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Enhance science instruction: A study of using "conflict map"
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Abstract

Research i science education has revealed that
students have misconceptions when learning
various domains in science. The “conflict map”
uses a series of discrepant events, critical
events, relevant scientific conceptions and
perceptions to promote student conceptual
change (Tsa, 1n press). This study was
conducted to examine the effects of using a
“conflict map” on g™ graders’ conceptual
change and ideational networks about electric
circutt. Through a quasi-e xperimental research
design, 93 Taiwanese 8™ graders were assigned
to a control group, receving traditional
instruction, while 97 8® graders were assigned
to an expenmental group, which used a
“conflict map” as an instructional tool.
Research data gathered from two-tier test
revealed that the conflict map could help
students overcome misconceptions about

electric circuit. Student interview data analyzed
through a flow map method also showed that
the use of conflict map could help student
construct richer and more mntegrated ideational
networks about electric circuit.
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Objectives of the study

The main objective of this study was to
examine the effects of using a “conflict map”
on overcoming junior high school students’
misconceptions about electric circuit. The idea
of using “conflict map” 1s proposed by Tsa1 (in
press). Through a cjuasi-experimental research
design, this study examined the effects of using
a conflict map on student conceptual change
and 1deational networks about electric circuit.
Significance

In the recent two decades, the most
important controution of science educators
may have been to explore and assess students’
“misconceptions” or “alternative conceptions,”
because many educators believe that students’
prior knowledge could highly influence
subsequent learming. A sheer number of studies
documenting student misconceptions show that
these conceptions are content-dependent and
they are resistant to change through
conventional teaching strategies (Tsay 1999).
However, knowing students’ misconceptions
does not mean that educators have potential
methods to promote student conceptual change.
This study described an attempt to use a
“conflict map” to overcome student
misconceptions about electric circuit.
Theoretical underpinnings

The perspective of using conflict map



asserts that students should resolve two
conflicts during the process of conceptual
change: one exists between new perception and
students’ misconception (conflict 1), and the
other one exists between student misconception
and scientific one (conflict 2). Conflict 1 could
be resolved through discrepant events, and the
resolution of conflict 2 could be achieved
through using “citical events or explanations”
and relevant perceptions and conceptions that
explicate the scientific conception. Figure 1
Hlustrates a conflict map of conquering
students’ prevalent misconception that light
bulbs would use up electricity or electric
current in a series circuit. The discrepant event
1s designed to show that the cwrrent in the
cicult 1s equal anywhere. However, students
ask 1f the current is not being used up, what is
lighting the bulbs? The cmtical event is
designed to show and further explain that the
decrease of electric potential (shown by
voltmeters) makes the bulbs become bright.
Ohm’s law, the law of energy conservation, the
ideas of potential energy (in mechanics),
electrons and electric resistance could be
considered as other conceptual supports for the
target concept. Moreover, the lights of
Christmas tree (part of the light bulbs are in
series) or the water circwit analogy could be
used as other perceptions to explain the
sclentific concept that will be taught. The use
of conflict map as an instructional tool wil
present the scientific concepts by the following
mnstructional sequence: discrepant perception,
target scientific concept, cntical event and
explanation, relevant concepts (e.g., Ohm’s law,
potential energy, electrons) and finally
supporting perceptions (e.g, water cicut
analogy). This sequence is consistent with
Posner et al’s (1982) well-known conditions of
conceptual change; hence, it is expected to
promote student conceptual change. The use of
conflict maps could help students seek a stable
and desirable ecquilibration between the
conceptual schema they have already
assembled and the perceptual information
ansing from the environment. The clanfication
as well as the connections among relevant

misconceptions and scientific ideas are also
explored and emphasized.
Methods
Subjects and research treatment

This study was intended to examine the
effects of the conflict map of electric circuit
(shown m Figure 1) on student conceptual
change and ideational networks. The subjects
of this study came from four Sﬂ‘-grade
“fundamental physical science” classes from a
junior high school near Taipe1 City. By using a
cuasi-experimental research approach, about at
the midterm of students’ S™grade spring
semester, two classes were assigned to a
traditional teaching group (1.e., control group)
and two classes were assigned to a conflict map
mnstruction group (ie., expermental group).
There were 93 students in the traditional group
and 97 in the expernmental group. These two
groups did not show statistical differences in
the “fundamental physical science” course
score of their 3™ grade fall semester (p>>.05).
These two groups (four classes) were taught by
the same teacher (their original science teacher).
The traditional teaching group recered
textbook-based and almost one-way lecturing
mstruction. The conflict map treatment group
presented the scientific concepts by the
mnstructional secuence described in last section.
The instructional time for these two groups
were the same (three 50-minute periods). In
Taiwan’s nation-wide curricula, eighth grade is
almost the first time of receving formal
mnstruction of scientific concepts about electric
circwt. This research project was conducted
right on the period of scheduled syllabus of
teaching electric circut.
Assessing student conceptual change

Two weeks before conducting the research
treatment, the following two-tier test item was
administered to all of the subjects to swrvey
student misconceptions.
In the following circuit, the comparisons of the
current among A, B, and C points will be:
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(a). A>B>C, (b). A=B=C, (c). A<B<C.

The reason for your choice above is:

(1) The light bulbs will use up both current
and electric potential (energy).

(1) The light bulbs will not use up current but
use up electric potential (energy).

(i1) The light bulbs will use up current but not
electric potential (energy).

A similar two-tier test was admunistered
about one week after the research treatment.
Students could have nine possible choices in
the two-tier test, and (b)(1) is the correct
answer. Students’ responses on the two-tier test
were used as a record of their conceptual
change.

Exploring student ideational networks about
electric circuit

Twelve students from each class (a total of
24 in each group) were randomly selected for
an in-depth interview to explore their ideational
networks about electric circuit. These students
were Interviewed about two weeks after the
treatment. The researchers showed a simple
electric circwit graph (simular to the figure in
the first tier of the test) to help students recall
what they have known about electric circuit.
Through interviewing these students (using a
standardized set of cjuestions without providing
any directive suggestions), they were asked to
freely recall or reconstruct what they had
learned about electric circuit. By such an
interview-recall method, coupled with a
“meta-listening” technique (i.e., asking each
subject to listen to a reply of lis or her prior
elicited recall and possibly to modify his/her
original 1deas, see Tsal, 1998), every selected
student’s interview narrative was further
analyzed by a “flow map” method (Anderson &
Demetrius, 1993). A flow map is constructed
by diagramming the respondent’s verbalization
of thought as it unfolds, and it is a convenient
way to display the secjuential and complex or
cross-linkage thought patterns expressed by the
respondent. By employmng the flow-map
method, this study yielded the following major
1deational network outcome varnables: size or
extent (linear linkages or number of ideas),

richness  (recurrent or cross linkages),
Iintegratedness  (proportion of  recurrent
linkages), and cormrectness (number of
misconceptions). A  second independent
researcher was asked to analyze sixteen
randomly selected namative data (among 48
narratve data). The inter-coder agreement for
sequential statements was 92 and for cross
linkages was .39.
Findings

The chi-square test that was conducted to
explore the choice pattern in the pretest
(two-tier test) between two groups revealed that
there was no significant difference between
traditional group and conflict map group
(chi-scuare=2.44, p>>05 df=8). In each
group, the choices of (a)(1), (a)(u1) and (b)(1)
were each selected by about 25% of the
students. These results were reasonable since
these three choices are logically consistent
cross first tier and second tier. The results of
(@)@ and (a)(i1) further confirmed a
well-known student misconception that light
bulbs would use up the current. The posttest
showed that the choice pattern between these
two groups was significantly different
(chi-square=15.60, p<.05, d.£=8). 63.9% of the
experimental group students answered correctly
In the two tier test (1e, (b)(1)), while only
39.8% of control group students selected the
same choice. Still 15.1% of control group
students chose (a)(1) and 9.7% of the control
gioup students chose (a)(i1) as thewr answer,
but few of experimental group students chose
such choices after the research treatment (8.2%
and 2.1% respectively). It is also interesting to
find that about 68% of control group students
make a correct choice in the first tier (1e., b),
but many of them (about 28%) did not respond
correctly in the second tier; that is, they
answered (b)(1) and (b)(1i1). These two choices
seemed not to be logically consistent cross two
tiers and not as many of experimental group
students (about 16%) selected such choices.
Students m the traditional group may have
memorized the correct factual scientific
knowledge (1.e., the first tier) but they did not
have further understandings about it (ie., the



second tier).
(Please refer to Tablel, Figure 2)

The comparisons of students’ 1deational
networks between two groups were analyzed
by using their 8®-grade fall semester score in
the “fundamental physical science” course as a
covariate. The ANCOVA results revealed that
experimental group students did not show a
larger extent of ideational networks (e,
number of ideas) than those of control group
students. However, the r1ichness and
integratedness of ideational networks shown by
the experimental group students were better
than those of traditional group (F=4.76, p<.05
and F=8.45, p<.01 respectwvely; please refer to
Table 2). Experimental group students seemed
not to state statistically fewer misconceptions
in the flow-map interview than the control
gioup students did, however, the difference
almost reached the significance level of 0.05
(F=2281, p=0.1). In sum, the use of conflict
map as an instructional tool could help junior
high school students overcome some specific

misconception in electric circuit. Students also
construct richer and more integrated knowledge

structures as a result of using conflict map.
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Table 1: Students' responses on two-tier test

Pretest * posttest °
Choice traditional conflict map traditional conflict map

(# %) (#, 7o) (# %) (#, %)
(a)(1) 25(269) 21 (21.6) 14(15.1) 8(8.2)
(a)( 1) 554 10 (10.3) 3332 3(31)
(a)(11) 22(23.7) 22(22.7) 90.7) 2(2.1)
(M)(1) 6 (6.5) 6(6.2) 15(16.1) 8(8.2)
(b)( 1) 21 (226) 23(23.7) 37(3938) 62 (63.9)
(b)(11) 4(43) 52 11 (11.8) 8(8.2)
(c)(1) 4(43) 52 1(1.1) 221
(c)( 1) 3332 2(2.1) 222 221
(c)(im) 332 331 1(1.1) 221

Notes:
a. chu-square=2.44, d£=8, p>>0.05, ns.
b. chi-square=15.60, d.f=8, p<0.05

Table 2: Students' 1deational network outcomes between traditional group and conflict map group
traditional * conflict map *

b

(mean, S.D) (mean, S.D) F P
Prior sclence . ) 133 739 (13.0) 033 0.54
achievement
Extent 746 (2.59) 738 (2.45) 0.4 0.62
Richness 6.79 (2.99) 75 (339) 476 0.03*
Integratedness  0.47 (0.05) 0.50 (0.05) 8.45 0.006%*
Misconception 0.79 (0.59) 0.58 (0.72) 281 0.10

Notes: a. n=24 for each group
b. The F value for varables “extent,

2 CC 2 CC

richness,” “inte gratedness,” and “misconception” is

calculated by using student “prior science achievement” as a covariate (i.e., using
ANCOVA method).
* p<005 ** p<001
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Figure 2: Students' responses on post-two-tier test




