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Exploratory data analysis is an essential for preliminary examinations of data.  Through the analysis, it suggests what and how data analysts should do in their in-depth data analyses.  Although it heavily relies on computer hardware and software, it should happen in the data analysts not in the computers.  Without true understanding of exploratory data analysis, it is difficult to make correct judgment on and interpretations of statistical patterns in data.  Consequently, data analysts may not have any idea or may even use inappropriate statistical tools to perform their in-depth data analyses.  Therefore, the learning of exploratory data analysis is an educational issue and should emphasise on the integration of correct statistical knowledge and practice.  In this paper, the author wants to discuss how computer-based learning environment is beneficial to student’s learning; to explore an educational process of students; to explain how visualisation approach to be able to facilitate their learning; and to illustrate how to use computer software to achieve their learning objectives.
Introduction

Exploratory data analysis is a visual approach to the analysis of statistical data.  It is essential for preliminary examinations of data without emphasis on numeric manipulations.  The basic principle of exploratory data analysis is to generate statistical ideas of what and how data analysts should do further in their data analyses.  Doing exploratory data analysis needs visualisation and analysis tools in addition to an understanding of data.  Statistical graphs and charts are the most commonly used tools for exploratory data analysis.  These tools aim at assisting with data analysts’ intuition in their statistical explorations (Tukey, 1977).

Making correct judgment on statistical patterns in data is not a simple task.  It acquires data analysts to have good knowledge of exploratory data analysis (Bibby, 1983).  Students, who are weak in abstract thinking, find difficult to learn exploratory data analysis.  However, it is believed that stimulating and interactive educational software like StatPlus, PHStat and ActivStatsTM are beneficial to their learning.  The software can be used in statistics education as an illustrating tool, as a discovery tool and as a testing tool (Taylor, 1980).  Computer visualisation is useful adjuncts to the traditional statistics teaching and learning because the first two tools enable students to see the unseen and gain statistical insight interactively.  The last tool can convince students of concepts and techniques of exploratory data analysis as it requires the integration of correct statistical knowledge into their practice.  However, an educational process of students should not be overlooked.

Computer-based Learning Environment

Hypertext technology is to establish hyperlinks between referenced materials within the computer environment.  It enables students to select the sequence of referenced materials that best suits their own interests and abilities.  That is, they can access the required information directly related to their learning queries.  Within the hypertext learning environment, they can access, interact with and interrelate information in a non-linear and an interactive way using static or dynamic links.  Therefore, this makes the information more comprehensible because the way of its delivery matches human information processing system (Richards and Barker, 1994).

Multimedia technology enables teachers to make good use of texts, graphics, videos, sounds, animations, etc. to teach concepts about statistics.  This makes students more comprehension towards what they learn because teaching materials presented in multimedia produces more learning than teaching materials presented by only one medium (Barrett, 1994).

Computers are able to help create a motivating educational environment for students; to provide immediate reinforcement of correct responses and corrective feedback for individual learning; to maintain students’ interest in learning; and to provide information on the learning process of each student (Hess and Tenezakis, 1970; Linskie, 1977; Bowman, 1994).  Computers enable students to have hands-on learning and practice experience.  It also provides students with opportunities to experiment with data; to study abstract concepts through simulation and visualisation (Vellmen1998).  All of these can convince students of statistical concepts and enhance their learning.

Computer technology plays an important role in applications of statistics in a wide variety of areas such as, business, engineering, medicine, etc. because statistical analysis of data is always involved in heavy computation.  This is the reason why computer hardware and software are widely used in the field of statistics.  In addition, computer hardware and software make important contributions to the visualization process because they are essential for discoveries and increased insight (Brown, 1992).

Educational Process

Statistics learning involves both its processes and its products (Biehler, 1993).  It should not only ask students to learn statistical knowledge but also helps them develop the ability of statistical thinking and skills of problem solving.  This can be explained by Bournaud et al. (1994) because more emphasis should be placed on the processes rather than the products in the learning of statistics.

Statistics learning is likely to be enhanced by activities which students regard as purposeful and interesting.  It is because they are usually active to participate in activities that interest them.  These activities can be in any form as long as they grow out of problems in real-life situations (Li, 1998).

Discovery learning is always more effective than learning from lectures, students go through their own journey of learning as to gain true understanding of statistical concepts.  The concepts discovered are easier to recall or retain and more readily integrated with practical applications of statistics.  In analysis of statistical data, information is gained through models, simulations and experiments.  These all involve extensive calculations and produce vast amounts of data.  The use of computer graphics tools to visualize these data is essential for discoveries and increased insight.  Students can learn better through experience than by passive listening or observing, they will probably gain new insights by interacting with simulations and making their own discoveries (Vellman, 1998).

The term ‘visualisation’ means more than simply graphical displays of data in exploratory data analysis although construction and interpretation of statistical graphs and charts are simple tasks from a statistical expert’s view.  However, many students have misconceptions and misuses of these statistical tools and they produce much uninterpreted graphical output.  It is simply because they are unable to construct the meaning of their graphical displays of data and most software tools do not help them in constructing their meaning.  Most available computer software may only provide its users with fancy output.  This may distract its users from concentrating on interpreting their computer output without justifying the appropriate usuage of a specific statistical tool or without seeing the needs either.  Interpretation of statistical graphs and charts acquires abstract thinking and conceptual understanding of statistics.  Therefore, teachers must be aware of the students’ incapability and misconceptions associated with intuitive approach to statistical graphs and charts (Biehler, 1996).

Apart from students’ incapability and misconceptions of using statistical tools, one obstacle for student’s learning is that the graphical conventions used in computer software are different from those used in their textbooks.  Students are confused with different graphical conventions adopted by different educational materials, teachers should explain how to cope with the difficulties (Biehler, 1996).

Helping students improve their statistical ability is a major concern in statistics classroom.  For instance, students do not see how boxplots are able to solve statistical problems.  They have difficulties in interpreting the boxplots, they usually report nothing more than the median.  They need help in reconstructing numerical values displayed in the boxplot such as, median, data dispersion, outliers, etc. so as to obtain an intuitive conception of data (Biehler, 1996).  Thus, teachers can give their students a set of real-life data to learn and practise exploratory data analysis (see Figure 4).  They can give their students some learning tasks that need deep thinking.  Hints or clues should also be provided when necessary.  When the tasks are accomplished, the students will gain higher cognitive statistical skills.

Computer-based learning materials provide students with opportunities to become autonomous learners.  They can have progress in their learning by sharing experience and knowledge with their peers and developing their own ideas.  In this way, a teacher becomes a facilitator and a manager of student’s learning.  He or she should not assign procedural tasks without specific learning objectives to their students but he or she can pose some questions requiring higher order thinking that students can manage.  This approach allows the students to obtain their solutions through their own discoveries.  The teacher may need to intervene in his or her student’s learning process when necessary.  For instance, his or her students may have no progress in their learning, a teacher should provide the level of support enabling the students to construct their own meaning of learning.  In addition, he or she needs to ensure the quality of knowledge his or her students gain from classroom activities and interactions.  A teacher should evaluate learning activities with a computer in terms of the quality of understanding they gain of the statistical knowledge rather than their competence for using the computer software (Mercer, 1993).

McCloskey (1994) suggests that computer-based learning materials should not cause students to have tension especially for computer illiterate students.  Otherwise, this type of learning materials is perceived to be a set of typing instructions.  To arouse the students’ engagement with the tasks in the computer-based learning materials, the design of these materials should be well structured and their difficulty should matched the students’ ability (Fisher, 1993).  Students are expected to go through the material of each topic in a systematic manner that leads them to build up their confidence and foundation so as to master statistical concepts and skills.  Thus, they should be able to achieve some specific learning objectives at the end of each lesson.  In this way, students become active learners rather than passive listeners.

Visualisation Approach

Some students are good at abstract thinking, others are good at visual thinking.  Visual thinking is a part of humans’ basic perceptual and mental processes.  Visual ways of knowing, thinking and interacting are important in their learning (O'Connell, 1992).  As conventional educational system places greater emphasis on the verbal, symbolic and numerical approaches to acquiring and assessing information, this leads teachers to think about how visual approach is able to facilitate the way visual thinkers learn.

Students should be able to form an image of intuition by finding patterns, forming patterns and making new and previously unobtrusive connections.  Successful intuition relies on the freedoms of roaming, linking, varying, and viewing.  That is, students can undertake explorations that are of their interests in the environment free from obstacles.  They can use links as an aid in knowledge discovery by making connections between unrelated phenomena.  They can choose the representation such as, symbolic, numeric, graphical etc. best for their learning and understanding (Gunn, 1992).

Statistics learning needs abstract thinking.  Visualisation approach to data analysis is not a new concept because statisticians like Karl Pearson and John Tukey see statistics more than dealing with symbol and numeric manipulations.  They place greater emphasis on visual and intuitive approaches to their statistical works.  With the advent of computers, visual approach becomes popular in analyses of statistical data.  Visualisation of statistical data is to discover data patterns; to recognise statistical patterns; and to make new connections between two related ideas.  Computer graphics is a visualisation tool to gain insight through models, simulations and experiments. With computer capabilities, the same experiment can be repeated for hundreds or thousands of times with only slight changes, students can easily see the graphical representation resulting from the new changes in their experiments as well (Young and Lubinsky, 1995).

Use of Educational Software

The role of visualisation are illustrated through the use of the following educational software:  Microsoft( Excel, StatPlus, PHStat and ActivStatsTM.  They are interactive learning software and work with integrating multiple ways of learning.  Apart from these, ActivStatsTM uses texts, graphics, videos, sounds, animations, narrated expositions to elaborate on statistical concepts and ideas.

Chart Wizard, Function Wizard and Analysis ToolPak are elementary statistical analysis tools in the Microsoft( Excel.  The precise computer syntax needs not to be memorised because it is a window-based software providing on-line information for cross referencing in addition to the Help menu.

Chart Wizard enables users to draw statistical charts that can be used as exploratory data analysis tools.  They are also beneficial to the presentation of data.  Function Wizard simplifies the calculation tasks of worksheet functions without the entering of formulas.  For example, descriptive statistics can be obtained from the “Statistical” function as well as Analysis ToolPak.  Analysis ToolPak provides statistical tools such as, ANOVA, Histogram, z-Test, t-test and so on.  These tools save users much effort of calculation tasks and let them concentrate on understanding and thoughts of statistical problem.

The StatPlus software is accompanied with its textbook written by Berk and Carey (1997).  It can be installed in personal computers hard disk.  It starts with Statistical Concepts for Excel 97 menu.  The Statistical Concepts workbook allows users to interactively explore and develop an intuitive understanding of the concepts of Boxplots, the Central Limit Theorem, Confidence Intervals, Probability Density Function, Hypothesis Testing and Exponential Smoothing (see Figure 1).
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Figure 1

Statistical Concepts Menu

PHStat software is accompanied with its textbook written by Sincich et al. (1999).  It enables students to have hands-on learning and practice experience.  It is equipped with statistical analysis tools such as, Stem-and-Leaf Display, Regression, Control Chart and more.

ActivStatsTM is an electronic book prepared by Velleman (1998) and has a rich resource for the teaching and learning of elementary statistical topics.  It uses interactive and multimedia components to explain and visualise statistical concepts and offers students hands-on practice exercises.  It has the following ten features:  Lesson Book, Expositions, Interactive Tools, DataDeskTM, Videos, Exercises, Asterisks, Homework, Projects and Web Links.  For more details, see Li (2000).
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Figure 2

ActivStatsTM
Example

An insurance agent only sells life insurance policies in Hong Kong.  She has the sales records for each insurance policy for the past six months.  She wants to summarise the dollar amounts of the insurance policies in her sales records as shown below.

$550000
$560000
$600000
$610000
$640000

$650000
$660000
$670000
$680000
$690000

$710000
$720000
$730000
$730000
$740000

$740000
$750000
$760000
$760000
$770000

$780000
$780000
$780000
$790000
$810000

$1200000
$820000
$830000
$840000
$840000

$600000
$870000
$910000
$890000
$890000

$520000
$600000
$540000
$580000
$580000

Table 1:  A set of insurance sales data

The above set of data was prepared by the author.  He asked his students to use exploratory data analysis to study patterns in and characteristics of the data.

Histograms, boxplots and stem-and-leaf displays are generally used for the purposes of exploratory data analysis.  These tools can give data analysts information about the distribution shape which plays an important role in determining the appropriate statistical analysis to perform (Tukey, 1977).

The bin width for a histogram can change the shape of a histogram.  Consequently, the shape greatly affects the data distribution that is crucial to data analysis (Biehler, 1996).  Instead of spending much time to learn how to use the formula to determine bin width, students should use the ActivStatsTM Interactive Tool to visualize how changes of the bin widths affect the shape of a histogram.  This tool allows them to choose the batch size of data, use different number bins and request for more data so as to gain true understanding through their hands-on learning experience (see Li, 2000).  For hands-on practice experience, use the above data set and Analysis ToolPak to draw a histogram of her sales amounts (as shown in Figure 3).  The histogram shows that the distribution of her sales amounts is slightly skewed to the left.  An outlier is suspected as well.
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Figure 3

Use of Analysis ToolPak:  Histogram

A boxplot is a useful way to display the quartiles, the median and the largest and the smallest values of a data set and help identify outliers (Tukey, 1977).  The Analysis ToolPak cannot draw boxplots but the StatPlus software can.  To access the Boxplots Concepts worksheet, click the Box Plots button on the menu.  Enter the data values into the first column.  Click the Box Plots button , the boxplot will then be generated (see Figure 4).  If any inputted data values need changes, just simply correct the data values in the Data column.  This will automatically modify the boxplot and boxplot parameters table.  If a new set of data is used to draw a new boxplot, click the Reset button and reenter the new data into the Data column.
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Figure 4

Use of StatPlus Add-Ins:  Boxplot

For the above example, the boxplot tells data analysts that there is a moderate outlier.  Its existence may be due to an incorrect data entry or extraordinary sales record.  The distribution of the sales amounts is slightly skewed to the left.  In addition, the boxplot parameters table gives the descriptive summary of the insurance sales data including the first and the third quartiles, the median, the maxium and the minimum and so forth.

Stem-and-leaf displays present the data values in a pictorial display and the actual values are preserved (Watson, 1993).  The ActivStatsTM Expositions give brief explanations of how to construct a stem-and-leaf display together with narration and illustration.  Narration is synchronised with the animated words.  Narrated presentations pause from time to time; a question is usually asked about the concept discussed.  This invites students’ active participation rather than simply letting them listen to the entire presentation display.  For hands-on practice experience, use PHStat software to construct a stem-and-leaf display of the sales amounts (as shown in Figure 5).  From the display, the original values of sales amounts are preserved and an outlier is suspected.  The distribution of the data is slightly skewed to the left.
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Figure 5

Use of PHStat:  Stem-and-Leaf Display

The first aspect of a frequency distribution or histogram is to determine whether its shape is symmetric or not.  If its shape is not symmetric, the distribution is said to be skew.  A skewed distribution has a very long tail either to the left or to the right.  Sometimes, it is difficult to tell which way the skewness goes (Velleman, 1998).  One easy way is to visualise sliding down to the tail, the skewness follows the direction of the slide (see Figure 6).
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Figure 6

Use of ActivStatsTM:  Skewness

All of the above learning activities take the student on eye-opening tours of the ways of exploring data by visual means.  Students should also be aware that each statistical tool shows different aspects of the data.  In addition, easy availability of the exploratory data analysis tools in the software enables students to practise as well.  So that they can learn better the practical skills of exploratory data analysis by interacting with the computer features of the educational software.

Conclusion

Exploratory data analysis acquires data analysts to have abstract and visual thinking.  However, some students are good at visual thinking but not at abstract thinking.  Computer visualisation is considered to be useful adjuncts to the learning of exploratory data analysis.  Besides, computer packages are powerful and effective tools for visualisation.
Microsoft( Excel, StatPlus, PHStat and ActivStatsTM are computer packages to open up educational opportunities for students.  These software packages are beneficial to student’s learning and enable students to gain statistical insight.

Although the successful use of computer visualisation in the learning of exploratory data analysis enlists the graphics capabilities of the computers in the service of the human’s intuition, visualisation approach should not be overstated.  It is simply because visualisation process should happen in the students not in the computers.  Thus, teachers should also pay close attention and address to the issues in computer-based learning environment and an educational process of their students.
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