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A recurrent problem in teaching is to evaluate witted students will retain from the contents
discussed in class. For the students who comptetecasic courses on statistics, we applied a
guestionnaire with a test, 3 months after the enith® course. The test was composed of 50 true-
false questions. The results revealed that studeotdd satisfactorily answer the questions
directly related with definitions. However, ther@asvno such performance when the questions
required additional procedures related.

INTRODUCTION

There is a growing use of statistics in the waalid, in the last years, almost all
discussions have included numbers and statistissigport arguments. Though sometimes with
wrong or inadequate use, tables and graphs apmeprehtly in newspapers and magazines in an
attempt to give credibility to opinions. The use tbie quantitative apparatus makes great
difference to support arguments in all fields. ThHhe understanding of basic ideas in the field of
statistics collaborates to increase citizenship.

In this paper, we discuss the learning processtioductory statistics courses attended
by students of the Institute of Mathematics andiSies of the University of Sao Paulo, Brazil.
The curriculum of Bachelor in Computer Science, lMatatics, Applied Mathematics and
Statistics have two semesters of statistics iriteeyear; classes being a mix of students working
in to complete the four degrees. A similar contientequired of students who are pursuing a
degree in Mathematics Education. The courses irdogics as descriptive statistics, probability,
discrete and continuous random variables, estimatial hypothesis tests. The objectives of these
courses would be to obtastatistics literacyandstatistics reasonings defined in delMas (2002).

In Brazil the discussion on statistics educationn@ yet a common theme in our
universities. The statistics faculties are, in gahelinked to mathematics institutes and,
consequently, their main researches are on intritbgpics of statistics or probability. Also,
universities criteria for promotion are usually igafocused on paper publications and there is
an increasing pressure in this direction. For theasons, faculty members have the tendency to
give low priority to undergraduate courses. On¢hefobjectives of this research is to encourage
faculty members to discuss their teaching practirethese basic statistics courses. As discussed
in Gal and Garfield (1997), the assessment of sitst&earning and understanding of statistics is
itself an important issue in statistics education.

During the first week of the first semester of 20Q& applied a questionnaire to the
students that completed, in December/2004, twochesurses in statistics. The three-month
interval corresponds to the period of summer vanati This period helped us to identify the
knowledge really learned and that, in some serseédde used in the future. It was important to
apply the test in the first week to avoid runnimg trisk that a new course, attended by the
students, might review statistic concepts as paits anitial study content. Students who take the
Bachelor Degree in Statistics are certainly inctugethis case, i.e., they would certainly have a
review early in the course of basic content whichytwould need throughout. However, one
cannot tell if other students might not be in thme situation.

The questionnaire is composed of two parts. Infitlsg students are required to inform
the career pursued and their relationship withstifgject of statistics after the end of the course
work. The second part consists of a test with G6-false questions. The response time was not
measured but it took around 40 minutes. Teachedsstudents had previously evaluated the
guestionnaire and suggestions had been incorpa@tee final version. Despite its limitations, a
true-false test facilitates the participation of gtudents. The questions did not require complex
computations and it was not necessary for themseaucalculator. We sampled 173 students
divided as follows: Mathematics Education (58), Belors in Computer Science (34),
Mathematics (23), Applied Mathematics (32) and iStias (26). Each year, the number of
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students admitted in the careers under study &36f However, our population of interest was,
approximately, 280 students who had been appravedth statistics courses in 2004.

The set of questions included graph analysis,ueeqy table, measures of position and
dispersion, probability, binomial and normal distiions, point and interval estimation and
hypothesis tests. The 50 questions were dividddlbsvs: 19 questions on descriptive statistics
and measures for random variables, 17 questiongraability and random variables and 14
guestions on statistical inference. The classificatook into consideration the preponderant part
of each question, since some of them included riane one topic.

DESCRIPTIVE DATA ANALYSIS

The results and comments of our descriptive arsabie based on the score of the test.
To aid presentation, we set a maximum of 100 markthe test, assigning 2 marks for each
correct answer. In our calculations, we used tltevaoe Minitab version 13 an&PSSrersion 10.

For each student we computed the score test imdidach content. Figure 1 presents a
box-plot with the results. The mean values are piesented below the label of the subjects. As
revealed by the median, the score is better in MpEae and worse in Inference questions.
Performance in Inference is quite symmetrical adotile median. The Descriptive subject
presents the largest range, however 50% of theehigbores are concentrated in a relatively
narrow interval. One possible conclusion is that #tudents understood better this content.
Despite the fact that this can be true, it is ingoar to remember that part of the Descriptive
topics rely on common sense, which might occur atmegardless of a statistical learning
process. For this reason, we think that the scamdsference questions are important to identify
different levels of the statistics reasoning. Imeyal, grades in the Descriptive part of the course
are better and, from the results shown here, thee d&ndency occurred after the course had
ended. In fact, this supports a teaching approhahwe have used in our classes and that was
also incorporated in a book (see Magalhdes and,.2®@5), i.e.; topics of Descriptive Statistics
are included in all parts of the basic statistiosrses, taking advantage of the intuition to help
students to understand other ideas.
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Figure 1: Box plots of the Score by subject

In Table 1, students’ performance, through meansaadard deviation, is presented for
each career in three different moments. We repdtiedscore obtained in the test, the grade
(average) in the two courses attended by the staider the grade in the admission exam. Again,
the results were put into a common basis with 1&fkmmaximum.

According to Table 1, the five careers had almbst3ame dispersion in the score test.
For grades in the course, the dispersion had otativedy high value with students of
Mathematics Education. Also, at admission in thevermsity, students of Applied Mathematics
were more homogeneous than the others careerdigimest mean score came from the bachelor
students of Statistics and Applied Mathematicsnetrough they were not the students with
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better past grades (admission or courses). It seébatsthe motivation can justify this result.
These students could be wishing to learn statisticients more than the other students. The
mean grades in the courses were quite similar. Mewyein the test, the mean score of
Mathematics Education students was the lowest vélweas 10 marks below the worst average
performance among the bachelor's students. Sireetiad taken different classes with different
instructors, it is possible that the criteria foadjng were not the same.

Table 1: Mean (std. deviation) by career

Career Test Course Admissign
Math. Education 60 (10) 67 (15) 48 (6)
Computer Bach. 74 (11) 66 (10) 69 (5)
Statistics Bach. 76 (10) 65 (11) 58 (5)
Mathematics Bach. 71 (10) 64 (10) 61 (6
Applied Math. Bach. 76 (9) 64 (10) 64 (2)

We performed a cluster analysis, see Barroso artesAR003), considering the total
score obtained in each subject by each studentobjeetive of the analysis is to identify students
with similar performance. The analysis indicateat #h groups were a convenient choice to divide
the students. We presented on Table 2 the mearstandard deviation for the score of each
cluster according the subject. Also, we showed alnld 3 the number of students in each career.

Table 2: Mean (std. deviation) by cluster and sttbje

Subject Group 1 Group 2 Group 3 Group 4
Descriptive 77 (13) 64 (12) 69 (8) 90 (7)
Probability 77 (8) 54 (9) 57 (10) 84 (9)
Inference 63 (9) 68 (13) 49 (8) 80 (8)

Table 3: Number of students by group and career
Career Group 1 Group 2 Group 3 Group
Math. Education 9 24 24 1
Computer Bach. 16 5 3 10
Statistics Bach. 8 5 2 11
Mathematics Bach. 11 3 5 4
Applied Math. Bach. 10 7 2 13

According to Tables 3 and 4, Group 4 — predomiryandmposed by students from
Computer, Statistics and Applied Mathematics - @nésd the highest grades. Groups 2 and 3
presented a worse performance. They were mainlyposad of students from Mathematics
Education. In Group 2, we had low scores in Desisepand Probability and regular ones on
Inference. For Group 3, the low grades were in &idlty and Inference and regular for
Descriptive Statistics. The intermediate clusteGGioup 1, composed by several students from
diverse careers. We noted that almost 50% of thdests from Computer and Mathematics
degrees are in this group.

We also performed a cluster analysis on the questibhe objective of the analysis is to
establish set of questions with the same leveifétdity for the students. For each question, we
computed the percentage of students that answeeedjuestions correctly and we built the
dendrogram with the complete linkage option. Frdns tdiagram, we established 4 sets of
guestions, labeled A, B, C and D. In Table 4, wespnted the main descriptive statistics for each
set.
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Table 4: Descriptive statistics for cluster of i@

Set A Set B Set C Set D
Frequency 32 9 5 4
Mean 81 56 34 51
Std. Dev. 11 8 5 5
Median 86 58 35 49
Maximum 95 69 38 59
Minimum 56 47 25 48

Set A is characterized by a large number of quest@nd with high level of correct
answers. The Sets B and D show the intermediatescahile Set C had questions with very low
score. Sets C and D have standard deviation eg&althe lowest value among the 4 sets. For Set
A, the range was approximately 4 times the standaxdation. The median of Set A was higher
than the mean, which indicates an asymmetrical\neharound the mean value. Sets B, C and D
had values of mean and median quite close to gheln.o

Looking at the questions from Set C, we realized they could be considered the most
difficult in the test, but they were not really aquestions. They were questions which required
the student to extend a little bit the usual cotegpesented in class. In a similar way, we can say
that the same happened, though with less interisityjuestions from Set D. The questions in Set
B needed, in general, a few thinking and/or contanal steps. On the other hand, almost all the
guestions in Set A were direct applications of raathtical expressions and definitions.

FINAL REMARKS

In this paper we evaluated several students tbaipketed the required two basic
statistics courses. Our comments are based ortlyeodescriptive analysis of data collected.

The Inference part of the test seemed to offer npooblems to the students than the
other subjects. Also, as we expected, the mogtulify questions for the students are the ones
that require steps further from the basic concefiiniion. From the set with the 5 most difficult
guestions, 2 came from Inference and the otheq@ned additional thinking.

Since the course syllabuses are similar in all exarewe might explain the worse
performance in the test of the Mathematics Edunagiodents with a focus on their background.
Apparently, the basic statistics courses took legéhstudents were not able to conduct them to a
reasonable statistical literacy. This is a challeggsituation since these students will be future
school teachers.

In general, for all students, we had expected tebperformance. They seemed to have
difficulty to think one step further from the immiate statistics concepts focused during classes.
Maybe this problem is a consequence of the exaesminphasis in technical operations or in
manipulation of formulas instead of on the disoussif main ideas of the statistics.

There is a challenge to everyone that, sincerelgs tto teach sound basic statistics
courses. The first step toward this end is to apehscussion with the faculty members about
these courses and this could be the hardest p#ré ¢éb.
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