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Abstract

This paper will present a report discussing the effects of teaching method<$£8gCct on either their achievement or conceptual change about aqueous
university students’ conceptual change and achievement about aque§@4'tions. o ) .

solutions. For this purpose concept test (CT) and achievement test (AT) Wiy words:constructivist, aqueous solutions, achievement, conceptual.
developed. In this study, pre-test and post-test control group design wagsumen

used. AT and CT were conducted both as pre and post-tests while TOLT @s$¢ trabajo presenta un informe de los efectos de la ensefianza con métodos
of logical thinking) and PKT (prior knowledge test) were conducted only @& cambios conceptuales y el logro de los estudiantes de la universidad para
pre-tests. The sample was assigned to two treatment classes, one of wtichprender las soluciones acuosas. Fueron desarrolladas, la prueba de
was experimental group and the other was control group. The experimertahcepto (CT) y la prueba de aprovechamiento (AT). En este estudio, fueron
group was instructed by the constructivist approach and the control growsados la prueba preliminar y el disefio de grupo de control posprueba. AT
was taught by the traditional method. Results indicate that only an apppCT fueron dirigidos como pre- y pospruebas, mientras TOLT (la prueba de
priate teaching strategy provides students’ conceptual development ratheeidea l6gica) y PKT (la prueba de conocimientos previa) fueron dirigidos
than prior knowledge. Students’ reasoning ability did not have a significaablamente como pruebas preliminares. La muestra fue usada en dos grupos
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(grupo experimental y de control). En el grupo experimental se utilizé6 @tids and bases under the topic of aqueous solution chemistry. During the
enfoque constructivista, y en el grupo de control - el método tradicional. Lstruction, it was intended that all the students acquire the subjects and the
resultados indican que solamente las estrategias de ensefianza apropi epts in the'7chapter of the Foundations of Analytical Chemistry
proveen el desarrollo conceptual de los estudiantes en vez de conocimijﬁ%{ﬂ?mk (800G, WesT & HoLLer; 1996).

) " ; . . he students in the control group were taught the topics and the con-
previos. La habilidad de razonamiento de los estudiantes no tenia un ef%cé ts in the 7th chapter of the Foundations of Analytical Chemistry text-

importante sobre sus logros o el cambio conceptual sobre las solucio k (Soos, WesT & HoLLer; 1996) in the same sequence as this text-

acuosas. book with a traditional approach during the period of the study.

Palabras clave constructivismo, soluciones acuosas, logro, conceptual. ~ The text and the sequence of application suggested by the researcher
were taken into consideration, and this set precedent was used during the
instruction of the experimental group. The teaching strategy suggested in

INTRODUCTION this study was applied to the text that the students in experimental group

The concepts that were studied under the topic of aqueous solutions¥#ée given. The researcher, following the sequence of the instruction,
closely related to each other. Furthermore, the understanding of the ion@igiributed each sheet of the text to the students page by page. Using this
tion and solubility concepts requires the grasping of concepts concernl§thod proved that the students answered the questions by applying their
atoms, molecules and ions, in other words understanding at the particufifer knowledge and creating discussion with each other; it also prevented
level (NakHLen & KRraicik, 1994). Therefore, one can conclude that aqué;he students reading the sheets and instead focused their attention to the
ous solution chemistry requires a deep understanding of atoms, molecl§on. The sequence of the topics taught to the experimental group was as
and ions. However, traditional teaching approaches seem to have sJF’H@WSZ_ . .
problems in helping the students comprehend the chemical events atkhglectrical conductivity of solutions.
particulate level, in other words, to obtain a conceptual knowledge. ~ 2. Chemical equilibrium.

Constructivist learning theory focuses on the learner and is based on3hETecipitation reactions.
view that the learner has the responsibility of his/her own learning. A¢- Acids and bases.
cording to this theory, the learners should actively participate in the learn-n order to provide the integrity of the subjects and avoid the chaos of
ing process in order to formulate the meanings in their minds and fi concepts in the learners’ minds, the students in the experimental group
understand them GEacust, 1991;von GiasersreLn 1995; Saver, 1998;  were taught chemical equilibrium and precipitation reactions before acids
SHiLanp, 1999; Zrotiabou & Tsaparuis, 1999; SHNEDER, KrRalCK, MARX  and bases as a counterproposal to this textbook. Another reason of chang-
& SoLowav, 2002; HiGeraT, Zipani & Kurtam, 2003). From the ing the sequence of the subtopics during the instruction of the experimental
constructivist point of view, the learners construct new knowledge yroup was to apply the stages of the teaching strategy based on the
relating the new objects and phenomena to existing omeaddsT, 1991;  constructivist view.

Hewson, 1992; Driver, 1995; Naz, 1995; Gsorng 1996; Kely, 1997; The lessons in control group were mostly teacher-centered and student-
SHiLanD, 1999). o S _ to-student and teacher-to-student interactions were at minimum level. Al-

A significant characteristic of constructivism is constructing a hypoththough the concepts were sometimes discussed in the classroom, no addi-
esis. It is extremely important for an active learner to generate and tgshal attempt was made to construct the concepts.
hypotheses and to draw conclusions in a learning process, in order torhe method conducted in experimental group was characterized by the
acquire scientific knowledge @orng 1996). o ~ construction of hypotheses, obtaining data to test the hypotheses, social

Another significant component of constructivism is social interactionnteraction of students and constructing new ideas by the students them-
Over the last few years, there has been a growing emphasis on the prosgs@s. The lessons given in the experimental group began with the presen-
of interaction in learning (BIver, 1995). A growing number of research- tation of the phenomenon. The phenomena presented in this study were of
ers claim that new knowledge is built up by means of social interchangesiime materials, reactions and pictures on the chalkboard and in"the texts
its many forms (Biver, 1995; Saver, 1998; SiLanp, 1999). Student-to- given to the students. Soon after the presentation students were asked
student and teacher-to-student interaction is very important in this respggime questions about this phenomenon. It was intended to make the stu-
The teacher should guide the students to interact with him/her and ea@lms app|y to their prior know|edge’ and discuss the answers with each
other, provide learning situations that reveal the students’ alternative cesher in order to answer these questions and construct their own hypoth-
ceptions and create a cognitive conflict in the students’ minessélsT,  eses. The materials of symbolic and molecular pictures, an analogy and an
1991). o . experimental demonstration were used in the lessons for the experimental

Because of these characteristics, the constructivist method seems t%@ﬁjp in order to make the students portray the chemical events in their
a hopeful approach to science education for giving the students opporitinds and construct their hypotheses. The instructor guided the students
nity of having a conceptual understanding. _ instead of directing, but when she noticed them inclining towards a mis-

The purpose of the present study is to compare the effectiveness of dbRception she presented new pictures or phenomena to the students and
constructivist approach to that of the traditional method on students’ achie¥gked them some other questions.
ment and conceptual understanding of agueous solution Ch_er_nistry. It ign the present study, pre-test and post-test control group design was
suggested that the teaching strategy based on the constructivist appregefti. Students’ reasoning ability and prior knowledge of chemistry were
would foster concept acquisition, and that appropriate activities designgssessed prior to the instruction as pre-tests. Their performance on the
for the constructive framework would facilitate the learning of the natutgchievement and conceptual knowledge about aqueous solutions was as-

of the chemical processes. sessed as pre-tests and post-tests.
METHODOLOGY INSTRUMENTATION
Sample Reasoning Ability:Students’ reasoning ability was determined by using

Thirty-four students entering the Analytical Chemistry-I course at Gajf€ Test of Logical Thinking (TOLT) @& & Capie, 1981). The TOLT
University Gazi Faculty of Education, Department of Chemistry Educd€St consisted of 10 items that tested 5 logical operations, each of which
tion in the 1st semester of 2002-2003 participated in this study had two items, including proportional reasoning, probabilistic reasoning,

The population was randomly assigned into two instructional treatmdifintrolling variables, correlational reasoning and combinatorial reasoning.
classes, one of which was control group and the other was experimeﬂ'%T test was applied to both the control and the experimental group
group: each consisted of 17 students. The control group was taught by Rgfore instructions only as a pre-test. The alpha reliability coefficient of the
traditional method, while the experimental group was instructed by téLT testis 0.80. In the present study, TOLT test was used as a covariate

constructivist method. in ANCOVA analysis to determine whether the TOLT test had a significant
effect on the scores of post-test of AT (achievement test) and CT (concept
PROCEDURE test), rather than categorizing students with respect to their reasoning abil-

The classroom instruction was carried over a three week period witjt
two hours per week for each group. To minimize the teacher effect, thePrior Knowledge:Prior knowledge test (PKT) was prepared by the
same instructor taught the two groups. The researcher was present durisgarcher to determine the students’ general chemistry knowledge that
all the instructional times and always available for consultation. constituted the basis of the aqueous solution chemistry. The items of the
The instruction was given to each group about the subjects of electridT were adapted from the tests of University of Wisconsin-Madison
conductivity of solutions, chemical equilibrium, precipitation reactions an@hemistry Department, U.S. National Chemistry Olympiad National Test
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and U.S. National Chemistry Olympiad Local Test by the researcher. This Table 2

test consisted of 21 multiple-choice items and assessed student achieve- Mean Scores and Standard Deviations of the AT and
ment with regard to electron configurations of atoms, chemical bonding, CT Post-Test Scores
electrochemistry, chemical reactions, reaction rate, solubility and precipita P
tion. PKT included both algorithmic and conceptual questions. PKT was GrOUp_ N Mean Std. Deviation
applied to both the control and the experimental groups only as a pre-test! | Experimental 17 16,2353 2,7507
This test has a maximum score of 21. The PKT test has an alpha reliability Control 17 16,0588 4,2201
coefficient of 0.61 and it was used as a covariate in ANCOVA analysis. ©T | Experimental 17 12,9412 2,8825
AchievementAchievement test (AT) was designed by the researcher to Control 7 10,7647 3,2888
evaluate the students’ achievement with respect to the topics and the prin- Table 3

ciples of aqueous solution chemistry. The AT test was designed to include
the topics and the principles of th& Thapter, the topic of Aqueous
Solutions in the Foundations of Analytical Chemistry textboole{iV

The Results ofANCOVA Analysis of the AT Post-Test
Dependent Variable: Post Test of AT

SkooG & HoLLERr, 1996). The items of the AT test were adapted from the -
tests of U.S. National Chemistry Olympiad National Test, U.S. NationalS°“® Sum of Squares| Df | Mean Square| F Sig.
Chemistry Olympiad Local Test and various Analytical Chemistry andC°"rected Model 1249'336 f 22’2% ?jg’g 8'822
General Chemistry textbooks by the researcher. This test consisted of eLriept 5108 1| 2108 0264l 05617
multiple-choice questions and has a maximum score of 25. AT assess T 33 753 1 33 753 42211 0o0a
the students’ retention of definitions of some concepts, their factual knowli,re Test of AT 20225 1 20225 8781 0008
edge and their problem solving applications of the concepts about aqueot ching Method| 5 663 1 5 663 0708 0407
solutions. This test required students to define some concepts and to re for 231,918 29| 7997 ’ ’
algorithmic formulas to solve the problems. AT was applied to both ther .-, 9271.000 34 '

control and the experimental group as a pre-test and post-test. The alphg ccied Total 406’2’65 33

reliability coefficient of AT test is 0.68. -
Conceptual KnowledgeStudents’ conceptual knowledge about aque- R Squared = 0,429 (Adjusted R Squared = 0,350)
ous solutions was assessed by concept test (CT) that was prepared by the

researcher. The content of this test was determined on the basis of the Table 4

concepts of the'7Chapter, the topic of Aqueous Solutions in the Founda- The Results of ANCOVA Analysis of the CT Post-Test

tions of Analytical Chemistry textbook (¥¥r, S<ooc & HoLLER, 1996). Dependent Variable: Post Test of CT

The items of the CT were adapted from the tests of U.S. National Chenfiss .

try Olympiad National Test, U.S. National Chemistry Olympiad Loc I§0urce Sum of Squares | Df | MeanSquare  F S1g-
Test, various Analytical Chemistry and General Chemistry textoooks ang ted Model 194 962 4 48 741 9342 0.000
some literatures (dz, 1995; Gna, 1994). This test consisted of 22 mul- ,n?;rrigpet oce 22 642 1 22 642 2340 0046
tiple-choice questions and has a maximum score of 22. CT required Sty 1 4183E-02 1| 418302 | 0008 | 0929
dents to comprehend the chemical events at the particulate level, to apgly ¢ ’12‘455 1 '12'455 ’2‘387 '0’133
the concepts about aqueous solutions presented in the instruction to N, Test of CT 86,486 1 86,486 16,577  0.000
situations and to apply reasoning strategies in order to generate solutioRgaching Method 29.467 1 29.467 5648 0024
to the new problems. This test was applied to both the control and thgor 151,303 29 5217

experimental group as a pre-test and post-test. The CT test has an alphgal 5123,000 34

reliability of 0.69. 7 Corrected Total 346,265 33

RESULTS AND DISCUSSION R .Squared = 0,563 (Adjusted R Squared = 0,503)

The data obtained from the study were assessed by using SPSS (Statis-
tical Package for the Social Sciences) program. ANCOVA and t-test were
utilized to assess the hypotheses. In the present study, ANCOVA was o)
in order to find the factors affected the post-test scores and minimize
error. The hypotheses were tested in the 0,95 confidence interval. Tab
shows means and the standard deviations of the scores of the pre-tg
The results of t-tests showed that there were no significant differen
between the control and the experimental groups in terms of their achiegb
ment and conceptual knowledge about aqueous solutions, reasoning abi
ity and prior knowledge.

he results of the present study indicate that students’ prior knowledge

ificantly affected their achievement, but in saying this, it did not affect

ir conceptual change about aqueous solutions. This result indicates that
an appropriate teaching strategy provides students’ conceptual devel-
ent rather than prior knowledge. The results also showed that stu-
ts’ reasoning ability did not have a significant effect on either their
ievement or conceptual change about aqueous solutions.

he results of this study show that the students instructed by the

constructivist approach had a significantly better conceptual understand-

Table 1 ing of aqueous solutions than did the students taught by the traditional
Mean Scores and Standard Deviations of the Pre-Tests method. However there were no significant differences between two groups
in terms of their achievement about aqueous solutions. One can interpret
Group N Mean Std. this result by the explanation that the students in the control group had an
Deviation opportunity to have more time practicing and solving problems than did
the experimental group, because the student discussions in the classroom
Concept Test Experimental 17 8,4706 3,5552 and the analogy activities, picture presentations and chemical demonstra-
Control 17 8,1176 3,2955 tions took too much time from the lessons for the experimental group.
Achievement Test Experimental 17 10,7059 | 3,197 Another disadvantage of the teaching strategy that is based on the
Control 17 12,4118 | 3,7593 constructivist approach is it requires too much time for the teacher to
Prior Knowledge Test Experimental 17 14,6471 | 2,9779 prepare the materials for the activities before the lesson.
Control 17 14,1765 | 3,3022 As mentioned before, the sequence of the subtopics was changed dur-
Test of Logical Thinking | Experimental 17 5,8824 2,9975 ing the instruction of the experimental group. The effect of the difference in
Control 17 5,00 2,7386 the sequence of the texts between the two groups to the post-test scores
was ignored.

The results of ANCOVA analysis of the AT post-test showed that the

scores of the pre-tests, AT and PKT, had a significant effect while ti@ONCLUSIONS

teaching method and the scores of TOLT did not have a significant effectFrom the findings of this study, one can conclude that a learning envi-
on the scores of the AT post-test. The results of ANCOVA analysis of thenment should enable the students to communicate with others and con-
post-test of AT are reported in table-3. Table-4 shows the ANCOVA analgtruct their own ideas relating to their existing knowledge. The research
sis of conceptual change of the two groups. As shown in table-4, treported here also points out that a teaching method, which enables the
factors that affected the CT post-test results were the teaching method laadners to portray the chemical events in their minds, provides a better
the CT pre-test results. understanding of the scientific concepts. Analogies, demonstrations and
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presentations have a crucial role in this respect. In order to make the Acid, Base, and pH Conceptdpurnal of Research in Science Teach-
students understand the particulate level of the chemical processes, theing, 31, [10], 1077-1096, 1994.

learning environment should provide them to draw a picture in their mintisaz, M., A Lakatosian Conceptual Change Teaching Strategy Based on
of the atoms, molecules and ions within a chemical process. In this respect, Student Ability to Built Models with Varying Degrees of Conceptual
the teachers working within a constructive framework should design ap- Understanding of Chemical Equilibrium, paper presented at the 68
propriate student activities, such as picture presentations. The use of chemicalAnnual Conference of the National Association for Research in Sci-
demonstrations in class adds to the student learning experience. There areence TeachingNARST,)San FranciscoApril, 1995 (ERIC Docu-
guestions to ask and answer before performing a demonstratiamoQ)V ment Reproduction Service n° ED 390 637).

2002). In this way, students will apply their prior knowledge. The demo®rna, M.V., Acids and Bases, Chemsource versiofi, 1994.

strations may also serve to initiate and maintain student interest in scieht®://chemmovies.unl.edu/chem_source_pdf/acid-base.pdf

(CasTtka, 1975). Some topics in chemistry are highly theoretical and giv@rna, M.V., Chemical Equilibrium, Chemsource versi@rD, 1994

learners great difficulty. Thus, the teaching of chemistry lends itself to thétp://chemmovies.unl.edu/chem_source_pdf/chemical_equilibrium.pdf
use of analogies to explain abstract concepts where the analogies are @era, M.V., Solubility and Precipitation, Chemsource versibf, 1994.
erally recognized to generate meaning through a constructivist pathwyp://chemmovies.unl.edu/chem_source_pdf/solubpiy

(HuppLe, WHITE & Rocersg 2000). The results of some researches sugge@ssorng J.F., Beyond Constructivisngcience EducatiorBl, [1], 53-82,

that perhaps restructuring the text itself would improve learningstsfio 1996.

& Lawson, 1999; Yuruk & Gesan, 2001; ERomann, 2001; Riozimis, 2003).  RupziTis, G., Basic Principles of the Secondary School Science Textbooks
Considering this point of view, educators should design appropriate texts DevelopmentJournal of Science Educatiod, [2], 89-92, 2003.

useful for the instruction. A constructivist learning environment supporteghiLano, T.W., Constructivism: The Implications for Laboratory Work,
with presentations of pictures at the particulate level, chemical demonstra- Journal of Chemical Educatiorv6, [1], 107-108, 1999.

tions, analogies and an appropriate text design will improve the conceptBahneiber, R.M.; Krascik, J.; Marx, R.W.; SLoway, E., Performance of
development of other topics of chemistry, which require conceptual under- Students in Project-Based Science Classrooms on a National Mea-
standing rather than algorithmic understanding. More studies about the sure of Science Achievemenrltpurnal of Research in Science Teach-
constructivist approach supported with other activities and materials may ing, 39, [5], 410-422, 2002.

bring new insights into students’ learning about chemistry. Skoog, D.A.; WEesT, D.M.; HoLLEr, F.J.,Chapter 7 — Aqueous Solution
Chemistry. Fundamentals of Analytical Chemistsgventh edition
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