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Student-Documentations in Mathematics Classroom Using CAS: Between Technical, Subject-Based and Everyday Language

Students face many linguistic challenges in mathematics classrooms that use CAS: Not only do they need to use the mathematical language
adequately, in addition to their everyday language, but they also need to master the technical language of their digital tool. These challenges
become especially material when students have to document their processes and their results. There have already been important results
(e.g. Ball 2003) that emphasize the extent to which CAS changes written records, and the need to lear to use the CAS syntax adequately
for those written records (Ball & Stacey 2005). In this context, there has been a focus on normative questions on students’ documentation —
c.g. emphasis was put on normative questions regarding what might be an adequate documentation for tests (Weigand 2013) or which
means may help to structure students’ documentation (Ball 2003).

Since the distinction between CAS syntax and non-CAS syntax seems to be empirically necessary but not sufficient when looking at
students documentation, there is a need for a qualitative analysis of different forms of language used in a mathematics classroom that uses
digital tools.

‘This contribution will present results of an empirical study that works out different categories that students use in order to document their
work. Therefore, different forms of documentation using technical, school (subject-based) and everyday language will be descriptively
analyzed.

‘The qualitative study was conducted with 60 students in the 10th grade attending an upper secondary highschool in Germany. In different
phases within a school year, after recieving a new CAS, the students worked on paper pencil tests which served as a foundation of the
empirical material. Also, clinical interviews were conducted in order to find out more about the different uses of certain registers within a
problem solving process. Al exercises were within the context of functional reasoning.
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What is a good written record when using CAS?
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Maybe adequate to memorize the

N fi i 1? [ . P
ot adequate for written tests individual actions!?

‘What we initially struggle with...

Do we think this is adequate? ]

- Documenting the pressed buttons

- Communicating one‘s actions Do we understand menu — 4 — 1 —4? ]

- Reasoning mathematical decisions

1)

What is recorded here? ]

technische universitat
Florian Schacht dortmund

Aims and Structure

1) Between norms and facts: What students should document and what they actually do!
2) Describing written language with categories

3) 2 empirical phenomena

4) Conclusion
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What is a good written record when using CAS?

Students need ,explicit guidance about what calculator language was
acceptable in written work.“ (Ball & Stacey 2005, 219)

Different, but similar approaches
1) Guidelines of elements of written records:

RIPA: Reasons, Information (including students' input), Plan and Answers
(Ball & Stacey 2003)

2) Criteria for Documentations Tension between

- ,Not enough to write down, what's on the screen! normative framework
- The solution has to be understandable ,for others® (...) and empirical reality
- The solution describes mathematical activities” (weigand 2013)

Ball 2003, Ball & Stacey 2003, 2004, 2005, Weigand 2013
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What is a good written record when using CAS?

1. Develop criteria (norms) for ,,good* written records
2. Give examples of how these criteria materialize

3. Develop guidelines or helping means to support
students

**yoeoidde 03 umop doj

4. Scientific exploration of the effectiveness / potential

From normativity to
,conceptual reality”

What do students write down when using CAS?

Ball 2003, Ball & Stacey 2003, 2004, 2005, Weigand 2013
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What is a good written record when using CAS?

lch A waemus Y ~4- ¢

thought is cognition by means of conceptions.* 1. Kant

Kant, Critique of Pure Reason

Kant on concepts...
Concepts as rules, that specify how something ought to be done
Applying concepts means to follow a conceptual authority

Understanding conceptual usage affords to understand the rulishness of concepts

Conceptual acting is highly normative
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What is a good written record when using CAS?

In the light of a Kantian notion of normativity
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d) Work on helping means to document the work
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¢) Develop norms to document the work

b) Identifying adequate situations for certain documentations

a) Reconstructing conceptual authorities that students follow
and analyzing students use of certain concepts
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Identifying the
norms of
,conceptual reality”

What do students write down when using CAS?

From normativity to
,conceptual reality”
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Aims and Structure

1) Between norms and facts: What students should document and what they actually do!
2) Describing written language with categories

3) 3 empirical phenomena

4) Conclusion
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What do students write down when using CAS?

Observing written notations

Categorizing (i) mathematical notation and (ii) words that can be found in a dictionary
(Ball & Stacey 2004)

Features of (CAS) solutions:
- Contain ,solve’, ,define’, ,equation’
- CAS solutions will be generally shorter than non-CAS solutions

+ - H X2 -6XTY
e ‘~1-4 ,) o)

Same category (words that can be found in a dictionary)

Distinction (CAS-language,
non-CAS language) is

helpful, but not sufficient.

Differences: procedure vs. solution, buttons vs. commands

Ball 2003, Ball & Stacey 2004, 2005, Weigand 2013
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What do students write down when using CAS?

Not easy to answer...

Two dimensions of conceptual practice in mathematics classroom
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Mathematical (conceptual) performance: menu-4-1-4 can be used... Idea: 2 dimensional
- to describe a mathematical object categorization
- to describe the individual action or use of the CAS system

- to describe reasons for the choice of the dig. tool

Linguistic (lexical) performance:
- menu-4-1-4 as a specific lexical category (buttons)
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Linguistic (Iexical) performance

Lexical Categories - Category 1 | Category2 | Category3

Mathematical conceptual
performance J

Content
Mathematical
(conceptual)
performance

Action

Choice

Aim of the study
Exploration of lexical categories students use when working with digital tools...
...for documenting the content

...for documenting their actions
...for documenting their specific choice of a certain tool

29.09.14



technische universitat
Florian Schacht

dortmund

First dimension: Mathematical (conceptual) performance
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Mathematical Content math. object
Mathematical Action procedure

Choice of the dig. tool process reflexion

s prom saveRaGEczos

Neubrand 1990, Cohors-Fresebor:

2010, Davidson & Pearce 1983

dortmund
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.Mathematics can be singled out, among other forms of human imagination and ingenuity, by the very
specific linguistic register in which its ideas are formulated.” (Winslow 1998)

Register 1: everyday language

Register 2: technical language

Tool Register: Different linguistic register?

Research Question: Which lexical
categories do students use when working 4
with digital tools?

14
Maier & Schweiger 1999, Morgan 2001, Prediger et al. 2012, Zazkis 2000, Pimm 1987, Winslow 1998, Halliday 1978
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Methods

Focusing on functional relations and calculus

Examples

following fuctions with CAS F)=x'-x =58 -x-6

graphs of f(x) = e* and of a linear function have?

e Picture 2

" Wettere Losungen mguch Versuchen
Sie, Ober- und Untergrenzen und/oder

Picture 1
einen Schatzwet anzugeben

Fertig

Fertg

e -ax-b=0

He answeres: They have one intersection point.

- Questionaire(s)
App. 200 students from schools with much and little CAS experience

Example 1) Describe 3 ways to determine the intersection points of the graphs of the
gx)=x"-6x>+6x-5

Example 2) Bernd works on the following task: How many intersection points do the

Describe his
solution.

How could he show,
that there are 2 i.p.
max.?
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First results

Lexical Categories > Command | Buttons | Menu/ | Math. symbolic | Technical language | New
System | expression ref. to digital tool | expression
Mathematical conceptual
performance |
Content
1
Action |
| /
| /| \ /
Choice [ / \ [
| / R\\ \\ \ ‘
' ——\ 4 ——
| First, I press ‘ \ | My approach: Er hat sie nach x
| \ s
Menu —6—4. ‘ \\\ fix) =f'(x) gesolvet.

|
Bernd was wrong, because

there are 2 x°s in the solution
of solve(f(x) = g(x), x)

...beause you can see linear
increase in Data & Statistics

First, you have to create a table,
then you enter the values. Finally
you have to label the columns.
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Aims and Structure

1) Between norms and facts: What students should document and what they actually write!
2) Describing written language with categories

3) 3 empirical phenomena

4) Conclusion
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Phenomenon 1

Describing my actions — but how?
The Role of naturalistic describing varieties

First, you have to create a table, then you enter the values.
Finally you have to label the columns. (technical language : action)

- ,Naturalistic* vocabulary: create, enter, label

- Referring to the representation: table, value, column

‘ Useful for memorizing one’s (technical) actions

Draw the graph and determine the intersection points!

(technical language : action) case 2

- Mathematical vocabulary: draw, determine

- Referring to the mathematical concepts: graph, intersection point

- Useful for documenting each mathematical step 1
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Phenomenon 1 I

Describing my actions — but how?
The Role of naturalistic describing varieties

First, you have to create a table, then you enter the values.
Finally you have to label the columns.

(technical language : action)

Situation for applying such a description:

Exploration - memorizing each (technical) step of action

Important for the learning process

Draw the graph and determine the intersection points!

(technical language : action)

Situation for applying such a description:
Test — describing each (mathematical) step of action

Important for testing-situations
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Phenomenon 2 I

The secret authority of concepts 1 intersection
Two cases of documentations of math. content | POINt?

Type in the function in Graphs, if necessary change the window-adjustments and
read off the points.

(system : action)

Documentation: referring to the system / menu of the CAS

Change the scale of the representation. (technical language : action)

Documentation: referring to the mathematical object / content

10
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Phenomenon 2 I T ——
The secret authority of concepts 1 intersection e
Two cases of documentations of math. content point? /
.
window-adjustments ‘ ‘ scale of the representation. ‘

- tool" register

mathematical register
- action refers to the system

(menu) of the CAS

- missing references to

action refers to a mathematical

context

no references to the technical

mathematical concepts / ideas

actions
Descriptions of math. content... Important for
1) with reference to the tool itself (system, menu, software...) | ...the learning process
2) with reference to the mathematical context ...testing situations 2
technische universitat
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Phenomenon 3 I
Task:
The more the better? How did you do
In between different lexical categories the exponential
regression?

Tech. Language:action
At first, | have generated a table, then | have entered the values and labeled the columns.

buttons:action
Then you press ,doc”.
Then you press ,menu”.
you press ,enter*

(3) (%) [Lmen, o oo, wrind aine SNl ey, enm
perclin ol Cde B 20 V'{r‘jﬁ/&ﬁ‘a‘rw ek oo UETW madrgen
System:action [romeun/t arers.

—filin' — graph () ool mu@o/a 3 W%zﬁ” D WZMVWMQ i
—Graph J‘«/v&(]f b am ‘(IY'C’C‘/"UZ‘L Mw (oo j;/m (\3
—scaterpot (UL e S Gephaqobeld s Siruclieen 5,
‘ M)( yreun e e Ak j7/m%hg/gnﬂﬂ ot l/k #/UV"""M‘
oLWu Y 7
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Phenomenon 3

The more the better?
In between different lexical categories

3 lexical categories to describe math. activity

Tech. Language

Buttons - Important features of process-descriptions
- Need for conscious use of different lexical categories
System
Tech. language System | buttons _|
Exponential regression, Menu ->Graphs  ,menu”
because of typical shape  ->Scatterplot ->(3)
of scatterplot - (5)
- enter
Descriptions of math. actions... Important for
1) with reference to the tool (system, menu, software...) ...the learning process
2) with reference to the buttons ...the learning process
3) with reference to the mathematical context ...testing situations s
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Aims and Structure

1) Between norms and facts: What students should document and what they actually write!
2) Describing written language with categories

3) 3 empirical phenomena

4) Conclusion
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| Back to Kant — Summary and outlook |

Descriptive Layer

- Students use a lexical variety when working with CAS
- Descriptions of action (representation — content)
- Descriptions of content (tool register — math. register)

H . ! Identifying the
- Consciousness of lexical usage (3 categories) horms of
Interpretative Layer »conceptual reality”

- visible distinction for students between situations, where it is important that
1) the language refers to the tool (eg. procedures) (learning process) and
2) the language refers to the mathematical object (testing situations)

Normative Layer

- Need for criteria for the use of tool- and technical register

Approach normative
1) learning process (cumulative) 2) testing situations L

questions and

develop helping
means...
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Status quo Back to Kant — Normative framework for
using language

Comprehen- — -
siveness Linguistic complexity
— Level of formality
Level of reflexion
Use of

technical and

earning process
tool language 9p

Distinction of
use of lexical
modes

l 26 26
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