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Abstract

University recommendations on the use of calculators in examinations are becoming an increasingly widespread practice. Often, these recommendations are produced without reference to the implications for students with specific learning difficulties and there is currently little empirical evidence on this issue. At Loughborough University a small study was carried out to investigate the difficulties dyslexic students experience when using calculators. The study involved carrying out a set of trials. The trials focused on the length of time dyslexic students took when using a familiar and an unfamiliar calculator, and whether the extra time allocated for such students (usually 25%) was reasonable. The trials also focused on the accuracy of both groups students using a familiar and an unfamiliar calculator. The implications of this research for examinations involving mathematical and statistical calculations were also considered. The presentation outlines the rationale for the study and the results obtained as well as theses implications.
Introduction

Loughborough University has recently proposed restricting the range of calculators that can be used in official University examinations. The proposed approved list included:

· Casio FX83 series

· Casio FX85 series

· Sharp EL531 series

· Texas Instruments TI-30 series

Concerns raised regarding dyslexic students
One of the main difficulties that dyslexic students face is poor short-term memory. Such students will have problems remembering numerical facts, including simple additions and subtractions and times tables. They rely heavily on their calculators for this. Frequently dyslexic students who are good at Maths are unable to tell what 3 X 4 is. Therefore, a calculator is essential for these students. The difficulties in short-term memory also mean that students need time to familiarise themselves with a new calculator. The position of the buttons and functions they need vary from one calculator to another. Further difficulties with sequencing also mean that it is not automatic for dyslexic students to move their finger from, say, 2 to 3 in a direct sequence. Dyslexic students struggle to locate the required function, even on a familiar calculator. Such students need plenty of time to familiarise themselves with a new machine. A further difficulty seems to arise in symbol processing. Again, this is an area of difficulty for dyslexic students. Students have generally stated a preference for calculators with menus rather than many buttons, which they find confusing. This is particularly true for calculators that use 2nd or 3rd function style.

Some dyslexic students suffer from visual-perceptual difficulties. For these students, it is essential that their calculators have large buttons and a clear output. It is also important that students can read the small functions, often written above the button and in a different colour. 

An example may help to illustrate the point. Recently a dyslexic student lost the calculator he has used since his early school days. He has spent time looking for a replacement model since the particular model he used is no longer available. The idea of getting used to a new model has caused him quite a lot of anxiety and he has found the process time consuming. Recommendations about suitable calculators would clearly be of benefit in such a case.

Features Considered

When evaluating 2-line calculators, the position of buttons together with their size, shape and colour were considered. The position and range of functions were also taken into account as was the text, not only the colour but also the font and size. For the screen, the size, font, colour background colour and contrast were all considered important features.

Aims of Project

The project aimed to acquire and evaluate a wide range of commonly available calculators and to undertake research to assess the suitability of 2-line scientific calculators for students with additional needs. This consisted of a series of experiments in which students were observed and timed while undertaking a range of mathematical or statistical operations, using a 2-line scientific calculator, and their own familiar calculators. The performance of dyslexic and non-dyslexic students using the different calculators was compared. From the study recommendations for dyslexics about the features of 2-line scientific calculators would be made and an approved list for examinations drawn up.

Project Structure

The project was divided into four phases. Phase One consisted of the background research and an initial investigation that sought to collect information on 2-line calculators. The second phase was the pilot study in which dyslexic students evaluated some 2-line calculators. Phase Three comprised the main research trials in which an unfamiliar provided calculator was comparing with students’ own familiar calculator, both in terms of time taken and score obtained. The fourth and final phase involved close observations of three dyslexic students using two unfamiliar calculators.

Phase One - Background Research

A detailed search was made for other relevant research in the field of calculators and dyslexia. There is very little available in this field, and the research that has been undertaken (Thimbleby (1997), Macintyre (2001), Kutzler (1999), Wurnig (1999)) does not relate specifically to dyslexia or to 2-line calculators. The Open University has also produced a booklet (Van der Molen, date unknown) that introduces students to scientific calculators. The booklet contains a series of familiarisation exercises. 

Johnson (2003) conducted a small-scale survey of 5 college students using a TI 36, a one-line scientific calculator. He focused on the usability of the calculator. Students commented on the poor button location, button symbols and small lettering. One student noted the dark labelling. This limited study is the only research found that addresses the issues of usability, but does not consider the needs of the dyslexic student.

Phase One – Evaluation
Methodology

Four 2-line scientific calculators were selected from the initial evaluations. Eleven dyslexic students were then asked to evaluate these (Casio FX 85, Sharp VH, Sharp WB-WH and the Texet Albert 3). The students were from a wide range of the Universities courses, but all used a scientific calculator on a regular basis. The four calculators were placed in front of the student in a random order and they were each asked, “if you were in a shop and these 4 calculator were all the same price, which would you prefer to buy and why?” Their ratings and comments were recorded on an evaluation sheet.

Results

Of the eleven students who participated in the evaluation, eight gave the Casio FX85 as their preferred choice. Two students preferred the Sharp 531VH and one student selected the Texet. The Sharp 531WB-WH was not chosen by any of the students. Ten of the eleven students cited the background colour as being the most important feature. Calculator familiarity was also considered to be important with 8 students selecting this feature. Other factors that were considered important were button size, background contrast and power source.

Comments that related to the Casio FX85 often focused on the general appearance, such as “standard looking”, “looks efficient” or “looks familiar”. More specific comments were, “good dark background”, “lettering better”, and “better shape and size”. Other comments on the Casio model related to the power source, ease of control and the clear shift functions. One student commented on the respected brand name and another said that she had recently purchased this calculator “because it was in the Argos catalogue.”

Sharp VH elicited comments such as “user friendly”, “looks clear” and “softer buttons”. The poor visual quality was sited by some students who felt the orange shift functions were difficult for dyslexic students to read. Some also experienced glare from the grey background and some found the white numbers on grey buttons difficult. However, one student said that it was easy to find your way round the calculator.

The Sharp WB-WH, although not selected as the preferred choice, did receive a number of comments. These seemed to focus on the visual aspects, and included “ looks cluttered, too fussy”, “too many different visuals” and “too many 2nd functions”. Again the green and orange lettering was difficult for some students. The appearance put some students off, they felt it was a more specialised calculator or more mathematical and one student commented that it was “too scary”. However, the larger screen and larger font size were singled out as good features.

The Texet Albert 3 received a large number of comments. These divided into very positive and very negative. On the negative side, it was felt that it was too cramped and difficult to control with the buttons being too small and an odd shape. One student felt it was not mathematical looking, and another, that the brand name was unfamiliar. The lower part of the calculator was felt to be visually good with improved font, but the upper part poor. On the positive side, the small size and lightweight were considered desirable and it was suggested that it would be a good hand size and easy to carry. The screen was found to be of a more yellow appearance and some students preferred this. But others felt it afforded poor contrast. The screen text appeared “too dotty” for some, but again, others preferred this. Of particular interest was the blue background, which was felt to help student with visual perceptual difficulties, however the transparent nature of the background did detract from this. One student commented “it is blue, like my overlay, so I get less problems with the glare”.
Taking into account the results from the evaluation, it was decided to choose the Casio FX85 as the calculator to be used for the main investigation. This was because it had been selected as the preferred choice of the majority of dyslexic students in the evaluation, and had received almost no adverse comments.

Phase Two - Pilot Study

Two very similar tasks were developed. They were identical in terms of the calculator operations needed and the functions employed. Each of the two tests used a range of different functions that first year engineering students would be familiar with and expected to utilise, e.g. standard form, factorials, logs, radians and trigonometric functions. Both tests consisted of 22 items and were designed to take approximately 15 minutes each. The tests contained no words, so that reading and comprehension were not issues. Enough space was provided for working out. 

In addition to the two tests, a familiarisation exercise was developed. The purpose of this was to give students an opportunity to become more familiar with the provided Casio FX85. It is unlikely that a student would sit an examination with a calculator with which they had no experience or insufficient time to familiarise themselves with. The familiarisation exercise that was developed, mirrored the contents of the tests themselves in terms of the functions employed, but it was shorter in length consisting of 12 items. Since the purpose of this exercise was to allow students to familiarise themselves with the Casio FX85 calculators, it was felt desirable to provide the answers to the questions, so that students could check they had obtained the correct answer and thereby confirm that the sequence of operations used was correct for this particular calculator. No time limit was set for this familiarisation exercise.

A small-scale pilot study was undertaken to assess the suitability of the test questions, the test length, the proposed methodology and to allow an estimate of the desired sample size for the main research to follow.

Methodology

Each participant was required to complete one test using their own calculator and the other test using a provided calculator (Casio FX85). The order in which the calculators were to be used was alternated between participants. They were also asked to time how long it took them to complete each test. Immediately prior to undertaking the test with the provided calculator, participants were asked to complete the familiarisation exercise. The order of the tasks to be completed was randomised and participants were instructed in which order they were required to do the tasks. Two models P and Q were used, as shown in figures 1 and 2.
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Figure 1: Model P
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Figure 2: Model Q

Phase Three - Main Research

Sampling

All first year engineering students were invited to participate in this research, particularly dyslexic students. However, students who normally use a Casio FX82, 83 or 85 were excluded. This was due to the fact that the Casio FX85 was to be used in the trials as the unfamiliar calculator, and these three models are very similar. Groups of students who responded then undertook the trials at convenient times over a period of three weeks. The methodology was similar to that employed in the pilot phase with students being randomly assigned to Model P or Model Q. This applied to both the dyslexic and the non-dyslexic groups. Small changes were necessitated for this phase. Both tests and the familiarisation exercise were printed on coloured paper to aid those students who experience visual perceptual difficulties. Students were provided with a stopwatch and were seated in an examination-style format – one student per table. Students were alternately given Model P or Model Q to complete. They timed the tests and noted these times on the test sheets. Standard instructions had been drawn up and these were given to all groups of participating students.
Results: Time

The analysis of the data was divided into 2 sections, these focused on the time taken and the score obtained. Since the data were skewed, medians were considered rather than means and Mann-Whitney U-tests were used to compare dyslexics to non-dyslexics based on times that were adjusted for the learning effect and calculator effect.

From the raw data, the median time difference of non-dyslexic and dyslexic students who used the familiar calculator first (model P) were evaluated, where 

Time difference = time for unfamiliar calculator – time for familiar calculator

Table 1 shows these median time differences.

	Group
	Time difference

	Non-dyslexic
	-153 seconds

	Dyslexic
	-59.5 seconds


Table 1: Familiar calculator used first

For both groups, the times for the unfamiliar calculator were less than the times for the familiar calculator. Since these students used the familiar calculator first, and the tests are very similar, this would imply that a learning effect may have occurred and their speeds increased as they progressed through the experiment. This learning effect is slightly greater for non-dyslexic students but not statistically significant.

Table 2 shows the median time difference of non-dyslexic and dyslexic students who used the unfamiliar calculator first (model Q).

Time difference = time for unfamiliar calculator – time for familiar calculator

	Group
	Time difference

	Non-dyslexic
	161.5 seconds

	Dyslexic
	-24 seconds


Table 2: Unfamiliar calculator used first

On average, the non-dyslexic group took longer with the unfamiliar calculator. However, since this group used the unfamiliar calculator first, this difference may have been due to the learning effect mentioned above, but the data suggest that no learning effect seems to have occurred for the dyslexic group who appeared quicker with the unfamiliar calculator. However, it must be emphasised at this stage that none of the observed differences between dyslexics and non-dyslexics were statistically significant.

With reference to the familiarisation exercise that was taken immediately prior to the unfamiliar calculator test, it appears to have enabled the dyslexic students to perform quickly with the unfamiliar calculator. On reverting to their familiar calculator their times slowed. The familiarisation exercise appears to have a “priming effect” and when they return to their familiar calculator it is as if they had never used it before. However, as before this difference was not significant (p=0.5).

Thus, it is necessary to try to separate the learning effect from the influence of the calculator. A measure of the learning effect is taken to be the average of the median time differences between tests. This equates to 157 seconds for non-dyslexics and 18 seconds for dyslexics and is now independent of the calculator used. This suggests a possibly greater learning effect for non-dyslexic students although, as mentioned above, this difference was not significant (p=0.1).

The time differences were then adjusted to take into account this “learning effect”, and this resulted in a “calculator effect” score of 4 seconds for non-dyslexics and –42 seconds for dyslexics. These “calculator effect” times show that, when using an unfamiliar calculator, non-dyslexics take approximately 4 seconds longer but dyslexics take approximately 42 seconds less as illustrated in figure 3.
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Figure 3: Box plot to show time difference (adjusted for learning effect)

Results: Scores

A similar analysis was then applied to the scores. Score difference was calculated as:

Score difference = score for unfamiliar calculator – score for familiar calculator

For model P, both dyslexics and non-dyslexics showed scores differences of +1 mark. Since these students used the familiar calculator first, and the tests are very similar, this would again imply a possible learning effect occurred and the scores slightly increased as they progressed through the experiment. For model Q, score differences were found to be +0.5 marks for non-dyslexics and –1 mark for dyslexics. For the non-dyslexic group, the score for the unfamiliar calculator was slightly greater than the score for the familiar calculator.

Observations from marking suggest that by the third of three very similar tests, students were becoming careless. However, the dyslexic group showed the opposite and scored slightly higher in the final test, supporting the presence of a learning effect for this group. At this stage, it is likely that automaticity has been achieved and the dyslexic student has become more accustomed to the test.

A measure of the learning effect was made in terms of score. As before, it is the mean of the score differences in both cases. This yielded a “learning effect” of 0.75 for non-dyslexics and 1 for dyslexics and is now independent of the calculator used. The differences in scores were then adjusted to take into account this “learning effect”, and this resulted in a “calculator effect” of 0.25 marks for non-dyslexics and 0 marks for dyslexics. These “calculator effect” scores are very small and were not statistically significant (p>0.5).

Phase 4

In the fourth phase of the project further more detailed observations of 3 dyslexic students were made. Each of the students undertook a short test, similar to those used previously, using a given, unfamiliar 2-line calculator. The student was observed closely throughout this and the results recorded on video. The calculator chosen for the trial was the Aurora SC582. This was chosen because it was unfamiliar to all participating students and it appears to be dyslexia-friendly in terms of the blue opaque background with black or grey keys and white lettering. 
The observations showed that the first student appeared fluent and seemed to have little difficulty adjusting to the unfamiliar calculator. The second student, however, appeared to have more difficulty adjusting to this calculator. This physics student needed to pause frequently in order to locate the correct button and his finger was noticeably hovering uncertainly over the keys. Having located the correct key, he was not able to subsequently return automatically to that key on other occasions. Although he is a visual learner, the position of the keys had not been stored in his working memory. His difficulty with sequencing also implied that he was not able to automatically locate the numerical digits and had to reprocess each digit. The third student, from maths, also had difficulty locating the correct keys to perform required operations. During the short trial, he became increasingly frustrated with his own inability to locate the functions he needed and this frustration built up, so that he became noticeably stressed. At times, this led to his inability to continue and he was forced to pause for perceptible intervals.
This was the first phase in which the Aurora calculator had been used. The 3 students provided useful feedback on this calculator, based on their immediate user experience. One of the main difficulties with the Aurora was the lack of colour coordination for the Shift and Alpha keys. The Shift key is coloured orange but the functions to which it maps are white. The Alpha key is white. It appears the Alpha key operates the Shift functions. In spite of this major flaw the visual appearance of the Aurora was pleasing to students, who commented on the blue background with highly contrasting keys. It was felt that this calculator should be on the recommended list in spite of the flaw and its limited availability.

Guidelines

Finally, from the results of the four phases of the project, guidelines were drawn up for dyslexic students when choosing a 2-line calculator (see table 3).

	Background colour
	Dark, opaque, not metallic or transparent. 

Blue = optimum colour.

	Background contrast
	Keys clearly visible against backgrounds.

	Button size and shape
	Large, regular

	Font type and colour
	Primary and secondary functions in large clear fonts. Avoid colours like orange

	Layout
	Uncluttered. Avoid too many second/third functions

	Screen
	Large, Good contrast between background and digits, smooth pixel display not reflective.

	Coloured screens
	If available (not red)

	Symbols
	familiar symbols e.g. ^ or yx


Table 3: Guidelines for dyslexic students choosing a 2-line calculator
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