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The findings of the study reported in this paper are based on an
investigation into more effective methods of teaching and learning
statistics. This investigation was a part of a formal research project
funded by the Faculty of Business, University of Southern
Queendand.

The study was conducted by surveying year-12 students of ten High
Schools in and around Toowoomba in Queensland. Both public and
private schools were included in the study. The sample comprised
133 randomly selected students.

Despite the importance of statistics in tertiary education and
professional activities, the majority of the students did not think that
they would have any use for or exposure to it in the future. Having
someone with a strong mathematics background at home, students
level of fear of statistics and their mathematical inclination appear to
be amongst the main factors which contribute to making statistics an
enjoyable subject to learn.

The findings also demonstrated that most High School students have
a preference for visua learning with regard to statistics.  This
finding indicates that learning via multimedia, with interactive
animations, appears to be an attractive approach in' new times.
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Introduction

Teaching a mathematical subject such as statistics to students who do not have a
very strong background in mathematics is always challenging. This experience is also
extremely rewarding when these students begin enjoying the journey, which leads to
mastering the concepts.

Casual observations carried out by the author between 1996 - 2000 has indicated
that by the first half of a lecture on a quantitative subject is the most crucid part in
terms of students' learning, and attitude towards the subject. These observations were
carried out by recording the number of questions (by different 1st year tertiary
students) relating to difficulties in grasping the concepts.

It appeared from the observations that if well over 50% of the students do not
grasp the basics during the first half of the lecture, a general lack of interest in the
subject might be created. This lack of interest in the topic may even last for the entire
semester. In order to overcome this problem, the author has allocated high priorities
to 'minimising the time taken to learn' and 'maximising learning enjoyment’ in his
teaching. As aresult, students performance has been enhanced significantly and the
failure rate (marks <50) was reduced by about 60%. (Nooriafshar, 2001). Therefore,
enjoyment of the learning experience seems to be a reasonably significant objectivein
making a mathematical subject more interesting. The next section presents the
research question for the purpose of this paper.



Hypothesis and the Research Questions
The hypothesis to be tested was that:

Most students who complete high school and enter the tertiary education do not
regard statistics as an enjoyable subject.

The following research questions were also part of this investigation:
What are the factors which contribute to making statistics an attractive subject?

What are the characteristics of students who do regard statistics to be an
enjoyable subject?

What are the learning style preferences of students who do not appear to find
statistics an enjoyable subject?

Answers to the above questions would make it possible to explore and
recommend more effective and enjoyable methods of teaching and learning statistics.

Investigation

In order to collect relevant data for the purpose of testing the hypothesis, and
finding answers to the research questions, 10 high schools in and around Toowoomba
(Queendland, Australia) were surveyed. Both public and private high schools were
represented in this survey. This study will be referred to as the Toowoomba High
Schools Survey (THSS) throughout the paper.

The survey was conducted by using a specially designed questionnaire for the
purpose of collecting the necessary information. After obtaining the Principals
approval for the survey, the teachers responsible for teaching mathematics/statistics
were contacted for information. The nominated coordinators were asked to
administer the completion of these questionnaires. Each coordinator chose a random
sample of 15 students in such a way that they represented different backgrounds and
abilities.

Theinitial phase of the investigation was a pilot study on asmall sample. After
identifying the necessary adjustments to be made to the survey instrument, all 10
schools were surveyed. The response rate from the High Schools was reasonably high
as 8 out of 10 schools participated.

After recelving the completed questionnaires, a number of schools were
contacted and interviewed for further information and clarification.

Main Findings

It has often been observed that, regardiess of the background of the scholar,
much scholarly activity requires the use of statistics as one of its main tools. Statistics
may be regarded as a "master key" which will open many doors to the researcher. It
is surprising to find out that only about 17% of students think that they will have
something to do with statistics in their future tertiary education or work (see Figure 3).
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Figurel - Students perception of their future dealings with statistics

Analysis of the results indicated that a large proportion (44%) of students do not
regard statistics to be an enjoyable subject to learn (see Figure 2). This perception
may be aresult of the general image that the subject of statistics has created.

Kettenring (1997) in a presentation entitled "Shaping Statistics for Success in
the 21% Century" to the American Statistical Association suggested that image
reconstruction of the field of statistics must be placed right at the top of the list.

The THSS study has also shown that unfortunately there is a problem with
regard to statistics' image. Thisimage or perception problem should be tackled at the
time when students start learning statistics more serioudly. This process, probably,
starts at the secondary education level and continues into the tertiary studies.

Conveying mathematical concepts to students is probably the key to successful
teaching. @ Campbell (2002) contends that the conceptual understanding of
mathematics needs to be addressed in mathematics education. About 58% of the
surveyed students indicated their preference for graphics and visua learning (see
Figure 3). Given the importance of conveying the concepts and students' preference
for visual learning, placing an emphasis on pictorial presentation of concepts seems to
be a step in the right direction.
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Figure 2 - Students' perception of statistics
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The next sections present characteristics and factors, which have an impact on
the learning experience of the students.

Factors Contributing To Enjoying Statistics

54% of the students, who find statistics an enjoyable subject, have someone
with a strong mathematics background in their families. (Help at Home)

86% of the students, who find statistics an enjoyable subject, regard it as an
easy subject to understand. (Fear of Statistics)

82% of the students, who find statistics an enjoyable subject, describe their
mathematical background as strong. (Background)

78% of the students, who find statistics an enjoyable subject, also enjoy
mathematics. (Mathematical Inclination)

Characteristics of Students who do not Enjoy Statistics

Only 36% of the students, who do not find statistics an enjoyable subject,
have someone with a strong mathematics background in their families.
(Help a Home)

55% of the students, who do not find statistics an enjoyable subject, regard it
as an easy subject to understand. (Fear of Statistics)

76% of the students, who do not find statistics an enjoyable subject, describe
their mathematical background as strong. (Background)

Only 43% of the students, who do not find statistics an enjoyable subject,
enjoy mathematics. (Mathematical Inclination)

Figure 4 presents, diagrammatically, how the two groups (Enjoyers and Non
Enjoyers of statistics) are compared and contrasted.
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Figure 4 — Comparing and Contrasting the Characteristics of the Enjoyers and
Non-Enjoyers of Statistics

Therefore, Help at Home, Fear of Statistics, and Mathematical Inclination of
students are some of the main factors which can play arole in determining whether or
not the student finds statistics an enjoyable subject. It is interesting to note that
students’ perception of their mathematics background (Perceived Background) does
not make a significant contribution to the outcome.

Enjoyers and nonrenjoyers seem to be similar in terms of their mathematical
background perception. Hence, it is concluded that a strong mathematics background
does not, necessarily, guarantee enjoying statistics!

The next section presents the learning style preferences of the students who do
not regard statistics as an enjoyable subject.

Learning Style Preferences For Non-Enjoyers

Given the high percentage that does not enjoy statistics, it would be a reasonable
strategy to focus on them when designing tertiary teaching materials. For instance,
identifying these students learning style preferences and considering them in the
design of learning and teaching packages would be a move in the right direction.
Designing educationa materials based on the students preference and learning
perception is a valid approach. This is due to the fact that the way students prefer to
learn may be totally different from the way the teachers wish to teach. Humbenberger
(2002) describes this difference as fairly different experiences of the same “events’.

An investigation of the THSS students who do not enjoy statistics has shown
that:

57% prefer seeing many graphs, images and relevant pictures during the
lessons;

41% prefer that the teacher provides a great deal of verbal explanations
during the lesson/s; and
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Mathematically




Only 2% prefer having the opportunity to read the topic from a book or
handouts and then ask the teacher any questions they may have.

2%
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Figure5 - Learning medium preferences of students who do not enjoy statistics

Further analysis has reveaed that 60% of the THSS 'nontenjoyers prefer to be
told exactly what to do. In other words, a vast mgority of students in this category
may not have a preference for the constructivist methods of learning! They instead
prefer instructivism.  So, how do they like to learn? The THSS has demonstrated
that the use of other media in addition to text, and providing clear direction would
certainly benefit those students who do not seem to enjoy statistics. According to a
study by Nooriafshar (2001), the use of animated graphs and images enhance
students' performance. Computer-based multimedia is perhaps the most popular and
widely referenced way of developing and delivering animated graphs.

Preference For the Multimedia Way?

The findings may lead to the conclusion that school |eavers have a preference
for visual and aural learning. In other words the use of multimedia would be an
appropriate choice in developing tertiary courses for statistics.

However, a multimedia system should not be regarded as a substitute for the
traditional teaching/learning methods.

A multimedia system should be able to enhance the existing teaching/learning
materials. In other words, it ought to offer students different and additional features
such as the opportunity of interacting with animations of the concepts as and when
they wish. However, it must be remembered that the content and teaching/learning
methods should till be the basis of any multimedia system. A large number of video
and audio clips, and clickable icons and menu items do not necessarily add value.

There is no doubt that a dedicated, skilled and knowledgeable teacher who uses
speech, drawings, text, and possesses patience and willingness to repeat and interact
with students is perhaps the ideal “multimedia’. It is rather hard to beat this kind of
face-to-face learning. Looking a the audience (learners) and reading their facial
expressions to assess whether they fully understand is only possible in a traditional
way of teaching. Hence, the medium of body language is probably less likely to be a
part of any current computer based multimedia system. Who knows, in a not too
distant future, we may be able to achieve that too.



We are able to create the most sophisticated animations and multimediain our
thoughts as we can select different types of thought-based “audio” and “visua”
effects aswell as “actors’. In other words, we have an unlimited amount of resources
to choose from to design our thought-based multimedia system. In the future, the
technology will probably enable us to capture and store our thought-based multimedia
directly onto storage devices for future reference and other people’s use.

However, at the present time, we do not have the technology for any direct
interface and transfers between humans and machines. Therefore, we should focus on
feasible approaches. For instance, we may compromise and encourage the use of
more nontext materials in the form of concept maps and concept images. The uses of
less language-dependent teaching media may even alow us to cross the language
barriers and make a significant contribution towards internationalisation of learning.

For example concepts can be illustrated graphically using concept maps. The
purpose is to demonstrate how the blueprint of an idea can be developed in a form,
which is not explicitly sequential. In other words, in a language which is as close as
possible to the generic language and thought mechanism of our brain.  In this way,
we are encouraging learners to tap into their right-brain, which is a more creative part
of the brain. Right-brain is aso very good at dealing with nonlinear thought
processes. Let us consider a Concept Map (Figure 6) of the following analogy for re-
enforcing the importance of datistics in an entertaining and possibly thought-
promoting manner:

“Imagine that you wish to find out if there is life in the other parts of the
universe! How would you approach it scientifically? Think about the vast universe,
which we belong to. Can we scientifically prove that there are planets like ours
belonging to some of the other solar systems? You may have heard of new planetary
systems outside our solar system.  Scientists and astronomers have detected the
possibility of planets rotating around some stars by observing the wobbling effect on
those stars. These gravitational pulls are, probably, being caused by planets revolving
around these planets. So far, no scientist or astronomer has actually seen these
planets. One day it may become possible to do so!

So, can we scientifically conclude that we are or are not alone in the universe?
Maybe not. However, we may demonstrate, statistically, that the chances are very
high.

If you are told that it is estimated that there are at least 100 billion galaxiesin
the universe and an average galaxy may contain about 100 billion stars (suns).
Therefore, the chances of having suns similar to ours (with a planet at about 150
million kilometres from it with similar axis inclination) in such a large figure (a set
with at least 100 2 billion elements) are reasonably high. Hence, we may provide an
answer to a difficult question using statistics.”
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Figure 6 — A Concept Map illustrating the life in the Universe analogy.

The use of anecdotes and analogies in explaining concepts is also an effective
way of teaching. Chanter (http://science.ntu.ac.uk/rsscse/ts/bts/chanter/text.html)
presents an interesting collection of anecdotes and analogies used in the teaching of
statistics. Asis demonstrated below, the author has taken things one-step forward and
added the medium of image to presentation of these concepts, anecdotes and
analogies. Therefore, by designing, drawing and presenting these special illustrations
in conjunction with our text or verbal description, we are moving closer to having a
'multimedia method of presentation.

According to Chanter an old favourite is the person with his head in a fridge and
feet in an oven who is said to fedl ‘quite comfortable’ on the grounds that his average
temperature is normal.



Another favourite is the story of two soldiers who congratul ate each other on the

grounds that, on average, they hit the enemy target. They both miss the target by
equal distances; one misses it to the left and the other to the right!

These types of anecdotes are very effective in conveying the message to the
learners that one cannot simply quote an average without indicating the variability.

Friedman, Halpern and Sab, (1999) present an anecdote which can teach
students an important lesson on choosing a representative sample. It also conveys the
message that in a survey sample, the number of respondents is not the important
factor, but the percentage of the respondents should be considered. In this anecdote,
“Professor Klutz” claims that based on his survey, 30% of Americans have been
abducted by aliens from other planets!

If students examine Professor Klutz's survey carefully, they will find out that
two million questionnaires were sent out and 100,000 people responded. Although
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100,000 is a reasonably large figure, it is only 0.05 percent of two million! So, the
message about the difference between the response- numbers and response-rate would
become quite clear to alearner of statistics.

Such basic, non-computerised multimedia presentations will be more interesting
for learners. They will learn and remember the concepts and, in future, one quick
look at the images will prompt the whole story and logic. After al, human beings
receive, decipher and store information using different senses.

We can utilise the technology and produce a computer-based multimedia of a
concept. However, it should be noted that a computer-based multimedia is not going
to emulate or excel the teaching methods and explanations of an experienced teacher
but it can simulate the process. So, what are the advantages? The students can take
the good teacher home with them. They can get him/her to repeat concepts at their
desired pace as many times as they want and they will be in control. The Internet
takes the whole thing a few steps further and our good, experienced and patient
teacher becomes available to amost anyone, anywhere at anytime at a reasonably low
distribution costs.

Conclusions and Recommendations
The investigation has revealed that

- There should be a concerted effort at secondary education level to convey the
message to the students that statistics does and will play an important role in our
professional activities.

- Tertiary courses on statistics should be developed in such a way that they cater
for all students and not just those who have a strong mathematical background.

- It should be noted that a reasonably large proportion of students do not regard
statistics to be an enjoyable subject. Therefore, there ought to be an attempt not to
teach statistics in a “dry” manner. Instead a more lively, entertaining and at the same
time educationally sound method of multimedia approach should be adopted.
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