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 Asking Questions that encourage Inquiry-based learning
How do we ask questions to develop scientific thinking and reasoning?
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1.
Thinking about why we ask questions

What different types of questions are there? 

	


What different functions do your questions serve?

	


Which types of questions do you use most frequently?

	


What common mistakes do you make when asking questions?
What are the unintended effects of each of these mistakes?

	Common mistake
	Unintended effect

	
	


2.
What kinds of questions promote inquiry-based learning?

What types of questions seem to encourage inquiry-based learning?

	


Give a few examples that you have recently used.

	



Now look at Handout  3 

This describes five principles for effective questioning. 
Reflect on the implications of these ideas for your own practice.

3.
Five principles for effective questioning

1.
 Plan to use questions that encourage thinking and reasoning


Really effective questions are planned beforehand. It is helpful to plan sequences of questions that build on and extend students' thinking. 

A good questioner, of course, remains flexible and allows time to follow up responses. 


	Beginning an inquiry 
	· What do you already know that might be useful here?

· What sort of diagram might be helpful?

· Can you invent a simple notation for this?

· How can you simplify this problem?

· What is known and what is unknown?

· What assumptions might we make?

	Progressing with

an inquiry
	· Where have you seen something like this before?

· What is fixed here, and what can we change? 

· What is the same and what is different here?

· What would happen if I changed this.. to this...?

· Is this approach going anywhere?

· What will you do when you get that answer?

· This is just a special case of ... what?

· Can you form any hypotheses?

· Can you think of any counterexamples?

· What mistakes have we made?

· Can you suggest a different way of doing this?

· What conclusions can you make from this data?

· How can we check this calculation without doing it all again?

· What is a sensible way to record this?

	Interpreting and evaluating the results of an inquiry
	· How can you best display your data? 

· Is it better to use this type of chart or that one? Why?

· What patterns can you see in this data?

· What reasons might there be for these patterns?

· Can you give me a convincing argument for that statement?

· Do you think that answer is reasonable? Why?

· How can you be 100% sure that is true? Convince me!

· What do you think of Anne's argument? Why?

· Which method might be best to use here? Why?

	Communicating conclusions and reflecting
	· What method did you use?

· What other methods have you considered?

· Which of your methods was the best? Why?

· Which method was the quickest?

· Where have you seen a problem like this before? 

· What methods did you use last time? Would they have worked here?

· What helpful strategies have you learned for next time?


2.
 Ask questions in ways that include everyone

It is very important that everyone is included in thinking about the questions asked. Here are three ways that teachers have tried to achieve this: 

· Use a 'no hands up' rule. After a few hands have gone up some students stop thinking because they know that the teacher will not ask them. When students have their hands up they too stop thinking as they already have the answer they want. "No hands up" encourages everyone to keep thinking as anyone may be called upon to respond.  

· Ask questions that encourage a range of responses. Rather than asking for specific right answers, ask for ideas and suggestions: "How can we get started on this?", "What do you notice about this?" Everyone will then be able to offer a response. 

· Avoid teacher - student - teacher - student 'ping pong'. Encourage students to listen to and to reply to each other's responses. Aim for a pattern more like: teacher - student A - student B - student C - teacher.
· Arrange the room to encourage participation. Think about where students are sitting – are there some who cannot hear? Can students see and hear one another so that they can respond to the points that another student makes? It is often better to sit students in a U-shape, if possible. 
3.
 Give students time to think 

The time interval between a teacher asking a question and supplying the answer herself, or following up with an additional question or comment, is commonly called 'wait time'. For many teachers, the mean wait time is less than one second (Rowe (1974)
). When teachers increase this wait time to between three and five seconds the research shows that students begin to:


· respond at greater length and with greater confidence;

· offer more unsolicited, but appropriate, responses;

· offer more diverse, alternative explanations;

· relate responses to those from other students.

Increasing wait time is difficult. Silence in a classroom can be hard to bear!

· Talk to students about 'wait time'. Make sure that students know that they must take time to think before responding. (Some teachers even make themselves wait by counting slowly to themselves: "One, two, three, four, got to wait a little more"!)

· Use "Think - Pair - Share". Ask the question, give 10 seconds thinking time and then allow 30 seconds for talking to a partner. After this, everyone should be ready with an answer and they should know that anyone may be asked for what they think.

· Use mini whiteboards - Ask the students to spend 30 seconds thinking about the problem and jotting ideas for the solution onto their mini whiteboards. Then ask the students to share the ideas they had for starting the problem

4.
 Avoid judging students' responses

Interestingly, Rowe (1974) found that if a teacher made judgmental comments, even positive ones such as “Well done!”, then this negatively affected students' verbal performance even with the lengthened wait times. Task persistence was greatest where verbal rewards were fewer. When a teacher judges every response with 'yes', 'good' , 'nearly'  and so on, students are likely to reason to themselves:

"The teacher said that was good. That is not what I was going to say. So what I was going to say cannot be good. So I won't say anything."


Ask open questions that permit a greater variety of responses and reply to students with comments that do not close off alternative ideas. 

"Thank you for that, that is really interesting. What other ideas do people have?"

5.
 Follow up students' responses in ways that encourage deeper thinking

The following approaches encourage further thinking and dialogue:
	Ask students to repeat their explanation
	· Can you just say that again?

	Invite students to elaborate
	· Can you just say a little more about that …

	Challenge students to offer a reason
	· Can you explain why that works?

	Cue alternative responses
	· Can you suggest another way of doing this?

	Support with non-verbal interest
	· Nod head, rotate hand to indicate that you want more ...

	Encourage students to speculate.
	· What would happen if ...?

	Make challenging statements
	· Someone in this group said … were they right?

	Allow rehearsal of responses
	· Try out the answer on your partner first.

	Encourage students to ask questions
	· Would anyone like to ask Pat a question about that? 

	Ask students to think aloud
	· Can you go through that step by step?

	Encourage students to make connections
	· Can you remember something else we did like this ...? 

	Thinking aloud with students
	· Let's think this through together ...


4.
Observing a Lesson


	Sharing petrol costs

	Each day Dan's mum drives him to school. 

On the way, she picks up 3 of Dan's friends, Chris, Ben and Anne.

Each afternoon, she returns by the same route and drops them off at their homes.

At the end of a term, the four students decide to pay a sum of 100 euros towards the cost of petrol.

How should they share out the cost?
Find some reasonable solutions and say which you think is best and why.
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%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 300 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/Xic{matrix invertmatrix concat}bdf
/Xq{matrix currentmatrix mark}bdf
/XQ{cleartomark setmatrix}bdf
/sepdef{
dup where not
{
AltsysSepDict
}
if 
3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/cntr 0 def
/readbinarystring{
/cntr 0 def
2 copy readstring
{
{
dup
(\034) search
{
length exch pop exch
dup length 0 ne
{
dup dup 0 get 32 sub 0 exch put 
/cntr cntr 1 add def
}
{
pop 1 string dup
0 6 index read pop 32 sub put
}ifelse
3 copy
putinterval pop
1 add
1 index length 1 sub
1 index sub 
dup 0 le {pop pop exit}if
getinterval
}
{
pop exit
} ifelse
} loop
}if
cntr 0 gt
{
pop 2 copy
dup length cntr sub cntr getinterval
readbinarystring
} if
pop exch pop
} bdf
/_NXLevel2 defed { 
_NXLevel2 not { 
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
} if
} if
/md defed{ 
md type /dicttype eq { 
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
}if 
}if
/setstrokeadjust defed
{
true setstrokeadjust
/C{curveto}bdf
/L{lineto}bdf
/m{moveto}bdf
}
{
/dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
/C{dr curveto}bdf
/L{dr lineto}bdf
/m{dr moveto}bdf
/setstrokeadjust{pop}bdf 
}ifelse
/privrectpath { 
4 -2 roll m
dtransform round exch round exch idtransform 
2 copy 0 lt exch 0 lt xor
{dup 0 exch rlineto exch 0 rlineto neg 0 exch rlineto}
{exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
ifelse
closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
/_fonthacksave false def
/currentpacking defed 
{
/_bfh {/_fonthacksave currentpacking def false setpacking} bdf
/_efh {_fonthacksave setpacking} bdf
}
{
/_bfh {} bdf
/_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
false setoverprint 
/-save0- save def
5 index concat
pop
storerect left bottom width height rectclip
pop
/MMdict_count countdictstack def
/MMop_count count 1 sub def
userdict begin
/showpage {} def
0 setgray 0 setlinecap 1 setlinewidth
0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
end 
def
/printerRes 
gsave
matrix defaultmatrix setmatrix
72 72 dtransform
abs exch abs
max
grestore
def
/graycalcs
[
{Angle Frequency} 
{GrayAngle GrayFrequency} 
{0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
{0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
forcemaxsteps
{
maxsteps
}
{
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
}
ifelse
} bdf
/nextrelease defed { 
/languagelevel defed not { 
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
}if
}if
fhnumcolors 1 ne {
/calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
currentpagedevice /PreRenderingEnhance known
{
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
} if
} if
/gradfrequency 144 def
printerRes 1000 lt {
/gradfrequency 72 def
} if
/adjnumsteps {
dup dtransform abs exch abs max 
printerRes div 
gradfrequency mul 
round 
5 max 
min 
}bdf
/goodsep {
spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
systemdict /packedarray known 
{dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
{ 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
}
{ 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
}ifelse
}bdf
/i{dup 0 eq
{pop df dup} 
{dup} ifelse 
/clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
{/filler /eofill load def /clipper /eoclip load def}
{/filler /fill load def /clipper /clip load def}
ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
/NF exch def 
{ 
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
}forall 
NF
}bdf
/MN{
1 index length 
/Len exch def 
dup length Len add 
string dup 
Len 
4 -1 roll 
putinterval 
dup 
0 
4 -1 roll 
putinterval 
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
{1 index MN cvn/NewN exch def cvn
findfont dup maxlength dict CD dup/FontName NewN put dup
/Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RC}
ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
{exch pop findfont 3 -1 roll pop}
{pop dup findfont dup maxlength dict CD dup dup
/Encoding exch /Encoding get 256 array copy 7 -1 roll 
{3 -1 roll dup 4 -2 roll put}forall put definefont}
ifelse}bdf
/RCJ{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFJ{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCJ} 
ifelse
}bdf
/hasfont
{
/resourcestatus where 
{
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
}
{
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
}
ifelse
}bdf
/FDFJ
{
dup 
hasfont 
not 
{ 
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFJ{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/GS {
dup 
hasfont 
{
findfont
exch makesetfont
exch
pop
ts
}
{
pop pop pop
ts
} ifelse
} bdf
/RCK{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFK{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCK} 
ifelse
}bdf
/hasfont
{
/resourcestatus where 
{
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
}
{
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
}
ifelse
}bdf
/FDFK
{
dup 
hasfont 
not 
{ 
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFK{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/RCTC{4 -1 roll 
/ourvec xdf 
256 string cvs 
(|______) anchorsearch
{pop 
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
}
{pop} 
ifelse
}bdf
/RFTC{ 
dup 
FontDirectory exch 
known 
{pop 3 -1 roll pop} 
{RCTC} 
ifelse
}bdf
/FDFTC
{
dup 
hasfont 
not 
{ 
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
}
if
}bdf
/FFTC{
_bfh
dup 
256 string cvs 
(|______)exch MN 
cvn 
dup 
FontDirectory
exch known 
{ 
exch 
pop 
findfont 
3 -1 roll 
pop 
}
{ 
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
}
ifelse
_efh
}bdf
/fps{
currentflat 
exch 
dup 0 le{pop 1}if 
{
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
}loop 
pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf

userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
/Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog

%%BeginSetup

AltsysDict begin
_bfh 
%%IncludeResource: font Arial-BoldMT
0 dict dup begin
end 
/f0 /Arial-BoldMT FF def
%%IncludeResource: font Times-Roman

MacVec 256 array copy

dup 128 /Adieresis put

dup 129 /Aring put

dup 130 /Ccedilla put

dup 131 /Eacute put

dup 132 /Ntilde put

dup 133 /Odieresis put

dup 134 /Udieresis put

dup 135 /aacute put

dup 136 /agrave put

dup 137 /acircumflex put

dup 138 /adieresis put

dup 139 /atilde put

dup 140 /aring put

dup 141 /ccedilla put

dup 142 /eacute put

dup 143 /egrave put

dup 144 /ecircumflex put

dup 145 /edieresis put

dup 146 /iacute put

dup 147 /igrave put

dup 148 /icircumflex put

dup 149 /idieresis put

dup 150 /ntilde put

dup 151 /oacute put

dup 152 /ograve put

dup 153 /ocircumflex put

dup 154 /odieresis put

dup 155 /otilde put

dup 156 /uacute put

dup 157 /ugrave put

dup 158 /ucircumflex put

dup 159 /udieresis put

dup 160 /dagger put

dup 161 /degree put

dup 162 /cent put

dup 163 /sterling put

dup 164 /section put

dup 165 /bullet put

dup 166 /paragraph put

dup 167 /germandbls put

dup 168 /registered put

dup 169 /copyright put

dup 170 /trademark put

dup 171 /acute put

dup 172 /dieresis put

dup 173 /notequal put

dup 174 /AE put

dup 175 /Oslash put

dup 176 /infinity put

dup 177 /plusminus put

dup 178 /lessequal put

dup 179 /greaterequal put

dup 180 /yen put

dup 181 /mu put

dup 182 /partialdiff put

dup 183 /summation put

dup 184 /product put

dup 185 /pi put

dup 186 /integral put

dup 187 /ordfeminine put

dup 188 /ordmasculine put

dup 189 /Omega put

dup 190 /ae put

dup 191 /oslash put

dup 192 /questiondown put

dup 193 /exclamdown put

dup 194 /logicalnot put

dup 195 /radical put

dup 196 /florin put

dup 197 /approxequal put

dup 198 /Delta put

dup 199 /guillemotleft put

dup 200 /guillemotright put

dup 201 /ellipsis put

dup 202 /nobreakspace put

dup 203 /Agrave put

dup 204 /Atilde put

dup 205 /Otilde put

dup 206 /OE put

dup 207 /oe put

dup 208 /endash put

dup 209 /emdash put

dup 210 /quotedblleft put

dup 211 /quotedblright put

dup 212 /quoteleft put

dup 213 /quoteright put

dup 214 /divide put

dup 215 /lozenge put

dup 216 /ydieresis put

dup 217 /Ydieresis put

dup 218 /fraction put

dup 219 /Euro put

dup 220 /guilsinglleft put

dup 221 /guilsinglright put

dup 222 /fi put

dup 223 /fl put

dup 224 /daggerdbl put

dup 225 /periodcentered put

dup 226 /quotesinglbase put

dup 227 /quotedblbase put

dup 228 /perthousand put

dup 229 /Acircumflex put

dup 230 /Ecircumflex put

dup 231 /Aacute put

dup 232 /Edieresis put

dup 233 /Egrave put

dup 234 /Iacute put

dup 235 /Icircumflex put

dup 236 /Idieresis put

dup 237 /Igrave put

dup 238 /Oacute put

dup 239 /Ocircumflex put

dup 240 /apple put

dup 241 /Ograve put

dup 242 /Uacute put

dup 243 /Ucircumflex put

dup 244 /Ugrave put

dup 245 /dotlessi put

dup 246 /circumflex put

dup 247 /tilde put

dup 248 /macron put

dup 249 /breve put

dup 250 /dotaccent put

dup 251 /ring put

dup 252 /cedilla put

dup 253 /hungarumlaut put

dup 254 /ogonek put

dup 255 /caron put

/f1 /|______Times-Roman dup RF findfont def

_efh 
end %. AltsysDict

%%EndSetup
AltsysDict begin 

/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
max max max 
} ndf
/maxspot {
pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
0 1 2 index length 1 sub
{ 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
}for
4 1 roll pop pop pop
}bdf
/colorimage{
pop pop
[
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
]cvx 
image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
aload pop
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
}
ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
aload pop 
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
}
ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
aload pop
(_vc_Registration) eq 
{
pop pop pop pop separationimage
}
{
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
}
ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
spots exch get
dup 4 get (_vc_Registration) eq
{pop 1 exch sub setseparationgray}
{0 5 getinterval exch setcustomcolor}
ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
userdict /islevel2
systemdict /languagelevel known dup
{
pop systemdict /languagelevel get 2 ge
} if
put
islevel2 not
{
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
} if
/tc
{
gsave
setcmykcolor currentcmykcolor
grestore
} bind def
/testCMYKColorThrough
{
tc add add add 0 ne
} bind def
/fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
}
{ pop }
ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
1 pop 
/yt xdf 
/xt xdf 
/ang xdf 
storerect
/taperfcn xdf
/k2 xdf /y2 xdf /m2 xdf /c2 xdf
/k1 xdf /y1 xdf /m1 xdf /c1 xdf
c1 c2 sub abs
m1 m2 sub abs
y1 y2 sub abs
k1 k2 sub abs
maxcolor 
calcgraysteps mul abs round 
height abs adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
currentflat mark 
currentflat clipflatness 
/delta top bottom sub numsteps1 1 add div def 
/right right left sub def 
/botsv top delta sub def 
{
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
/yt xdf 
/xt xdf 
/ang xdf 
storerect
/taperfcn xdf
/tint2 xdf 
/tint1 xdf 
bcs exch 1 exch put 
tint1 tint2 sub abs 
bcs 1 get maxspot 
calcgraysteps mul abs round 
height abs adjnumsteps 
dup 2 lt {pop 2} if 
1 sub /numsteps1 xdf
currentflat mark 
currentflat clipflatness 
/delta top bottom sub numsteps1 1 add div def 
/right right left sub def 
/botsv top delta sub def 
{
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/_rfs6 {
/tint2 xdf 
/tint1 xdf 
bcs exch 1 exch put 
/inrad xdf 
/radius xdf 
/yt xdf 
/xt xdf 
tint1 tint2 sub abs 
bcs 1 get maxspot 
calcgraysteps mul abs round 
radius inrad sub abs 
adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
2 div /halfstep xdf 
currentflat mark 
currentflat clipflatness 
{
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/_rfp6 {
1 pop 
/k2 xdf /y2 xdf /m2 xdf /c2 xdf
/k1 xdf /y1 xdf /m1 xdf /c1 xdf
/inrad xdf 
/radius xdf 
/yt xdf 
/xt xdf 
c1 c2 sub abs
m1 m2 sub abs
y1 y2 sub abs
k1 k2 sub abs
maxcolor 
calcgraysteps mul abs round 
radius inrad sub abs 
adjnumsteps 
dup 1 lt {pop 1} if 
1 sub /numsteps1 xdf
radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
2 div /halfstep xdf 
currentflat mark 
currentflat clipflatness 
{
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
}loop
cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
AltsysDict /cvc 2 index put 
aload length dup 4 eq
{pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
{6 eq {sethexcolor} {setspotcolor} ifelse }
ifelse
}bdf 
0 setseparationgray
/imgr {1757 2152 1992 2345 } def 
/bleed 0 def 
/clpr {1757 2152 1992 2345 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 

userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-1757 -2152 translate

/currentpacking defed{false setpacking}if 
/spots[

1 0 0 0 (Process Cyan) false newcmykcustomcolor

0 1 0 0 (Process Magenta) false newcmykcustomcolor

0 0 1 0 (Process Yellow) false newcmykcustomcolor

0 0 0 1 (Process Black) false newcmykcustomcolor
]def

/textopf false def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
dup mul exch dup mul add sqrt}bdf
/ta2{ 
tempstr 2 index gsave exec grestore 
cwidth cheight rmoveto 
4 index eq{5 index 5 index rmoveto}if 
2 index 2 index rmoveto 
}bdf
/ta{exch systemdict/cshow known
{{/cheight xdf/cwidth xdf tempstr 0 2 index put ta2}exch cshow} 
{{tempstr 0 2 index put tempstr stringwidth/cheight xdf/cwidth xdf ta2}forall} 
ifelse 6{pop}repeat}bdf
/sts{/textopf currentoverprint def vc setoverprint
/ts{awidthshow}def exec textopf setoverprint}bdf
/stol{/xt currentlinewidth def 
setlinewidth vc newpath 
/ts{{false charpath stroke}ta}def exec 
xt setlinewidth}bdf 
/strk{/textopf currentoverprint def vc setoverprint
/ts{{false charpath stroke}ta}def exec 
textopf setoverprint
}bdf 
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1]vc
vms
1940.597 2344.5 m
1979.5 2344.5 L
1979.5 2326.9032 L
1940.597 2326.9032 L
1940.597 2344.5 L
[0 0 0 0.25]vc
f 
0.48 w
[0 0 0 1]vc
S 
n
1785.7335 2325.8932 m
1955.1774 2325.8932 L
S 
n
1785.7335 2341.2535 m
1785.7335 2168.9296 L
S 
n
1774.9333 2170.1296 m
1939.337 2170.1296 L
S 
n
1939.337 2341.2535 m
1939.337 2170.1296 L
S 
n
1816.6942 2294.4524 m
1816.6942 2170.1296 L
S 
n
1847.1749 2325.8932 m
1847.1749 2200.8503 L
S 
n
1878.1356 2341.2535 m
1878.1356 2154.0492 L
S 
n
1770.6132 2200.8503 m
1955.1774 2200.8503 L
S 
n
1770.6132 2232.291 m
1955.1774 2232.291 L
S 
n
1770.6132 2294.4524 m
1955.1774 2294.4524 L
S 
n
1926.25 2290.5698 m
1896.2661 2290.5698 L
1896.2661 2279.75 L
1926.25 2279.75 L
1926.25 2290.5698 L
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1896.2661 2281.7699 m
0 0 32 0 0 (Anne) ts
}
true
[0 0 0 1]
sts
Q
false eomode
1911.75 2245.75 m
1881.7357 2245.75 L
1881.7357 2233.75 L
1911.75 2233.75 L
1911.75 2245.75 L
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1881.7357 2236.9501 m
0 0 32 0 0 (Ben) ts
}
true
[0 0 0 1]
sts
Q
false eomode
1818 2214.6177 m
1786.3443 2214.6177 L
1786.3443 2201.25 L
1818 2201.25 L
1818 2214.6177 L
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1786.3443 2205.8179 m
0 0 32 0 0 (Chris) ts
}
true
[0 0 0 1]
sts
Q
false eomode
1804.25 2165.8669 m
1764.7632 2165.8669 L
1764.7632 2153.75 L
1804.25 2153.75 L
1804.25 2165.8669 L
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1764.7632 2157.067 m
0 0 32 0 0 (Dan) ts
}
true
[0 0 0 1]
sts
Q
false eomode
1786.5735 2169.2896 m
1817.5342 2169.2896 L
1817.5342 2200.0103 L
1878.9756 2200.0103 L
1878.9756 2293.6124 L
1940.177 2293.6124 L
1940.177 2316.0531 L
2.16 w
3.863693 M
[0 0 0 1]vc
false setoverprint
S 
n
true eomode
1940.177 2315.3465 m
1935.937 2315.3465 L
1940.177 2325.9464 L
1944.417 2315.3465 L
1940.177 2315.3465 L
f 
n
1878.1356 2263.7317 m
1847.1749 2263.7317 L
0.48 w
3.863708 M
S 
n
1909.0963 2294.4524 m
1909.0963 2325.8932 L
S 
n
1965.1708 2340.4198 m
1946.0472 2340.4198 L
1946.0472 2333.6465 L
1965.1708 2333.6465 L
1965.1708 2340.4198 L
n
false eomode
1813.6141 2200.8503 m
1813.6141 2202.2863 1814.8857 2203.4504 1816.4542 2203.4504 C
1818.0227 2203.4504 1819.2943 2202.2863 1819.2943 2200.8503 C
1819.2943 2199.4143 1818.0227 2198.2502 1816.4542 2198.2502 C
1814.8857 2198.2502 1813.6141 2199.4143 1813.6141 2200.8503 C
f 
S 
n
vmrs
1783.1334 2169.7696 m
1783.1334 2171.4044 1784.2975 2172.7297 1785.7335 2172.7297 C
1787.1695 2172.7297 1788.3336 2171.4044 1788.3336 2169.7696 C
1788.3336 2168.1348 1787.1695 2166.8095 1785.7335 2166.8095 C
1784.2975 2166.8095 1783.1334 2168.1348 1783.1334 2169.7696 C
[0 0 0 1]vc
f 
0.48 w
S 
n
1875.5355 2232.051 m
1875.5355 2233.6195 1876.6996 2234.8911 1878.1356 2234.8911 C
1879.5716 2234.8911 1880.7357 2233.6195 1880.7357 2232.051 C
1880.7357 2230.4825 1879.5716 2229.2109 1878.1356 2229.2109 C
1876.6996 2229.2109 1875.5355 2230.4825 1875.5355 2232.051 C
f 
S 
n
1906.0162 2294.4524 m
1906.0162 2295.8884 1907.2878 2297.0525 1908.8563 2297.0525 C
1910.4249 2297.0525 1911.6964 2295.8884 1911.6964 2294.4524 C
1911.6964 2293.0164 1910.4249 2291.8524 1908.8563 2291.8524 C
1907.2878 2291.8524 1906.0162 2293.0164 1906.0162 2294.4524 C
f 
S 
n
1984.25 2340.25 m
1942.5931 2340.25 L
1942.5931 2327.7742 L
1984.25 2327.7742 L
1984.25 2340.25 L
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1942.5931 2331.4501 m
0 0 32 0 0 (School) ts
}
true
[0 0 0 1]
sts
Q
false eomode
1965.75 2316.25 m
1965.75 2179 L
2 w
3.863693 M
[0 0 0 1]vc
false setoverprint
S 
n
true eomode
1965.75 2315.5834 m
1961.75 2315.5834 L
1965.75 2325.5833 L
1969.75 2315.5834 L
1965.75 2315.5834 L
f 
n
1965.75 2179.6666 m
1969.75 2179.6666 L
1965.75 2169.6667 L
1961.75 2179.6666 L
1965.75 2179.6666 L
f 
n
false eomode
1984.75 2267.25 m
1946.3431 2267.25 L
1946.3431 2256.25 L
1984.75 2256.25 L
1984.75 2267.25 L
[0 0 0 0]vc
f 
n
q
%%IncludeResource: font Arial-BoldMT
{
f0 [10.851288 0 0 11 0 0] makesetfont
1946.3431 2258.4501 m
0 0 32 0 0 (5 miles) ts
}
true
[0 0 0 1]
sts
Q
false eomode
vmr
vmr
end
%%Trailer
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This map shows where each person lives and the route taken.


Two reasoned methods are shown below. Which do you consider better?

Method 1:

This is to share the cost in the proportion to the road distance people live from school: 
2: 5: 8: 10. So:

Anne pays 

 £8
Ben pays 

£20
Chris pays 

£32
Dan pays 

£40

Method 2:

Assume that, altogether, people will need to pay £10 per mile. Costs are shared out as follows:


	
	Anne
	Ben
	Chris
	Dan

	Last 2 miles £20
	£5
	£5
	£5
	£5

	Next 3 miles £30
	
	£10
	£10
	£10

	Next 3 miles £30
	
	
	£15
	£15

	First 2 miles £20
	
	
	
	£20


Anne pays 

 £5
Ben pays 

£15
Chris pays 

£30
Dan pays 

£50

5.
Planning for effective questioning

	Plan how you will arrange the room and the resources needed


	Arrange students so that they can see and hear one another as well as the teacher. You may need to rearrange chairs in a U shape or the students could move and ‘perch’ closer together. Or maybe you will move to the back of the room so that the question is the focus of attention and not the teacher.

	Plan how you will introduce the questioning session
	Silence will be hard for you to bear in the classroom but the students may find it confusing or even threatening. Explain why there will be times of quiet. For example: 


	Plan how you will establish the ground rules 
	If you are using ‘No hands up’ then you will need to explain this to the students. Some teachers have had to ask their students to sit on their hands so that they remember not to put their hands up. The students will be allowed to put their hands up to ask a question, so if a hand shoots up remember to ask them what question they would like to ask. The students may also be used to giving short answers so you could introduce a minimum length rule e.g. ‘your answer must be five words in length as a minimum’.

	Plan the first question that you will use
	Plan the first question and think about how you will continue. You cannot plan this exactly as it will depend on the answers that the students give but you might, for example, plan

· to take one answer and then ask others what they think about the reasoning given

· to take two or three answers without comment then ask the next person to say what is similar or different about those answers

	Plan how you will give thinking time
	· Will you allow 3-5 seconds between asking a question and expecting an answer?

· Will you ask the students to think – pair – share, giving 30 seconds for talking to a partner before offering an idea in whole class discussion?

· Will you use another strategy that allows the students time to think?

	Plan how and when you will intervene
	Will you need to intervene at some point to refocus students' attention or discuss different strategies they are using? Have one or two questions ready to ask part way through the lesson to check on their progress and their learning.

	Plan what questions you could use for the plenary at the end of the lesson
	Try not to pass judgments on their responses while they do this or this may influence subsequent contributions.


6.
A lesson plan on "Sharing Petrol Costs"

The following suggestions describe one possible approach to using the problems with students. This may take one or two lessons, depending on the class. 

1.
Introduce the problem, and give time for individuals to think 
5 minutes 

Issue each student with just one of the three problems. 
Explain that in this lesson you are expecting everyone to think things through and to contribute:

Today I am going to make sure you have plenty of time to think. I will give you a problem and I want you to think about how to get started with it for a few minutes. I will then ask for your ideas. There is more than one good way of doing this! 

No hands up, I will tell you when I want answers and who is to answer. 
Now here’s the question I want you to think about …

Explain how students are expected to start work on the problem:

Read through the problem. How can we get started on this problem? What is known and what is unknown? What assumptions should we make? Remember I don’t want answers yet; I want to know your ideas for getting started. You have exactly 1 minute to think starting now!

2.
Collect initial ideas on the board 
5 minutes

[image: image2.jpg]After the ‘thinking time’, pose the problem again then use the alternatives to questioning to generate discussion. (Record this part for later discussion if possible).

Right let’s get started, what did you think about, Jav?
Thanks for that explanation, Jav. 
Does anyone have any comments on Jav’s ideas?
Yes I can see that, what else might we think about Sarah?
We’ve talked about three good ideas so far; does anyone have anything really different?

Note that these questions are general and strategic. Do not comment on the specifics of the responses at this stage, even if students press you to tell them what is 'best' or who is 'right'. Instead, simply record these ideas on the board, or get the students to do this as they explain. That way the ideas will be there for the class to consider as they start to solve the problem. Remind them that although they have heard several strategies that will help them get started, that they should choose just one of them to start with. Explain what students should do when they are stuck:

If you get stuck, think about the ways of tackling the problem we have talked about. Maybe you could try another one? Remember this lesson is about thinking and reasoning things out, so sit quietly and think about what you could do, then you could talk to a friend about what you are thinking. You are on your own, get going!

Now set a target, reminding them to think about the reasons they make decisions as they work:

Right, now I'm giving you twenty minutes to work on the problem by yourselves. Then I'm going to ask you some questions about what you have done and why you think the ideas you tried worked or didn’t work.

3.
Students work on the problem 
20 minutes

Allow students time to engage with the problems. When they ask questions, ask them a question that offers strategic guidance rather than technical help. For example:

Which way did you decide to use to start? Why?

What have you found out? How did you do that?

What didn’t work? Why? What might work?

Think things out for yourself or between you – only call in the professional when you have tried everything else.

4.
Whole class discusses the approaches being used 
10 minutes

When most students have made significant progress with the problem, ask the students about the way that they are working. (It may be helpful to record this part for later discussion).

We are going to review progress so far.

I don’t want answers I want strategies and ideas. 

I want to know what you have done so far. What have you tried that didn’t work? 

Why didn't it work?

What have you tried that seems to be successful? (5 sec pause for thinking) 

Right let’s start with the first question – what did you try that didn’t work and why?

When exploring the unsuccessful ideas remember to ask “What was the unhelpful idea here? What would have made it work?” You are making sure that the students know its fine to make mistakes and take wrong turns when solving problems but it’s the successful ideas that you want, so after a few minutes ask for them.
What assumptions made the petrol money sharing much easier? 
Can you justify your ideas?

The idea is to provide models that will help students to make more progress on the problem. Make sure that the students listen to the ideas given. Ask the next student to comment on how similar or different their idea is to those offered previously, rather than take isolated answers.

5.
Students have a second go at the problem 
10 minutes

Encourage students to return to the problem and continue working on it using some of the ideas that have been shared. 

6.
Whole class reports on their reasoning
10 minutes

Ask students to take turns at presenting their reasoning to the class.


What ideas did you have that worked? Tell us why they worked.

Focus on the thinking rather than the answers. Make sure they know there is no one right answer to these problems. Ask questions such as:


What was it about Sam’s ideas that enabled her to solve the problem easily?

What did Josh do that was particularly inventive or different?

What ideas did Nils have that you could use?

� Rowe, M. B. 1974. Wait time and rewards as instructional variables, their influence on language, logic and fate control. Journal of Research in Science Teaching 11:81-94.
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