Perceptnal and Motor Skills, 2002, 95, 914-924.  © Perceptual and Motor Skills 2002

ACHIEVEMENT IN CHEMISTRY PROBLEM-SOLVING AS A
FUNCTION OF THE MOBILITY-FIXITY DIMENSION **

DIMITRIOS STAMOVLASIS, MARGARITA KOUSATEANA,
VASILEIOS ANGELOPOULOS, GEORGIOS TSAPARLIS

Department of Chemistry, University of loannina

MANSOOR NIAZ

Chemistry Deparirment, Universidad de Oriente

Summary—The present studies explored the relation hetween students” achieve-
ment in chemistry problem-solving and the Mobility-Fixity dimension. Fixity charac-
terizes consistency of function of field-independent subjects in a field-independent
fashion, while Mobility provides for variation according to circumstances. The effect
of this cognitive variable was examined as a function of the type and the complexity
of the problem. Twe kinds of problems were used, chemical equilibrium problems
with varying mental demand and logical structure, and organic synthesis problems
with varying mental demand. The subjects had to carey out different mental tasks,
such as manipulation of logical schemata, applying zlgorithmic procedures, solving
nonalgorithmic problems. In all cases, Mobile subjects detnonstrated higher achieve-
ment than Fixed subjects. The results of this study support the hypothesis that the
Mobility—Fixity dimension can serve as a predictor variable of students’ performance
on chemistry problem-selving.

Recent research has shown the importance of cognitive variables, such
as working memory capacity, mental capacity, developmental status, and cog-
nitive style (or disembedding ability, that is, scores on field-dependence—in-
dependence) as predictor variables for problem-solving in science. Johnstone
(e.g., 1984; Johnstone & ElBanna, 1989) proposed the working memory
overload hypothesis, according to which a subject will not be successful in
solving a task, e.g., a problem, unless the mental demand {M-demand, see
below) of the task is less or equal to the subject’s working memory capacity.
Tsaparlis (1998) examined mechanisms that may block the solution of a
problem and stated a number of conditions necessary for the successful oper-
ation of the Johnstone hypothesis. Using organic synthesis chemical prob-
lems of varying M-demand, the operation, validity, and usefulness of the
above hypothesis was examined, together with the effect of cognitive style
{Tsaparlis & Angelopoulos, 2000). In numerous studies, Niaz (e.g., 1988,
1989a; Niaz & Logie, 1993, and the references therein) examined the rela-
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tion between the M-demand of chemistry problems and mental capacity or
M-capacity [the latter deriving from Pascual-Leone’s neo-Piagetian theory
(Pascual-Leone, 1970)]. In addition, he studied the effect of developmental
status and cognitive style. Finally, Bitner (1991) considered the role of devel-
opmental status as predictor of critical thinking abilities in science and math-
ematics.

The Mobility-Fixity dimension, which is associated with the theories of
Werner (1957), Witkin and Goodenough (1981), and Pascual-Leone (1989),
has also been shown to be a good predictor variable. According to Werner
(1957), during individual development, perception is first global, ie., field-
dependent, and later analytical, i.e., field-independent, and finally, in the ma-
ture individual, synthetic, i.e., field-mobile. Witkin and Goodenough (1981)
pointed out that appropriate life circumstances might lead subjects to acquire
characteristics of both field-independent and field-dependent cognitive styles.
The charactesistic of field-independent subjects to function consistently in a
field-independent fashion, i.e., Fixity, and of others to vary more according
to circumstances, i.e., Mobility, has been referred to as the ‘Mobiliry—Fixity
dimension’ by Witkin (1965) and as a ‘Mobile/Fixed cognitive style’ by Pas-
cual-Leone (1989). According to Pascual-Leone (1989), field-independent
subjects are individuals for whom the “overcoming process,” i.e., “strategy
x,” is stronger than the “embedding context” created by “strategy y”; the
converse is true for field-dependent subjects. The scores obtained by sub-
jects on measures of field-dependence—independence are a function of the
weight of strategy x, relative to the weight of strategy v. As a result, the same
scores on measures of field-dependence-independence can be obtained by
subjects with vastly different absolute weights in strategies x and y. Pascual-
Leone (1974) suggested that “Mobile field-independent subjects are precise-
ly those who exhibit both a very high absolute weight overcoming process
and a very high absolute weight embedding context. This expectation im-
plies, of course, that the subjects’ scores on field-dependence-independence
measures will show them to be moderate (but not extreme) field-indepen-
dent” (p. 33). The procedure for classifying subjects as Mobile or Fixed are
described below in the Method.

Based on the above considerations the theoretical rationale suggests that
the ability to shift, i.c., mobility, facilitates problem-solving in chemistry.
The purpose of the present study is to test the hypothesis that the Mobility—
Fixity dimension can be considered as a predictor variable for students’
achievement in chemistry. It is predicted that students with a mobile cogni-
tive style {“Mobile students”) would perform better than students with a fix-
ed cognitive style (“Fixed students”).

The achievement of upper-secondary students was examined in various
types of chemistry problems, which require different abilities, skills, and flex-
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ibility of functioning. Two kinds of problems were used, chemical equilib-
rium problems and organic synthesis problems with varying complexity. The
complexity of the problem was set according to the number of logical sche-
mata (Inhelder & Piaget, 1958) or the mental (M) demand, i.e., amount of
information processing required by a problem (Niaz, 1988, 1989a).

METHOD

The present work was based on two studies of problem-solving. Study
A was on chemical {(molecular) equilibrium problems (Tsaparlis, Kousathana,
& Niaz, 1998); Study B was on organic synthesis problems (Tsaparlis & An-
gelopoulos, 2000}. The subjects were high school students in Grade 12 in
Greece and were preparing to take entrance examinations for tertiary educa-
tion {age 17-18).

In Study A, the subjects (N=154) had to solve nine chemical-equilib-
rium problems, with varying logical structure and M-demand. The logical
structure is specified by the number of operative schemata entering the prob-
lem. According to Plaget, a schema is an internal structure or representation,
while the ways we manipulate schemata are called operations. In Plaget’s the-
ory, schemata are continually growing and developing rather than remaining
fixed. M-demand of a problem can be defined as “the masimum number of
thought steps and processes which have to be activated by the least able,
but ultimately successful solver, in the light of what he has been taught”
(Johnstone & Tl-Banna, 1989). The determination of the M-demand of
chemistry problems is based on a dynamic interaction between the general
and figurative models constructed by the students and the logical structure
of the problem (Niaz, 198%a).

Four logical schemata were identified in molecular equilibrium prob-
lems (Tsaparlis, et al., 1998). Consequently, the nine problems of Study A
were each labeled by an ordered pair of integers, the first number standing
for the number of schemata, and the second number for the maximum num-
ber of (thought) steps that enter the various schemata: (2, 4), (2, 3), (2, 6,
up to (4, 6). An example of a problem will clarify the method used for prob-
lem complexity estimation:

In & vessel of fixed volume V=4.5 liters, 198 grams of a chemical (phosgene gas, COCly) plus
44.8 liters of another chemical (carbon oxide gas, CO) are introduced. The mixture is heated to
1000° Celsius and let to reach chemical equilibrium [COCL=CO +Cl; {chlorine gas)]. Caleu-
late the equilibrium constan: (K,), taking into account that at equilibrium the total pressure of
the gas mixture is 82 atmospheres at 1000° Celsius.

Three schemata enter here: (1) the process of “‘establishment of the chemical
equilibrium,” (2) the “ideal-gas equation,” and (3) the “condition of chemi-
cal equilibrium.” Schema (1) involves five steps for its solution, schema (2)
involves four steps, and schema (3) involves three steps, For further details
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sec Tsaparlis, ez «/. (1998). Since schema (1) involves the largest number of
steps (five), we postulate an M-demand of 5 for this problem.

Students’ percentage achievement was measured separately for perfor-
mance in schemata and performance in steps. The reliability of the used test
was judged on the basis of two coefficients, Cronbach coefficient alpha was
77 for the schemata, .94 for the steps, and .91 for the summary scores
(schemata plus steps). Split-half reliability coefficient was .84 for the sche-
mata, .94 for the steps, and .93 for the whole problems.

In Study B, the students’ achievement in organic synthesis problems, as
a function of the M-demand of the problems, was examined for the various
values of working-memory capacity (WM-capacity) and the cognitive style of
the students (scores on ficld-dependence-independence). These problems,
e.g., “using dimethylether as starting material, suggest a synthesis route for
the preparation of the chemical compound propene” do not involve alge-
braic or numerical manipulations, are not algorithmic, and in addition have
a unique chemical logical structure. The subjects (N=281) were different
from those of Study A and had to solve seven problems of varying M-de-
mand from 2 to 8. The M-demand followed directly from the minimum
number of synthetic steps, i.e., the number of separate chemical reactions,
required to accomplish the synthesis. The Kuder-Richardson coefficient of
reliability for this test was .74, The students’ achievement taken into account
was measured by assigning for each problem 2, 1, or 0 marks, and then con-
verting the mark for each problem into a percentage.

All subjects of Study A were pretested to establish their M-capacity, the
WM-capacity, and the cognitive style as described below. On the other
hand, for the subjects of Study B only WM-capacity and cognitive style were
measured.

M-capacity was assessed by means of the Figural Intersection Test (Pas-
cual-Leone & Burtis, 1974). The test was used for measuring the functional
M-capacity of the subjects according to the method of Niaz {Pascual-Leone
& Burtis, 1974; Niaz, 1988). To ‘enforce’ all students to deal with all the
test items, the test was administered in a modified way by projecting onto a
screen the nonoverlapping figures on a 35-mm slide. Fach item was shown
tor a short period according to the number of overlapping figures, during
which the students had to spot the intersection of the overlapping figures
printed on paper. For details see Tsaparlis, e a/. (1998). The evaluation of
the M-capacity was made using the procedure suggested by Johnson (1982;
see also Al-Naeme, 1988). The split-half reliability coefficient was reported
in the Tsaparlis, ez a/. study as .93. A mean functional M-capacity of 5.12
($D=1.25) was calculated.

WM-capacity was determined by means of the Digit Span Backward
test. The test is part of the Wechsler Adult Intelligence Scale (Wechsler,
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1955) and involves both storage and processing. It has been used as a mea-
sure of WM-capacity by Johnstone and his group in all their relevant work.
To avoid the possibility of cheating, some modifications were introduced in
the administration of this test. For details see Tsaparlis, et /. (1998). Work-
ing-memory capacity was taken as the maximum number of digits which
were successfully written for at least two out of the three corresponding se-
quences. Half-integer values were assigned in some cases. A split-half reliabil-
ity coefficient of .88 has been reported for the Study A sample. The mean
WM-capacity was 4.86 (S0=0.88) for Study A and 4.81 (§D=0.82) for
Study B.

Cognitive style or disembedding ability is usually assessed by means of
the Group Embedded Figures Test (Witkin, Dyk, Paterson, Goodenough,
& Karp, 1962; Witkin, Oltman, Raskin, & Karp, 1971; Witkin, 1978). In
the two reported studies, however, a similar test was used; this was a timed
(20-min.) test which was devised and calibrated by El-Banna (1987) from
Witkin’s original test materials, using hidden figures of the Hidden-Figures
Test. The test has been used by the Johnstone group in all relevant work
and is assumed to provide an equivalent Group Embedded Figures Test’s
measure of subjects’ field-dependence-independence. On the Hidden-Fig-
ures Test, students had to locate a hidden figure, which is embedded inside
a complicated one. Eighteen such items were given. Subjects with 13 or more
successes were classified as field-independent, with 7 to 12 successes as field-
intermediate, and with six or fewer successes as ficld-dependent. Split-half
reliability coefficients were .78 and .68 for Studies A and B, respectively.
The mean scores were 10.43 (SD=2.83) and 9.84 (§D=3.15), respectively.
The Mobility—Fixity Dimension

The procedure for classifying subjects as mobile or fixed was the same
as that used in previous studies by Niaz (Niaz, 1989b; Niaz & Saud de
Nunez, 1991; Niaz, Saud de Nunez, & Ruiz de Pineda, 2000). It was hy-
pothesized that those field-independent students who obtain high scores on
the Figural Intersection Test could be classified as Fixed, as they consistent-
ly demonstrate characteristics of field-independence. Similarly those field-de-
pendent students who obtain low scores on the Figural Intersection Test
could also be classified as Fixed. Those field-independent students who ob-
tained low scores were classified as Mobile, as they show diversity in their
modes of functioning. Similarly those field-dependent students who obtained
high scores could also be classified as Mobile. Table 1 shows the classifica-
tion and distribution of students of Study A according to the Mobility—
Fixity dimension.

An alternative mobility—fixity classification can be postulated on the ba-
sis of the data from the Digit Span Backward in place of the Figural Inter-
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section Test. This postulation is supported by the fact that both tests involve
information-processing, that is, thinking, hence working-memory capacity
and M-capacity must share a common space as is evidenced also by the high
correlation between the two tests: » = .66 for our case Study A. Tables 1 and
2 show the alternative classification for Studies A and B, respectively.

TABLE 1

Crasstrrcation (Brvariate Frequencey DistripuTion) oF STunents (N =154) on Mosry-Fxary
AND M-capaciTy DiMENsIons®: CHEMICAL-EQUILIBRIUM ProBLEM STUDY (4}

Classification M-capacity
4 5 6 7
Field Tndependent Mobile Mobile Mobile © Fized
2/3 11/14 12718 13/1
Field Medium Fixed Hixed Mobile Mobile
21/37 30/32 23/20 14/1
Field Dependent Fixed Fixed Fixed Mohile
18/18 4/8 4/0 0/0

*The first number in each cell refers to classification on the basis of cognitive style and men-
tal capacity; the second number refers to classification on the basis of cognitive style and
working memory capacity.

At this point it is imperative to check the extent to which the above
two classifications coincide in assigning students in the different cells of the
Mobility-Fixity dimension (Table 1}. Since we have a 2 x 2 contingency ta-
ble where both measures are dichotomous, the appropriate statistical test is
a pair-by-pair comparison measure of association, such as Yule’s Q (Cohen
& Holliday, 1982, pp. 79-80). For the present sample, O has a value of
0.867, indicating high association between the two classification schemes.

TABLE 2

CrasstricaTIoN (BivariaTe FrequUeENcy DisTrIBUTION) OF STUDENTS (N =281} on MosrLrry—Fixrry
AND WORKING-MEMORY CapacrTy Dinensions™: Oreanic SyNTHESIS STupy (B}

Classification Working-memory Capacity
4 5 6 7
Field Independent Mobile Mobile Mobile Fixed
20 25 20 6
Field Medium Fixed Fixed Mobile Mobile
82 66 31 6
Field Dependent Fized Fixed Fixed Mobile
16 6 3 0

*(lassification on the basis of cognitive style and working memory capacity.

All differences in achievement between subjects classified as Mobile and
Fixed were checked for statistical significance by using the Student ¢ statis-
tic.
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Resurrs anp Discussion

Study A: Chewmical-equilibrivirn Problemts

Table 3 shows the achievement of Mobile and Fixed groups in the
schemata, and the steps, respectively, with the Mobility-Fixity dimension
based on the combination of scores for the Figural Intersection Test and
Hidden-Figures Test, as described above in the Method. In achievement in
schemata only we observe that, when the complexity of the problem is low
(2, 4), (2, 9), (2, 6), and (3, 4)] there is no difference in achievement be-
tween Mobile and Fixed groups. As the complexity of the problem increases,
both Mobile and Fixed groups show a decrease in achievement, but the Mo-
bile group achieves higher scores in all cases. The Mobile group appears to
be better at manipulating logical schemata. All score differences between
groups after problem (3, 4) are statistically significant. In achievement in
steps only, all score differences are statistically significant.

TABLE 3

MEANS AND STANDARD DEVIATIONS FOR ACHIEVEMENT BY MOBILE AND FIxeD STUDENTS
TFor CueMical EquiLierium ProeLEss (Stuny A): FraTy—-Mosiirty Basen
oN CoGNITIVE STYLE anD MENTAL CAPACITY

Problem Code (2,4 2.5 2,6 (3.4 (3,5 (3,060 4,4 (4,5 4,6

Achievement in Schemata
Mobile (n=064) M 1000 992 97.7 98.9 98.4 93.2 85.2 88.7 785
SD 0.0 6.2 10.6 5.8 7.1 14.7 230 19.9 27.0
Fixed (=90} M 100.0 994 98.9 96.3 89.9 86.6 73.1 71.9 62.3
SD 0.0 5.3 7.4 14.5 226 211 24.6 28.0 275

¢ ' 024 079 157 332 227 312 434 362
P ns ns ns .001 03 002 001 001
Error Type 1 * * * %
Error Type 1T % "

Achievement in Steps
Mobile (x=64) M 1000 91.0 828 9.0 920 645 822 83 687
3D 0.0 182 260 11.6 186 286 262 245 325
Fixed (n=%0) M 954 781 679 804 702 485 668 604 46l
SD 118 281 316 248 309 288 278 317 331

i 3.69 347 320 49 545 341 351 416 422
P 002 001 002 .001 .001 .001 001 001 .001
Error Type I * %* * " * % . - -
Error Type It ¥ i % * * ¥

*Statistically significant {for Type II errors statistical significance corresponds to p=.05 at Jeast
and power=_80}.

Table 4 shows the achievement of the Mobile and Fixed groups in the
schemata, and the steps, respectively, with the Mobility-Fixity dimension de-
termined by the combination of scores on Digit Span Backward and Hid-
den-Figures Test. The same patterns are observed in these cases, but the dif-
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TABLE 4

MEans anD STaNDARD DeviaTions For AcHievEMENT By MOBILE AND FIXED STUDENTS
For Cuemicar Equinrsrium ProsLems (STupy A): FnaTy-MosIiuty Basen

oN CoeNITIVE STyLe anp Working MeMmory CaracITy

921

Problem Code 2,4y (2,3 2,6 G4 (3,35 (3,6 4 45 (46
Achievement in Schemata

Mobile (=58 M  100.0 992 974 994 971 954 905 9.1 875

SD 0.0 65 111 44 113 132 198 174 231

Fized {#=96) M 100.0 995 990 962 913 8.7 706 703 579

SD 0.0 5.1 7.2 144 212 209 243 269 235

£ 034 09 206 221 351 355 637 741

P as ns .04 03 001 001 001 001
Error Type 1 * * * ¥
Error Type 11 % %

Achievement in Steps

Mobile (=58 M  100.0 948 895 956 937 730 892 914 8058

5D 0.0 142 22.5 10.7 168 278 222 209 283

Fixed (=56} M 957 766 648 809 705 443 636 639 404

sD 1.5 279 307 245 306 254 270 305 289

z 367 556 574 511 606 64l 636 661 848

P 005 001 001 .001 001 001 .001

Error Type 1

Error Type 1T

w

001

kS

*

*

g

b

.001

*

*

s

%

*

W

*

*Statistically significant (for Type II errors statistical significance corresponds to p= .09 at least
and power=_.80).

ferences between scores of the Mobile and Fixed groups appear to be a little
larger.

Study B: Organic-synihesis Problems

Table 5 shows the achievement scores of the Mobile and Fixed groups,
with the Mobility--Fixity dimension determined by the combination of scores
tor Digit Span Backward and Hidden-Figures Test only. We observe that,
when the M-demand of the problem is low (2, 3, or 4), there is small differ-
ence between the Mobile and the Fixed groups. As the M-demand of the
problem increases, the Mobile group achieves higher scores.

Statistical Analyses

Statistical analyses were carried out, using the SPSS software, to test for
significance differences in achievement between Mobile and Fixed subjects.
The analyses concerned minimizing both the probability of Type I error and
the probability of Type II error. Whereas Type I errors deal with the prob-
lem of finding a ditference that is not there, Type II errors concern the
equally serious problem of not finding a difference that is there (Cohen,
1988; Howell, 1997). The Student # test used, assuming unequal variances, is
included in Tables 3-5. The differences between Mobile and Fixed subjects’
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TABLE 5

MEeans anD Stanparp DeviaTions For ACHIEVEMENT BY MOEBILE AND Frxen
StupenTs For Orcanic SynTHESIS ProBrEMS (STUDY B): Frarry-MopiLry
Basen oN CoGNITIVE STYLE AND WoORKING-MEMORY CAPACITY

Problem 2 3 4 > 6 7 8 M
M-demand
Mobile {(#=102) M 96.1 90.7 78.9 64.2 48.5 324 28.4 54.7
SD 19.5 27.0 40,1 47.9 50.0 465 44.8 24.9
Fixed (z=179) M 89.7 804 723 43.0 19.6 153 10,1 40.6
SD 29.8 39.1 437 49.4 39.1 394 292 239

4 1.94 234 1.25 3.50 539 2350 415 466
r 05 01 ns .001 .001 (1 .001 .001
Error Type I * % % % * * *
Error Type II * * * * %

*Statistically significant {for Type II errors statistical significance corresponds to p= 03 at least
and power=.80).

achievement are marked statistically significant or nonsignificant (ns) for
power=.80 and at probability level p=.05 at least.

Conclusion

This analysis has provided further evidence to support the hypothesis
that the Mobility-Fixity dimension is an important predictor of students’
achievement in problem-solving in chemistry. In all cases, it was apparent
that Mobile subjects have an advantage over Fixed subjects. To be good at
solving chemistry problems, one requires flexibility of functioning and po-
tential for adapting to a wide spectrum of experiences facilitated by the
Mobility-Fixity dimension.

An important aspect of this analysis is that it is based on an alternative
Mobility-Fixity classification based on working memory capacity, measured
by means of the Digit Span Backward test, instead of mental capacity, mea-
suted by means of Pascual-Leone’s Figural Intersection Test. For the data of
Study A, the classification based on working-memory capacity led to some-
what larger differences, and this can be explained by the fact that Digit
Span Backward had as a rule somewhat larger correlations with achievement
in chemistry problem-solving than scores on the Figural Intersection Test
(Tsaparlis, et al., 1998, Table 6). It cannot be excluded, however, that in
other chemical problems the reverse would be true.

Mobility-Fixity is clearly a cognitive style different from but comple-
mentary with field-dependence-independence. This is evidenced also by the
significant correlation between the two measures: » = 44 between Figural In-
tersection Test and Hidden-Figures Test for our Study A (while » =.36 be-
tween scores on the Digit Span Backward and Hidden-Figures Test). Work-
ing memory and functional M-capacity pertain to two different theoretical
frameworks, viz., Baddeley’s (1986, 1990) and Pascual-Leone’s (1970) theo-
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ties of information processing. Recent literature has reported differences in
the extent to which the two theories explain academic performance (Niaz &
Logie, 1993; Vaquero, Rojas, & Niaz, 1996). On the other hand, the two
constructs must share a common space, as is evidenced also by the high
correlation between Digit Span Backward and Figural Intersection Test:
r=.66 for our Study A. This explains the success of working-memory capac-
ity as an alternative measure for defining the Mobility-Fixity cognitive style.
We must be aware, however, that the Mobility-Fixity dimension is concep-
tually connected with mental capacity rather than working-memory capacity.
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