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1. Introduction

The difficulties that many students, particularly those in the social and behavioral sciences, encounter while taking an introductory statistics course have been widely reported in many parts of the world. Factors that have been purported as relating to performance in introductory statistics include a variety of cognitive and affective variables (Feinberg & Halperin, 1978). Cognitive factors, such as mathematics ability and background, certainly play a major role in performance in an introductory statistics course; however, affective variables are also important. Gal and Ginsburg (1994) reported that "The body of research on students' attitudes, beliefs, and affect related directly to statistics education is very small and problematic." They further state that concerns for studying non-cognitive aspects of statistics education should not only be motivated by outcome (performance) but also by process considerations.

A major issue concerns the influence of attitudes on achievement. McLeod (1992) suggested that neither attitude nor achievement is dependent on the other, but they "interact with each other in complex and unpredictable ways. (p. 582)" The prospect of the reciprocal relationship of attitude and achievement has been proposed by others (Kulm, 1980) and negates the possibility of isolating the cognitive and affective domains. A number of studies have investigated the relationship between attitudes toward statistics and performance in an introductory course using a variety of correlational and regression techniques. Results generally indicate a small to moderate positive relationship. This relationship appears to be fairly consistent regardless of the instrument used, the time of administration of either the attitude or performance measure, or the level of the student.

Longitudinal studies of math attitudes and performance (Pajares & Miller, 1994; Meece, Wigfield, & Eccles, 1990; Eccles & Jacobs, 1986) have provided path analyses of the relationship of these variables. In a study of undergraduates, Pajares and Miller (1994) determined that mathematics self-efficacy was highly related to mathematics performance with mathematics self-concept and high school mathematics experience making a small, but significant contribution. Perceived usefulness was not a contributor to mathematics performance. Eccles and Jacobs' (1986) path analysis indicated that mathematics grades were influenced by the students' self-concept of math ability and math anxiety, but were not influenced by the student's perception of the task difficulty or the perceived value of mathematics. Meece, Wigfield, and Eccles' (1990) path analysis found that students' prior grades and expectancies were predictors of grades, while importance and anxiety were not. In several other papers, the first two of the current authors have developed a model suggesting that some aspects of statistics attitude at the beginning of a course affect test performance during the course and that end of course attitudes were both directly and indirectly influenced by performance during the course. The research reported here extends that line of inquiry looking at data from English and Arabic speaking samples available in the U.S. and Israel.

2. Method

The data from Arabic speaking students (n=111) and English speaking students (n=136) were collected at a teacher training college in Israel and at a small public college in the United States. The Arabic speaking students were enrolled in a teacher training program for elementary and middle schools, were mostly female (91%), and were of traditional college age (mean=20.0). The English speaking students were primarily enrolled in education and nursing programs, were mostly female (80%), and were slightly older. 

Information about prior achievement in math was drawn from student records or obtained by self-report. Attitudes toward math and anxiety related to learning math were assessed with separate instruments. The Survey of Attitudes Toward Statistics (SATS) by Schau, Stevens, Dauphinee, & Del Vecchio (1995) was used as a measure of students' attitudes about statistics. SATS subscales included Affect (positive and negative feelings concerning statistics), Cognitive Competence (attitudes about students' intellectual knowledge and skills when applied to statistics), Value (attitudes about the usefulness, relevance, and worth of statistics in personal and professional life), and Difficulty (views on the degree of difficulty of statistics as a subject). Finally, students' overall performance in their course was obtained from instructors and expressed on a percentage scale.

Attention was focused on structural equation models involving observed variables using LISREL 8 (Joreskog & Sorbom, 1996). Working from earlier fragmentary analyses exploring differences between the English and Arabic speaking students reported at the ISI meeting in Finland (Wisenbaker, Scott & Nasser; 1999), a full model was estimated constraining some coefficients to be the same and allowing others to vary between the two groups.

3. Results
The overall model resulting from the LISREL analyses applied to the data from the English and Arabic speaking graduate students yielded a good level of fit to the variance-covariance matrices from the two groups. The final chi-square statistic had a value of 95.07 with 97 degrees of freedom (p=0.54). The value for the goodness of fit index (GFI) was 0.94.

The coefficients in the common metric standardized solution are presented in Table 1. The leftmost column of estimates pertains to those coefficients that were not statistically significantly different for the two groups; the one to its right contains those values unique to the Arabic speaking group; the rightmost column those unique to the English speaking group. The 'paths' involving statistically significant coefficients are set forth in Figure 1.

The coefficients associated with many of the components in the model were essentially the same for both English and Arabic speaking students. This was the case for initial assessments of Cognitive Competence, Value and Difficulty and for terminal assessments of Affect and Difficulty. For initial Affect the only difference noted was the need to include Math Attitude (with a positive value) for the English speaking students.  Course Performance was equally affected by prior Math Achievement for both the English and Arabic speaking students while negatively affected by Math Learning Anxiety for the Arabic speaking students.

This leaves the terminal assessments of Cognitive Competence and Value as the variables most strikingly different. The terminal assessment of Cognitive Competence was predicted to be higher for those with a higher initial value for Cognitive Competence and for those with initially higher values for Difficulty (meaning they anticipated the course would be easier). Course Performance had positive coefficients for both groups although clearly higher for the English speaking students than for the Arabic speaking students (standardized coefficients of .47 and .11, respectively).  For Arabic speaking students, Math Attitude had a positive effect while, for English speaking students, initial Affect had a positive effect.

The terminal assessment of Value proved to have the sharpest differences between the two groups of students. While the initial assessment of Value played a role for both groups, the degree of effect was considerably larger for the English speaking students. The terminal assessment of Cognitive Competence also played a role for both; however, a much stronger one for Arabic speaking students. Finally, Math Achievement had an effect for Arabic speaking students while initial Difficulty had an effect for the English group.

4. Conclusions and Discussion

Overall, the results presented here reinforce our confidence in the applicability of the Schau, et al (1995) instruments in the contexts of their translation to Arabic based on our earlier work (Wisenbaker, Scott and Nasser; 1999).  The remarkable similarity of the groups in terms of the interrelationships among prior Math Achievement, Math Attitude, Math Learning Anxiety and the Cognitive Competence, Value, Affect and Difficulty scales is clearly consistent with the view that the instruments have an adequate degree of reliability and validity. Furthermore, these results reinforce our view that the processes leading to initial attitudes about introductory statistics courses are reasonably similar across very different educational settings.

The results suggest that previously formed attitudes about mathematics and, to a lesser extent, anxiety about learning mathematics have impacts on students' initial sense of competence to learn statistics.  As might be expected, more positive attitudes about math and lower levels of anxiety about learning math are suggestive of higher levels of students' efficacy for learning statistics.     Initial levels of Cognitive Competence are also very important from the standpoint of initial measures of Value, Affect and Difficulty. Higher levels of Cognitive Competence were associated with a greater value for statistics, more positive feelings about the subject, and a sense that learning statistics would be easy.  Interestingly, the value for the standardized coefficients linking Cognitive Competence to each of the other three attitude scales was nearly the same ranging from .43 to .45.  This would seem to support an interpretation that the other three initial measures are, to some extent, derivative from students' sense of Cognitive Competence. At variance with the often voiced opinion that students' initial negative attitudes about statistics can have long term consequences in terms of course performance, only prior math achievement (in a positive sense) and, for Arabic speaking students, math learning anxiety (in a negative sense) seemed predictive of ultimate course performance here. Taking these variables into account, there is no evidence for initial attitudes about statistics uniquely influencing how well students learned the material.

Even more interesting are the differences between the Arabic and English speaking students with respect to Cognitive Competence as assessed at the end of the courses. The role of course performance for the English speaking students here was more than four times that for the Arabic speaking students.  This would seem to suggest that the English and Arabic speaking students had somewhat different experiences as they progress through their introductory courses. Certainly, this was so in terms of examinations given to the two groups (with the English speaking students given many more examinations during their course than were the Arabic speaking students). This differential level of feedback seemed to have left the Arabic speaking students basing much more of their end of course sense of Cognitive Competence on their initial attitude about math.

Value as assessed at the end of the courses was more highly affected by initial Value for the English speaking students than was the case for the Arabic speaking students. Likewise, end of course Cognitive Competence was more important for the Arabic speaking students. Here again these facts may be indicative of differences in the course experiences of the two groups. Perhaps the instruction offered to the Arabic speaking students had a greater focus on the value of statistics than was the case for the English speaking group. It would thus seem important to seriously consider the task and situational demands of individual courses in trying to formulate any overall model relating end of course attitudes toward statistics with student background and achievement.  Differences in the quantity and detail of feedback to students about their progress in mastering the material and differences in course focus seem plausibly important in understanding relationships among pre-course attitudes, achievement, and post-course attitudes.  In any event, much more work needs to be done exploring these issues in the context of different instructors and different cultural circumstances. It may well be the case that the inherent challenges to students posed by a beginning course in statistics and differences among instructors in how they lead students to rise to those challenges are vastly more relevant than the broader cultural context in which a student lives.  In fact, it may be that the very nature of the subject matter and the unique perspective necessary for successfully learning about it creates its own microculture with common features experienced by most students learning about statistics. 
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Table 1 - Standardized Coefficients in Model

Predicted Variable in Model

In Common 

Arabic      English 

Cognitive Competence1
Math Learning Anxiety





(-0.19)





Math Attitude





(0.40)






Value1



Cog. Comp.1




(0.45)






Affect1



Cog. Comp.1


Math Attitude

(0.23)



(0.35)





Value1




(0.16)





Difficulty1




(0.23)






Difficulty1


Cog. Comp.1




(0.43)






Course Performance

Math Achievement
Math Learning Anxiety





(0.27)


(-0.38)



Cognitive Competence2

Cog. Comp.1
Course Perf.
Course Perf.





(0.27)

(0.11)

(0.47)

Difficulty1
Math Attitude

Affect1
 



(-0.21)

(0.31)


(0.34)

Value2




Value1


Value1
(0.22)


(0.56)

Cog. Comp2

Cog. Comp2

(0.22)


(0.13)

Math Achievement

Difficulty1





(0.22)


(-0.26)


Affect2



Cog. Comp.1




(-0.16)





Affect1




(0.25)





Course Performance





(0.10)





Cog. Comp.2




(0.73)






Difficulty2


Difficulty1




(0.39)





Cog. Comp.1




(-0.23)





Cog. Comp.2




(0.49)
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Figure 1 - Models for Arabic and English Speaking Students

The Teaching and Learning of International Statistics in transitional

country: case of Ukraine

Ruslan Motoryn

Kiev National University of Economics, Department of Statistics

Prospect Pobedu 54/1

Kiev, Ukraine

statist@kneu.kiev.ua
In 1993 the new government of the Ukraine confirmed conception of the transition of the National Ukrainian Statistics to the International Standards. Now the Ukraine has transition from planned to market economy in the areas of productive forces, structure of economy, the integration of economy to international economy and the social role of the state institutions. The three stage planned realisation of the conception are:

1) Preparatory.  It is determined of organisational, methodical, fundamental, essential principals of the transition of the Ukrainian statistics to international standards.

2) Transitional.  Then these principles are introduced (take root) to practice of statistics.

3) Final.  It is attainment integration of all the sphere of the statistical activity.

Now Ukrainian statistics have come to the second level.

The  important  task for Ukraine is the training of specialists of the Economic Statistics required for the market economy. Therefore the content of teaching Economic Statistics has transition to the International Standards.  Knowledge about international statistics is need for specialists of economics, management, statistics, international economy and other. I have elaborated the course of International Economic Statistics for the students of Universities of Economics of Ukraine.  In this paper only the problems of the statistics of population, labour, industry, agriculture, trade, prices and the Systems of National Accounts are considered.

1. International statistics as an independent branch of practical activity came into being in the middle of the century in the form international statistical congresses. The initiator of these congresses was the Belgian statistician A. Kettle. The International Statistical Institute was founded in London in 1885 at the time of the celebration of the 50-th anniversary of the English statistical association. International statistics as a science has been substantially developed recently. It has accounted for cardinal economic and social changes that are constantly taking place all ever the world.  Actuality of international statistics study is explained by many factors.  Deepening international labour division, extending foreign-economic links caused the necessity of using statistical data that characterise the development of the economy and culture of different countries.  International statistics studies methodology of statistical indices calculations that reflect the economic development of a particular country as well as the world as a whole.

2.  In the practice of international population statistics some current and special work concerning the development of methodology and organisation of collection, processing and storing of data are done.  The program of current work of UN demographic statistics provides elaboration of the following materials: world demographic indices; number of inhabitant and its structure; birth rate; stillbirth; infant mortality; total mortality; marriages; divorces.  All these statistical data are published in the UN demographic yearbook.  As for special work it is periodically done and provides a wide study of the most important and actual problems of international demographic statistics.  The data of the current survey and census of population are the sources of information for international demographic statistics.  The programs of census of different countries have some substantial distinct features concerning general contents of census, detailed elaboration of the characteristics of population.

3. Practical activity concerning the problems of international labour statistics is generally realised by International Labour Organisation (ILO).  It consists of two statistical bodies: Statistical agency and the International conference of labour statisticians. These bodies unify the statistical indices of different countries on the basis of the elaboration of common methodological principles of their accounting and  processing and publish obtained data. In order to direct countries in developing their national statistical programs and providing international comparative data ILO offers international standards in various branches of labour statistics. These standards are asserted by the International conference of labour statisticians that takes place every five years.  Current standards of statistics of the economically active population, employment, unemployment and partial employment were approved by ILO in 1983.

4. UN industrial statistics is organised in three directions:

1.
The world-wide program of industrial statistics;

2.     
Annual statistics;

3. 
Monthly statistics.

The world-wide program of industrial statistics has been carried out three times every 10 years.  UN Statistical commission has tried to fulfil such tasks as to support development of national statistics concerning the structure and activity of industrial sector; to increase comparability of industrial statistics that exist at the international level.  The World-wide program of industrial statistics differentiates minimal and full index program. The minimal program covers three groups of indices: identifying and classifying types of information; employment and income; gross product.  The full program has seven groups of indices: identifying and classifying types of information; labour and income; funds; fixed capital formation; cost; gross product and net product.

More than 200 different indices of industrial production are used in international industrial statistics.  The main source of information in international industrial statistics is industrial census. The point is that in most countries census is used to characterise industry.   International organisations calculate only indices of industrial production and some indices of the situation  analysis by using current statistics.  According to UN recommendations it is necessary to collect full information about industry once per 5-10 years, and according to the minimal program - once a year. It is also provides collecting information not only with the help of complete census but also with sampling.  Volume and price indices are used to reflect the development of industrial production.  The calculation of dynamical series proceeding from volume indices from the point of view of international method, on the one side, is of no problem.  On the other side, there are not any significant methodological problems for the calculation of index series for groups of countries.

Calculations and the practice of dynamical series on the basis of the price indices appears to be a  problem.  In international statistics there are calculated and published for the groups of countries and for individual countries.  The definition of  index for the group of countries which is the aggregation of national indices, contains a number of contents and methodological compromises.  It is necessary to make a conclusion that indices for the groups of countries can only reflect approximately the development of industrial production in this group.

5. The leading international organisation that investigates agricultural statistics is FAO. The FAO implements methodological work, as well as practical calculations of agriculture indices of several countries, territories, continents and the world on the whole, and also publishes this data.  Forming information from international agricultural statistics the FAO uses data of national statistical bodies.  However, there exist certain difficulties concerning comparability of certain indices.  The level of the development of agricultural statistics is different in different countries.  In the world practice of international comparison of the levels of agricultural production product estimate is used in conditional grain.  Products value in national currency is divided by national grain price which is taken as a standard product.  However, this method of comparison of agricultural products in conditional grain is not exact enough, because there are some distinctions in the purchasing power of currencies concerning grain and total agricultural products.  For international comparison of volume of production methods of comparison in united physical units, and in united currency are used.  As a rule, this is done by converting national prices into US dollars at the exchange rate.

2. The system of international trade indices consists of such elements as total import

(exports), transit, special imports, net exports.  In international trade statistics of prices are divided into two types: domestic prices of a particular country and world prices on the world market.

Domestic prices include:

1.      List prices or producers prices.

2.      Transaction prices.

3.      Wholesale and retail prices.

4. Negotiated prices.

World prices are the prices, at which regular commercial export-import transaction prices.  They are done for convertible currency in the conditions of free market.  They are also called prices of commercial transaction.  As a rule the following types of prices are differentiated.

I. Free market prices: 1) forced sale prices; 2) bidding prices; 3) stock prices; 4) published prices.  II. Closed market prices: 1) prices of transitional corporations; 2) zone prices; 3) preferential prices.

7. The System of National Accounts (SNA) is a logical, harmonious and integral aggregate of macroeconomic accounts, balances of assets and liabilities, and tables, that are based on the rank of notions definitions, classifications and accounting rules agreed at the international level.  This complex system of accounts gives  a possibility to compose and to represent economic data in the form, convenient for the goals of economic analysis, making decisions and elaboration of policy. The accounts themselves contain a great amount of information in a condensed form about functioning of any countries economy.  They give overall and detailed data about a countries economic activity, and interaction between the different subjects of proprietary activity by the subjects of markets and others.  The accounts are necessary to control, analyse and estimate dynamics of the functioning of economy.  The information of SNA on economic activity, as well as the countries industrial assets and the welfare of its habitants is given.  In the end, SNA includes the foreign transaction account that reflects relations between a countries economy and other countries of the world.  At present SNA is a universal international economic-statistical language spoken by economists, statisticians, politicians et al.  Gross domestic product is a principal index in the system of  macroeconomic indices of developed countries, as well as less- developed countries. It reflects those economic processes that take place in the state. It is an indicator of the level of its socio-economic development.
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1.  Summary

This study sought to investigate perceptions of students’ conceptual challenges among A-Level statistics teachers and examiners.  The nature and extent of participants’ insights were assessed using a questionnaire administered in either written form or via a semi-structured interview.  The questionnaire comprised two sections: (i) free-response questions in which participants were asked to list the three most significant conceptual challenges faced by students; and (ii) an attitude scale designed to assess agreement with specific statements regarding possible conceptual challenges.  Each section addressed five topic areas: regression and correlation, estimation, sampling methods, distribution modelling, and general statistical thinking.  Forty-nine participants completed the questionnaire, though not all teachers were familiar with all of the topic areas.  Results revealed interesting patterns of agreement and disagreement among participants with regard to students’ conceptual difficulties and concomitant factors.  

2. Introduction

What many teachers are only beginning to fully appreciate, but many children do understand - even if they don’t articulate it - is that, in future, it won’t be how much you know that’s important, but your ability to analyse vast amounts of data, and decide what to do with it. The winners will be those who can make that judgement.

(Taylor, 2000; p. 38)

Stochastic reasoning is of considerable relevance to contemporary society.  There is much more ‘raw data’ available than at any time in history and unprecedented ease of access to powerful analytical tools.  The increase in technological capability suggests that these trends will continue and indeed accelerate.  Moreover, many professional people make critical decisions, sometimes involving life or death, in situations where at least part of the information is probabilistic.

In the UK secondary schools, Advanced-Level statistics is usually studied as an optional part of the mathematics curriculum for academically competent 16 - 19 year olds, although the same topics also form part of most introductory statistics courses in tertiary colleges.  Recently, new courses and assessments in A-level statistics have been published and are due to be introduced in September 2000.  These place more emphasis on the applied nature of statistics and, consequently, a correspondingly greater emphasis on interpretation is likely.  Moreover, since assessment requirements appear to exert a powerful influence on what happens in the classroom, such a change in emphasis has considerable implications for the future.

It is also increasingly important that reliable methods of overcoming cognitive obstacles in achieving a real understanding of stochastic principles are developed and disseminated.  Shaughnessy (1992) has commented on the similarity between the factors hindering effective teaching of stochastics, and the impediments to the teaching and assessing of mathematical problem solving.  He argued that it is not surprising that there should be these similarities, since the cognitive processes are alike, involving the construction of models of physical phenomena, the development and implementation of strategies, and the comparison and evaluation of different possible approaches. 

Hawkins (1996) observed that the statistics teacher must teach the student when and how to use various techniques, not just the computational skills required to solve a problem.  Hawkins (1996) cited Bradsheet’s (1996) recommendation that statistical reasoning should be taught before statistical computation, although she acknowledged that this may not be easy for teachers to do, especially if they themselves lack confidence in statistical reasoning: ‘Statistics is largely the exercise of common sense.  Many teachers still need to be convinced of this, however, and until they are [convinced] their teaching is unlikely to be really appropriate or effective.’ (p. 65).  Gal (1996) identified two distinct aspects of handling data - generative skills, where students act upon data (i.e. doing statistics), and interpretative skills, where students form opinions about the meaning of the data.  Gal (1996) argued that a question posed needs to be direct, in the sense that it poses a specific question.  Using an example of a dataset concerning boys’ and girls’ views about toys, he found that participants produced more meaningful responses to the question ‘In your opinion, do boys and girls have more or less the same kinds of preferences, or do they have different preferences?’ than to the more generic question ‘What in your opinion can the toy company conclude from the results in this table?’, which led to much less informative responses.

Gal (1998) further argued that, in most cases, the reasonableness of students’ opinions about data cannot be judged without having access to both the opinion and the arguments upon which it is based.  He argued that teachers need to establish a ‘culture of explaining’ in the classroom.  In our view, this places a onus on examiners to provide a framework of meaningful assessment within which students can grow and develop skills of statistical interpretation and judgement in realistic contexts.  Recent practice has not been entirely encouraging.  While examination boards typically have published solutions and markschemes, in cases where candidates were expected to offer a short paragraph of analysis or interpretation, boards generally have offered a few key words or phrases, giving little guidance as to what a ‘good response’ should look like.  Conclusions about hypothesis tests have also often been given in an abbreviated form, without any reference to the role of evidence in reaching the conclusion.

In our view statistical judgement is inherently difficult to assess, because the reasoning process may be complex.  We would also argue that such assessments must be informed by educators’ insights into the conceptual challenges faced by students in making statistical judgements.  Gal (1996, 1998) has suggested that the context for a judgement needs to be explicitly defined, and that students should be encouraged to make explicit their reasoning processes in arriving at a judgement.  We agree with Gal’s view, but would caution against too literal an application of these principles.  An interesting illustration of the problems that can arise was found in an examination paper issued by the Northern Ireland Council for Curriculum, Examinations and Assessment (CCEA, 1998), who asked candidates to calculate a correlation coefficient between two variables (C and R), and then to ‘state, with a reason, whether you think there is a significant correlation between C and R’.  The markscheme indicated that the two responses ‘Yes because [the] value is quite large’ and ‘No because [the] value is quite small’ should both be awarded full marks.  While it is important that examiners should be open to candidates making different interpretations or judgements, where these are supported by coherent and cogent reasoning, the quality of assessment items should be such as to avoid the impression that statistical judgement is merely a matter of personal opinion.

The present study sought to explore the insights of teachers and examiners into the conceptual challenges faced by A-level students learning statistics.  The study is part of a larger project which aims to develop diagnostic and support materials for A-level statistics teachers and students.

3. Methodology

Participants: 40 teachers and 9 examiners were invited to take part in the study.  Participants were drawn from a cross-section of examination boards in Northern Ireland and England based on existing contacts.
Materials: The nature and extent of participants’ insights were assessed using a questionnaire administered, where possible, via a semi-structured interview.  In order to extend the geographical range, some questionnaires were distributed by post and completed in writing.

The questionnaire comprised two sections: (i) free-response questions in which participants were asked to list the three most significant conceptual challenges faced by students; and (ii) an attitude scale designed to assess agreement with specific statements regarding possible conceptual challenges.  Each section addressed five topic areas: regression and correlation; estimation; sampling methods; distribution modelling; and general statistical thinking.  All teachers were currently teaching A-level statistics, although, due to the varying structure of different syllabuses, some teachers were not familiar with all topic areas.

Procedure: Questionnaires took approximately 30 minutes to complete.  For the open-ended questions, notes were made on the tapes of the interviews, and subsequently analysed along with the written responses from the postal questionnaires.
4. Results and Discussion

Due to the exploratory nature of the study and, hence, the relatively small numbers of examiners, data for examiners and teachers are presented together.  Where obvious differences arose, these have been highlighted.  Overall, the biggest single issue which arose in the survey was the difficulty that even able students have with statistical interpretation.  Examiners saw interpretation and inference as a bigger problem even than teachers did.  Perhaps it has not been seen as quite such an issue by teachers because typically an examination paper has identified not more than 15% of the marks for interpretation, and it has been common for it to be less than 10%.

4.1  Importance and difficulty

Teachers and examiners were asked to list the 3 most important concepts to be grasped by A-level statistics students, based on their personal experience.  Table 1 presents the five most frequent responses produced by participants.

Table 1: Most important concepts: frequency of response. 
	Interpretation - relating to the real world

	18

	Relationship between population and samples
	16

	Hypothesis testing
	15

	Making judgements
	14

	Probability

	13


Participants were then asked to list the 3 concepts that A-level statistics students find most difficult to grasp, again based on their personal experience.  Table 2 presents the four most frequent responses.  Comparison of Tables 1 and 2 reveals strong correspondence between the patterns of ‘importance’ and ‘difficulty’ responses, with the exception of making judgements which occurred only 8 times in the case of the latter.

Table 2: Most difficult concepts: frequency of response 
	Interpretation - relating to the real world

	19

	Probability
	18

	Hypothesis testing
	16

	Relationship between population and samples
	14


In the case of probability, several participants commented that the superficial treatment of the probability laws earlier in the curriculum, whereby only independent and mutually exclusive events are encountered and hence where students learn the mantra ‘and’ means multiply; ‘or’ means add caused substantial difficulty at a later stage when the full range of contexts were encountered.

Other concepts identified by participants more frequently as difficult than as important were distribution of the sample mean (important = 1; difficult = 9) and dealing with continuous and discrete random variables (important = 4; difficult = 9).  Five participants commented that a different type of thinking was required for statistics than for mathematics, and this idea seemed to underpin comments from a much larger number of teachers in relation to difficulties associated with decision-making and interpretation in context.  In the semi-structured interviews, the general idea of randomness was identified as a problem for students, since the mathematics taught to date has been largely deterministic and statistics largely descriptive.

Again, in relation to difficulty, several other less frequent responses clustered around a single theme. ‘Permutations and combinations’ (7), ‘expectation’ (5) and ‘calculation of standard deviation’ (2) all relate to mathematical techniques underpinning statistics, while responses such as ‘different type of thinking’, ‘it is not an exact science’ and ‘different from previous mathematics’ (10 in total) address the contrast between formal mathematical and stochastic thinking.  The following comments taken from a structured interview typify this latter theme:

It is a method of thinking - almost a philosophical understanding of what the whole subject is about, how the real world interacts with mathematics - wider than just interpretation.  Even if things are running well, there will be variation and it is the business of statistics to account for and model the variability.

The logic behind hypothesis testing offers an insight into the difficulties students face moving from the world of ‘pure mathematics’ to the world of inferential statistics.  They seem to get a definite answer - a test has a ‘correct outcome’ for a specified level of significance, but that answer is not definite in certain broader senses - it is shrouded in doubt, in that it may or may not be correct.  This requires a firm grasp of some subtle ideas - that a decision may be ‘correct’ in that you would always make that decision in the same circumstances, with the same knowledge, but yet be ‘wrong’ in that, as the future unfolds, another choice would have been more advantageous.

While pupils may understand in an abstract sense that extrapolation beyond the data may be problematic, they find it difficult to apply this abstract notion to concrete scenarios, for example, to identify in a particular practical context how an existing linear relationship might break down as a variable range is extended.

Two participants who teach groups with differing backgrounds offered some interesting perspectives.  One teacher, working in a further education college with students who are generally relatively weak at mathematics, found that difficulties with computational aspects of the course hindered progress in conceptual development.  Another, working with able students who had taken GCSE Mathematics a year early, followed by GCSE Statistics, indicated that they struggled to apply the mathematical techniques, learned a year previously, when required in a statistical context.  It is interesting to note that two such diverse groups of students were seen to struggle with procedural aspects of statistics.

4.2. Relating importance and difficulty

A measure of commonality between views of importance and difficulty was constructed as the number of common items in the list divided by the total number of items in the two lists.  This gave a ‘score’ lying between zero and one, for example, if one list had 4 concepts and the other had 3 with only 1 concept appearing in each list (i.e. 2 occurrences), then the commonality was calculated as 2/7.   This rather crude measure of association between importance and difficulty proved remarkably symmetrical in its distribution over the possible range with approximately 20% of participants scoring 0 (no commonality) and 25% scoring 1 (identical lists).

It is possible that these extremes may be indicative of different pedagogic approaches.  Specifically, at least some of those scoring close to 1 may be thought of as outcome driven, in that they placed importance on a topic because they consider it to be difficult, with obvious implications for student attainment.  Obviously, others scoring close to 1 may coincidentally consider a topic to be both important and difficult, but not necessarily be outcome driven.  Conversely, by definition, those scoring close to 0 perceive a clear distinction between conceptual importance and difficulty.  Inevitably, such a suggestion is tenuous on the basis of these data, particularly in the absence of any external measurement confirming the teachers’ pedagogic strategies, but we suggest that this might be an area of interest for future research.

4.3. Attitudes to students’ understanding

A total of 28 statements were used to elicit participants’ attitudes towards factors influencing students’ understanding of stochastics.  Participants were asked to indicate the extent of their agreement with each statement using a 5-point scale.  Only six items were found to produce a strong consensus among participants, with 70% or more of the respondents in agreement.  These were:

· ‘students seem generally aware of the dangers of extrapolation too far beyond the range of the known data’ - agree;

· ‘in regression and correlation, new technology has reduced the number of students who make errors in generating regression lines or correlation coefficients’ - agree;

· ‘in point estimation, students confuse the concept of a population parameter (as a property of the underlying distribution) with that of the sample statistic (which is a function of the data)’ - agree;

· ‘students assume that large samples always give accurate results’ - agree;

· ‘students have a good understanding of what the level of uncertainty specified in a sampling method tells us’ - disagree;

· ‘becoming better at the procedural aspects helps because, as some of those processes become more automatic and less demanding of intellectual attention, it leaves more thinking capacity to address the big picture’ - agree.

A lack of a consensus in the remaining 22 items raised more questions than it answered.  A variety of factors, which are beyond the scope of the present study, may have given rise to differing views among participants.  Among others, we would speculate about differences between the student groups with which various teachers are working (e.g., in terms of ability, or the amount of statistics taught); differences in teacher qualifications and experience; or the extent to which teachers may or may not be ‘outcome driven’.

The latter suggestion is supported by data from the semi-structured interviews, in which responses to questions relating to conceptual challenges facing students were frequently couched in terms of particular examination questions which had caused problems for the students.  This is consistent with the commonly held perception that assessment drives what goes on in the majority of classrooms.

5. Conclusion

The increasing dependence of contemporary society on processing information creates both opportunities and challenges to future generations.  As Taylor (2000) points out, those who can handle and analyse large quantities of data will be at an advantage.  The challenge facing statistics educators, both teachers and examiners, is to find effective ways of helping students develop these skills in dealing with stochastic contexts.
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1. Abstract

In Japan, many students in women's junior college dislike statistics.  In order to arouse students' interest in statistics, we had tried to develop teaching materials for many years and succeeded in arousing their interest in statistics.

2. Situations and Purpose

At many junior women's colleges in Japan the following was found:

1) Many students already lost interest in mathematics during the elementary or secondary education;

2) Many students had little fundamental knowledge of mathematics;

3) Many students felt difficulty in studying statistics.  If we expressed this more exactly, they dislike statistics.

Considering these situations, we had been trying to develop good teaching materials to arouse students’ interest in statistics.  Here, we developed periodical phenomena scenario as teaching materials.

Our junior college has the course of health education.  Therefore, students of this course studied periodical epidemics but they did understand these diseases only vaguely because professors showed them many data about these diseases but did not explain periodical phenomena accurately. Therefore, we felt the necessity to make the mathematical materials of a periodical epidemic and to make those students understand it thoroughly, and in result, to make them more interested in statistics.

3.  Method

There are many phenomena that have periods in the world, for instance, business fluctuations, numbers of sunspots, trends in deaths by motor vehicle accidents and trends in deaths by epidemic diseases and so forth.  Hence, in the first place, students understood what periods meant.  The next, as one of periodical infections, they studied chicken pox by referring to the data (of the number of sufferers) of this disease, officially published by the Ministry of Welfare in Japan.  These data had been reported to the Ministry by the clinics for the observation, since 1982 in Japan.  Then they graphed the data and observed them and confirmed that almost the same graphs were found every year and this disease had one-year period.  They knew that it could be verified by using the correlogram.  In order to understand simple basic Fourier series and to apply them to this disease, they had to recollect trigonometric functions and they had to review them, because they had forgotten a part of them.  They calculated simple approximate expressions and gradually a little more complicated ones in order to approximate the numbers of sufferers of this infectious disease and they graphed approximate value.  Then they understood the variation of the number of sufferers and the possibility to be able to estimate the number of sufferers of this disease in the future.

The processes that they had were as follows:

1) They graphed the data of the number of sufferers of chicken pox in 1997 (for 52 weeks).

2) Comparing the graphs that they drew with ones that the personal computer did, the students corrected their graph if they found mistakes.

3) Applying Fourier series, students got the simple approximate expressions and drew graphs by them and compared them with ones that the personal computer did, and if there were mistakes they had to correct them.

4) With regard to more complicated approximate expressions, by using personal computers students got them and their graphs and they had good understanding of the fluctuations of the number of patients of this disease.

5) Finally, by analyzing these graphs, the students knew that they were able to have the possibility to estimate the number of sufferers of this disease in the future.

4.   Result

By practising the method as mentioned above, the students understood the period of this disease, approximate expressions and approximate value.  Then when they noticed that the more the graphs were complicated, the more the graphs were similar to real ones, the students were very surprised at the fact and they were deeply impressed by knowing the usefulness of statistics.  Similarly when they found the possibility to estimate the number of sufferers of chicken pox in the future in Japan, they were more interested in statistics than before.

5.  Conclusion

It is very difficult for students who have little knowledge of mathematics to understand the theories of Fourier series and spectral analysis.  But it is possible to make them understand these theories in some degrees and they are able to be interested in them as well, if the next conditions are satisfied.

1) Using the knowledge of mathematics, which students have.

2) Avoiding difficult theories and explaining to them easily.

3) Using personal computers, especially using their graphic faculties, students who understand these theories in some degree can deal with periodical phenomena and they do know that statistics has to do with many kinds of phenomena in the world.  Hereafter, we will make the best use of their knowledge of mathematics and make use of personal computers if they are needed.  By doing that, students will notice that statistics is interesting and it is useful to solve real problems in the world. This is the reason why we try to make good materials for statistics.
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1.  Introduction

Teaching factor analysis to non scientific audience is not easy.  These methods should be taught with rigor so that students develop the capacity of interpreting correctly the results of the statistical analysis.  But it can not be taught in a too theoretical way because it would be rejected by students who often have a difficult relationship with mathematics (Dassonville et Hahn, 1999).  Development of technology, especially multimedia, allowed us to consider conception of new pedagogical tools that could improve learning (Legros, 1997).  We know that human mediation is an essential part of the process of knowledge construction (Tall, 1994; Linard, 1998).  So, the question of the position of such tools in a pedagogical programme is still fundamental.  It is why the Paris Chamber of Commerce and Industry supported a research project on learning Principal Components Analysis (PCA).  The first step of this project was to create a multimedia tool (Dassonville, 1997).  The second step was to evaluate the efficiency of the tool. 

In our presentation, we will first say a few words about teaching of statistics in French Business schools. Then describe shortly the pedagogical programme we experimented at Ecole SupÈrieure de Commerce de Paris (ESCP), integrating the multimedia tool.  Then we will present the main results of the evaluation of this tool’s efficiency we conducted in 1998/99.

2.  Teaching of statistics in French business schools

In France, one can study management either at University or in a business school, where the curriculum is more operational.  This curriculum include a statistics and data analysis unit.  Data analysis is frequently used in marketing.  PCA is commonly used by people who do market surveys (positioning of a brand for example).  If learning PCA is absolutely necessary for marketing experts to be, it is not easy because to get an in-depth understanding, one needs to have good bases in linear algebra.  But our students are no longer able to reach this level.  Consequently, PCA is less frequently taught in statistics courses.  It is mostly reduced to the presentation of some recipes by the marketing teacher using professional software, but, it is not enough to teach our students how to manage this relation of input/output (Keitel et al., 1993).   If the future professional wants to be able to correctly interpret the results of the computer printout, he or she must know about the type of algorithm performed by this software (Noss and Hoyles, 1996; Tall, 1994).  We noticed that the complexity of PCA, hidden behind the apparent simplicity of graphical representations summarising analyses, leads to many errors in the workplace (Dassonville and Hahn, 1999).   The question is to what extend should we teach the theoretical bases of the methods he or she will use in the workplace?

3.  Our teaching method

We believe that there is an intermediary way of teaching PCA, between the deep mathematical approach and the marketing recipes approach.  This consists of a strict conceptual approach based on graphical representations.  It integrates a CD ROM (Dassonville,1997).  This tool was organised as a virtual campus that allows the students a strong autonomy for experimentation and the possibility of simulation by using dynamic representations. We hoped that, this way, we would reduce epistemological anxiety (see Wilensky, 1997).

This multimedia tool was made of:

a welcome office where the student register, is able to consult his personal file and to get some help,

an amphitheatre where he get a presentation of the method,

a laboratory where he can work interactively on data bases,

a library with a dictionary and consulting documents

a park.

The question was: does the use of the multimedia really help students to understand PCA?   To try to answer this question, during the school year 1998/99, we conducted a research study with Ecole SupÈrieure de Commerce de Paris (ESCP) first year students (350 students).

4.  The study protocol 

Out of a total of 323 students first year students, we selected a sample of 84 students (stratified sample, in relation with sex and school origin).  48 of them, randomly chosen, attended the regular course and were not allowed to use the multimedia tool during the three weeks of the PCA course. Thereafter, students in this group were free to make use of the tool in their learning.  The remainder of the sample group population (36 students) were required to work only on the CD ROM.  24 of them study at school and their attitudes (exchanges between students, reaction to the tool, duration of breaks) were observed by two observers trained in psychology and ergonomy, through a grid. The remaining twelve members of this subgroup were free to work where and when they wanted but they had to maintain log-books in which they had were required to record, for each use of the CD ROM :

which parts of the campus they went to and it which order;

how much time they spend working on the tool;

why they stopped;

which essential points they meet;

their understanding of these points (on a four level scale);

general comments.

The remaining students (not in the sample) were free to learn the way they wished to (course and/or CD ROM).

Data for the study consists of information gathered in five questionnaires administered to the students at various times between October and January and of the analysis of the logbooks and the observers’ reports.  The first questionnaire was given to all first year students (323) at the beginning of the school year (first week of October). Its aim was to know about students’ attitude toward technology.

The second questionnaire was given to students who has to study with the CD ROM only (36), at the end of the three weeks course on PCA (third week of November).  Its aim was to evaluate their reactions about learning with the tool.

The third questionnaire was given to the students in the sample (84) at the end of the three weeks course on PCA.  In this questionnaire, we asked students, for six fundamental PCA concepts, first to self estimate (on a four level scale) their understanding of these concepts, then to explain the concepts. This explanation was evaluate by us, on a 4 level scale also. 

The fourth questionnaire was also given to the students in the sample (84) at the end of the three weeks course on PCA. In this questionnaire, we present to students the results of a PCA processed on a set of real data.  We asked them six questions corresponding to the six concepts in questionnaire 3.  We also evaluate their answers on a four levels scale.

The fifth questionnaire was a general questionnaire on PCA teaching and learning and it was given to all first year students (323) at the end of the statistics course, in January.

The results

We will present here some results of the quantitative part of our study.  We will first describe the students’ opinions about the CD ROM and then discuss the cognitive effect of the tool by comparing the results of the students who learned ACP on the CD ROM (group A, 36 students) and of the students who attend to the regular course and were not allowed to use the tool1 (group B, 48 students).

The students’ evaluation of the tool

This evaluation was made out of the answers to the last questionnaire that was given to the students at the end of the statistics course, in January.  At that time, all of the students had been able to use the CD ROM, if they wanted.  85% of the students who used the multimedia tool (159 students), liked it.  They did not seem to be handicapped by their lack of familiarity with computers:  more than 80% of those who had never or only occasionally used software before said that this did not prevent them from using the CD ROM.  Still, more than half of the students did not use the CD ROM and, the majority of those who did use it thought it could be used only as a complement to the course:  62% thought that this tool could not take the place of the teacher’s course (20% thought it could) and 58% thought that the course was a necessary preliminary (20% did not think so).

One might guess that this could be explained by students’ traditional school habits but this is probably not the only reason. It became obvious to us that the tool was not interactive enough by itself.  For example, we noticed that students often shared headphones when they were working together and the majority of the students said that they would have liked to have asked questions while they were studying with the CD ROM (81% for group A and 61% for group B).  We also realised how hard it was to construct a tool adapted to all students (in spite of the possibility given by the CD ROM for students to build their own way of learning); answers to some questions revealed important differences between students’ behaviour.  For example, 48% of the students explained that they had to take notes when 43% of them did not need to, 45% of the students thought that the repetition of the explanations was tiring when 42% did not think so, 39% said that the tool made concentration easier when 43% did not agree.  In fact all this probably depends on the student’s strategy:  whether the CD ROM was used to learn ACP (group A) or as an extension to the teacherís course (group B).  his could explain the difference we noticed between answers to some of the questions (see table 1). 

Table 1:  Evaluation of the tool by the students (questionnaire 5), items to which the difference between group A and group B students answers is statistically significant.

	
	Students who agree

with the statement

Group A2
	Students who agree

with the statement

Group B 3

	The CD ROM could not take the place of the teacher’s course
	75%
	45%

	It was a pity that I could not ask questions
	81%
	61%

	I absolutely need to take notes while working with the CD ROM
	75%
	32%

	I found the CD ROM’s laboratory more interesting than amphitheatre
	75%
	45%

	I concentrate better when I work on a book
	64%
	36%


In spite of these remarks, generally the students judged the tool positively. 78% of them said that the CD ROM was a great help in understanding the method (8% did not) and 71% that it was in-depth understanding (17% do not agree).  For 73% of them, the visual aspect helped them to memorise more easily.  For those items, the difference between answers of group A and group B students was not significant.

Tool’s efficiency

We saw that students liked the CD ROM and thought it was a good learning aide but what was the real cognitive contribution of the tool ?  To try to answer this question, we compare the marks of group A and group B obtained from the two tests at the end of the three week course on ACP (questionnaires 3 and 4).  In questionnaire 3, we tested the understanding of concepts and, in questionnaire 4, the ability to use the concepts (interpretation of the results of an ACP made on real data).  In both cases, the difference between groups was not significant (see table 2).  Students’ performance seemed to be the same, whether they studied alone with the CD ROM or attended to the regular course.

Table 2:  Results to evaluation of concepts understanding (questionnaire 3) and techniques mastering (questionnaire 4)

	
	Mean 

(grade out of 12)
	Standard deviation
	No. of students 

in the group

	Group A


Savoirs


Savoir-faire
	6.44


5.73
	3.13


3.27
	24


We discovered out that the marks to tests were correlated for group A (r=0.727) and not for group B (r=0.404).  It then seems that students who studied with the CD ROM make better connection (right or wrong) between the concepts and the techniques.

Conclusion

As we thought, students were motivated by the use of the tool.  At least, those who tried it, as half of them did not use it.  This is probably cultural (we noticed that our Anglo-Saxon students have a different attitude toward technology) and this will certainly decrease in the future.  If a great majority of students said that the tool helped them to understand the method, the evaluation we conducted shows that the multimedia tool helped them to apply knowledge they mastered more easily but do not help them to master knowledge more than a traditional course does.

Student’s answers showed that if they thought about mastering the method at the end of the semester (almost 90% of the students say so), it was because of the whole programme and not only because of a part of it (like the CD). 78% of the students stressed the positive effect of the final report (processing and interpretation of their own data).  Apparently, students who initially worked on the CD ROM thought that they master the method better than students who attended the course:  96,9% of group A students (32 answers) versus 82,2% of group B students (45 answers).  But this does not mean that they effectively do: the difference between final reports means of groups A and B was not significant (t=1,22).  We think that this lack of lucidity might be explained by the lack of human interactivity.  The importance of the interactions between peers and between teacher and students is well known (see for example proceedings of the CIEAEM 49, 1998).  It seems to us that the role of the teacher (but also of the interactions between students) is to lead students to permanently question their mastering of knowledge.  Anyway, students answers to questionnaire 5 stressed the fact that they are asking for more communication and interaction.

This interactivity can not be reached by the kind of tool we experimented.  It is an important limit of it.  But the results of this study also showed what we think is a important positive effect: a better connection between concepts and techniques.  This leads us to imagine another programme integrating multimedia and allowing human interaction, between peers and with a teacher: we are now working on the construction of an Internet platform of co-operative distance learning.
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1. Overview

In response to the critical role that information plays in our technological society, there have been international calls for reform in statistical education at all grade levels (e.g., National Council of Teachers of Mathematics, 1989; School Curriculum and Assessment Authority & Curriculum and Assessment Authority for Wales, 1996).  These calls for reform have advocated a more pervasive approach to the study of statistics, one that includes describing, organising, representing, and interpreting data.  This broadened perspective has created the need for further research on the learning and teaching of statistics, especially in the elementary grades, where instruction has tended to focus narrowly on graphing rather than on broader topics of data handing (Shaughnessy, Garfield, & Greer, 1996).

Notwithstanding these calls for reform, there has been relatively little research on children’s statistical thinking and even less research on the efficacy of instructional programs in data exploration.  Although some elements of children’s statistical thinking and learning have been investigated (Cobb, 1999; Curcio, 1987; Curcio & Artz, 1997; De Lange et al., 1993; Gal & Garfield, 1997; Mokros & Russell, 1995), research on students’ statistical thinking is emergent rather than well established.  Existing research on children’s statistical thinking has certainly not developed the kind of cognitive models of students’ thinking that researchers like Fennema et al. (1996) deem necessary to guide the design and implementation of curriculum and instruction.

In this paper, we will discuss how our research has built and used a cognitive model to support instruction in data exploration. More specifically, the paper will: (a) examine the formulation and validation of a framework that describes students’ statistical thinking on four processes; and (b) describe and analyse teaching experiments with grades 1 and 2 children that used the framework to inform instruction. 

2.  The Statistical Thinking Framework (Framework)

In generating the Framework (Figure 1), we identified four key statistical processes: describing data, organising and reducing data, representing data, and analysing and interpreting data. These processes which will be described below were modifications of similar processes identified by Shaughnessy et al. (1996).  Based on our earlier work with number sense (Jones, Thornton, & Putt, 1994) and probability (Jones, Langrall, Thornton, and Mogill, 1997), the Framework was also formulated on the assumption that elementary children would exhibit four levels of statistical thinking in accord with Biggs and Collis’s (1991) general development model, Structure of the Observed Learning Outcome (SOLO).  These levels of statistical thinking were described as idiosyncratic, transitional, quantitative and analytical, and in a subsequent validation study with 20 target students, 4 from each of grades 1 through 5, we confirmed the existence of these four levels and refined the descriptors of children’s thinking in the Framework.

Key Processes. The first process, describing data, incorporates what Curcio (1987, Curcio & Artz, 1997) calls “reading the data.” Curcio notes that reading the data means extracting information explicitly stated in the display, recognising graphical conventions and making connections between context and data.  Based on this definition and previous research (Beaton et al., 1996; Pereira-Mendoza & Mellor, 1991) we generated tasks to assess children’s thinking on this process.  A sample of these tasks is shown in Figure 2 (see D1 and D2).  Organising and reducing data, incorporates mental actions such as ordering, grouping, and summarising data (Moore, 1997).  As such, it also involves reducing data using notions of centre and spread.  Some of the tasks used to assess this process (see O1 and O2 in Figure 2) were adapted from previous research (Strauss & Bichler, 1988; Mokros and Russell, 1995).   Our third process, Representing data, incorporates constructing visual displays that sometimes require different organisations of data. Several studies (Beaton et al.; Zawojewski & Heckman, 1997) were helpful in building assessment tasks like the one labeled R1 in Figure 2. Analysing and interpreting data involves recognising patterns and trends in the data and making inference and predictions from the data.  It incorporates what Curcio (1987) refers to as “reading between the data” and “reading beyond the data.” The former involves using mathematical operations to combine and integrate data, while the latter requires students to predict from the data by tapping their existing schema for information that is not explicitly stated in the data. Curcio’s research (Curcio, 1987; Curcio & Artz, 1996) was helpful in identifying assessment questions for this process. For example, see Figure 2 (A2 through A6). 
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Sam had some friends come to visit each 

day during one week in the summer.  The 

number of friends and the days they 

visited were displayed like this:

Friends come to visit

Mon

Tue

Wed

Thu

Fri

Sat

Sun

n = 19

Day


	D1
What does this picture tell you?

D2
How many friends came to visit each day?

A2
What can’t you tell from this picture?

A3
Which day had the highest number of visitors? 

A4
How many friends came to visit Sam during this week?

O1  About how many friends came to visit Sam each week? 

O2
What is the average number of friends that came to visit Sam each day?

R1   Can you draw this graph in another way?

A5
How many friends would you expect to come to Sam’s place every week during the vacation?

A6
How many friends would you expect to visit Sam during a 4-week month?


	Figure 2.  Line plot of Sam’s friends and questions


Thinking Levels. The validation process confirmed the existence of four levels of statistical thinking as postulated on the basis of the SOLO model (Biggs & Collis, 1991).  Level 1 thinkers were consistently limited to idiosyncratic reasoning that was often unrelated to the given data and frequently focused on their own personal data banks.  Level 2 thinkers were beginning to recognise the importance of quantitative thinking and they even used numbers to invent measures for centre and spread, albeit not always valid.  Nevertheless their perspective on data was generally single
minded and they seldom connected representations or analyses of the data to its context.  Students exhibiting Level 3 thinking consistently used quantitative reasoning as the basis for statistical judgements and had begun to form valid conceptions of centre and spread.  Level 3 students took a broader and more flexible approach when exploring data and seemed to be able to represent and analyse data from multiple perspectives even though they rarely made connections between different aspects of the data.  Level 4 students used both analytical and numerical reasoning in exploring data and showed evidence of being able to make connections among different aspects of the data.  In Figure 3, we show some exemplars of children’s responses at each level.   The questions refer to those in Figure 2.

	Process/ Level
	Level 1

Idiosyncratic
	Level 2

Transitional
	Level 3

Quantitative
	Level 4

Analytical

	Describing Data

Displays

(D)


	•gives a description that is unfocused and includes idiosyncratic/irrelevant information; has no awareness of graphing conventions [e.g., title, axis labels] of the display

•does not recognise when two displays represent the same data OR indicates some recognition but uses idiosyncratic/ irrelevant reasoning 

•considers irrelevant/subjective features when evaluating the effectiveness of two different displays of the same data 
	•gives a description that is hesitant and incomplete, but demonstrates some awareness of graphing conventions

•recognises when two different displays represent the same data, but uses a justification based purely on conventions

•focuses only on one aspect when evaluating the effectiveness of two different displays of the same data
	•gives a confident and complete description and demonstrates awareness of graphing conventions

•recognises when two different displays represent the same data by establishing partial correspondences between data elements in the displays

•focuses on more than one aspect when evaluating the effectiveness of two different displays of the same data 
	•recognises when two different displays represent the same data by establishing precise numerical correspondences between data elements in the displays

•provides a coherent and comprehensive explanation when evaluating the pros and cons of two different displays of the same data 

	Organising 

and

Reducing Data

(O)
	•does not group or order the data or gives an idiosyncratic/ irrelevant grouping 

•does not recognise when  information is lost in reduction process

•is not able to describe data in terms of representativeness or "typicality"

•cannot describe data in terms of spread; gives idiosyncratic / irrelevant responses
	•gives a grouping or ordering that is not consistent OR groups data into classes using criteria they cannot explain

•recognises when data reduction occurs, but gives a vague/irrelevant explanation

•gives hesitant and incomplete descriptions of data in terms of "typicality"

•invents a measure--usually invalid--in an effort to make sense of spread
	•groups or orders data into classes and can explain the basis for grouping

•recognises when data reduction occurs and explains reasons for the reduction 

•gives valid measures of "typicality" that begin to approximate one of the centres (mode, median, mean); reasoning is incomplete

•uses an invented measure or description  which is valid, but the explanation is incomplete
	•groups or orders data into classes in more than one way and can explain the bases for these different groupings

•recognises that data reduction can occur in different ways and gives complete explanations for the different reductions

•gives valid measures of typicality that reflect one or more of the centres; reasoning is essentially complete

•uses the range or invented measure that has the same meaning as range


Figure 1. Statistical Thinking Framework

	Continued

Process/ Level
	Level 1

Idiosyncratic
	Level 2

Transitional
	Level 3

Quantitative
	Level 4

Analytical

	Representing Data

(R)


	•constructs an idiosyncratic or invalid display when asked to complete a partially constructed graph associated with a given data set

•produces an idiosyncratic or invalid display that does not represent or reorganise the data set
	•constructs a display that is valid in some aspects when asked to complete a partially constructed graph associated with a given data set

•produces a display that is partially  valid,  but does not attempt to reorganise the data
	•constructs a display that is valid when asked to complete a partially constructed graph associated with a given data set; may have difficulty with ideas like scale or zero categories

•produces a valid display that shows some attempt to reorganise the data
	•constructs a valid display when asked to complete a partially constructed graph associated with a given data set; works effectively with scale, zero categories,  

•produces multiple valid displays, some of which reorganise the data 

	Analysing and

Interpreting Data

(A)


	•makes no response or an invalid/irrelevant response to the question, "What does the display not say about the data?"

•makes no response or gives an invalid/incomplete response when asked to "read between the data"

•makes no response or gives an invalid/ incomplete response when asked to "read beyond the data"
	•makes a relevant but incomplete response to the question, "What does the display not say about the data?"

•gives a valid response  to some aspects of "reading between the data" but is imprecise when asked to make comparisons 

•gives a vague or inconsistent response when asked to "read beyond the data"
	•makes multiple relevant responses to the question, "What does the display not say about the data?"

•gives multiple valid responses when asked to "read between the data" and can make some global comparisons

•tries to use the data and make sense of the situation when asked to "read beyond the data;" reasoning is incomplete
	•makes a comprehensive contextual response  to the question, "What does the display not say about the data?"

•gives multiple valid responses when asked to "read between the data" and can make coherent and comprehensive comparisons

•gives a response that is valid, complete, and consistent when asked to "read beyond the data" 


Figure 1. Statistical Thinking Framework continued
	Question
	Level 1
	Level 2
	Level 3
	Level 4

	D1
	It tells how many crosses there are.
	It tells you how many friends came over and it tells you the day.
	It tells you 2 visited on Monday, 0 visited on Tuesday …
	It tells you about friends 

Visiting Sam. Two visited on Monday, …

	O2
	7, that’s how many came to my place.
	Between 7 and 0. It’s somewhere there but I don’t know.
	Two, because two came on 2 of the days. It’s the most.
	About 3. Share them. Take 3 away from here [7] and give it to the day with 0, [and so on], they’ll all have about 3.

	R1
	Drew a graph with snakes that had no resemblance to the original data.
	Drew the same graph with circles instead of crosses; one day incorrect.
	Drew the graph in a valid manner and turned it through 90 degrees. 
	Drew a bar graph in a manner that was valid and complete.

	A5/A6
	A5: 6, otherwise they’d trash the house.
	A5: May be 19. But I’m not sure. 
	A5: Between 10 and 15 because I don’t think 19 would come every week.

A6: Maybe 55--three weeks of 15 and 1 week of 10. Cause 19 a week is too high.

 
	A5: Well since there were 19 this week, that’s a good estimate. I’d say 15 cause there’s so many on Saturday.

A6: 4 by 15-that’s 60. Kind of a lot but 60 per month.


Figure 3.  Exemplars of Thinking at Each Level of the Framework 

3. The Teaching Experiments

A teaching experiment has been defined as a methodology that is aimed at capturing and documenting students’ thinking over time (Steffe & Thompson, in press).  During a teaching experiment, researchers develop sequences of instructional activities or learning trajectories (Simon, 1995) and analyse students’ mathematical learning as it occurs in the social situation of a classroom or a small group (Cobb, 1999). In our teaching experiments, the learning trajectories (goals, tasks, and expected learning sequence) were based on the Framework, which was also used to trace changes in students’ learning during the intervention.  The grade 2 teaching experiment comprised 9 sessions each of 40 minutes and we used categorical and numerical data from the class’s Butterfly  Garden Project as the context for each session. The grade 1 teaching experiment comprised 4 sessions each of 40 minutes and tasks were based on a data set generated from the “number of teeth” lost by the children in the class. All children in both classes were assessed prior to and immediately following the teaching experiments using the same protocol that had been used to validate the Framework.

Effect of the teaching experiment: Quantitative Analysis. For the grade 2 class, a Wilcoxin Signed Ranks Test (Siegel & Castellan, 1988) revealed significant growth between the pre and post intervention levels of the 19 students on each of the four statistical thinking processes: describing data (p<.001); organising and reducing data data (p<.001); representing data (p<.002); and analysing and interpreting data (p<.004).  For the grade 1 class of 18 children, the Signed Ranks Test revealed significant growth for two of the four statistical process: describing data (p<.01) and organising and reducing data (p<.02); the other two processes did not produce significant differences. 

Effect of the teaching experiment: Qualitative Analysis.  Several learning patterns emerged from the analysis of instruction and in particular a detailed case-study analysis of 4 target students in each of the grades 1 and 2 classes. These learning patterns are described by statistical process.  With respect to describing data, children bring varying degrees of prior knowledge about meanings and conventions associated with contextual data displays. Experiences with different kinds of data during instruction seemed to focus their thinking and produce less idiosyncratic descriptions. Categorical data was more troublesome than numerical data.  Children's intuitive thinking with respect to organising and reducing data was problematic.  Although they were reluctant to use paper and pencil to reorganise data (especially categorical data), technology proved very helpful in stimulating their organising strategies. Our results also show that collectively children revealed conceptual knowledge of average and spread that was multifaceted and useful in informing instruction. The difficulty for the teacher is in deciding how and when to use children’s different representations of center.  Children’s prior knowledge in representing data appears to be constrained by limited accessibility to pervasive sorting and organising schemas. However, instruction that incorporated technology or the use of unfinished graphs showed potential in stimulating children’s sorting schema and ipso facto their capability for constructing representations.  With respect to analysing and interpreting data, children’s thinking, prior to the intervention, was more normative on tasks that involved reading between the data than on tasks that involved reading beyond the data.  The intervention revealed some unanticipated problems with tasks that focused on reading between the data and also highlighted the importance of context in relation to tasks that involved reading beyond the data.

4.   Conclusion
Given the prior knowledge and growth that children demonstrated on all four statistical processes, there is evidence that they can accommodate a broader approach to data exploration.  However, if instruction on data exploration is to reach its full potential in the elementary grades, there is a need for further research to build learning trajectories that link the different levels of children’s statistical thinking identified in the Framework.
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Introduction
The breakneck advance of multimedia capabilities and internet technologies offers an unprecedented opportunity to improve the quality of teaching and learning.   Nowadays the use of multimedia resources and WWW-supported learning environments is a crucial issue in education and further education.  Integrating visualization, animation, interactive experiments, sound and hotlinks to relevant internet sites opens completely new dimensions of learning.  Modern multimedia may also incorporate new communication channels and could be part of emerging virtual educational networks. 

Statistics seems to be particularily suitable for illustrating the benefits of multimedia-based teaching.  On the one hand, Statistics connects quite different fields of application.  This interdisciplinary character of the science can be well demonstrated by suitable videos and motivating examples closely related to people’s life.  On the other hand, multimedia represents an ideal platform for visualizing statistical  concepts  and for discovering basic statistical principles by self-driven experiments.  Multimedia software for Statistics can go beyond closed instructional microworlds by offering properly maintained subject-specific gateways to recent statistical data and supplementary information from the rapidly growing internet. 

A multimedia software prototype Descriptive statistics and exploratory data analysis

The German State of North-Rhine Westphalia launched in 1998 a multimedia University network program aiming at building up innovative WWW-supported educational software prototypes for a broad range of sciences.  Within this framework a multimedia software “Descriptive statistics and exploratory data analysis” (in German) was developed at the Distance University of Hagen in the period January 1998 – December 1999 as an interdisciplinary project involving a chair for Statistics and Econometrics and a chair for Applied Computer Sciences.  The project output, in September 2000 nominated  for the European Academic Software Award 2000, is a WWW-linked and highly modular structured software package designed in the form of an animated textbook.  In order to facilitate orientation, all screen pages show a uniform bipartite layout with the left-hand half allocated to visualization and the right-hand half to the main learning content.  The software strongly promotes customized learning by offering different learning levels.  The first level, the initial state of a screen page, contains basic textual information of minimal size together with a visualized summary.  This level is connected via hyperlinks to an encyclopedia-like glossary. 

Figure 1 shows the initial state of a screen page dealing with graphically presenting and describing univariate empirical distributions.  The five buttons on the right-hand half of figure 1 refer to the second learning level.  These elements are inactive until the learner activates them by simple mouse click.   
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Figure 1:  Initial state of a screen page (first learning level with visualized summary)

The elements of the second level are dedicated to the exposition of theory, to examples from a broad range of application fields, to interactive exercises or simulation experiments and to “expert” knowledge for the more advanced learner.  After activating one of the differently labelled buttons related to the second level, the visualization on the left-hand half refers to this element.  Depending on individual learning strategies, the learner may either start with the theoretical background of a subject, with an experiment or with an example illustrating the theory.

Figure 2 shows the state of a screen page after activation of a button labelled “interactive experiment”.  The page deals with the concept of fitting a least squares line to a scatter diagram and measuring the goodness of fit.  After mouse-conducted data-point specification, the software automatically displays the least squares line, the slope parameters and the coefficient of determination R2.   The learner may now “play” with the self-defined data by shifting or deleting data points or by creating an outlier and study the effects on the regression line and the measure R2.   In total, the software contains more than 70 Java applets, each emphasizing interactive learning and providing a grounding in basic statistical principles by means of sound-guided animation or self-controlled experiments.
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Figure 2:  Screen page state after activation of an element of the second learning level (interactive experiment for trying out the least squares principle)
The role of the WWW

The multimedia software described above is, in principle, fully net-operating.  The learning contents are laid down in HTML format.  An internet browser  gives access to the usual communication functions of a virtual educational network, for instance to e-mail connections and course-related newsgroups.   Due to today’s still unsatisfactory internet capacities and due to cost considerations, the learning process is predominantly organized in the offline mode.  Students with internet access are free to switch at predefined course points in the course to online learning in order to download the latest data or additional information. 

Figure 3 illustrates this hybrid feature of the software.  The left-hand half in figure 3 shows a table with unemployment data from the German Statistical Office.  After activation of a button labelled “update tabular values”, the most recent official unemployment data for Germany are immediately presented and evaluated in case of an existing WWW gateway. 
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Figure 3:  Use of the internet for feeding in latest statistical data

(unemployment data from the German Statistical Office)
Hence the internet is used for improving the communication between the agents of the learning process and as a source of the latest information.  After release of forthcoming revisions, the revised  submodules could be downloaded via the net.  In the near future, high-speed internet channels will also open the chance to use the WWW as a medium for transporting the complete software from a server to any network-linked PC. 

Databases for statistical Java applets and multimedia components as an alternative approach

The CD ROM or, before long, a DVD-based software “Descriptive statistics and exploratory data analysis” could be translated and adapted by partners interested in establishing internationally oriented multimedia cooperation.  More detailed information related to the project output and a demo version are available via http://www.FernUni-Hagen.de/STATISTIK.  An adaptation of the software to the specific needs of other Universities is facilitated by the strictly modular course design.  Due to the involvement of sound and to the necessary synchronization of sound and every animation step, a translation requires a substantial input of financial and personal resources. 

The modular course design also suggests the separation of all interactive experiments and other multimedia-based components, such as animations with step-by-step derivations of theory or examples from real life for illustrating theory, from the original textbook-like environment.  After removal, these components could be integrated as independent parts into a net-operating database aiming at efficiently supporting the learning and teaching of Statistics.  This approach is already under test at the University of Hagen, in order to evaluate the didactical pros and cons, and is an alternative to the more extensive and more ambitious animated textbook concept sketched above. 

Figure 4 shows an interactive Java applet after its removal from the textbook-like environment.  The applet represents a self-controlled simulation for generating and graphically displaying univariate sample data of self-defined sample size.  Originally this experiment was linked with the screen page represented in figure 1.  Whereas in figure 1 the simulation was hidden behind the last button on the right-hand half and linked with the first learning level, the experiment shown in figure 4 has an independent character.  The sound, the glossary and all communication functionalities from the more comprehensive multimedia software version may be partly or completely retained.  In contrast to figure 1, the sound in figure 4 is displayed as a supplement in written form on the right-hand half substituting for the original main learning content.
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Figure 4:  Element of a database for Java applets or multimedia components

(interactive simulation for generating and visualizing data sets of variable size)

A database containing a collection of unconnected Java applets or multimedia components, each enriched with supplementary didactical comments, has some advantages over the alternative concept of using linked submodules and graduated learning levels.  For example, one advantage is that independent and small components could be easily exchanged between international partners.  Each partner could modify the content with very limited input and, if necessary, also change the language of the written or spoken didactical comments related to a submodule. Another benefit is that a database for statistical Java applets and multimedia components could be easily complemented by elements covering further topics of Statistics, for instance by experiments related to probability and distributions of random variables or to statistical inference.  Hence there is a good case for starting international multimedia cooperation in Statistics on the basis of a database of net-operating statistical Java applets and multimedia components.  The elements of such a database could efficiently support the teaching of Statistics at secondary schools, colleges, universities, and the framework of training on the job in industry.  On the other hand, such components could facilitate the learning of Statistics by self-study and serve as a supplement to traditional instructional media.    

A plea for improved international cooperation in multimedia development

Interactive educational software, WWW-supported tools and databases for Java applets and multimedia components offer huge potential to improve the quality of Statistics teaching and the intensity of international cooperation in this field.  Up until now there have been only a few surveys on useful internet resources for Statistics, see for instance the surveys of WEST et al. (1998) or SAPORTA (1999).  Some forward-looking universities and individuals have already developed very useful WWW resources and multimedia-based software but there is still a lack of systematic cooperation.   A small number of highly motivated statisticians have invested much time and energy to fit together developments from different sources and to establish their personal database of interactive statistical experiments and other tools suitable for modern statistical education.  One impressive example is the internet site http://noppa5.pc.helsinki.fi of Juha Puranen from Finland.  Such individual attempts, while commendable, only facilitate a superficial orientation in the subject, based on existing resources.  A systematic cooperation between different educational institutions, coordinating their development of Java applets and multimedia components and exchanging such elements, would be a more far-reaching and cost-effective approach. 
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1. Introduction

In the literature means, modes and medians are referred as measures of central tendency and they are important concepts in data handling and analysis.  Some authors (Batanero et al., 1994; Carvalho, 1996, 1998; Cudmore, 1996; Hawkins, Jolliffe and Glickman, 1991) also stress that students have difficulty with these basic concepts and to some of them these concepts can be reduced to a computation formula.  The main goal of this study was to analyse peer interactions in order to understand their role in pupils’ performances when they were solving statistical tasks.  A deep analysis of their discourse makes clear the way they construct an intersubjectivity (Wertsch, 1991) that facilitates the choice of the solving strategies and helps pupils to undertake their mistakes.

2. Theoretical background

All those who work in a school context are aware of the importance of social interactions in knowledge apprehension and in skills acquisition.  In the 70s, the first introductory studies by Doise, Mugny and Perret-Clermont (1975, 1976) lightened up the importance of peer and group interactions in cognitive development.  Using piagetian tasks they verified that children working in peers or small groups progressed more than those who worked individually.

Later on, the importance of contexctualized studies became a reality and notions as the zone of proximal development (ZPD) and the need of a more competent peer (Vygotksy, 1962, 1978) were explored by many authors who studied social interactions (Moll, 1990; Van der Veer and Valsiner, 1991).  Anyhow, the most important step in pedagogical terms was to recognise that children were able to implement their sociocognitive development and their school achievement in Maths not only when they were interacting with a more competent peer, but also when they were interacting with a peer that was as competent as themselves or even less competent (CÈsar, 1998, 1999; CÈsar e Torres, 1997).  This means that peer interactions are very powerful and that they can be an effective way of promoting pupils' school success.

When children learn scientific concepts at school they already have spontaneous ones (Vygotsky, 1962, 1978) and for some time this may cause cognitive conflict.   Nunes (1995) stressed the importance of the nature of the task and tools we provide children with, in the way they construct and organise their knowledge and acquire skills.  The concepts they appropriate are mediated by their social interactions and by the tools they use.

3. Method

3.1. Subjects

We used pupils from the 7th grade attending a secondary school in Lisbon (n = 214). The case we choose is representative of many of those dyads.

3.2. Instrument

The task we used was adapted from Abrantes (1997).  Looking to the table data about salaries pupils should be able to discuss how to calculate the mean, the median and to choose by which statistical parameter this distribution was better represented.

Task
In a factory, five of the workers were randomly chosen to do a study about the salaries. The salaries were:

	Worker
	A
	B
	C
	D
	E

	Salaries (escudos/month)
	54 000
	42 000
	60 000
	48 000
	180 000


1.1 - Do you think that the five workers agree if we say that the great majority of them have a salary equal to the mean? Why?

1.2 - If you are the worker D how does you fill? Why?

1.3 - If instead of the mean we choose the median what you think was the worker’s opinion. Why?

1.4 - Do you choose the mean or you choose the median to represent the salaries of the workers. Why?

2- The mean of four numbers is 25, three of those numbers are 15, 25, 50... What is the missing number?

3.3. Procedure

Due to technical difficulties we decided to audio tape these peer interactions in a small room at school.  Children came in peers at an extra-curricular time previously scheduled.  We asked peers to discuss their solving strategies, and to write them down only when both of them agreed that they had found a solution for that problem.  Each peer only had a sheet of paper for their answers.  We also asked them to write everything they thought and not only the solution itself.  We asked them to avoid erasing and to cut the things they wanted to change.

4. Results

4.1. Co-constructing statistical knowledge: The case of Hugo (H) and Elsa (E)

H - We must find the mean.

E - We must start adding the numbers.

H - 54 thousand plus, plus what?

E - I must work it out. (Hands the calculator over to H). Plus 42 thousand, plus 60 thousand, plus 48 thousand, plus 180 thousand. Add it all up.

H - (Shows E the result on the calculator). Now, it must be divided.

E - By five.

H - We divide the result by five. (Shows the calculator to E).

E - 384 thousand divided by five equals seven hundred and sixty eight. (Shows the operation).

H - Now we can introduce the mean equal to this (Shows the calculator).

E - Yes. What do you think? Do you think it is all right?

H - No, I don't.

E - Don't you? Why not?

H - Is this the amount they receive? (Points to the mean amount).

E - It is not, it’s the mean.

H - Oh well, then I think it is.

E - Do you? Why?

H - Because they earn the mean, I think. I am not sure.

E - But they do not earn the mean. They earn less.

H - I think that is it.

E - Then it is not, because they earn a salary below the mean (Writes down). If you were employee D, how would you feel about your salary?

H - I would feel bad.

E - Why?

H - Because it would not be enough.

E - Because he earned less than the mean (Writes down). If, instead of saying that the majority of employees in that company earn a salary equal to the mean, we say that the majority of employees in that company earn a salary equal to the median, what do you think would be the employees' opinion, and why?

H - They say they are underpaid.

E - Ah!

H - The employees would say they were underpaid and that they have children to feed.

E - Now it is your turn, why?

H - I think the salary is not enough because they have children to feed and a rent to pay.

E - Is their salary equal to the mean or to the median? What do you think would be the employees' opinion?

H - They would say they did not earn enough.

E - They would say the salary was not enough, for what?

H - To keep a home.

E - To pay the rent. (Writes down) Would you choose the mean or the median?

H - The median.

E - But what is the median?

H - I don't know.

E - Well. We have to put this right and then it will be the middle one... 54 thousand.

H - I would choose the mean because it has...

E - Mean because it is low. Not higher.

H - It has 20 thousand in excess.

E - Because the mean has a higher value. The mean of four numbers is 25, three of those numbers are 15, 25, 50... What is the missing number?

H - 30.

E - 30? Wait.

H - 15 + 25 is 40.

E - This adds up (Values given) to 90.

H - Add it all up and then divide by 25.

E - 3.6. I am not sure this is right.

H - I am not sure either. Do the other one.

4.2. Discussion of the Case
Hugo (H) and Elsa (E) are 7th grade students.  Hugo is classified by his teacher as a poor student, Elsa is classed as an average student who could get better marks if she worked more.  At the pre-test, they both obtained a low performance (level 1), but they improve with the post-test for maximum marks (level 3).

On the cognitive development test (ECDL), Elsa went as far as was expected for her age - Intermediate level.  Hugo, like all unsuccessful students (did not succeed at 3rd and 7th grade, at first) reveals a poorer performance on the first ECDL application - concrete level.  At the end of the school year, Hugo was at the Intermediate level.

Elsa thinks mathematics are difficult and that it requires a lot of studying but that sometimes you need not study so much as, for example, with statistics, because it is like what you see on TV and read in the papers... Graphs and means... when the teacher brought these up I didn't know how to deal with them, but had heard about them.

Hugo feels that to like mathematics is to like the Maths teacher... When I like the teacher, I think it is fine... This year I like it, but usually I don't.  Hugo begins by saying that one must calculate the mean and Helen gives a definition of an arithmetic mean. This is a co-elaborated answer in which each element of the pair adds something and completes the other's answer. None of the elements leads the interaction, this being very balanced. The reason may be that both elements have similar mathematical performances at pre-test.

When the subjects solve the algorithm of the mean, Elsa, in a non-directive pedagogical attitude, requests Hugo's opinion without revealing right away what her opinion is, waits until Hugo thinks it over, giving him some cues, helping him to reformulate and work out a richer answer from a mathematical and psychological point of view than if he had just given his answer. The former situation might have induced Hugo to accept his colleague's answer without elaborating significantly on his own, just imitating the answer.  Hugo's uncertainty as to the validity of his own answers makes him feel insecure.  This reveals some leadership on the part of Elsa, as Hugo is not so sure about his answer.

For the next question, requesting the subjects to compare a salary with the total sum of salaries, we note that their answer is mediated by Hugo's social representations concerning living cost level. The solution found is based on a comparison not with the total salaries, but with obtaining that salary in the subjects' day-to-day life.  We note that Hugo's resolution is influenced by the spontaneous concepts he has, which is quite usual in pupils that are still in the concrete level of cognitive development.

Elsa, although being able to calculate a median, lets herself be influenced by Hugo. In fact, the choice between the mean and the median was due to the quantitative and concrete aspect of the average value and not to any mathematical criterion as, for example, which of the two values best expresses the reality of those salaries.  This is to say that the social influence present all along this task may have induced the subjects to give an incorrect answer.

For the next question, both subjects answer on a trial and error basis, with Elsa trying to find a solution based on arithmetical strategy and Hugo inducing Elsa in error.  She is unable to see she is doing a mistake and is left in doubt as to whether this would be the best solution.  Hugo's leadership at this time is quite clear.  Elsa who, at the beginning of the resolution, requested time to think, cannot stop Hugo who, although in doubt about the validity of the answer, knows from their didactic contract (in the Maths class) that, once a solution is discovered, one can go on to the next question and, even when faced with Elsa's doubt, does not try to listen to her and, eventually, work out a more consensual and positive solution. Elsa, faced with Hugo's leadership, is unable to impose her need for more time to solve the situation.

3. Final remarks

The way pupils solved this task is a quite good example of how they understand the situations that they are confronted to during their school activities.  Although they were doing Maths many of them did not face this task as a typical mathematical task and they used much everyday common sense knowledge in their answers.

The most common way to solve this task was to compare the mean value with all workers’ salaries and the median value with the mean.  They often did not discover any mistakes until this is pointed out to them by their peer.  That happens when they have to discuss between the two of them until they agree on a solution.  These results made us believe that the study of protocols, child dialogues, tasks and instructions presented to pupils are essential to the comprehension of the way they acquire their knowledge and skills.

Peer interactions were a powerful mean of implementing new solving strategies and a better performance among most peers.  The analysis of some of their protocols shows how the interaction that is taking place makes children clarify their way of reasoning, find out new strategies, respect the other ones rhythm of work, be better prepared to assume their own points of view or how that interaction takes a positive role in the construction of a more positive self-esteem.

Above all, peer interaction was an effective way of apprehending knowledge and acquiring new skills not only for those who had more difficulties in Maths but also for the ones who were more competent. This was even stronger than in previous studies (CÈsar, 1994) as we implemented a final discussion with all peers. This fact is one of the most interesting aspects of this study, because it lights up the power of peer interactions as a common practice in the classroom.
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1.   Introduction 

 Nobody doubts nowadays that all professionals should be qualified to design an investigation, gather data with previous planning and analyse the results, he also finds indispensable to be able to understand the current scientific literature. To be able to carry out all this he/she should have knowledge of Statistics. In general, it happens that the students or the graduates of some university careers face themselves before a barrier of numbers, formulas, calculations and mathematical reasoning. Statistics is not easy to learn, on the contrary, it is rather difficult. Statistic is a curious amalgam of mathematics, logic and judgement. Although many are put off by the mathematics, the logical processes are often the ones that  cause more difficulty (Altman, 1997). In general the problem becomes worse if this happens especially with those whose careers belong to the Health or Biomedical sciences.

It is not discussed  that the principles and Statistical methods are necessary not only for understanding, but also for the effective exercise in any profession, especially those that are related to the health, since the variability of the clinical, biological  and  laboratory data, either on  individuals or communities, that to come to a decision goes  always accompanied by a degree of uncertainty. This is due to the undeniable probabilÌstic nature of the Biomedical Sciences and it is in fact the Statistics is the one that  provides the appropriate tools to confront the differences and that uncertainty. (Leiva, Carrera, et al, 1999). The Statistics knowledge and of their procedures allow the student and the graduate to critically appreciate the phenomena that happen to their surroundings; it allows him to understand scientific works and to produce his own ones, besides generating data of quality and knowing about the problems that affect the population under study.

Today, any citizen needs in his daily activity certain resources of the Statistics. In the last years this has taken to radically changed the teaching of Statistics in many of the countries where it is part of the Mathematics curriculum. It is necessary that the citizen learns earlier to interpret the facts that happen to his surroundings and the data that he receives permanently through any means of diffusion. Learning Statistics is nowadays unquestionably based by the instrumental contribution that this science carries out (Gal and Gardfield, 1997). Besides through statistical education researches, the Statistic has been shown as a ‘modern discipline’, useful to develop in precise form the abilities required in the global world and the information society . (Ottaviani, 1999) 

That had motivated the next words of Susan Starkings (1996): “Mathematical education has radically changed, in many countries, over the last decade The need for mathematically literate students who can function in today's technological society has instigated  a change in the content of Mathematics curriculum”.  From the last educational reformation our country has recently begun to introduce emphasis in  Statistic with emphasis in the pre-grade curricula.  Some years before only charts were given, means and standard deviations and in some cases some other position measure. 

3. Teaching goals

In the post secondary versions of introductory Statistics courses, one of the most important goals of its learning is to know the coverage that the contribution of Statistics makes in the construction of the knowledge of specific areas of each career; the student's training to carry out the conversion of this knowledge to situations that frequently demand the use of statistical procedures  and the training to read and interpret the publications of other areas of its career understandingly. 

3.  Our methodological proposal

To reach the objective that we intend it is necessary to: 

Emphasis on data analysis because it provides the key of the initial comprehension of the problem. This makes feasible to explore data so as to be able to extract the maximum possible information from them, and a posteriori, go on  to a inferential stage. It is necessary to allow ‘data to speak’.  The current availability of instruments and statistical software with possibilities of graphic representation and treatments of varied data gives a singular importance to the exploratory analysis of data. The didactic possibilities of this are due to the simplicity of the required mathematical apparatus, to the importance given today to the statistics and to the connections with other topics of the same career. (Batanero, Estepa y Godino, 1992). 

The importance of including the techniques of data analysis in the secondary education it has been pointed out many times (Burrill, 1996; Starkings, 1996; Batanero, et al, 1992; Gal and Gardfield, 1997). In the careers like Engineering, the Biomedical Sciences and other sciences that would form part in a great classification of experimental sciences, the exploratory analysis of data, allows to detect outliers or in the case of the careers in Sciences of the Health, biological patterns that can be impairing when beginning future investigations and also not thinking wrong measurements  and consequently do something  to which we are quite accustomed, to erase them. 

In addition,  through the analysis of data, and with the support of the computational means, one has a good visualisation of them and it takes it naturally out of the generalised idea that everything is symmetrical, that the behaviours are normal and that the mean and the standard deviation are measures that describe any group of data efficiently. The exploratory analysis of the data is also necessary because in it we find the base, afterwards accompanied with the notion of probability, of the inference process. 

The necessity to achieve a balance between two positions in certain antagonistic way is set out. On one hand, the one that bases the teaching -learning process in the mathematical aspects of the construction of the statistical knowledge. On the other hand, that praises the use of the instrument, without the necessary understanding of their foundation.  In most of the cases, the first position leads to a loss of the student's interest, future user, due to the excess of mathematical contents and not to sum up his need for a quick application. Furthermore, the second position, on the other hand, leads to an use and abuse of the tools with consequences in risky inferences. To be able to find a balance point between these postures is difficult and complicated. Mainly at this time where the easy access to the use of commercial software of statistical analysis and the availability of powerful computers makes that the researches of other fields, apply those programs directly. When not being well  statistically advised and with a formation only of some statistic course, the users use this programs without previously  carrying  out an analysis of the data they are able to count on, or thinking about  the best form of carrying out their analysis, or the validity of the test to apply. 

It is necessary to familiarise the student, of any level, with concepts that should be perfectly understood when he finishes their course of Statistic. These concepts are among those of variability and uncertainty. All together with the bias concept , with all their later implications.  Nevertheless, these and other concepts become simpler of apprehending if the access to the understanding of each thematic unit generates in the student the need to solve some problematic situation related with the main curricular axes of their careers. 

The importance of the probability: 

It is necessary that the student acquires the fundamental knowledge of the probability calculation; and be introduced to the inductive reasoning characteristic of the statistical inference, recognizing  the probability as supporting this reasoning. 

With appropriate handling of the data analysis  and a clear understanding of the meaning of the probability, of their conceptual essence, of the implications between the probability definitions a priori and a posteriori, their teaching and the learning of the inferential statistics is also much quicker and more effective.  Naturally in this way they understand the error meaning, level of trust, bias and estimator among others.  The calculation of probabilities is the only available mathematical model that seeks to understand what is ignored and what is uncontrollable. Fortunately, this model is at the same time extraordinarily powerful and very comfortable (Mandelbrot, 1993). Probability can be applied as directly as simple arithmetic to  reality, it provides an excellent opportunity to show the students how apply mathematics to real problems and how it can become trained with a heuristic and active methodology. (Godino, Batanero y CaÒizares, 1991) 

4.  Problem Solving

Before speaking of the solution of problems in Statistics it is necessary to point out that  Education in Statistics  and the investigation of the problem it causes, cannot be separate. Teaching and Research are a couple that is not convenient to separate, mainly in the university level, because the problems detected in the learning of a topic in which students are being trained  take us to the systematic curiosity and this to the intellectual innovation.  Solving problems, a work methodology that today is not only customary for the mathematicians, but also for the social sciences,  has its base in the ‘doing’, in the ‘building’.  This building is a continuous process of intuition, discovery, justification, error, backtracking, starting again, finding the appropriate way and at last be successful after working hard or perhaps in the end not to be successful. Besides as a great difference with the problems in mathematics many statistical problems do not have a single mathematical solution. Rather, realistic statistical problems usually start  with  a question and culminate  with the presentation of an opinion that may have different degrees of reasonableness (Gal and Gardfield, 1997).

The statistics, is presented then as something good to carry out this constructive process that is in fact the solution of problems. According to Ottaviani (1999) the problem solving consists of encouraging the students to solve a problem that enlarges their knowledge by means of the analysis of a particular situation, the formulation of a project, the collection of information, the interpretation of the data, hypothesis verification and the generalization of results. Evidently when solving a problem we are assessing in our students not only the reached result or the applied knowledge, but the process, the activities, the creativity, the aptitudes and it is for this reason that the statistic class is an excellent opportunity to learn how to solve problems but  this is not exclusive of the mathematical or statistical class, but rather in them the situations are presented. 

The problems that are solved, either motivational as those that begin a learning situation or application problems, so that the students solve them ‘thinking’, should refer to realistic questions or situations. The traditional methods of teaching statistics usually qualify as ineffective because they are not able to establish a clear relationship between the Statistics and its uses in the real world (Yilmaz, 1996)

In this motivation stage, as well as in other later stages of solving problems it is important the visualization, that is to say the visual impact. By means of the visualization an image is associated to a concept, to a problem and the light seems to begin  guiding us to arrive to an abstraction, in the case of a concept to the solution in the case of a problem. Visualization is fundamental so that the imagination begins to work, since the visual representations allow, sometimes, to abstract a concept more efficiently that its verbal description. (Carrera, E., 1999).  In the visualization the computer is shown as the ideal assistant. That is why, it should not be thought  like a simple tool, but  rather as a powerful auxiliary in several  stages of the problem solution.

5.  A proposal

All these considerations have taken us to write a little book that is in printing. We have been motivated to write it by the belief that most introductory texts do not explain adequately the concepts that underlie the whole subject of statistics, and in many cases they are divorced from the reality. This book should provide and understanding of the principles and concepts that underlie in  data analysis and the interpretation of results. Real data have throughout been used in it, mostly from published papers, and we have tried data that are  interesting in their own right. This book should be continued later with the inferential part, although there are already some very good ones.

6.  The assessment

It is evident that this teaching approach also requires challenges in the way  of evaluating. It can no longer stay in the classic form of repetitive exercises and questionnaires with simple answers like ‘yes or no’ or ‘right or wrong’. It requires questions where the student reveal to understand the main statistical concepts of the problem, the key ideas, the big ideas, to interpret a problem and to choose the appropriate statistical tools  that are more adequate to the data. It also requires that anybody can read the paper, understand it and why not  carry out critical observations of the same one. 
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Abstract

This paper deals with the introduction of hypermedia technologies in statistical methods as well as their applications in the training of students.  A hypermedia prototype to show statistical methods was develop and the toolkits are Toolbook and Kappa. Several screens was developed in a electronic book. The screens show the calculations modules. Some statistical graphs are showed through the screens. The electronic book shows about theoretical methods to calculate means, medians and variance for samples and it provides a deep knowledge about statistical methods.

The consultation sessions are quite complete, allowing the student to learn the theory and practice to solve statistical problems.  An hypertext system represents the information, in a different way from others usually employed because it is presented as a non-linear mode and, therefore, allowing to take advice with information in agreement with user interests.

Hypertext and hypermedia systems allow us to reach the following objectives:

* The structure of the classical text files;

* Non-Linear navigation on any selected order of the stored text;

* Cooperation, i. e., information with different formats, text, graphs, images, video and voice;

* Interaction, what means, sophisticate access tools, as graphical interfaces.

Using ToolBook, defined its creators as an application generator with multimedia capacities, the author have made a work we can find a great information about

The paper debates about publications that suggest the benefits of hypermedia systems applications in personal training models. 

Introduction

Expert systems are composed of tasks that require reasoning, communication and flexibility, so that the results that appear through their execution may approximate the reasoning of an expert in solving the problem focused on. This is usually done by applying a series of rules to a set of  facts. A significant amount of knowledge can be stored in these systems, which are able to simulate human reasoning, drawing conclusions beyond the mere data stored in the computers.  This ability is called inference (See , for examples, Waterman, 1986, Fischler & Firschein, 1987, Rich, 1988).

A number of recent articles on research have focused on the implementation of such systems, provided with processes of inference, applied to problems from many different areas of human knowledge.  (See, for examples, Johnson, 1983, Sriram & Adey, 1987, Pereira, 1995).

During the development of the system and throughout the whole period of research with the students, guidelines were considered, establishing a goal in the solution of a problem, as presented by Polya (1986).

An hypertext system represents the information, in a different way from others usually employed because it is presented as a non-linear mode and, therefore, allowing to take advice with information in agreement with user interests.

Hypertext and hypermedia systems allow us to reach the following objectives:


Structure of the classical text files;


Non-Linear navigation on any selected order of the stored text;

Cooperation, i. e., information with different formats, text, graphs, images, video and voice;

Interaction, what means, sophisticate access tools, as graphical interfaces.


Using ToolBook, defined its creators as an application generator with 

multimedia capacities, the author has made a work we can find a great 

information about Statistical Methods.

The Tools Utilized

The tool chosen for developing the system is shell KAPPA and ToolBook, which works in a Windows environment. These softwares were selected because it makes possible the treatment of numerical and symbolic data. Furthermore, through graph resources, it provides a friendly interface with the user (see KAPPA, 1993 and ToolBook, 1994). The Toolbook presented a part of multimedia, with sound and images. This screens are friendly for the student. 

The author integrated the toolBook and KAPPA, for we can use the resources of multimedia of the ToolBook and the part of expert system for KAPPA. The integration is very important in work for education.  Shell KAPPA is a software that works with a programming directed towards an object.   The components of system domain are represented in it by structures called objects. The objects, characterized by classes or instances, may represent concepts or concrete things.  Frames are utilized in representing objects through the set of their attributes (slots) and values.  They have an absorbing hierarchical structure.  The domain of knowledge processes are represented by means of methods, functions and production rules which must be codified in language KAL.

The reasoning used to solve the problems that are proposed may be either forward or backward.  In  forward reasoning, the system continuously tests the rules selected and produces results accordingly, while backward reasoning demands establishing a goal to be attained.  Another important characteristic of shell is that it provides mechanisms for defining expressions similar to the programming in conventional language. This was one of the reasons for choosing this shell for developing an expert system whose domain of knowledge consists of Statistical Methods.

Developing the Software

Into the ToolBook, we can show to student a class, that he/she can study out side class room. For more information one part of the software is made in Expert system.  The process of building an expert system, also known as knowledge engineering, involves a kind of interaction between the builder of the expert system, called the knowledge engineer and one or more experts in some problem area. In the case of the system built up here, the knowledge engineer models knowledge, strategies, as well as theoretical and practical methods to solve the problem being focused on. The result is a computer program that solves the problems in nearly the same way as the expert.

A teacher's experience as Professor of Statistics went through the process of  knowledge acquisition and was modelled on forms of representations of knowledge, such as frames and production rules. Consequently the system developed emulates the procedure of a teacher for the topic under consideration.  By means of screens, the student interacts with the system, which introduces him/her to various tests, guiding him/her as to their suitability in different situations.  In order to provide interface through screens, functions were created that use the pre-defined functions on KAPPA, read the data supplied by the user, send messages and give final answers.  Production rules were also applied as a form of representation of knowledge.  The rules utilized consist of one set of conditions and another of actions. If all the conditions are shown to be present, then the actions are carried out.  Although a complete description of the system developed may not be viable here, it is nevertheless important to give some idea of its.  The system presents the method step by step, seeking to make the student participate as much as possible, understanding and giving his/her opinion on the conclusions reached, through the messages sent by the screen and the reading of the student's replies to the questioning of the system.

In this study not only the theoretical aspect of the domain of knowledge was considered, as well as  techniques of artificial intelligence, in choosing the tools to build up the system, but also the pedagogic aspect. For this reason, the guidelines studied for the solution of a problem were those suggested by Polya . The following points were studied and considered in developing the system:

*Understanding the problem: Why is the unknown?  What are the data? What are the conditioners?

*Working out a plan: To find a connection between the known and the unknown, sometimes one may need to  consider auxiliary problems if an immediate solution cannot be found, but eventually it will be necessary to arrive at a plan for solving the problem.

*Carrying out the Plan: At this point, the following questionings arise: Is it possible to verify clearly that the step is correct?  Is it possible to show that it is correct?

*Retrospect: Examine the solution obtained, with the following questions: Is it possible to verify the result?  Is it possible to verify the argument?  Is it possible to get the result in a different way?  Is it possible to perceive this at a glance?  Is it possible to utilize the result or the method to solve some other problem?

In addition to these guiding principles, we also considered that the professor should help the student somewhat sparingly, that is, s/he should not help the student, either too much or too little, but in such a way that a fair portion of the work is done by  the student himself.  In this study, the professor is concerned with putting himself in the place of the student, perceiving his point of view, and seeking to understand what the student expects of the software, asking a question or indicating on the screen a step that might help the student himself.

The software sets out to follow Polya (1986) in its various phases of  development, always considering:

1) Helping the student: making it possible for the student to acquire as much experience with independent research as possible.

2)  Questions and recommendations: making inquiries to focus the attention of the student on the problem.

3) Imitation of practice: developing in the student the capacity for solving problems, instilling in his mind some interest in the problem from a practical point of view.

The expert system that was developed considers all the points mentioned above when he presents the theory to the student, while he is questioning him/her and receiving his/her reply.

Conclusions

The software shows the importance of applying techniques of Artificial Intelligence to teaching and hypertext in the same work. It enables the student to have an orientation for independent study outside the classroom. Furthermore, the system motivates the student, sending friendly messages on interactive screens.

The system, which is now in the prototype phase, is to undergo a very important process of validation, when it will be presented to groups of students and a deeper study of its efficacy will be made regarding  its application to teaching.

We consider very important jointed multimedia resource with expert system. We have a software for learning complete in this situation.
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1.  Introduction

Speaking of the teaching and learning of statistics at the undergraduate level, a moderate amount of training in small-scale data-handling seems to be an indispensable part of an introductory program in statistics.  In the Pakistani system of statistical education, however, there is very little emphasis on the conduct of practical projects involving collection and analysis of real data.  Realising the importance of such projects, the Department of Statistics at Kinnaird College for Women, Lahore initiated a series of small-scale statistical surveys back in 1985.  .Each of these surveys has consisted of (a)identification of a topic of interest, (b) formulation of a questionnaire, (c) collection of data from a sample of individuals / a population of interest, (d) a fairly detailed analysis of the collected data, and (e) presentation of the survey findings in front of teachers and students in the form of an educational and entertaining program.  Combining information with other items of interest, such a program provides an effective forum for increasing the popularity of a discipline that is generally considered to be a tough and "dry" subject.

The following section of this paper throws light on various segments of the most recent one of these programs.  The one which was held in the college hall on November 12, 1999, and in which a group of students belonging to the FA Second Year Statistics Class (grade 12, ages 17-18) presented salient features of a survey that had been carried out in order to explore the plus points as well as the problems experienced by the female nurses of Lahore (the author acting as compere/moderator for the program). 

2. "Nurses' Day" at Kinnaird College

The Nurses' Survey Program was held in the Kinnaird College Hall on Friday, 12th November, 1999 from 10:30a.m. to 12:00 noon.  The author welcomed the audience and introduced the Leader of the Students' Project Committee; Umbreen Mubashar (Committee Leader) introduced the committee members (a total of eight students), and Fareemah Tariq & Wajeeha Javed (the two Deputy Leaders) introduced the survey that was to be presented during the next half an hour. The survey- report was presented by three of the committee members, Rabia Haroon, Fatima Zahra Hayat and Syeda Imama Ali, who had been selected for this job by virtue of their better delivery and communication skill.  The three students addressed the audience one after the other, beginning with the objectives of the study and going on to the questionnaire, the procedure for data-collection, the analysis of the collected data, and overall results and conclusions.  All the important aspects of the survey were highlighted with the help of slides / transparencies in order to facilitate communication and to promote interest.  

The text of the report as presented by the three students is given below:

Rabia Haroon (Narrator # 1):

Ladies & Gentlemen,

In any region of the world, nursing can be regarded as one of the most important and vital professions.  It was felt that it may be both interesting and useful to carry out a survey in order to explore the salient features of the professional experiences of female nurses in Pakistan.  The specific objectives of the survey were to determine: (1) the plus-points as well as the problems encountered in this profession, (2) the nurses' opinion regarding the quality of the training imparted to them, and (3) the extent to which the nurses are satisfied with their professional lives.  In order to achieve these objectives, a semi-structured questionnaire consisting of 22 questions was devised.  The questions were as follows:

Q1  
Are you a charge/staff nurse or head nurse?

Q 2.  
Your name?

Q3.   
Which ward are you working in currently?                    

Q4    
Your religion?

Q5.   
Your age?                                                                    


Q6.   
Your marital status? 

Q7.   
Your family’s monthly income? 

Q8.  
Why did you adopt the nursing profession?

Q9.   
Anyone else in your family in the nursing profession?

Q10.  
What are the plus points of this profession?

Q11.  
What problems have you encountered in this profession?

Q12.  
What is the attitude of the male patients with you usually?

Q13.  
What kinds of feelings do you experience when a patient passes away?

Q14.  
What kinds of feelings do you experience when a patient recovers?

Q15.  
What is your opinion about your uniform?

Q16.  
What is the difference between the professional experiences of head nurses and charge nurses?

Q17.
What is your opinion regarding the quality of the training imparted to you?

Q18.
What are your suggestions for improvement of the training that is imparted?

Q19.
What are your suggestions to reduce the problems that are faced by you and other nurses?     

Q20.   
To what extent are you satisfied with your professional life?

Q21.
Assume for a moment that you are to start life all over again; which profession will you opt for?    

Q22.  
Anything else that you would like to say on your own?

Ladies and gentlemen, I now present the methodology that was adopted for data collection.

As in many other countries of the world, there are two kinds of hospitals in Pakistan: the government-run institutions, and the privately-run concerns.  Because of its close proximity to Kinnaird College, Services Hospital, Lahore was selected to act as the source of our data.  Due to the fact that Services is one of the largest government-run hospitals of the city, we were confident that the nurses working in this hospital could be regarded a good representative of the female nursing community of Lahore.  The hospital contains 40 wards such as Medical Unit I, Paediatric Surgery, ENT Ward, Gynae Special, and so on.  A team of statistics students of Kinnaird College administered the questionnaire that was presented just a few minutes ago upon the nurses of the Services Hospital, Lahore using the face-to-face interview method under the supervision and guidance of their teachers.  The interviews were conducted on two different days i.e. 22nd March 1997 and 24th May 1997.  Actually our initial objective was to collect the entire data on one particular day.  As this turned out to be physically impossible in the available time on the first day, a deliberate gap of two months was created between the two days of interviewing so that spontaneous responses could be obtained from the nurses who would be interviewed on the second attempt.

During the period March‑May 1997, the total number of Head Nurses employed at Services Hospital was 34 out of which we were able to interview 21, and the total number of Charge Nurses was approximately 440 out of which we were able to interview 94 persons.  In this way our total sample size turned out to be 115, yielding a sampling fraction of nearly 25%.  I now request Fatima to step forward and to present the results of our survey.

Fatima Zahra Hayat (Narrator # 2):

Dear Guests and Fellow Students,

Ladies & Gentlemen, A close look at the questionnaire reveals that it can be divided into three distinct categories : (category 1) questions pertaining to the nurses' socio-economic background, and these are questions1 to 9, (category 2): questions pertaining to the nurses' experiences, observations and opinions; these are questions 10 to 19 as well as question 22, and (category 3) questions put forth in order to ascertain the extent to which the nurses were satisfied with their professional lives, these are questions 20 and 21.

I begin with the first category of questions, those relating to the socio-economic background of the nurses.

First of all, Age: 

The age distribution of the nurses is presented in this slide.  The mean age of the Charge Nurses was 29.3 years whereas the mean age of the head nurses was 40.1 years.  Hence it is evident that in our country seniority is highly correlated with age.

Second,  Religion:

In our sample, 66% of the nurses were Muslims and 34% were Christians.  No other religion was observed in the sample, and, ladies and gentlemen, it is interesting to note that in a country where more than 95% of population is Muslim, the Christian population seems to have a huge share in the nursing profession.

Thirdly, Family's Monthly Income: 

Ladies & Gentlemen, we defined various socio-economic strata of the urban society as follows:

Family's monthly income upto Rs. 5000:Lower class 

                                       Rs. 5000 to 15000: Lower-middle class

                                       Rs. 15000 to 25000:Middle class

                                       Rs  25000 to 40,000:Upper-middle,  

                                       More than Rs. 40,000 : Upper class

As you can see, our data clearly indicates that a vast majority of the women in the nursing profession belongs to the lower-middle class.

Fourthly, we explored whether family members of the nurse also belong to the nursing profession.  It is interesting to note that as many as 42% of the Head Nurses and 59% of the Charge Nurses indicated that they were the only ones in their families who had taken up nursing as a profession.  As far as reasons for joining nursing were concerned, it was very encouraging to find that as many as 89% of our respondents stated that they had joined this profession due to personal interest /  liking  / inspiration.

Dear Guests, I will now present some salient findings regarding the second category of questions, those relating to the nurses' experiences, observations and opinions.

First and foremost, the plus points of the nursing profession .  It is very encouraging to note that as many as 47% of our respondents stated that one of the plus points of this profession was that they experienced a feeling of self-satisfaction by virtue of helping humanity. 

Next, let's come to the problems encountered in the nursing profession .  As you can see in the slide, 35 of our respondents indicated that they encountered rude attitude, non-cooperation and disturbance by male attendants and patients; 27 nurses stated that they had to experience tough duties, evening and night shifts, changing duties, neglecting their homes, hostel accommodation problems, and also less pay.  Also, 23 of our respondents complained that the media coverage is unsatisfactory, that there is not much respect and that nursing is regarded as a social taboo!  Inspite of all these problems, it was encouraging to note that nearly one-third of all our respondents indicated that they had no mentionable problem.

Ladies & Gentlemen, in question 19 of our questionnaire, we asked the nurses to give suggestions in order to reduce the problems that they faced .  As you can see in the slide, the nurses came up with a variety of suggestions, such as : transport facilities should be provided, residential facilities, improved timings, higher salary, and so on.  Also it is very interesting to note that a number of our respondents said that patients and attendants should be taught to improve their attitude!  Ladies & Gentlemen, you would be interested to note that one of our questions was intended to explore the nurses' opinion regarding the attitude of the male patients .  It is a matter of concern to find that as many as 24% of our respondents did have complaints against the male patients' attitude.

Ladies & Gentlemen, I now request Syeda Imama Ali to come and present the rest of the findings.

Syeda Imama Ali (Narrator # 3):

Ladies and gentlemen, one very important question in our questionnaire was intended to ascertain the nurses' opinion regarding the quality of the training that had been imparted to them.  Our data indicated that as many as 64% of our respondents were satisfied with their training.  This should be a matter of some satisfaction for the trainers, although there definitely seems to be room for further improvement.

As far as suggestions to improve the quality of training were concerned , again you can see that our respondents came up with a multitude of suggestions.  The need for higher education, specialization courses and refresher courses is evident from the slide.

Number five, we tried to determine the extent to which the nurses were satisfied with their professional life..  It was encouraging to note that 32% of our respondents stated that they were very satisfied, 59% said that they were quite satisfied, and a minority of only 9% indicated that they were not very satisfied with their professional lives.  

The second-last question of our questionnaire was:

"Assume for a moment that you are to start life all over again; which profession will you opt for?"  It was very encouraging to note that as many as 40% of our respondents stated that even if they were to start life all over again, they would opt for the nursing profession!  

An additional point of interest is that a minority of only 6% of our respondents said that, if they were to start life all over again, they would prefer not to take up a job but to be housewives.  This result is a clear indication of the professional inclination of our women who are in the nursing profession!  

Last but not the least, dear guests, we invited the nurses to give any comments or suggestions. anything that they wanted like to say on their own .  As you can see, 23% of our respondents expressed the opinion that nursing is a good profession, respectable, there is no taboo, and that more girls and women should join in.

Ladies and gentlemen, to wind up the whole discussion, I would like to present a gist of our findings.  It appears that a typical nurse in Services Hospital Lahore is a Muslim woman belonging to the lower-middle class and having joined the nursing profession in view of her own personal interest/liking/inspiration.  As far as the pros and cons of the nursing profession are concerned, the feeling of self-satisfaction by virtue of serving humanity, and financial support have emerged as the two major plus points, whereas rude attitude and non-cooperation by the attendants and patients, and tough duties/night shifts, less facilities and salary and insufficient equipment and supplies seem to be the major problems encountered in this profession.  It is a matter of some satisfaction that more than half of all the nurses are satisfied with the training imparted to them, although there certainly seems to be room for further improvement.  

Ladies and gentlemen, it is indeed very encouraging to find that in our sample a huge majority of the nurses were satisfied with their work-lives and nearly 45% of them were sure that even if they were to start a new life they would join the nursing profession.

Thank you very much.

The author concluded the survey-report with the following remarks:                                   

Ladies and gentlemen, I hope that you had enjoyed the presentation.  You will be interested to know that along with collecting data from Services Hospital, Lahore, we administered the same questionnaire on the nurses belonging to a hospital located in Waterloo in the Iowa State of USA!  Due to our constraints, we were able to obtain responses from 15 nurses only, and, as such, the results of the data analysis do not have a lot of statistical validity.  Nevertheless, we would like to give you a gist of what we have learnt from that data, in a very concise form.  

The first thing worthy of note is that whereas in Pakistan seniority seems to be highly correlated with age, this is not the case in America.  The mean age of American Head Nurses was approximately the same as that of the Charge Nurses.  

Secondly, the data seems to indicate that the salary structure of the American nurses is slightly better than that of their Pakistani counterparts.  Religion: a sizeable majority of the American nurses seems to belong to the Catholic denomination of Christianity.  

Reason for joining nursing?: similar to Lahore, a sizeable majority of the American nurses seems to have joined the profession due to their own personal interest/liking.  Do the encounter problems in this profession? All 15 respondents mentioned one problem or the other.  

To what extent are they satisfied with the training imparted to them?  It was interesting to note that a sizeable majority did not seem to be absolutely satisfied with the training and a number of them presented suggestions for improvement.  To what are these nurses satisfied with their professional lives?  

Similar to their Pakistani counterparts, a vast majority of the American nurses seemed to be satisfied with their professions, and a considerable majority stated that even if they were to start life all over again, they would become a nurse or adopt any profession related to health.

The second segment of the program consisted of a very interesting poetry competition that had been launched by the Department of Statistics for the students of the college! Students had been invited to submit poems on the topics ‘Nursing / Nursing Profession’ and ‘Florence Nightingale’ in any of the three languages English, Urdu or Punjabi, and a total of twenty-four poems were received for the competition. Poems had been judged by two panels of judges (one for English and one for Urdu / Punjabi ), and  students whose poems had been regarded as the better / best ones were invited to recite them in front of the audience. An excerpt from the poem that won the First Prize is as follows:

A person who pushes back all her worries,

To give the refreshing smile,

A person who doesn’t sing melodies

for her own child,

But welcomes someone’s newborn

A person who gives new life to

The depressed, the doleful,

Is, in essence, a human,

Is, in essence, a nurse.

(by Amina Farooq Khan, B.A. First Year)

The poetry competition was followed by expert comments regarding the survey that had been presented earlier by Dr Munir Ahmad, President, Islamic Society Of Statistical Sciences (ISOSS).  Dr Munir appreciated the efforts of the students, and apprised the audience about the usefulness of such projects.

The program ended with some remarks by Dr Mrs Mira Phailbus, Principal, Kinnaird College, words of appreciation by one of the senior nurses who had come to attend the program, and a colourful prize and certificate-distribution ceremony to appreciate the efforts of the students and other persons who had contributed to make the program a success.

Concluding Remarks

The ‘Nurses Day’ at Kinnaird College was one of the numerous programs that have been organised by the Department of Statistics at Kinnaird College during the past fifteen years for the promotion of the subject in the country. Such an educational activity not only enhances the students’ ability to understand and communicate basic statistical concepts, it serves to disseminate information on a topic of social interest.  Combining information with entertainment, such a program provides an effective forum for promoting interest, and for attracting students toward a discipline that is generally considered to be a ‘dull’ and ‘dry’ subject!
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Abstract. 

If it is accepted that the concepts of probability are complicated, it should be also accepted that they are very near to the daily life of common people. Anyway, everybody has to face a variety of situations of uncertainty that can cause either anxiety or joy. As the idea is to teach these concepts to the students, the best way to do is it to have fun when carrying it out. This paper reports the experience with a group of students who are preparing to become high school teachers, in the world of probability by talking about soccer. With this sport as a reference a question is posed such that when students are asked  about it, it not only allows an interesting probabilistic analysis, but also takes them, when solving it, to other mathematics concepts like limits and derivatives. The whole situation is presented: its position as conjecture, attempts of answering that include computer work and graphics up to its formal proof.

1.  Introduction

Some of the answers given for the researchers to the question: how to present some mathematics topics and how to develop them in the classroom? appear, by instance, in the Principles and Standards for School Mathematics: Discussion Draft (NCTM, 1998). Some of the proposals included in it are: 

Mathematics are learned through (and for) solving problems. 

Mathematics involves trial and reasoning. 

Problems related to students' interests stimulate and facilitate the acquisition of the knowledge. 

The idea of proposing problems that allow the connection of several areas of the mathematics must be promoted. 

Group activity and interaction stimulates learning. 

Students’ conjectures and attempts to solve the problems must receive attention from teachers. 

In this work, the experience of the author as a class teacher of a group of twenty students (between 18 and 20 years old), in their first course of statistics of the third semester of the major in Mathematics for high school teachers is presented. Having the ideas mentioned in the Principles and Standards for School Mathematics in mind and with the use of a software, developed by the author, which presents games and real situations familiar to the students, some problematic situations are generated. These situations allow students to think about the basic elements that conform the theory of probabilities before the theoretical aspects are presented. Thus, in the very first class of the course, based on an activity around the classical idea of probability and before the necessity of finding a solution to the questions presented by the software, a solution is accepted, at first sight by all the members of the group, including the teacher, but one student. Since the idea is not to ask for justifications for a negative answer but to justify an affirmation, the search for the answer led us to use algebra and calculus to solve the problem. 

The story presented below is the summary of several classroom sessions (working the students and the teacher together) and homework done by the students alone. 

The work is organised as follows: in number 2 the problematic situation is presented, in number 3 the answers given by the students and the follow up activity is described and, finally, in number 4 some conclusions are discussed. 

2.  Context 

In an on-line educational module (OEM) with interactive characteristics designed to familiarise Mathematics students, who are preparing to become high school teachers, with the world of probability, the following case is presented: Imagine that Colombia and Brazil play a soccer match in the Soccer World Cup (the sport tolerates the illusions), and that it is time to decide which team plays ball at first. With this purpose, the referee flips a coin, previous agreement that if it is heads Colombia starts, and that if it is tails, Brazil is the starter.  The student is asked if he considers the procedure to be fair and to state a reason for his answer.  With the purpose of securing this first idea of probability in equally likely events as the ratio between the number of possibilities in favour and the total number of possibilities, the beginning setup is changed supposing that the referee uses a die instead of a coin. Taking into account just the number of the upper face of the die the student is asked to design a way that independently satisfies each of the following conditions:

That the election is fair.

That the probability for Colombia to start is two times that of Brazil.

That the probability for Colombia to start is three times that of Brazil.

3. Answers and their consequences

For the first two conditions the students gave a variety of valid and expected answers. For the third and most interesting one, students gave answers that motivated larger discussions, and even the writing of this article. The answers to the latter condition can be grouped in three kinds:

1.  An answer that coincides with the objective that the authors of the module intended which responds to an argument as the following one: If the die is thrown one time, let  x be the number of results in favour of  the Brazil and 3x the number of results in favour of the Colombia. As the total of results of the die is 6, you get to the equation 4x = 6, which does not have an integer solution indicating that it is not possible to design a situation that holds this requirement.  This solution or better said the ‘no solution’ was outlined by very few students who dared to believe that a problem proposed by the teacher could not have a solution. The remaining of the students that perceived that the problem did not have solution with one throwing of the die, proceeded to throw it twice or three times for giving solutions like the 2 below. 

2.  Answers associated to several rolls of the die characterised by misinterpretation of the equally likely events, like the following: 

(a)  A die is thrown 2 times and the results are added. As different possible results are 11, it is impossible to carry out the division requested. The argument of impossibility that they used in this moment and that they did not explicit for one throwing of the die, did not show up algebrally as in 1 above.  Perhaps the fact that the number 11 is a prime number it was an enough reason against any division that they intended.

(b) A die is rolled three times and results are added. As different possible results are 16, it is enough to assign 4 any different results to Brazil and the remaining 12 to Colombia.

3.  The attempts for solution with ‘common sense’ that generate the approval of the rest of students with words like ‘it is logical’ or ‘of course’, and which are sometimes not clear neither to support them nor to contradict them, but which evidently are the ones that generate discussion, because they break up the natural state of things in the classroom, forcing the teacher to share his reasoning with the students in the search of an answer that contrarily to most cases, he really does not know.  The following solution is of this type of answer : The captain of the Brazilian team rolls the die once and the referee writes down the number got. After that, the captain of the Colombian team rolls the die 3 times and the referee writes down the highest number got. The match is started by the one who has got the highest value. The solution is justified by the fact that the one who rolls 3 times has 3 times probability to win. ‘It’s logical’.  When this situation occurs, the teacher and the students, except Ludwig,  accepted the ‘logical’ of the answer. Ludwig said: 

Ludwig: I am sorry, but I do not agree with you.

Teacher: Why?
Ludwig: I do not know, but I am not as sure as you are.
Teacher: OK Guys, we have to prove it in order to convince Ludwig.
The same module taken as reference includes after this and some other similar activities, a round activity where the different given answers are confronted and the different interpretations are discussed.  Respect to the answers of the numeral 2 (a) above, just by establishing that instead of throwing 2 times the die, you throw two different coloured dice simultaneously, the students got the idea that the equally likely results are not the sum of the numbers obtained in the dice, but the pairs formed considering the result of the first die as the first component and the result of the second die as the second component.  The starting question is settled once again here after this observation, and various right answers are obtained throwing the die twice. Keeping this idea in mind, the answer given when throwing the die 3 times is quickly denied.  An assignment of the sum of the values of the 3 dice to any of the two teams that allows us to obtain the wanted ratio of 3 to 1 does not represent a conceptual challenge to the students, even though it demands the elaboration of an enormous chart enumerating all possible results (216) and their respective sums.

On the contrary, the third solution is no longer easy to be refused or proved. With the experience gained solving the previous cases, the first attempt for solution is to numerate all the possible results that are obtained when Colombia throws the die three times, to calculate the highest result and to compare it with the result obtained by Brazil.   Later on, to count the results in favour the Colombia and the ones in favour of Brazil, and calculate the ratio. As the number of possible results is as the number of possible results is 
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, (not a very stimulating figure to enumerate all cases), the students were given the task to count through different ways the possibilities for each team to win and the number of ties, looking for the way that allows them to extrapolate to any quantity of throws. After many attempts and after a lot of discussion the teacher and the students got to the following counting strategy:

1. The number of ties corresponds to the number of possible results of the

Colombian team. As Colombia throws 3 times, the possible results are 
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. This statement is justified by the fact that Brazil can tie if it obtains in a single throw the highest number got by Colombia.

2. The number of victories of Brazil is obtained by considering one by one its possible results and counting the results in which Colombia loses. This way, the following table is obtained:

Results of                    Number of times

throws of Brazil             that Colombia loses

	       1                                        0

2                                  1 x 1 x 1

3                                  2 x 2 x 2

4                                  3 x 3 x 3

5                                  4 x 4 x 4

6                                  5 x 5 x 5

	Total  victories             
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In order to find the number of possibilities in favour of Colombia, it is enough to carry out a subtraction:

RFC = Total - RFB – T  
where

RFC : Results in favour of Colombia;

RFB : Results in favour of Brazil

T      :  Ties

Thus, we Obtain RFB = 225, RFC = 855 and the wanted ratio is 
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“That means that it is not 3 as it was expected”. “What happens with the ratio of possibilities if the ratio between throws is different to 3?”,  were some of the comments that arose after the result.

Taking profit out of the fact that the counting strategy allowed immediate generalizations, the following table was made with the purpose of finding an answer to a most general problem, i.e., calculating the ratio of possibilities when the number of throws of Colombian team is higher than 3.

	Ratio between

throws
	Ratio between

Probabilities

	2
	2.27

	3
	3.80

	4
	5.62

	5
	7.79

	6
	10.04

	7
	13.5

	8
	17.1

	9
	21.5

	10
	26.8


Some of the answers to the question: What does the table tell us?, were the following:

1. That in all cases, the ratio of possibilities is always higher than the ratio between throws.

2. That if we divide the ratio between probabilities – column B – by the ratio between throws – column A – the quotient increases as we  increase the number of throws.

3. In fact, “what we had believed is not true, and gets even worse as we increase the number of throws”
Keeping this experience in mind, in the activity of discussion in the class another situation that had not been considered was stated: increasing the number of faces of the die. Will it be possible that with a die that has more or perhaps less than 6 faces, the ratio of throws is similar to the ratio of possibilities? “It could be true, but let us do it with a computer to avoid making so many operations”, the students suggested.

If we suppose that there exist dice with any number of faces in such a way that all the possible results are equally likely, we want to find a complete answer to the following question:

Suppose that exist a dice with any number, n, of faces equally likely. Likewise suppose that two players, A and B, accept to play a game where the one who gets the higher value is the actual winner, knowing that player A throws the die m times and player B just a single time. Are there values for n and m such that the probability for player A to win be m times the probability for player B to win?

Consequently we developed a program in Mathematica that allowed calculating the ratio between the results in favour to each player for different values of n (number of faces of the die) and m (number of throws of player A). The results for particular cases m = 2,3,5,10 and different values of n, are shown in the following graphics.
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What do the graphics tell us? Students just could not wait to answer.

1. “That for a given  ratio between throws, the ratio between the respective probabilities of the two players decreases with the increase of the number of faces of the die”.

2. “The ratio between the probabilities is much more similar to the ratio between throws as one increases the number of faces of the die”.
Up to this point it could have been considered quite enough if it had not been taken into account that at the time of the experience students had already carried out basic course in Mathematics: High Algebra and Differential Calculus. For this reason it was considered pertinent to try a formal proof of the fact observed in the previous figures.

Actually, the idea was to prove that

(1)
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where RFA are the results in favour of player A, RFB the results in favour of player B, n the number of faces and m the number of throws of the player A.

Based on the results obtained in the case of three throws of player A, it was known that

(2)
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And that

(3)
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Which implies that the problem of limit (1) was reduced to calculate the addition

(4)
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for any m and n natural numbers.

For particular cases m  = 1,2 in (4) students remembered that
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from which they could check expression (1) for these cases and deepen their confidence on the generality of the statement.

Although at the beginning the goal was to find a general expression for the sum of expression (4), this trial has be aborted because of its difficulty. Consequently, it was thought to look for an expression that worked for calculating the limit expressed in (1). Thus, the following expression was found:

(5)
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where P(n) is a polynomial in n whose degree is less or equal that m. The students proved (5) by induction for any exponent m  and any natural number n.
Replacing (2), (3) and (5) in (1) we obtained
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after dividing both the numerator and denominator by 
[image: image20.wmf]1
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 to suppress the indetermination. So we get to a happy ending or the arisen concern.  However, as all good Math classes, things just could not end this way. It was left as homework the task (i) to demonstrate that expression RFA/RFB considered as function of n, is decreasing as long as n increases as it had been perceived in the graphics by the students: (ii) Find the limit of the expression (1) when m (the number of throws) is who goes to infinity.

4.    Conclusions 

Out of this experience one gets several ideas that can be useful in teaching processes to students who are just beginning to study probability:

1. Stating familiar situations to students, like soccer in this article, makes them enthusiastic to participate.

2. If we stimulate and permit all kinds of answers without interfering in their elaboration, it is very possible that the student’s logic and intuition arise and that interesting problems show up.

3. The complete approach to problems posed by the students questions permits as in this example, to set out a result in a general way and to prove it by using concepts already worked by them in previous courses.

4. The use of the technology that allows to do the tedious calculus and doing graphics to see the results.

Finally, it is noteworthy to stress the fact of that the teacher did not know the answer to the students’ question when they were posed. This situation allowed a real mathematics work by the teacher who had to attempt and make mistakes many times in front of his students while he used different strategies of solving problems.
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