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1. Introduction

In most developed countries, Statistics has become part of the Mathematics curriculum in elementary,
secondary (high schools) and even in kindergarten schools (National Council of Teachers of Mathematics,
2000). In the past years, many studies have emphasized the mportance of including statistics contents in
these instruction levels (Holmes, 1980; Hawkins et a, 1991; Wild and Pfannkuch, 1999; Gal, 2002; Franklin,
et a, 2005). Through a long teaching practice a the Agronomy School (Buenos Aires University), we have
realized that students who are starting their university programs have scarce or even null knowledge about
Statistics. Courses taken at college are not enough for students to integrate the notions of atistical
variahility, since students have been taught only within deterministic paradigms. Statistical reasoning differs
from mathematical reasoning, no matter how essentia they are for modern life (Gattusso, 2006; Scheaffer,
2006). We believe that an early training in uncertainty and variability concepts may give way to more
effective reasoning and understanding of stochastic phenomena. The foca issue is the training of those who
are in charge of teaching Mathematics in both elementary and secondary schools. In Argentina, secondary
school Stetistics is taught by Mathematics teachers. Thus, it is very important that these teachers get robust
statistical knowledge in teacher training colleges. Teaching Statistics in an effective way in high schools —
and even in elementary schools- will have a beneficial mpact on the building of our future society because it
helps young people to rationally manage uncertainty and random information or events.

The goal of this study was to make an assessment of the Statistics basic knowledge that Mathematics
college studerts from Buenos Aires and Greater Buenos Aires have, and find out how they apply them to
everyday life situations. The CAOSA (Comprehensive Assessment of Outcomes in Satidtics) test (delMas, et
a, 2006 (a)) developed by the Minnesota University was used. Information collected alowed to strengthen
students” teaching training. We expect to contribute to secondary teachers’ training in Statistics, because
teachers lead change. To our knowledge, there is little research on this subject in our country and this study
findings could be useful for comparative analysis with other countries.
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2. Materialsand Methods

This study population comprised all ingtitutions- public or private- granting a Mathematics teaching
degree in Buenos Aires City and Greater Buenos Aires. Samples were taken from a list of ingtitutions
provided by the Nationd Department of Information and Educationa Quality Assessment. Institutions
totalled 26, 5 university institutes, 5 teacher training colleges located in Buenos Aires City and 16 in Greater
Buenos Aires. Students attending the last year courses were tested. Questionnaires were administered by the
research team. Test administration allotted time was 60 minutes. The test comprised 40 multiple-choice items
assessing students’ knowledge about elementary concepts of Statistics and Probability. Each correct answer
was awarded one point. Some personal data, such as gender and age, were aso recorded. An item related to
the definition of Statistics was added to collect information about the epistemologica ideas that future
Mathematics teachers have. It was based on definitions provided by Lopez et a (2002).

In the first place, frequencies for correct answers, the mean and the standard deviation were estimated.
Then item-total Pearson corrdation was found for each individual question and total score. They showed
variadble magnitude and direction, indicating how strong was the relationship between both variables.
Reliability was measured by Cronbach’s dpha coefficient (www.unne.edu.ar/syt/2002/09-Educacion/D-
027.pdf). Student group was split in three by the test final score. Group 1 fell into the lower 27% (LG),
Group 3, into the upper 27% (UG) (Kdley, 1939). The discrimination index was the difference between the
correct answer percentages of the UG and LG. An item is not discriminating when the index is below .20,
wheress it is highly discriminating if it is above .40. It is dso desirable that the difficulty of an item —the
proportion of item correct answers- is not below .20 (avery difficult item) or above .80 (a very easy item).

3. Results

Seventy-seven students from 10 ingtitutions (6 public ingtitutes and 4 private ones) answered the
guestionnaire. The average percentage of correct answers was 42%, with aminimum of 20% and a maximum
of 75%. Percentile 27 corresponded to 35% and 73 to 47.5% correct answers. These percentiles were used to
split the sample in three groups. Group 1, with the lowest percentage of correct answers, Group 3, with the
highest percentage of correct answers. Women accounted for 75%. Average age was 29 (SD= 8), minimum
of 20 and maximum of 63 years old. There were no significant differences in the percentages of correct
answers by gender or age. Fina qualifications the students had in prior statistical courses in their teaching
programs had no significant correlation with the test percentage of correct answers. Most students studied
from the notes taken during classes and only eight mentioned that they had read a text-book. Seventy-four
percent had not used a PC during Statistic courses. No significant difference was found across students using
or not using PCs.

Fifty-eight percent considered Statistics as a Mathematics branch, around 33% as a scientific area
dealing with collecting information from numerical data. No significant differences were found in test scores
by different epistemological idess.

Cronbach coefficient of internal consistency was .46, which is a low value according to Nummally
(1978). Twelve items had negative correlation with total score, thus increasing Cronbach when eliminated.
Item 2 and 9 (negative coefficient) referred to box plot charts, item 19 and 25 to p- value and items 29, 30
and 31 to confidence intervals. All items with negative coefficient were poor for discriminating students with
the higher and lower percentages of correct answers.

Item 6 had the lowest percentage of correct answers, even in the UG. This item referred to a frequency
distribution plot of a quantitative variable and was answered correctly only by 4 students. It is likely that
most students chose alternative (b), because the graphic had a bell shape which was familiar to them, but
they were unable to correctly place the quantitative variable, goa percentage, in the horizontal axis.
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Iltems 3, 5 and 13 were the best for discriminating among student groups. Item 3 was answered
correctly by 75% of the UG. Item 5 referred to the representation of the uniform random distribution of digits
whichwas correctly answered by 43% of total students, whereas incorrect answers were equally distributed
in the other dternatives. Item 13, which tested understanding that comparison across groups does not
necessarily need equal samples, especialy if both data sets are large, was answered correctly by 94% of the
UG, but only by 41% of the LG.

In items related to the variable distribution, students chose alternatives with symmetric distributions,
such as the uniform or normd (items 3, 4, 5, 14, 15). In item 11 and 12, students did not have difficulties in
making comparisons between groups using distributions. Students had difficulties in interpreting distribution
graphics of sample means. In this respect, item 35 was answered a random. Item 32, which requires the use
of standard error, was answered correctly only by one-fourth of students.

Items associated to box plot interpretation had a low percentage of correct answers. Through
interviews with students' teachers, we knew that this content had not been taught. Teachers also mentioned
that the hypothesis testing was not taught either due to lack of time. Items testing knowledge about —p value
had a very low percentage of correct answers. Only 18% students answered correctly item 7, which tested the
need for randomization in research.

Item 36 (probability) had 46% of correct answers, which was the maximum value for this subject,
since items 16, 17 and 37 had very low percentages, 16%, 23% and 13%, respectively.

Students showed that they understood variability within the context of repeated measures and redlized
that a minor variability is expected within a specific context: i.e. a teacher’s choice of ways to go to work,
given specific time for five different days in each way (item 18). About three-fourth students considered
correct the aternative of away having a mean dightly higher but with less variability.

Iltem 22, testing correlation and causa relation, was answered correctly by less than one-third of
students, whereas 41% chose the answer indicating that a statistically significant correlation determines a
causa relation. Students seemed to understand bivariate relationships, however, the student percentage
answering correctly was lower with the inclusion of an outlier.

4, Discussion

This study provides a panorama of the present teachers’ training in Mathematics. These future teachers
will teach Statigtics in coming years. It shows their general dtatistic knowledge background and how they
apply it in daily life situations. Novel teachers graduate with lots of difficulties and lack of essentia
statistical knowledge that may impair their future teaching. The lack of confidence in their knowledge makes
them feel uneasy at teaching, therefore they try not to teach Statistics or reduce its contents, alleging lack of
time. Research carried out in other countries (Rubin and Rosebery, 2000; Makar and Confrey, 2004; Stohl,
2005) show coincident conclusions.

The percentage of correct answers was 42%, somewhat different from 51.2% of the post-test
administered by De Mas et a (2006, (b)), after a first Statistic course in universities with a non-
mathematical levd. In the present study, Mathematic teacher training college students surveyed had dready
completed their statistical training.

Most students had not used PCs in their program. Anyway, those who had did not perform better,
because such use may not have a great influence on dtatistical concepts. PC may be effective in saving time,
which could be devoted to a better concept acquisition and understanding, and could be used in analysing
red datainstead of time-consuming calculation (Godino, 1995).

Most of the future teachers believe that Statistics is a Mathematics branch. This epistemological view
differs form the results found in a study carried out with Statistics teaching teams in Argentine Agricultura
Universities, in which only 2 professors out of 23 held this view. Most professors considered Statistics as a
st of sef-governing procedures for decision-making (Lépez, et a, 2002).



International Statistical Institute, 56th Session, 2007: Marfa del Carmen Fabrizio, Marfa Virginia L=pez, Marfa Cristina Plencovich

REFERENCES (REFEREN CES)

delMas, R.; Garfield,J.; Ooms, A.; Chance, B. (a) 2006. Comprehensive Assessment of Outcomes in Statistics
(CAOS4). Paper presented in Annual Meetings of the American Educational Research Association, San Francisco, CA

delMas, R.; Garfield, J.; Ooms, A.; Chance, B. (b) 2006. Assessing Students” Conceptual Understanding after a First
Course of Statistics. Annual Meetings of the American Educational Research Association. San Francisco. CA. Retrieved
on April 20, 2007 at https://app.gen.umn.edu/artist/articlesy AERA_2006_CAOS.pdf .

Franklin, C.; Kader, G., Mewborn, D.S., Moreno, J; Peck, R.; Pery, M ; Scheffer, R. 2005. A curriculum framework
for K-12 statistics education. GAISE Report. American Statistical Association. Retrieved on April 20, 2007 at
http:www.amstat.org/education/gai se/

Gal, |. 2002. Adult’s statistical literacy. Meanings, components, responsibilities. International Satistical Review, 70
(1):1-25

Gattusso, L. 2006. Statistics and Mathematics. It is possible to create fruitful links? En A. Rossman, B. Chance
(Eds) Proceedings of the Seventh International Conference on Teaching Satistics CD ROM Salvador (Bahia), Brazil:
International Association for Statistical Education and International Statistical Institute.

Godino, J. D. 1995 ¢Qué apatan los ordenadores a la ensefianza y aprendizaje de la Estadistica? UNO, 5: 45-56

Hawkins, A., Jolliffe, F.; Glickman, L. 1991. Teaching statistical concepts. London:Logman

Holmes, P. 1980. Teaching statistics 11-16, Sloug: Foulsham Educacional.

Kelley, T. 1939. The Selection of Upper and Lower Groups for the Validation of Test Items. Journal of Educational
Psychology, 30:17-24.

Lopez, M. V.; Fabrizio, M. C.; Plencovich, M. C.; Giorgini, H. 2002. Some issues about the status of Statistics
teaching in agricultural colleges in Argentina. Statistical Education Research Journal 3(1): 6071 Retrieved on April 20,
2007 at http://www.stat . auckland.ac.nz/serj. International Association for Statistical Education (IASE/ISI)

Makar, K. M.;Confrey, J. 2004. Secondary teachers'reasoning about comparing two groups. En D. BenZvi y J.
Garfield (Eds), The challenges of developing statistical literacy, reasoning, and thinking (pp. 327-352). Dordrecht, The
Netherlands:Kluwer.

National Council of Teachers of Mathematics 2000. “Principles and Standards for School Mathematics’. Reston,
VA: National Council of Teachers of Mathematics.

Nummally, J.C.1978. Psychometric Theory. New Y ork. McGraw Hill

Rubin, A; Rosebery, A.S. 2000 Teachers' miunderstandings in statistical reasoning: Evidence from a field test of
innovative materials. In A. Hawkins (ed). Training teachers to teach statistics. Proceeedings of the International
Statistical Round Table Conference (pp. 7289). Voorburg, The Netherlands; International Statistical Institute.

Scheaffer, R.L. 2006. Statistics and mathematics: On making a happy marriage. En G. Burrill (Ed.), NCTM 2006.
Yearbook: Thinking and reasoning with data and chance (309 321). Reston, VA:NCTM

Stohl, H. 2005. Probability in teacher education and development. En G. Jones (Ed.) Exploring probability in
schools: Challenges for teaching and learning. New Y ork: Springer.

Wild, C; Pfannkuch, M. 1999. Statistical thinking in empirical enquiry. International Satistical Review, 67 (3),
221-248



