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SUMMARY

Statistical inference is one of the main branchHeStatistics and a fundamental methodological ool
empiric sciences, in particular, it allows us taqtify the reliability of results of aleatory sarap] and
therefore to verify our impressions by means ofwations (Batanero, 2001). This fact highlights th
importance of an up-to-date teaching of the subject

This work is part of a research project which aimsvestigate what the concept of Confidence
Intervals means to students of a first course atigics at Rosario's National University.

In the frame of the Godino’s (1999) theory we afteto determine, by means of an opinion survey
and a test given to students, the relationship é&tvtheir own perceptions about their knowledginef
subject and the grades obtained in the test thrthagktudy of different elements of meaning: extens
ostensive, actuative, intensive and validative Whi&veal the comprehension of the topic: Confidence
Intervals.

1. Introduction

In the frame of the Godino’s (1999) theory we afieto determine, by means of an opinion survey
and a test given to students, the relationship é&tvtheir own perceptions about their knowledginef
subject and the grades obtained in the test thrthaybtudy of different elements of meaning: extans
ostensive, actuative, intensive and validative Wh&veal the comprehension of the topic: Confidence
Intervals.

We incorporate some theoretical reflections on nugaition to be able to carry out a more exact
interpretation of the relationship between the mpirof the students about difficulties in the leagof
Confidence Intervals and the results of a teshantopic.

When we speak of metacognition we speak of conseiand control that individuals have on their
cognitive processes. Garner (1987) maintains thaing the last decade, a considerable quantisfumfies
has demonstrated that metacognition plays an irapbrole in effective comprehension.

The term metacognition, according to a majoritpothors, refers to two basic components:
knowledge about cognition and the regulation ofnttign. The first component is related to the céyao
reflect on our own cognitive processes, and theaoginitive regulation implies the use of strategfies
allow us to control cognitive efforts.

According to Baker (1994), the distinction betw@egtacognitive and cognitive strategies is not clear
Many cognition strategies or study strategies ti@uklly considered as metacognitive are useful omby
because they improve learning or comprehensioralbatbecause they contribute to giving students a
means of gauging the success of their effortsamland to understand.

For practical purposes, so long as a strategyéstéfe, it doesn't matter if it is labelled as nitye or
metacognitive. The fundamental aim when we teaelmtbchanisms of metacognition to students is to
enable them to take over responsibility for the@mnactivities of learning and comprehension.

The psychologists based on Vygotsky's theory candidat the best way of achieving this objective is
to transfer the responsibility of regulation gratiut young people.

Watson (1983) claims that an essential objectivedoication in science is to encourage students to
transform themselves into autonomous learners,tatdequire information from many sources, of
considering alternatives, and of arriving to deflelesconclusions.

Specialists in scientific education such as Canith 8and (1985); Carter and Simpson (1978); Esler
and Esler (1985); Peterson and others (1985), idawtified a basic core of abilities that the stideof
science resources should acquire, among them:\@ti®er, classification, comparison, description,
organization of information, prediction, inferenbgpothesis formulation, data interpretation,
communication, experimentation and conclusion dngwi

It should be stressed that many of the abilitieslved in scientific procedure can also be congider
as metacognitive abilities; for example, the foratian of conclusions. Carter and Simpson (1978hcla
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that such abilities are in direct correspondencdh wireader’s ability to critically analyze, to &ate
information, to recognize ideas and main conceptestablish relationships and to apply the infdromato
other situations. These operations are undoubssgiyar to evaluation criteria. Also, they claimatrihe
scientific ability to interpret data belongs togatlwith the operation of summarizing new informatand of
modifying the reading rhythm according to text reeexhd highlight that both abilities can be consdeas
metacognitive.

Fischer and Lipson (1986); Johnson (1985); OsbanaeWittrock (1983); Pope and Gilbert (1983),
have come in similar ways to recognize the negefsitstudents to assume an active role in theiaitiun
of new knowledge. To Pope and Gilbert, knowledgeeisn as product of transactions between a pergbn a
the context. They point out, also, that currerttly émphasis is put on the activity of a person tribes to
extract sense out of facts by the constructioniateipretation of individual experiences.

Osborne and Wittrock (1983) describe a constrigttiviodel adapted to the learning of science,
according to which to understand things that wetaught verbally or those that we read or disceusen
observing a demonstration or when carrying oubgueement, we should devise a model or explanahah
organizes the information collected from that eigrage in a way that is significant and appropriateur
logic, to our experiences in the real world, obtoh.

The construction of these kinds of models requssstain metacognitive abilities such as evaluating
the model’s factibility and revising its hypothesas necessary.

Hawkins and Pea (1987), explicitly based on Vyggtsiwork, support a learning approach that
encourages a transition from heteroregulation (bepgulated by others) to self-regulation. Johr(d@85)
also comments on the importance that studentsoiadeecontrol of their own scientific learning, and
maintains that when students learn that they haxggtain control about the information they accssy
can look to themselves as agents responsible éardtvn learning rather than as inert holders @drimation
that others dump on them.

Maehr (1983) criticizes great part of science teagobjecting that it is being too much directed b
teachers and outlines that insofar as directedilegrestricts the students’ participation in tharhing
process, it will end up diminishing their achieverise According to this author, problems derivedrfro
directed learning are probably more severe in tha af science education, where the main intesdst i
create a person who behaves autonomously.

Fischer and Lipson (1986) express that one of tijectives of science teaching at the universifpiis
the students to learn how to recognize and cotineat own errors. They maintain that the students
themselves should acquire the ability of dealinthwirors and be able to disassemble their owrngtaros."

Based on this point, we can consider that the mtiog and the correction of one’s own errors are
fundamental metacognitive operations.

The problem of erroneous preconceptions is of nogiaitive order. If students don't become aware
that they don't possess the correct knowledge,dhagot clarify their understanding. In this semggnion
surveys constitute a strategy for creating thatramess.

2. Problem investigated

What knowledge do students have about their owrpecehension of a concept?

What relation exists between the knowledge thatesits believe they have about the topic of
Confidence Intervals and the comprehension of timeept as revealed by the possession of the ditfere
types of elements of meaning?

3. Methodology
Metacognition of students on the topic of Confidehttervals: opinion survey
We carry out a survey which objective is to know tpinion of students about difficulties in the
process of learning this topic, and through thatiop, to know the awareness and the control thatents
have on their own cognitive processes.
This survey is shown up next.
Opinion survey to students
1. Having taken a Course in Statistics, do you recmgttiat you had difficulties with the topic of
Confidence Intervals? (Indicate your answer withiass). Yes  No
2. If yes: Do you have difficulties with: (indicate yoanswers with a cross)
* Understanding theory.
* Understanding simbology.
* Understanding the instructions.
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» The approach to solving the problem.

* Numerical calculation.

» Specification of the solution using appropriatetsdogy and graphics.
* Interpretation of conclusions.

Career: Age: Origin place:
Type of high school attended: Computation knowledge:
4. Results

In the following box the didactic variables whidmatzacterize the knowledge process are relateceto th
different elements of meaning:
Relationship between difficulties evidenced by stutd and the possession of elements of meaningle Ta
Types of elements
Extensive | Ostensive  Actuative Intensive  Validative

Iltems: difficulties evidenced

Understanding of theory X X
Understanding of simbology X
Understanding of instructions X X
Approach to solving the problem X X
Numerical calculation X

Specification of the solution usin|
appropriate simbology and graphs

«Q
X
X

Interpretation of conclusions X

Taking into account the relationship between tipe tyf element of meaning and each of the questions
asked in the survey, we analyzed the difficultiestirequently observed by the students themsealndghe
items they claim not to have problems with in rielato the skills evaluated. To that effect, dgsiore
tables were created for each element of meaning.

The proportion of students who claim not to havebpems with the different items that include the
most commonly observed difficulties (elements ohiniag) was compared with the grades obtained fcn ea
one of these items in a test. This relationshipeganigin to charts that reflect clearly that studdmave
bigger difficulties in the topic Confidence Intelvdhan they declare in their statements. Folloviéng
presented one of these charts:

Relationship between the students’ perception atheudifficulties they experienced with the topfc o
Confidence Intervals and the results obtained byntin the test - Table 2

Validative elements

Have you

problems
Pass Nd Yes| Total X, =1,59
Yes 5 2 7
No 42| 48| 90 C.A.=0,093
Total 47| 50| 97

For example, although 48% of the students claintmbive difficulty in the application of validagév
elements, only 8% of the total passes the itemesponding to this element of meaning.

In the analysis of the actuative elements 71% @ftindents consider that they don't have diffieslti
with the numerical calculation, but 32% only apprdke items where actuative elements are evaluated.

Similar results can be observed in the study obitensive and extensive elements. As for the
intensive elements differences are not observeddsst what the students say and the test results.

These conclusions are reinforced by the associatiefficients (AC) and theg/® tests that determine

the consistency between the students’ perceptiontabe difficulties they experienced with the topf
Confidence Intervals and the results obtained byntin the test, which are summarized next:
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Statistical analysis - Table 3

Type of meaning Element x%os | Y1005 'ésoseofﬁggﬁtn Conclusion
Actuative Elements 0,206 3,84 -0,072 Associatioasti exist
Intensive Elements 21,58 3,84 0,485 Associatiostexi
Ostensive Elements 4,012 3,84 0,237 Associatiostexi
Extensive Elements 6,76 3,84 0,278 Associationtexis
Validative Elements 1,59 3,84 0,093 Associationsitieexist

5. Conclusion

From an analysis of the box above we concludeattiabugh there is a consistency between the
students’ perception of what the test results weakthe actual results when the student refettseto t
Understanding of Theory, Understanding of Instiredi Understanding of Simbology and the Approach to
Solving the Problem, which in turn are in corregpemce with Intensive, Ostensive and Extensive Ehtsne
of Meaning, they don't seem to be aware of thdings as regards actuative and validative elements

This would indicate a lack of reflection capacitykkd with the prevalence of a mechanical approach
to problem solving. We observed that students dafitlate either the statistical concepts or thain
performance. They believe they possess knowledgehby have not apprehended its meaning.

REFERENCES

= Baker, L. (1994). Metacognicion, lectura y educadgientifica. En Minnick Santa, C. y Alvermann D.
(Compiladoras)Una didactica de las ciencias. Procesos y aplicae®Buenos Aires: Aique.

= Carin, A. A.y Sand, R. B. (1985)eaching modern scien¢4? ed.). Columbus, OH: Merril.

= Carter, G. S. y Simpson, R. D. (1978). Scienceraading: A basic dud’he Science Teachel5 (3),
pp. 20.

= Esler, W. K. y Esler, M. K. (1985).eaching elementary scien@& ed.). Beltmont, CA: Wadsworth.

= Fischer, K. M. y Lipson, J.K. (1986). Twenty quest about student errotkurnal of Research in
Science Teaching@3, pp. 783-803.

= Garner, R. (1987Metacognition and reading comprehensidlorwood, NJ: Ablex.

= Hawkins, J. y Pea, R. D. (1987). Tools for bridgihg cultures of everyday and scientific thinking.
Journal of Research in Science Teachwy,pp. 291-307.

= Johnson, V. R. (1985). Concentrating on the biaarence Teacheb2(3), pp. 33-36.

= Maehr, M. L. (1983). On doing well in science. Wdghnny no longer excels; why Sara never did. En
Paris, S.; Olson, G. y Stevenson (Edsearning and motivation in the classroppp. 179-210.
Hillsdale, NJ: Erlbaum.

= Osborne, R. J. y Wittrock, M. C. (1983). Learnigesce: A generative proceg€ciencie Educatiqré?,
pp. 489-508.

= Peterson, R.; Bowyer, J.; Butts, D. y Bybee, R88)9Science and society: A source book for
elementary and junior high school teach€olumbus, OH: Merril.

=  Vygotsky, L. S. (1978)Mind in societyCambridge, MA: Harvard University Prees.

=  Watson, F. (1983). On the drawing board: A 21stusrcurriculum.The Science TeachdiQ(3), pp.
62-63.



