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Techniques of conversation analysis have been insad effort to better
understand the thought processes of adults engagea range of
mathematical tasks. Participants were asked toigoa commentary
during problem solving, in a non-judgmental envir@nt with minimum
intervention from the researcher.

Interesting outcomes from the work are: an inaptlit link arithmetic and
algebra in problem solving, a lack of specialisecatmmatical
vocabulary, misuse of standard algorithms whichehlagen learned in a
superficial manner without full understanding, aadpreference for
justification by concrete example rather than tgfo@abstract reasoning.
Distinct differences in approach to problem solvarg observed between
participants with different preferred learning sty
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I ntroduction

This investigation came about through a desire dtieb understand the problems
faced by adults in improving their numeracy.

A first step when new students join a numeracyscla®ften to undertake an
assessment of their mathematical skills throughitien test. However, assessment of
written answers may give limited insight into theowght processes of students.
Where solutions are incorrect, this might varioustya result of: misinterpretation of
the problem, lack of knowledge and understandingptiition methods, or inaccuracy
in applying formulae and algorithms.

In this small project, six adults living in a towamNorth Wales and ranging in
age from 20 to 60 were selected as a conveniemaplsaNone was in employment
requiring specialised use of mathematics or nunyebayond Adult Numeracy level
2, and none had undertaken any formal study of emadics or numeracy since
leaving school. Occupations included: office worlemputer technician and school
teacher, and one participant had been unemployeapfiroximately a year. Although
a limited sample, the group appeared to be faybyctl of the adult population as a
whole.

Techniques of conversation analysis were used ineHart to better
understand the thought processes of the partigp@ihsburg 1981). Subjects were
asked to provide a commentary whilst engaged snge of mathematical tasks, in a
non-judgemental environment with minimum interventfrom the researcher.
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Investigating the arithmetic-algebra connection

An initial objective was to investigate the extémtwhich participants were able to
make connections between arithmetic and algebrsubsgtituting arithmetical values
where appropriate to clarify algebraic expressioasd by formulating simple

algebraic expressions to help in the solution @gharetic problems (Lee and Wheeler
1989).

Task 1

Researcher: Would you look at this expression and say whethir definitely true,
definitely not true, or possibly true:

2x + 1 - 1
2x + 1 + 7 8

Participant: | would say it is not true... no, it is true, butvould have to be nought.
That is my quick answer.

Four of the subjects spotted that the first expoeswas true for x = 0, but all then
assumed that the value of x had to be zero soxihregsion was always true.

One participant commented: 'If x could have anygathen there are millions
of answers and there is no way of checking ititle. '

Task 2

Researcher: Could you do the same with this expression... shgther it is definitely
true, definitely not true, or possibly true:

1 1 1

6X 3x  3x

Participant: | would say that would be definitely true becatisesum of those two
would be the other one.

Four participants made the error:
Yg-13=1/4
No-one attempted to substitute numerical valuetesd the equality, relying
instead on first impressions of the pattern ofafeation.

Task 3

Researcher: Now try this question. Add and subtract numbersnfi0, and see if the
final total would always be the same for differstarting values.
Participant: | would have to try this out with a range of nungodf you use 7 you get
17... Then take away 7 is 3... So it comes to 20.
Let me go for 5. That is 15... and 5... and it'sag@in...
Well, yes, | think so. It would be the same.
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The general approach was to try out several examplee number of values
chosen varied between two and four. Only one @pént produced an algebraic
expression:

(10+ N) + (10-N) = 20 as a proof of the assertion.

The outcome of tasks 1-3 suggested that the grdupdalts saw little
connection between algebra and arithmetic, trediege as two entirely separate
compartments of mathematics which could not be uegdther in any meaningful
way for problem solving.

Using real objects

It has been suggested by Nunes, Light and Mas@8)1Bat the direct use of concrete
objects in solving numeracy problems is less iettlially demanding than the use of
mathematical methods, so will generally be preteriio test this hypothesis, several
tasks were devised using everyday physical objaatexample is given below:

Task 4

Researcher: | am going to show you this plastic ligss
and this tin. Could you say how yo
would work out whether the area of t
plastic lid is bigger or smaller than t
area of the paper label - witho
removing the label?

Participant: If 1 was to start with that line on th¢ &
label at the edge of this sheet of plast
and roll it very carefully like that.Se.\
where it goes... e
| can see that it comes over the edge. § £
Whether it's got a smaller area —
It's got a smaller width, hasn't it?
So, as an estimate, although it goe
longer here, its actually shorter there, so itisilarr | would guess. About
an inch wider here, and it seems about an inchteshor

Researcher: If you wanted to be a bit more precise, how coutdl ynake some
measurements?

Participant: | would roll the tin, starting with this edge onetlhabel here, and see
where it stops. If | can use a ruler... Then coraphe two.

Researcher: Could you just imagine the label being unwrappedihe circumference
of the tin is the length of that rectangle.

Participant: Well, yes. So that would become a rectangle, andcgaild find the area
of the rectangle.

Researcher: Would any of these formulae be true?

area of label = height oftin x circumferen

area =n x radiud x height

area =n % heightx diameter
Participant: Area of the label.... Height of the tin times cimtference...
Yes, that's true, isn't it.
Area is pir squared h... No, it's 2 pir... I'm rsafre.
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When undertaking tasks involving real objects, therticipants almost always

attempted to solve the problem by physical measen¢snalone, without recourse to
mathematical reasoning. When mathematical methas wuggested, there was an
evident lack of recall of geometrical and algebtaxhniques.

I nvestigating approachesto problem solving

It was felt that different individuals might haveffdrent approaches to problem
solving, and some insight might be gained from sssg their preferred learning
style. A variety of taxonomies of learning stylevbdeen proposed, but that of Roger
Felder (1993) was chosen. Participants were ewauatsing a questionnaire
instrument to determine their positioning in reggedour dichotomies:
* How does the subject prefer to process information:
actively—through engagement in physical activity or diseusgsor
r eflectively—through introspection?
* How does the subject progress toward understanding:
sequentially—in a logical progression of small incremental stegr
globally—in large jumps, holistically?
« What type of information does the subject prefaadigtperceive:
sensory— sights, sounds, physical sensations, or
intuitive— memories, ideas, insights?
* How is sensory information most effectively per@si\by the subject:
visually—pictures, diagrams, graphs, demonstrations, or
ver bally—sounds, written and spoken words and formulas?

Testing revealed a range of personal profilesHersix participants, indicated on a
scale from 1 (low preference) to 11 (high prefesgnveithin each dichotomy:

Subject Sensing Intuitive Visual Verbal Sequential Global Active Reflective
1 2 9 9 2 3 8 2 9
2 4 7 6 5 7 4 7 4
3 9 2 11 0 5 6 6 5
4 11 0 8 3 8 3 6 5
5 10 1 2 9 6 5 2 9
6 2 9 4 7 6 7 5 6

Moderate preference  Strong preference
Participants were then asked to undertake a sefisks, and an attempt was made

to relate their approach to problem solving to dseessed learning style preferences.
Examples are presented below:
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Task 5

Researcher: Could you read this problem and have a go at sgliin

Participant: The teachers at Cwm Coed School decide to organfsad to pay for
gifts to teachers who leave the school.
They decide to pay £5 a year into this fund. Whésaaher leaves, he or
she is given £30 plus £3 for every year the teattasr been at the
school. After how many years at the school woukhtbmount paid in
by the teacher equal the amount of the gift reckoreleaving?
Well, if they stayed for six years they would g&0fplus ... they would
also get £3 for every year they had been teaching. for six years that
would be £48.
(pause ... 6 seconds)
The difference between 3 and 5 is £2. Uhm...
In 15 years they would get £75 and pay £75. | seges! So it's 15
years.

The participant (subject 6) worked entirgbybally throughout, writing nothing on
paper. There was no recourse to any algebraic igpodnT he final solution was
reached in a moment aituition. This fitted remarkably with their preferred leizm
style as strongly intuitive and moderately verbal.

Task 6

Researcher: This is a shape, and | would like you t-

work out the distance round the edge

of it. S
Participant: The distance round the edge of it... 8cm

(begins counting the distances sam

mental arithmetic, then stops ) Som

We haven't got how long that is...

We could take that from that... no, th:

wouldn't work...

I's not as straight forward as | firs

thought. Oh dear...

(pause ... 11 seconds)

Researcher: Can we do anything with those two measurements?
Participant: Oh, yes. So that's one... That's six....It will kvthris time..

So that's three... and that's one as well...

( using calculator)....... 48

Sorry, that took a long time!

gcm

9cm

4cm

4cm
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The participant's difficulty in seeing the solutitnthis apparently simple geometrical
problem may lie in very strong preference $ensing andsequential learning styles
(subject 4), as opposed to timeuitive andglobal approaches which might have been
more successful.

Conclusions

This study is ongoing, but has begun to provideergdting insight into adult
numeracy. The conversation extracts above aregbatlarger body of data which
allows some general conclusions to be drawn:

Within a few years of leaving school, and with nottier formal study of
mathematics or numeracy, adults lose much of tfamiliarity with algebra and
geometry. They are hampered by a lack of specthhsathematical vocabulary when
exploring the solution of problems, and frequemtiguse standard algorithms which
have been learned in a superficial manner withaliihderstanding.

A patrticular difficulty arises from an inability tonk arithmetic and algebra in
meaningful ways during problem solving. There s&rang preference for justification
by concrete example and direct measurement, rétharthrough abstract reasoning.
This is particularly evident when problems are pntsd which involve physical
objects.

Distinct differences in approach to problem solvimg observed between
participants with different preferred learning syl Individuals appear to develop
their own unique mathematical coping strategiesctvimnay diverge widely from the
standard methods taught in schools. This seemsntmnesting area for further
investigation.

It became apparent during the research that teemegendency for the teacher
to intervene too quickly when a response is nothtmming, allowing insufficient
time for reflective learners to think through theolglem and develop their own,
perhaps unique, solutions.
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