysis: The student solves a problem in the light of conscious knowledge of the parts of 
the form of thinking.  
6. Synthesis: The student solves a problem that requires original, creative thinking  



7. Evaluation: The student makes a judgement of good or bad, right or wrong, according to 
the standards he values.  

Combining the Categories  

The two ways of categorising types of questions overlap and support each other. 
 
For example, the questions:  
Can you see a pattern?  
How can this pattern help you find an answer? relate to Interpretation, and;  
 
the questions:  
What have you discovered?  
How did you find that out?  
Why do you think that? require Analysis, and;  
 
the questions:  
Have we found all the possibilities?  
How do we know?  
Have you thought of another way this could be done?  
Do you think we have found the best solution? encourage Evaluation.  
 
In the process of working with teachers on this topic, a table was developed which provides 
examples of generic questions that can be used to guide children through a mathematical 
investigation, and at the same time prompt higher levels of thinking. 
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Questioning Strategies 

The art of teaching is based on effective questioning strategies. Asking good questions is an 
informative process that needs development, refinement, and practice. Teaching through questioning 
is interactive and engages students by providing them with opportunities to share their thinking. The 
classroom should be an community of collaborative learners whose voices and ideas are valued. 

In order to obtain more information from students during classroom discourse, we need to develop 
an open-ended questioning technique and use a more inquiring form of response, encouraging 
students to defend or explain both correct and incorrect responses. Here is an example of closed and 
open questioning for the same situation: 

Closed—What unit should be used to measure this room? (limiting) 

Open—How could we measure the length of this room? What choices of units do we have? Why 
would some units seem more appropriate than others? (probing—encourages students to think about 
several related ideas) 

Good questioning involves responding to students in a manner that helps them think and lets you see 
what they are thinking. Response techniques involve: 

 Waiting. Time is a critical component. An immediate judgment of a response stops any 
further pondering or reflection on the part of the students.  

 Requesting a rationale for answers and or solutions. Students will utimately accept this 
procedure as an expected norm.  

 Eliciting alternative ideas and approaches. 

According to NCTM's Professional Standards, the teacher of mathematics should orchestrate 
discourse by— 

 posing questions and tasks that elicit, engage, and challenge each student's thinking; 

 asking students to justify their ideas orally and in writing. 

The Professional Standards propose five categories of questions that teachers should ask: 

 Category 1 questions focus on helping students work together to make sense of 
mathematics.  

"Do you agree? Disagree?" 

"Does anyone have the same answer but a different way to explain it?" 

 Category 2 contains questions that help students rely more on themselves to 
determine whether something is mathematically correct.  

"Does that make sense?" 

"What model shows that?" 

 Category 3 questions seek to help students learn to reason mathematically.  

"Does that always work?" 

"How could we prove that?" 



 Category 4 questions focus on helping students learn to conjecture, invent, and solve 
problems.  

"What would happen if...?" 

"What would happen if not...?" 

"What pattern do you see?" 

 Category 5 questions relate to helping students connect mathematics, its ideas, and its 
applications.  

"Have we solved a problem that is similar to this one?" 

"How does this relate to ...?" 

Through modeling of investigative questioning, the teacher should help students learn to conjecture, 
invent, and solve problems. 
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