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Ab;tract

The purpeses of this study are as follows: 1) to
investigate the relationship between the learning approaches of
high school students, their prior knowledge, and their attitude
toward chemistry, and their performance on a misconceptions test;
and 2) to describe and analyze the differences between the
responses of students of different learning approaches on the same
test. Forty nine high school . tudents enrolled in two sections of

New York State Regents Chemistry classes at a suburban school in
New York State participatea in the study. The results of the
study demonstrated that students' performance on a
misunderstandings pretest and students learning approach accounted
for a statistically significant proportion of the variance on
students perfcrmance on the misunderstandings post-test.
Additionally, the results showed that students who identify |
themselves as meaningful learners performed significantly better |

than rote learners on the misunderstandings post-test.
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The Relationship Between Students' Learning Strategies and
the Change in Their Chemical Misunderstandings
During a High School Chemistry Course
Introduction

Interest in students! intuitive theories and topic-related
understandings of scientific concepts has increased significantly
in the past decade. Presently, it is rare to find an issue of a
science education journal which does not include at least one
article on the topic. Research in this area has focused on
identifying, classifying, and characterizing students’
understandings about a large number of science topics. For
example, Larkin, McDermoth, Simon, and Simon (1980) investigated
students' understandings about mechanics, Clough and Driver (1985)
examined the nature of students' understandings of heat and
temperature, Carey (1985) analyzed students' understandings about
the concept of life, and more recently Treagust and Smith (1989)
investigated students' understandings of gravity and ihe motion of
planets. Research conducted to identify the sources of students’
incorrect scientific understandings and to evaluate instructional
strategies to change these incorrect understandingz has been less
prevalent in the science education research literature (Hashweh,
1988) . Another important yet little understood area of research

is the relationships between students' learning strategies, their
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chemical misunderstandings, and their,K ability to correct these
misunderstandings. ‘

The purposes of the present study are as follows: 1) to
investigate the relationship between the learning approacnes of
high school students, their prior knowledge, and their attitude
toward chemistry and their performance on a misconceptions test;
and 2) to describe and analyze the differences between the
responses of students with different learning approaches on the
same test.

Background
Meaningful learners who "“choose to relate new knowledge to
relevant concepts and propositions they already know" (Novak &
Gowin, 1984, p.7) may be able to use the information they acquire
in science classes to correct their misunderstandings. By
consciously creating méaningful links between the concepts
acquired in a chemistry course, meaningful learners may reduce
memory overload and increase their processing capacity (Iinn,
1986), and consequently improve their ability to correct
misconceptions and solve problems. Conversely, rote learners--
those who acquire new knowledge by verbatim memorization and
arkitrarily integrate this knowledge into existing knowledge
structures--(Novak et al., 1984), may not be as successful as
meaningful learners in correcting their misunderstandings. 1In
other words, rote learners do not produce coherent understandings

of scientific topics and elaborate cognitive structures to reason
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through science problems (Eylon & Linn, 1988). In addition,
traditional science instruction which emphasizes breadth of
coverage rather than depth of understanding, may contribute to
memory overload, decreased processing capacity, and consequently a
diminished ability to correct misunderstandings.
Method

Subjects

Subjects for this study were 49 students (22 males and 27
females, range= 16.0 years to 18.0 years, mean age=16.8 years,
SD=0.6) enrolled in two sections of a New York Regents Chemistry
course taught by the same teacher at a suburban school in New York
State. The New York Regents Chemistry course is a survey course
which emphasizes breadth rather than depth of coverage. All these
students have passed the New York Regents Biology examination and
have successfully completed a prerequisite mathematics course
before enrolling in the New York Regents Chemistry course.
instruments

The following instruments were used in this study:

(a) The Misunderstandings Test.. This test was developed as
a result of previous research conducted by this author (BouJaoude,
in press). During 1988, 20 junior high school students were
interviewed to identify their misunderstandings about the concepts
of burning and chemical change. The identified misunderstandings
were utcilized to develop the Misunderstandings Test. This test

was used to collect more information about students'
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misunderstandings about burning and chemical change at the high
school and university levels and in different cultural settings. .
The content validity of the Misunderstandings Test was verified by
a panel of experts including two junior high and high school
teachers, three university professors, and two science education

graduate st:'dents.

This test consists of 13 items and employs a two-tier

~

question format to identify students' understandings as well as

collect information about students' rationales for their answers.

The scores on the test are computed as percentages. The following
is an example of the questions used in the test--this question was

obtained from Welford's (1988) report on English children's

performance in chemistry:

I. Equal quantities of steel wool are suspended from the arms of a
scale so that they are balanced. The steel wool on side A is
heated. WwWhat happens to the scale?

a. It tilts toward A
b. It tilts towaxd B
c. 1t stays balanced

II. Explain you answer

(b) The Students' Learning Stratecgies Ouestionnaixe. This
questionnaire is an adaptation of the Learning Approach
Questionnaire developed by Donn (1988, personal communication;
Novak, Kerr, Donn, & Cobern, 1989). The questionnaire design was
based on the work of Biggs and Collis (1982), Entwistle (1981),

and Entwistle and Ramsden (1983) in Great Britain.

The Students' Learning Strategies Questionnaire used in this
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study consists of 39 items and is scored out of a maximum of 195.
Siudents were asked to respond to each item using a five-point
Likert s.ale ranging from A (Always True) to E (Never Tru ‘. A
Cronbach alpha internal consistency coefficient of 0.77 was
obtained for the present sample.

(c) The Attitude Toward Chemistry Questionnaire. This
instrument consists of 10 items and utilizes a semantic
differential to measure students' attitude toward chemistry. The
maximum score on the test is 70. The directions of the adjective
continva in the items were randomly altered to decrease the
possibility of response set. The semantic differential was used
because "it is easy to construct, it is short and thus quick to
administer, and it is usually very highly reliablel" (Mueller,
1986, P. 55). A Cronbach alpha internal consistency coefficient

of 0.87 was obtained for the present sample.

(d) Differential Aptitude tests (DAT). Students' scores on

the verbal reasoning, numerical ability, and abstract reasoning
subgroups of the DAT were obtained from the students' files

(Maximum score of. 50). Al the students took these tests at the

reliability coefficients ranging from 0.91 to 0.94 for the three

! ninth-grade level. The Differential Aptitude Tests has reported
subgroups used in this study.

coefficients and internal consistency coefficients of around 0.90
are not uncommon for ir ,cruments utilizing semantic differentials.

ERIC 8

1 According to Mueller (1986) test-retest reliability
|
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Procedures

The Misunderstandings Test, used as a pretest, and the
Studen. s* Le;rning Strategies Questionnaire were administered at
the beginning of October 1988, while the Attitude Toward Chemistry
Questionnaire was administered at the end of the same month. The
Misunderstandings Test, used as a post-test, was re-administered
in June 1989 one week before the students were expected to take
the New York Chemistry Regents Examination and following scheduled
review sessions for the same examianation. In addition, the
investigator attended classes for a total of 16 weeks (eight weeks
in September and October 1988 and eight weeks in May and June
1989) to ascertain the nature of teaching that took place in both
classes,

For the purposes of this study, students who scored at or
above the mean score on the Students’® Learning Strategies
Questionnaire were labeled as meaningful learners (Group 1, 24
students) while those who scored below the mean were labeled as
rote learners (Group 2, 25 students).

Results

Table 1 presents the Pearson correlation coefficients between
the scores on the Misunderstandings Test administered in October
1988 (PRE), the students scores on the Studeants' Learning
Strategies Questionnaire (STRAT), the attitude scores (ATT), the
scores on the Differential Aptitude tests (DAT), and the scores

on the Misunderstandings Test administered during June 1989
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(POST) . This table shows that the highest correlation coefficient
is between PRE and POST (r=.60, p<.0001), followed by the

correlation between STRAT and ATT (r=.56, p<.0001).

Insert Table 1 about Here

Since the predictor variables were correlated with one
another, a stepwise multiple regression analysis was applied to
the data to determine which variable(s) proved to be the best
predictors of performance on the Misunderstandings Test (POST).
Scores on the following served as predictors: a) The
Misunderstandings Test, used as a pre-test (PRE); b) The Students'
Learning Strategies Questionnaire (STRAT); c) The Attitude Toward
Chemistry Questionnaire (ATT); and d) The Differential Aptitude
Test (DAT). The results of the multiple regression (Table 2) show
that PRE and STRAT accou *ed for a statistically significant

proportion of the variance on POST.

Insert Table 2 about Here

Table 3 shows the means and standard deviations of the
meaningful (Group 1, N=24) and the rote learners (Croup 2, N=25)

on the different variables used in the study.

Insert Table 3 about Here

10
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An analysis of covariance? was used to compare the performance
of meaningful and rote learners on the post-test scores (POST).
The scores on the pretest (PRE), the attitude scores (ATT), and
the scores on the Differential Aptitude Tests (DAT) were used as
covariates. The results of the ANCOVA show that there is a
statistically significant difference between the meaningful and
rote learners (F=24.98, p<.0001). The adjusted means were

Xmeaningful=54 .78, Xrote=44.27.

A qualitative analysis of the responses of students on the
individual. items of the multiple chcice part of the
Misunderstandings Test (Table 4) shows that the percentage of
meaningful learners choosing the correct answer increased or did
not change on 9 of the 13 questions while the percentages of rote
learners choosing the correct responses decreased on 9 of the 13
questions. This is reflected in the wery slight change between
the means of the pretest and the post-test for the rote learners

(Pretest mean=41.56, post-test mean=42.20). Additionally, the

2 The assumptions for ANCOVA were tested as follows:

a. The assumption of homogeneity of variance did not need
an empirical test since ANCOVA is robust to this
assumption when groups have approximately equal (larger
number < or=1.5 smaller number)--meaningful learners=24,
rote learners=25 (Huck, Cormier, & Bounds, 1974).

b. ATT, DAT, and PRE were significantly correlated with
POST (Table 1). Additionally, There were significant
correlations between the PRE and ATT of subgroups
(meaningful and rote learners) with the post-test
scores. In addition the correlation between attitude
and pretest scores was not statistically significant.

¢ There was no interaction between the covariates and the
grouping variables at the .05 level of significance.

ERIC 11
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percentage of rote learners responding cor:i2ctly to questions 5,
6, and 7 (melting ice, dissolving sugar, and condensing water)
decreased appreciably between the beginning and the end of the

year.

Insert Table 4 about here

Finally, analysis of the differences between the responses of
the students on the justification part of each question shows that
meaningful learners, for the most part, developed more coherent
understandings of some of the concepts underlying the questions.
Takles 5 and 6 provide examples of the responses of meaningful and
rote learners respectively tc a number of the questions on the

Misunderstandings Test.

Insert Tables 5 and 6 about here

Discussion

The results of the study demonstrate that the
misunderstandings pretest (PRE) and students learning approach
(STRAT) accounted for a statistically significant proportion of
the wvariance on students' performance on the misunderstandings
post-test. Additionally, the results show that students who
identify themselves as meaningful learners performed significantly
better on the Misunderstandings Test administered in June 1989

(POST). Taese findings suggest that in a class which emphasized

11




Students' learning strategies

12

breadth xrather than depth of coverage, meaningful learners were
better able to utilize the information they acéuired to correct
their misunderstandings about chemical change. Furthermore, the
analyses of students' individual responses (Tables 4, 5, and 6)
show that more meaningful learners than rote learners gave correct
answers on the multiple choice part as well as on the explanation
part of each question. The meaningful learners seem to have
developed coherent understandings—-as evident from the analysis of
their written responses on the second part of each question on the
Misconceptions Test-- that were useful in their attempts to answer
questions that required more than rotc learning (Eylon et al.,
1988) .

It is possible that students who identify themselves as
meaningful learners, are able to organize the information they
acquired in the classroom into bigger chunks, thus reducing their
memory overload, increasing their processing capacities, and
decreasing the possibility of acquiring new misunderstandings
during instxuction (Linn, 1986). Meaningful learners might be
different from rote learners in that while rote learners store
their information in smaller chunks (Clement, 1987), meaningful
learners might have larger chunks of meaningful information and
thus are better able to utilize information acquired in the
classroom to correct misunderstandings. Moreover, the large
amount of information that learners have to acquire in a course

that emphasizes breadth of coverage can overwhelm rote learners

13




Students' learning strategies
13

and lead to a decrease in their performance.
Implications for Teaching

The results of this study highlight the importance of
meaningful learning and teaching at the high school level. While
survey courses might bz necessary .,ecause of the influx of new
information and the need to cover increasing amounts of basic
materials in the sciences, meaningful learning and teaching might
be one way to help students cope with the increasing memory and
processing demands of these survey courses. Additionally,
teaching students explicit strategies and training them to use
these strategies might be necessary, since some students are able
to develop effective strategies on their own while others need
explicit instruction in the development and use of these
strategies (Daehler & Bukatko, 1985). Training should help
students to relate new information to prior knowledge, to
integrate information for one subject area into another, and to
relate classroom information to everyday experiences to help those
students become meaningful learners who are better able to retain
and use information in novel situations (Prawat, 1989).

Finally, because of its potential to help students
understand, retain, and effectively use large amounts of
information, meaningful learning might help students to develop
learning or mastery goals, goals in which importance is attached
to developing new skills through which learning itself is valued

and long time student involvement in science is fostered (Ames &
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Archer, 1988; Dweck, 1986).
Limitations of the Study

The fact that this study took place in intact classes, that
the students came from a suburban school district, and that there
was ro experimental manipulation to determine cause-effect
relationships between learning approach and students' abilities to
correct their chemical misunderstandings limit the
generalizability of the findings of this study. However, the
emerging patterns from this study might provide a rationale for
conducting more research on the relationship between students'
learning approach, and their ability to correct misunderstandings
(Novak, Kerr, Donn & Cobern, 1989). Additionally, the results of
this study highlight the need to investigate the possibilities of
training students to become meaningful learners and training

teachers to become meaningful teachers.
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Table 1. )
Pearson Corielation Coefficients Between the Different Variables
Used in the Study.
PRE STRAT ATT DAT

PRE 1.00

STRAT 0.21 1.00

ATT 0.14 0.56% 1.00

DAT 0.49% 0.42% 0.22 1.00

POST 0.60% 0.49% 0.32% 0.44%
*P<.01




’
s

Table 2.
Wi 11tip i rv for the Prediction of
+ isun i
Step Entered Partial Model F
R2 R2

1 PRE 0.36 .36 26.56"

2 STRAT 0.14 .50 12.54*"

*  P<.000t

** P<.0009

20




Table 3.

Means and Standard Deviations (SD) of the Meaninaful and Rote
Learners on the Different Variables Used in the Study.

Group 1 (N=24)

Group 2 (N=25)

Variakle Mean SD Mean SD
PRE 45.04 11.93 41.56 7.84
STRAT 124.62 7.80 105.12 8.00
ATT 39.67 14.49 26.40 12.66
DAT 40.91 6.52 37.44 5.71
POST 56.62 15.07 42 .20 9.11
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Aruitoxt provided by Eic:

_Table 4.

Percentages of Meaningful and Rote Learners Responding to_the
Multiple Choice Part of the Misunderstandings Test.
Meaningful learners (N=24) Rote learners (N=25)
Oct. 88 June 89 Oct. 88 June 89

1. When a candle burns there is a:
chemical or chemical & physical

change 70.33 58.33 48.00 44.00

Physical change 29.1¢ 41.67 52.00 56.00
2. When a candle burns air is needed to

help the flame but none of it is used 25.00 0.00 28.00 16.00

up.

When a candle burns part «f the air 75.00 100.00 72.00 84.00

changes into something else.

3. When a candle burns wax:

evaporates 20.83 20.83 0.00 0.00
melts 41.66 50.00 72.00 64.00
melts and evaporates 25.00 20.83 20.00 24.00
Melts and burns 12.50 8.33 0.00 0.00
burns 0.00 0.00 8.00 12.00

4. When a paper burns there is a:

chemical change 66.66 70.83 80.00 72.00

Physical change 33.33 29.16 20.00 28.00
5. When ice melts there is a:

chemical change 12.50 12.50 4.00 20.00

physical change 87.50 87.50 96.00 80.b0
6. When sugar dissolves there is a:

chemical change 25.00 25.00 16.00 60.00

physical change 15.00 75.00 84.00 40.00
7. When water condenses there is a:

chemical change 4.16 8.33 4.00 32.00

physical change $5.80 91.66 96.00 68.00
8. When a nail rusts there is a:

chemical change 83.13 91.66 92.00 88.00

physical cnange 16.66 8.33 8.00 12.00
9. vhen an empty bottle breaks there is a:

~hemical changc G.00 0.00 0.00 8.00

physical change 100.00 100.00 100.00 92.00

10. A candle is put on the pan of « scale
and lit. After one hour the reading on
the scale would be:
less 87.50 91.66 92.00 72.00
the same 12.50 8.33 8.00 28.00
11. When matches suspended inside a tightly
closed flask are lit, the wecight of the

flask:

Increases 29.16 8.33 16.00 33.00
decreases 20.83 20.83 40.00 36.00
stays the same 50.00 70.83 44.00 28.00

22
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Table 4 (cont.)

12. When a nail rusts its weight:
increases
decreases
stays the same

13. When stecl wool burns its weight:
Increases
decreases
stays the same

45.
20.
33.

12

23

83
83
33

.50
70.
le.

83
67

70.
12.
16.

83
50
66

.83
5.00
.17




Table 5.
Typical Responses of Meaningful Tearners con the Second Part »>f a Number

‘Pretest cesponse Post-test responsesg

Question 1: What happens to tha wax when a candle bhurns? Explain ycur answer.
Student 1
When a candle burns, it is a physical change When a candle burns, It is both a chemical and
because the wax changes phase physical change. It is a physical change in

that the wax melts. It is a chemical change in
that the wax burns and is changed into different

gases.
Student 2
The wax melts to a liquid and runs down the Heat from the flame meits the wax down. Some of
candle and solidifies again. the wax evaporates and makes the flame still

burn,
Quaestion 11: When matches suspended 4inside a tightly closaed flask are 1lit, will
the weight of tha flask increase, docrease, or stay the same.

Studept 38
It would be less because the burning matches The mass will be the same because none of the
loose their weight. particles were allowed to escape.
Student. 30
The mass will be more because the atoms are The same because the flask wasn't open to gain
moving faster and there is different air or lose anything
Studept 49
The mass after cooling will be more because a (The mass would be) the same, everything that
chemical change occurred so there was was in didn't get out and nothing was added,

something new

Question 12: When a nail rusts, does the rusty nail increase in weight, decrease
in weight, or stay the same and why?
Student_ €
The rusty nail decreases in weight because it The nail gets heavier because of the oxygen
glves off something. If it didn't give off reacting with the nail.
something then it wouldn't change
Student. 13
Stays the same because it takes iron to make the rusty nail weighs more because some iron
the rust so the weight would even out from the shiny nail combines with oxygen to form
. the rust so something was added.
Student 14
It will decrease because water eats away at (It weighs) more some of the iron combines with

the nail to cause rust, water and the air to give a zlight (not

noticeable) increase in weight,

24
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Table 6.

Quagt:lon
Student 12
It melts and evaporates

Question

Question

O

ERIC

Aruitoxt provided by Eic:

Typical Responses of Rot

Number of Ouestions on the Misunderstandings Test
Pretegt ragponses

What happaens to tha wax when a candle burns?

Student 15

It melts and evaporates some of the wax has a
low melting point so the flame can easily
melt the wax when the candle is burning you
can smell the wax in the Zir

When matches

Student 16
The mass will be less because all the oxygen
inside the tightly closed flask would be used

Student 19

The mass will be the same because the flask
was closed tightly and no air could get mixed
with the air inside the flask to cause the
mass to be different

Student 32

It would be more because the gas would be
stuck inside of the flask

a nail rusts,

in weight, or stay tha same

Student 19
I think the nail will decrease in weight

because the reaction will cause the nail to
be lighter

Student 31
The nail will decrease in weight because rust
zats away the material it is on,

e _learners on the Second Part of a
i s i .

Post-tegtt responsesg
Explain your answer.

It disintegrates into the air and it melts dow
and drips

The wax melts. the wax and the wick just zurn

to different materials or different forms of the

same material.

suspendad inside a tightly closed flask are lit, will
the waight of the flask increase, daecroasa, or stay thae same.

The weight will more because of the gas given
otf by the matches.

less because all the oxygen in the flask would
be used up

More, because carbon dioxide is given off from
the matches and trapped in the closed flask.

rusty nail increase in weight, decrecase

and why?

A rusty nail decreases in weight because the

rust weighs less than the previous outer layer
of the nail.

Decrease in weight because the rust has eaten
away at the metal.




