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In 2002 examinations governed by policy approving student use of different CAS calculators were conducted in Australia for high-stakes assessment. These pilot CAS-permitted examinations are evaluated against three principles. The testing of rehearsed symbolic procedures and mathematical activity within numerical/graphical representations were still valued. For classrooms, these examinations encourage learning mainly within numerical/graphical representations with the symbolic representation encouraged to compensate for inadequate procedural skills. The constraining features of CAS exerted a significant effect on question design. Preliminary analysis suggests users of no one brand of CAS seemed significantly advantaged, although brand differences affected student success rates on some examination questions. Inequities between different CAS were offset largely by making a wide variety of solution methods available. Future work on examination assessment must focus on widening the bandwidth of mathematical knowledge assessed and improving the testing of symbolic reasoning.

Role of Mathematics Examinations

Examinations play an important role in any mathematics education system. Assessment of mathematical knowledge in examinations reflects the mathematical content and processes considered important for students to know and perform, operationalises curricular goals and should aim to enhance classroom teaching and learning. Examinations should provide opportunities for all students to communicate mathematical reasoning and connections between mathematical ideas and representations. Examinations must be governed by policy minimising possible inequities and allow valid inferences of student learning to be made. These important principles are manifested through the examination questions set, the mathematical abilities and skills assessed, the manner by which student solutions are judged and the technology permitted.

Examination systems deciding to allow CAS use in their examinations need to consider carefully the design of their assessment in view of the technology permitted. This paper evaluates on a preliminary basis, the influence of CAS on the first CAS-permitted assessment of students’ mathematical knowledge in Victoria, Australia. Final year secondary students, as part of a pilot program, sat two CAS-permitted mathematics examinations which approved use of three different CAS calculators. An evaluation of these CAS-permitted examinations and examination questions is reported here from the perspective of the mathematical knowledge assessed, the implications for school mathematical practice and the degree to which equity was achieved for different CAS users.

Current CAS-Permitted Examination Issues

The adoption of policy by some examination systems to allow CAS use in their examinations has provoked much debate about what mathematical knowledge can be tested. Despite different systems adopting a variety of technology policies, at the core of the debate is the future suitability of traditional examination questions that have aimed to test symbolic manipulative skills and procedures. The symbolic capabilities of CAS can affect these examinations quite significantly. For example, CAS can cause examination questions to lose suitability by ‘gobbling’ all intermediate steps (Flynn & Asp, 2002), create shifts in mathematical knowledge assessed (Kokol-Voljc, 2000) or create difficulties in setting fair questions that test symbolic reasoning and connections (Flynn & Asp, 2002). Such technical and epistemological difficulties were foreshadowed by Monaghan (2000) who concluded that it is generally harder to set examination questions that encourage CAS use compared to setting examination questions that bypass or exclude CAS. Cognisant that changes to examination assessment must occur, Stacey (2002) argues that assessing mathematical knowledge primarily through calculation with CAS is ultimately untenable. Permitting CAS use in examinations calls for a shift away from testing routine procedures towards testing formulation and interpretation of mathematical models. It must be recognised however that a reduction in testing routine procedures could increase the level of difficulty because fewer ‘easy’ marks would be available to candidates across a wide range of aptitudes (Berry, Johnson, Maull & Monaghan, 1999).

One interesting effect CAS has on mathematical activity is its potential to widen the number of possible solution methods available. This ‘explosion of methods’ (Artigue, 2002) is a function of CAS’s numerical, graphical and symbolic representations and the various capabilities within these representations. In terms of examination assessment, Flynn & McCrae (2001) discussed the possibility of setting examination questions that could be answered by numerical or graphical techniques and not advantage a CAS user over a graphics calculator user. The issues mentioned above challenge the creativity of examiners to construct fair examination questions that test valued mathematical knowledge with CAS and enhance learning back in classrooms.

Research Setting

In Victoria, The University of Melbourne in conjunction with the Victorian Curriculum and Assessment Authority (VCAA) has conducted a research project investigating the changes that regular access to CAS might have on senior secondary mathematics, including formal assessment (HREF1). Integral to the project were students from three pilot schools studying a newly accredited CAS-permitted subject, Mathematical Methods (CAS). Mathematical Methods (CAS) involves the study of functions, calculus, algebra and probability distributions (discrete and continuous) and is conducted in parallel to an existing graphics calculator-permitted subject, Mathematical Methods. Both subjects are reasonably similar in mathematical content with Mathematical Methods (CAS) offering increased opportunities for general analysis of a wider range of mathematical functions and applications.

Each school in the pilot program was allocated a different brand of CAS for their students to use and at the completion of their study, 78 students sat two CAS-permitted examinations as part of their final school assessment (required for university entrance). The three brands of CAS permitted in the examinations were the TI-89, CASIO FX 2.0 and HP 40G. Students studying Mathematical Methods (CAS) sit two written examinations. Examination 1 is a Facts, Skills and Applications task consisting of 27 multiple choice questions each worth 1 mark and short answer questions worth a total of 23 marks (50 marks in total). This examination assesses knowledge of rehearsed procedures, mathematical facts and definitions. Examination 2 is an Analysis task consisting of four multi-part questions (55 marks in total) of generally increasing complexity. This examination assesses mathematical knowledge, skills and reasoning either in modelling contexts or short pure mathematical investigations. Further content and administrative details can be accessed from the Victorian Curriculum and Assessment Authority (VCAA) website (HREF2).

Examination Assessment Principles (EAP) Framework

The Mathematical Sciences Education Board (MSEB, 1993) outlined a conceptual guide for assessment based on three assessment principles by which the quality of a mathematics assessment could be evaluated. These principles related to content, learning and equity. The structure outlined by the Mathematical Sciences and Education Board is used as a basis to develop an Examination Assessment Principles (EAP) Framework by which CAS-permitted examinations and examination questions can be judged. The three assessment principles that make up the EAP framework are outlined below.

Mathematics Examination Assessment Principle

Examination systems adopting policy allowing CAS use in their examinations do so to enhance the assessment of mathematical content and processes in some way. The Mathematics Examination Assessment Principle (called the content principle by the MSEB) states that ‘assessment should reflect the mathematics that is most important to learn’ (MSEB, 1993 p41). Applying the Mathematics EAP to evaluate CAS-permitted examinations and examination questions involves asking the following key questions (adapted from MSEB, 1993 p118):

· What is the mathematical content of the assessment?

· What mathematical processes are involved in responding to the assessment?

Application of the Mathematics EAP to an examination or examination question requires judging how well it reflects the mathematics considered important for students to know and perform. Key aspects to this principle are the mathematical content and processes such as reasoning, connection of mathematical ideas across different areas of mathematics, communication and problem solving. This principle is used to evaluate the effects of CAS on the mathematical content and processes assessed. One important criterion is the bandwidth of mathematical skills and abilities assessed; i.e. whether there is assessment of a wide range of processes from routine procedures through standard applications to creative problem solving and modelling.

Learning Examination Assessment Principle

Permitted technology policies, examination structure and the examination questions set are three conduits by which examinations send powerful messages to teachers and students as to what classroom practices are valuable. The Learning Examination Assessment Principle states that ‘assessment should enhance mathematics learning and support good instructional practice’ (MSEB, 1993 p67). Applying the Learning EAP to evaluate CAS-permitted examinations and examination questions involves asking the following key questions (MSEB, 1993 p125):

· How are enhanced learning and good instruction supported by the assessment?

· What are the social and educational consequences of the assessment?

The Learning EAP can be employed to evaluate how CAS-permitted examinations and examination questions enhance and support good learning and teaching practice. It must be recognised that messages that influence learning and teaching are sent through the level of the system and the questions set. For example, an examination containing a large proportion of questions for which technology is useless does not encourage teachers and students to use the technology often in the classroom.

Equity Examination Assessment Principle

It is imperative that examination assessment be constructed fairly and that valid inferences about student learning can be made. The Equity Examination Assessment Principle states that ‘assessment should support every student’s opportunity to learn important mathematics’ (MSEB, 1993 p91). The equity principle consists of many dimensions (eg cultural/gender bias) that could be analysed. Applying the Equity EAP to evaluate CAS-permitted examinations and examination questions involves asking the following key questions (adapted from MSEB, 1993 p129):

· Does the assessment favour one group over others for reasons irrelevant to what it is intended to measure?

· How justifiable are comparisons with a standard or with the performance of others?

· Is the assessment accessible to all students?

The Equity EAP can be employed to evaluate how CAS-permitted examinations and examination questions can be set fairly for students using different brands of CAS and whether valid inferences about student learning can be made. One of the most important questions facing future CAS-permitted examination assessment in this examination system is how assessment can be conducted fairly if students use different machines. This question becomes more complex in Victoria, where from 2003 onwards, CAS calculators and computer-based CAS will be permitted. When setting questions, examination panels must take into account possible differences in capabilities, outputs and machine settings between each approved CAS. The equity principle can be employed to evaluate how CAS-permitted examinations and examination questions can enable users of different CAS to exhibit what they know and be able to do. Key questions that can be asked are to what sources can differences in performance be attributed and how have the effects of brand been minimised throughout an examination?
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Figure 1: Examination Assessment Principles (EAP) Framework

Figure 1 illustrates the structural relationship between these three principles and assessment design. It illustrates the necessity of an assessment design (in this case examinations and examination questions) to uphold or support these important examination assessment principles.  My work is demonstrating the detailed nature of the technical work that is required of assessors if assessments are to meet the principles set. The EAP Framework provides three principles against which to analyse the effects of CAS on examination and examination question design.

Applying the Principles at the Examination Level

The 2002 examinations as described above have been analysed from a number of perspectives. This paper offers a brief analysis from the perspectives of the Mathematics and Learning EAPs, and then goes on to examine the Equity EAP in more detail. The first analysis was to determine to what degree students could use the symbolic capabilities of CAS in the two examinations. Note that the symbolic capability is of most interest here because this is the new feature in our examination setting. This was measured using a classification scheme that categorised examination questions as either “CAS excluded” (CE), “CAS no impact” (CN) or “CAS impact” (CI). “CAS excluded” examination questions are those that cannot be answered with the numerical/graphical/symbolic capabilities of CAS. “CAS impact” is defined to mean that a user of a CAS possessing numerical, graphical and symbolic capabilities would have an advantage over a graphics calculator user, who has numerical/graphical capabilities only. In making a judgement about this advantage, the examination question classified as “CAS impact” must be one where a CAS user would have access to a more efficient strategy than a graphics calculator user and not just one where CAS may broaden the number of solution methods. Examination questions that can be answered most efficiently in either the numerical or graphical representations were classified as “CAS no impact” even if CAS provided alternative methods of solution. Table 1 below illustrates the results of this classification.

Table 1

Impact of CAS on 2002 VCAA Mathematical Methods (CAS) Examination Questions

Question Type
CAS Excluded (CE)
CAS No Impact (CN)
CAS Impact (CI)

Percentage of Marks
12.4
56.2
31.4

Examination questions worth 13 marks (12.4%) were classified as “CAS excluded”. CAS excluded (CE) examination questions typically tested knowledge of features and properties of unspecified mathematical functions such as identifying the graph of f(-x) given the graph of a function with an unspecified rule for f(x). Interestingly, examination questions worth 59 marks (56.2%) of the total available marks were classified as “CAS no impact” (CN). For a large proportion of these examination questions, CAS broadened the range of solution methods but, for this classification system, this was not considered to have offered an advantage. Figure 2 below illustrates an examination question of this type, which was also set in the parallel Mathematical Methods examination (graphics calculator-permitted).

On a particular day, the temperature y, in degrees Celsius, can be modelled by the function whose rule is 
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 where t is the time in hours after midnight. The maximum temperature for this particular day occurs at

A.  3.00 pm

B.  6.00 am

C.  12.00 noon

D.  6.00 pm

E.  12.00 midnight

Figure 2: VCAA 2002 Mathematical Methods (CAS) Examination 1, Part I, Question 3.

Possible solution methods include:

· Locating when the maximum temperature occurs from the graph of the function;

· Solving 
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 using either the symbolic capabilities of CAS or by-hand;

· Solving dy/dt = 0 for t using either the symbolic capabilities of CAS or by-hand;

· Using fmax (a capability of one CAS brand) in the symbolic representation.

The large proportion of “CAS no impact” examination questions indicates that these examination panels considered assessing mathematical knowledge in the numerical/graphical representations to be important. It seems also that a broadening of the range of available solution methods is an interesting response to the introduction of CAS into this examination system. Examination questions worth approximately 31% of the total marks were classified as “CAS impact”. A significant proportion of these examination questions assessed rehearsed procedures such as factoring or differentiation. Figure 3 below illustrates examination questions of this type.

The linear factors of x4 + x3 – 3x2 - 3x over R are

A.  x, x + 1, x2 - 3

B.  x, x + 1, x + 
[image: image4.wmf]3

, x - 
[image: image5.wmf]3


C.  x, x + 1

D.  x + 1, x + 
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E.  x + 1, x3 - 3x
If 
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, then dy/dx is equal to

A.  2 tan(2x)

B.  -2 tan(2x)

C.  1/cos(2x)

D.  -1/(2 sin(2x))

E.  -2 sin(2x)

Figure 3: VCAA 2002 Mathematical Methods (CAS) Examination 1, Part I, Questions 9 and 14.

These examination questions indicate that testing rehearsed procedures are still considered important. Another interesting feature of these examination questions is that they were generally within the by-hand algebraic skills of most students and hence many students might have completed them most efficiently without CAS. With CAS, examination questions such as are illustrated in figure 3 generally test recognition of the required CAS capability, correct entry of expression and correct use of syntax. This illustrates how CAS can shift the nature of what an examination question is testing (Kokol-Voljc, 2000). On balance, it appears that in 2002, the introduction of CAS did not increase the bandwidth of mathematical abilities and skills assessed over what is tested currently in the parallel Mathematical Methods subject. The Mathematical Methods (CAS) and Mathematical Methods examinations assessed a similar range of processes from routine procedures through standard applications to some mathematical analysis requiring predominantly numerical/graphical techniques. In 2002, there were no examination questions that assessed whether students could use the symbolic capabilities of CAS (eg algebraic transformations) to reason symbolically other than in situations testing rehearsed procedures and standard applications. This may change in the future as these examinations are in their developmental infancy with regards to assessing mathematical knowledge with CAS.

The above brief analysis suggests that there are a number of important overall messages related to the mathematics principle and the learning principle, including the dominance of the numerical/graphical representations and the usefulness of by-hand calculation. The wider range of possible solution methods available to a CAS user has implications for what solution methods a teacher will privilege in their classroom instruction (Stacey, Kendal & Pierce, 2002). This privileging of solution methods can occur at the by-hand/by-CAS level or within CAS itself. Perhaps the main message sent back to classrooms by these pilot CAS examinations is that the symbolic representation is used to compensate for inadequate procedural skills, rather than to amplify students mathematical problem solving into a new range of examination question types.

Equity for Users of Different CAS

Analysis of equity could be analysed from several different dimensions (eg gender/cultural bias). In these pilot CAS-permitted examinations, students were permitted to use different brands of CAS calculators. The equity issue examined here is whether students may have been advantaged by using a particular brand of CAS (so called brand advantage) at the level of the examination as a whole or at the level of individual questions. A brand neutral assessment situation (examination or examination question) is an assessment situation where the use of no one brand, model or type of CAS gives an overall advantage over other CAS brands. Brand differences can occur at the level of architecture (eg linking of representations, commands, menus and keys), syntax (eg degree of strictness, nature of feedback and instructional command names), capabilities (eg operations and transformations) or outputs (eg privileged forms and possible inconsistencies). Differences can often be observed between different CAS brands when autosimplifying mathematical expressions. Autosimplification can be both a beneficial and constraining capability to a CAS user and its range of effects on traditional examination questions have been noted previously (Flynn & Asp, 2002).

To analyse what effect the brand of CAS may have had on student success rates at the examination and examination question levels, a two-way classification was devised to categorise examination questions according to CAS impact and brand impact. Incorporating the classification scheme used previously to analyse the role of CAS in these examinations (CE, CN or CI), examination questions are now further classified as “brand impact” (BI) or “brand no impact” (BN). “Brand impact” (BI) is defined here to mean that a user of a particular brand of CAS would have an advantage over users of other CAS brands. For examination questions considered as “brand impact” (BI), brand influences the manner in which the examination question is answered.

Consequently, examination questions were classified as either “CAS excluded” (CE), “CAS no impact/brand no impact” (CNBN), “CAS impact/brand no impact” (CIBN), “CAS no impact/brand impact” (CNBI) or “CAS impact/brand impact” (CIBI). The average score for students using each brand and the overall average student score were then calculated for each category of examination question. Table 2 illustrates the results of this classification with the three CAS brands randomly assigned a label to protect their identity (B1, B2 and B3).

Table 2

Average Student Score by Examination Question Type for Different CAS Brands

CAS Brand
Average Student Score by Classified Examination Question Type


CAS Excluded (CE)
CAS No Impact Brand No Impact

(CNBN)
CAS Impact Brand No Impact

(CIBN)
CAS No Impact

Brand Impact

(CNBI)
CAS Impact

Brand Impact

(CIBI)

B1
9.1 (70.3%)
34.1 (60.9%)
9.6 (68.5%)
2.8 (94.4%)
12.8 (67.5%)

B2
7.3 (55.9%)
28.4 (50.7%)
7.2 (51.6%)
1.2 (41.0%)
  9.4 (49.6%)

B3
7.3 (56.0%)
30.9 (55.1%)
8.5 (60.6%)
2.0 (67.1%)
11.8 (62.1%)

Overall
8.0 (61.5%)
31.7 (56.6%)
8.7 (62.1%)
2.2 (73.2%)
11.8 (62.1%)

Marks
13
56
14
3
19

The lowest overall average score and generally lowest average score by brand were for examination questions classified as CNBN. These were examination questions deemed to be where brand has no effect and where CAS might only broaden the number of solution methods while not providing an advantage (see figure 2 for example). An interesting future research question is to determine whether broadening the number of possible solution methods increases student success rates. The reader may be puzzled why the category CNBI exists, where CAS has no impact, but brand has an impact. This is due to CAS impact being judged against a standard graphics calculator. The two question parts classified as CNBI were classified as brand impact in the graphical representation. Finding the point of intersection of two graphs was far easier with CAS brand B1 compared to the other two CAS brands which required more demanding use of viewing window features. Figure 4 below illustrates the consistent trend of student success rates for different CAS brands (B1>B3>B2) across each classified examination question type. It shows that there were differences between the users of each brand (who came from different schools in the pilot study) and that these differences are similarly evident for each question type.
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Figure 4: 2002 Mathematical Methods (CAS) Examination Analysis by Brand

To further analyse whether brand had any effect at the examination level, average student scores for examination questions classified previously as CE and CNBN were aggregated (to indicate underlying student performance without CAS differences) as were average student scores for examination questions classified previously as CNBI and CIBI (to indicate differences that may be attributable to brand). For each brand, the average student score for CE and CNBN examination questions were scaled up to give a CE + CNBN (scaled) average student score such that B1=B2=B3. Accordingly for each brand, the average student score for CNBI and CIBI (brand impact) examination questions were scaled using the scaling formula 
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. These scaled average scores were used to determine whether a brand difference appears at the level of the examination. Note that examination questions classified as CIBN were omitted from this section of the analysis, so that unpredicted brand differences did not affect the base score. The scaled results for each brand are shown in Table 3 below.

Table 3

Aggregated Average Student Scores for Brand Impact Examination Questions

CAS Brand
Aggregated Average Student Score by Examination Question Type


CE + CNBN

(69 Marks)
CE + CNBN

(Scaled)
CNBI + CIBI

(22 Marks)
CNBI + CIBI

(scaled)

B1
43.2
43.2
15.7
15.7

B2
35.7
43.2
10.7
12.9

B3
38.1
43.2
13.8
15.7

The results indicate that at the examination level, the effect of brand is relatively small with students using CAS brands B1 and B3 (scaled average student scores of 15.7) performing slightly better than students using CAS brand B2 (scaled average student score of 12.9) on the questions with brand impact, relative to those without it.

Applying the Equity Principle to Examination Questions

In this section, the equity principle will be used to evaluate the effect of different CAS brands on individual questions and their design. Examination questions classified as CIBI and CNBI were then analysed to see if brand differences affected student success rates at the level of individual examination questions. The first part of the analysis involved making predictions about the order of brand advantage for the three CAS brands from most advantaged to least advantaged. These predictions were informed by the author’s knowledge and experience with the three CAS brands and the aspects of CAS that could lead to brand differences (architecture, syntax, capabilities or outputs. For example, consider the multiple choice question illustrated in figure 3 that assesses whether students can identify the linear factors of a quartic polynomial over R. This examination question was deemed to be impacted by brand because one CAS brand factored over R directly, a second CAS brand offered factoring menus over both Q and R requiring students to recognise and select the correct capability while the third CAS brand provided a different factorisation with a change in syntax.

To determine the effect of brand the average student score for the examination questions was scaled against examination questions classified as CE and CNBN as above. For each prediction, a simple rating scheme was used to evaluate the success of the prediction. Two points were awarded for a correctly predicted advantage and order for each examination question. Table 4 illustrates the results of this analysis. Note that MCQ represents a multiple choice question and SA represents a short answer question.

Table 4

Effect of Brand on Brand Impact Examination Questions

Question
Category
Prediction
Reason
Average
Student Score
Scaled Average Student Score
Advantage

(Rating)





B1
B2
B3
B1
B2
B3


Examination 1

MCQ 2
CIBI
B3 > (B2=B1)
Capability
0.63
0.54
0.71
0.63
0.66
0.80
B3     (2)

MCQ 9
CIBI
B2 > (B3=B1)
Capability

Syntax
0.70
0.85
0.63
0.70
1.04
0.72
B2     (2)

MCQ 14
CIBI
B3 > (B1=B2)
Output
0.97
0.85
0.94
0.97
1.04
1.06
None (1)

SA 4(c)
CIBI
B1 > B3 > B2
Capability

Architecture
1.40
1.04
0.94
1.40
1.27
1.06
B1     (1)

SA 5(a)
CIBI
B3 > B2 > B1
Capability
0.33
0.19
0.36
0.33
0.23
0.41
B3     (1)

SA 6(a)
CIBI
B3 > (B2=B1)
Capability
1.50
0.54
1.46
1.50
0.66
1.65
B3     (1)

SA 6(c)
CIBI
(B1=B2) > B3
Capability
0.43
0.23
0.17
0.43
0.28
0.19
B1     (1)

Examination 2

1(a) (iii)
CIBI
(B3=B1) > B2
Mode
1.73
1.58
1.89
1.73
1.93
2.14
B3     (1)

1(b)
CIBI
B3 > (B1=B2)
Capability

Architecture
1.50
1.31
1.74
1.50
1.60
1.97
B3     (2)

3(a) (i)
CIBI
(B3=B2) > B1
Syntax

Output
0.87
0.62
0.84
0.87
0.76
0.95
B3     (0)

4(b)
CNBI
B1 > B3 > B2
Capability
0.90
0.15
0.49
0.90
0.18
0.55
B1     (2)

4(d)
CNBI
B1 > B3 > B2
Capability
1.93
1.08
1.53
1.93
1.32
1.73
B1     (2)

4(e) (i)
CIBI
(B3=B1) > B2
Architecture
2.00
1.39
1.69
2.00
1.70
1.91
B1     (2)

4(f)
CIBI
(B3=B1) > B2
Architecture
0.77
0.31
0.43
0.77
0.38
0.49
B1     (1)

Aggregated Scores
15.7
10.7
13.8
15.7
12.9
15.7


The table of results above demonstrate that knowledge of the various CAS calculators differing capabilities has been successfully used to predict (relative) differences in student performance. Of the fourteen questions where differences were predicted, the order of advantage has been successfully predicted for six, and the most advantaged brand has been predicted for seven. One prediction was unsuccessful. On this preliminary analysis, CAS brands B1 and B3 seemed to have the greatest advantage on many individual questions, although this does not necessarily translate into an overall advantage. This result requires further analysis to understand the overall impact and to consider the implications of this for examination policy. To complete an evaluation of this prediction success, examination questions which were predicted to be not affected by brand but impacted by CAS were also subjected to the same procedure. Table 5 shows the results.

Table 5

Effect of Brand on Brand No Impact Examination Questions

Question
Category
Prediction
Average
Student Score
Scaled Average Student Score
Advantage




B1
B2
B3
B1
B2
B3


Examination 1

MCQ 10
CIBN
B1=B2=B3
0.67
0.69
0.60
0.67
0.84
0.68
B2 > (B3 
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 B1)

MCQ 15
CIBN
B1=B2=B3
0.63
0.39
0.63
0.63
0.47
0.71
(B3 
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 B1) > B2

MCQ 19
CIBN
B1=B2=B3
0.87
0.69
0.91
0.87
0.84
1.03
B3 > (B1 
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 B2)

MCQ 20
CIBN
B1=B2=B3
0.97
0.77
0.89
0.97
0.93
1.01
B3 
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 B1 
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 B2

MCQ 25
CIBN
B1=B2=B3
0.53
0.15
0.37
0.53
0.18
0.42
B1 > B3 > B2

SA 1(a)
CIBN
B1=B2=B3
0.97
1.39
1.06
0.97
1.68
1.20
B2 > B3 > B1

SA 4(a)
CIBN
B1=B2=B3
1.63
1.54
1.50
1.63
1.87
1.70
B3 > (B1 
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 B2)

Examination 2

1(c) (i)
CIBN
B1=B2=B3
0.97
0.15
0.67
0.97
0.22
0.76
B1 > B3 > B2

1(c) (ii)
CIBN
B1=B2=B3
0.35
0.31
0.06
0.35
0.38
0.07
(B1 
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 B2) > B3

3(a) (ii)
CIBN
B1=B2=B3
2.00
1.15
1.80
2.00
1.39
2.04
(B3 
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 B1) > B2

Aggregated Scores
9.58
7.23
8.48
9.58
8.76
9.61


Comparison of the aggregated scaled average scores from both tables suggests that brand did have an influence at the level of the examination question. For examination questions classified as brand impact (CNBI and CIBI) and brand no impact (CIBN), users of CAS brand B2 performed slightly better on CIBN examination questions compared to CNBI and CIBI examination questions and relative to CAS brands B1 and B3. For these classifications, CAS brands B1 and B3 were very similar. For some CIBN examination questions, there were substantial differences in scaled average student scores across the three brands. Further analysis of student examination scripts may be required to ascertain what factors attributed to these differences believed to be independent of brand.

The analysis of the effect of the different CAS brands on student success rates at the level of individual examination question illustrates that due attention must be paid to the Equity Examination Assessment Principle when different CAS brands may be used. Examination question design that is reasonably fair to users of different CAS brands requires considerable effort and thought because of the many factors potentially affecting equity. Examination questions should be set so that any intermediate steps should be reasonably comparable for different CAS brands and that there is not a significant bias towards CAS possessing particular capabilities that other CAS may not possess. Strategies that could be employed to achieve these are to set examination questions that are not heavily reliant on an answer to be specified in a particular form or privileging a capability. Another strategy as previously mentioned when discussing the Mathematics Examination Assessment Principle and the Learning Examination Assessment Principles are to set examination questions that are within current students’ by-hand capabilities or offer a wide variety of solution methods to offset the possibility of brand advantage. It is realistic that some brand difference will exist at the examination question level but it is very important that these brand differences are smoothed out over an examination.

Implications for Future CAS-Permitted Examinations

CAS-permitted examinations, like any mathematics assessment, should be evaluated against principles of mathematics, learning and equity. These assessment principles should be employed by examination panels to assist with making decisions affecting examination assessment. In this pilot examination, the mathematics which was valued continued to stress rehearsed symbolic procedures and mathematical activity within numerical/graphical representations. Future work must focus on widening the bandwidth of mathematical knowledge assessed and improving the testing of symbolic reasoning. For the learning principle, these examinations encourage classroom activities still within a narrow bandwidth and with CAS use to compensate for inadequate procedural skills, within an overall emphasis of carrying out procedures by hand. Future work must focus on widening the bandwidth of mathematical knowledge assessed and improving the testing of symbolic reasoning.

The need to make an equitable examination exerted a significant effect on examination question design. Overall, there was no strong evidence that users of any one brand of CAS were advantaged, although brand differences affected the success rates on some examination questions. Inequities between different CAS were offset largely by making a wide variety of solution methods available. From the point of view of equity, current analysis indicates that the pilot examination with three brands of calculators appears to be successful. A clear understanding of the range of effects CAS may have on question design is required so examination panels can strategise accordingly to develop sound assessment that supports effective mathematics education. The influence of CAS will challenge our creativity to design examination questions that will demonstrate what mathematical values are held important.

Disclaimer

The views and analysis expressed in this paper are not necessarily shared by the Victorian Curriculum and Assessment Authority, the statutory government body that oversees curriculum and assessment of Mathematical Methods (CAS) in Victoria, Australia.
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