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ABSTRACT

The present study is an attempt to identify the cognitive preferences of secondary school science students and its relationship
with academic achievement. For this purpose a ‘Cognitive Preference Test’ and an ‘Achievement Test in Science’” were developed
and administered to 500 eleventh grade science students subsequent to their study of tenth grade science subject. The finding
suggests that secondary school science students have a strong bias for ‘Principle’ and that their general order of preference is
‘Principle-Recall-Application-Questioning’. A strong dependence of cognitive preference orientation on ‘Academic Achievement’
in science was observed. High achiever group of students were found to exhibit a high preference for ‘Questioning’ and a strong
discontentment for ‘Recall’ mode. Exactly an opposite trend of preferences among low achiever group has been reported, as having
highest preference for ‘Recall”’ and lowest preference for ‘Questioning’ mode.
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The challenges of modern times characterised by rapid
advances in science and technology have necessitated
adoption of new outlook and orientation in content
and methodologies in education. Dynamic adaptations
and adjustments in the teaching learning process will
be required for optimal learning outcomes. In recent
years matching instruction to the needs and preference
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of individual learners has been advocated and it has
become the focus of major research efforts. No wonder
that this trend has led to an extensive search after means
for extending the description of individual differences
beyond the ubiquitous and crystallized notion of 1.Q. -
One such characteristic is cognitive style. To understand
cognitive style in a more general manner we can say that
‘cognitive style’ is the term used to describe different
ways in which people process information, including
perception, storage, transformation and utilization
of information from the environment. It describes the
habitual process of perceiving and thinking which are
qualitatively distinct.
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Cognitive preferences as suggested by Heath constitute
a kind of cognitive style which is acquired as a result
of certain life and learning experiences. The acquired
cognitive preference style, in turn, interacts with
other individual characteristics such as abilities, thus
influencing further outcomes in subsequent learning
under specific mode of instruction.

The concept of cognitive preferences was introduced
by Heath (1964) in an attempt to “assess not whether
the students can identify correct or incorrect information”
but rather “what they are likely to do with information
intellectually”. He suggested four different modes of
cognitive preferences of learners in actually dealing
with the scientific information received during
instruction. Being a variant of cognitive style, Heath’s
conceptualization of cognitive preference resulted in a
series of investigations in the area. Not only measures
of cognitive preferences were refined (Atwood, 1971;
Kempa and Dube, 1973), but investigations also revealed
a strong dependence of students” academic achievement
on cognitive preferences in science subjects (Tamir,
1975; Kempa and Dube, 1973; Rathore & Singh, 1987;
Day, 1995; Bagchi, 2002; Sotayo ,2007). The purpose of
the present study is to further validate and investigate:

1. Cognitive Preference orientations of Secondary
School Science Students.

2. Therelationship between’Cognitive Preference’
and ‘Academic Achievement’ of Secondary
School Science Students.

Cognitive preferences: Cognitive preference is the
characteristic way in which an individual prefer to
learn a new material (Jungwirth , 1980).This implies an
individual’s learning modes. Heath (1964) points out
that “the interest is not in whether the students can identify
correct or incorrect information, but rather what they are likely
to do with information intellectually.” The four modes of
“attending to scientific information” originally suggested
by Heath and are given here as reformulated by Van den
Berg et al. (1978):

1. Recall: Acceptance of scientific information for
its own sake, i.e. without consideration of its
implication, or limitations.

2. Principles: Acceptance of scientificinformation

because it exemplifies or explains some
fundamental scientific principle or relationship.

3. Questioning: Critical questioning of scientific
information as regards its completeness,
general validity or limitations.

4.  Application:  Acceptance  of  scientific
information in view of its usefulness and
applicability in a general, social or scientific
context.

Thus, “cognitive preference suggests how a learner process
information intellectually”. This method of processing
information (learning modes) could depend on learning
experiences (Tamir, 1976).

Hypotheses

To meet the objectives of the study following hypotheses
were formulated and tested:

1. The Secondary school students do not differ
significantly within themselves in respect of
their modes of cognitive preference in science.

2. The secondary school science students
categorized as ‘high” and ‘low achievers’ in
Science, do not differ significantly in respect of
their ‘Cognitive preferences’.

Procedure
Sample

The sample of the study consisted of 500 students of
secondary school of Varanasi city selected through
cluster random sampling. The selection of the schools
situated in urban areas of Varanasi city was made on
random bases. Further sections of maths and biology
group of class XI students were also selected randomly
and tools were administered on all the students present
in the class on that particular day.

Instruments

The Cognitive preference test

Science Cognitive Preference Test (SCPT) designed
and validated by the investigator has been used for
assessing the cognitive preferences of the students. The
four cognitive preference areas suggested by Heath
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were accepted as such for construction of cognitive
preference test in the present study. In its operational
form, the test comprised 20 items covering all major
areas of current secondary level science courses. A
sample item, corresponding to the example discussed in
the introduction was:

1.  Most chemical elements are composed of not
just one but several naturally occurring stable
isotopes.

(i) The similar chemical property of isotopes
of an element is due to the fact that they
all have same electron configuration.(P)

(ii) Isotopes of an element have same number
of protons and electrons but different
number of neutrons in the nucleus. (R)

(iii) C-14 is a radioactive isotope of carbon,
used in carbon dating to determine the
age of organic (carbonaceous) materials.
(A)

(iv) It makes me think why some isotopes
of the elements like Carbon-14,
Phosphorus-32 etc are unstable and
undergo radioactive decay. (Q)

Option-(I) considers a scientific principle; it corresponds
to the second of the cognitive preference area, to be
referred as the ‘Principles” area. Option-(Il) is essentially
a re-statement of the information in the item stem,
and thus relates to the first of the cognitive preference
area outlined above i.e. ‘Recall’. The forth cognitive
preference area ‘Application” is exemplified by option-
(IIT), whilst option-(IV) corresponds to the third i.e.
‘Questioning’ area.

The graded rating procedure as suggested by Kempa
and Dube (1973) was employed. The students were
asked to arrange the options within an item in an
order of preference by allotting four marks to the most
preferred option, three marks to the next preferred, two
marks to the next and one marks to the least preferred
response. The advantage of this procedure is that all
responses appearing in an item contribute to a student’s
overall cognitive preference profile, unlike the normal
procedure of response selection where rejected options
are treated as equally unattractive.

Achievement test in Science

An achievement test in Science for Secondary students
was developed and standardized by the researcher for
measuring the academic achievement of students as per
Science syllabus of grade-X. The marks obtained by the
subjects in ‘Science Achievement Test” were taken as a
measure of their achievement in science.

Analysis and Results

Student’s Overall Cognitive Preference

The first objective was concerned with the study of
cognitive preferences of secondary school science
students. In order to achieve this objective, overall
cognitive preference profiles of students were calculated
on the basis of mean of R, P, A and Q-scores. The mean
and standard deviations of scores obtained for the
four cognitive preference areas have been presented in
Table-1.

Table 1: Means, Standard Deviations and F- Value for Cognitive
Preference modes of the total sample

Cognitive Mean Std. Deviation  F- Value
Preference Area
Recall 51.66 10.85 56.02*
Principle 53.87 6.78
Application 47.79 7.34
Questioning 46.68 13.55

*Significant at 0.01 level of confidence

A look into the means of different modes (Table-1)
makes it evident that Secondary school science students
have a strong bias for P (Mn-53.87) followed by R (Mn-
51.66), A (Mn -47.79) and Q (Mn-46.68). It leads to the
conclusion that students” general order of preference is
P—R—A-Q.

At the next step these scores were subjected to Fisher’s
F-test analysis with a view to the verify hypothesis -1.
These results are also entered in table-1. The results
(Table-1) reveal that the F-value 56.02 with degree of
freedom 3,1996, is significant at 0.01 level of significance.
Hence null hypothesis-1 is refuted. This implies that
the students differ significantly in terms of modes of
cognitive preference in science.
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To further investigate the significance of obtained means,
t-test was applied to compare the possible combinations
of cognitive preference modes. The results of these
comparisons are presented in table-2

Table 2: Table showing the Mean and S.D. for different Cognitive
Preference modes along with their combinatorial t- ratios

Modes N Mean SD t-value
Compared
Recall 500 51.66 10.85 3.89%
Principle 500 53.87 6.78
Recall 500 51.66 10.85 6.66"
Application 500 47.79 7.34
Recall 500 51.66 10.85 6.01*
Questioning 500 46.68 13.55
Principle 500 53.87 6.78 13.94*
Application 500 47.79 7.34
Principle 500 53.87 6.78 10.63*
Questioning 500 46.68 13.55
Application 500 47.79 7.34 1.62
Questioning 500 46.68 13.55

* Significant at 0.01 level

It is evident from table- 2 that there exists a significant
difference in the mean scores of all combinations of

cognitive preferences modes except for ‘Application-
Questioning’ combination. On the basis of these results
it can safely be concluded that the secondary school
science students in general assign highest preference
for accepting scientific information at ‘Principle” level
(Mn-53.87), followed by indicating second and third
preference for ‘Recall” (Mn-51.66) and ‘Application” (Mn-
47.79) respectively, whereas ‘Questioning mode’(46.68)
is the least preferred mode of cognitive preference.

Cognitive Preference and Academic
Achievement

The second objective of this study is concerned with the
relationship between cognitive preference and academic
achievement in science. The means and standard
deviations of scores obtained for the three sub-groups
(low, average and high) on academic achievement,
for different cognitive preference areas are given in
table-3. The verification of hypothesis-2 was analysed
by Fisher’s F-test, to examine whether students
differ significantly on the four modes of cognitive
preferences. The results of this analysis are presented
in table-3.

Table 3: Analysis of variance of Cognitive Preference scores of the students of different achievement group

Cognitive Achievement Categories F- Value
Prif[ersnce Low Achiever (1) Average Achiever (2) High Achiever (3)
ode
(N=83) (N=323) (N=94)
Mean SD Mean SD Mean SD
Recall 57.00 7.94 52.71 10.30 43.35 10.43 46.18*
Principle 54.34 6.57 54.52 6.76 51.19 6.39 9.36*
Application  48.32 5.25 47.57 7.70 48.03 7.51 0.411
Questioning  40.32 10.11 45.18 12.66 57.42 13.33 48.37*
Preference R—P—A—-Q P—-R—A—-Q Q—P—A—R
Style

* Significant at 0.01 level
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A reference of table 3 reveals that student categorized as
low, average and high achiever group shows a difference
in their pattern of cognitive preference style. As low
achievement group student’s order of preference is
R—P—A—Q, average achievement group students has
preference style P—R—A—Q while high achievement
group students have order of preference as Q—P—
A —R. The reflected trend makes it clear that in general
low achievers have the highest preference for ‘Recall’,
whereas high achievers have the highest preference for
‘Questioning’ and the average achievers show a strong
preference for ‘Principle’.

The results presented in table-3 reveal significant
F-values at 0.01 level of significance for ‘Recall’,
‘Principle” and ‘Questioning’. Hence null hypothesis-2
is partially rejected. Further, to find out the specific
significant mean differences, where F value was
found significant, t-test was applied for comparing the
possible pairs of cognitive preference modes with three
categories of students. The results of these comparisons
are presented in table 4, 5 and 6.

Table 4: Mean, S.D. and t-values for ‘Recall’ mode of different
achievement groups

Achievement N Mean SD t-value
Category
Low(1) 83 57.00 7.94
4.16*
Average(2) 323 52.71 10.30
Low(1) 83 57.00 7.94
9.89*
High(3) 94 43.35 10.43
Average(2) 323 52.71 10.30
7.73%
High(3) 94 43.35 10.43

* Significant at 0.01 level

As it is clear from the table- 4 that low achievers have
the highest preference for ‘Recall’ mode in comparison
to average and high achiever groups and that all the
groups differ significantly on the means of ‘Recall’
mode. It is becoming apparent that as the achievement
level increases preference for ‘Recall’ mode decreases.

Table 5: Mean, S.D. and t-values for ‘Principle’ mode of different
achievement groups

Achievement N Mean SD t-value
Category
Low(1) 83 54.34 6.57
0.22
Average(2) 323 54.52 6.76
Low(1) 83 54.34 6.57
3.24*
High(3) 94 51.19 6.39
Average(2) 323 54.52 6.76
4.44%
High(3) 94 51.19 6.39

* Significant at 0.01 level

Table-5 compares the means of different achievement
groups for the ‘Principle’ mode .It is clear from the table
that average achiever group have highest preference
for principle mode. No significant difference was
found between the mean of low and average group on
principle mode. Low and high achiever groups differ
significantly in their mean P-scores. A similar trend was
appeared for average and high achiever group.

Table 6: Mean, S.D. and t-values for ‘Questioning’ mode of
different achievement groups

Achievement N Mean SD t-value
Category

Low(1) 83 40.32 10.11 3.70*

Average(2) 323 45.18 12.66
Low(1) 83 40.32 10.11 9.71*
High(3) 94 57.42 13.33

Average(2) 323 45.18 12.66 7.94%
High(3) 94 57.42 13.33

* Significant at 0.01 level

Results in table-6 clearly indicate significant difference
between groups based on achievement categories for
mean score on ‘Questioning” mode. It also reveals the
opposite trend as expressed for questioning mode as
compared to ‘Recall’ mode (table-4) among the students
of different achievement categories. It is apparent that

high achievers have highest preference for ‘Questioning
mode than low and average achievers.
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Discussion and Conclusion

The mean and standard deviations of scores obtained
for the four cognitive preference areas have been
presented in Table-1. It can be observed that the means
are reasonably closer to the theoretical value of 50 (This
follows from the fact that the total score for all 20-items
of the test is 200, ie. Y’S; + Y5,+)°S,+¥5,=200, where
‘S’ denotes item scores. Equal preference for all areas
covered would give a theoretical mean area score of
200/4=50). This may be assumed as evidence that the test
had no undue bias for/against any particular cognitive
preference area. The standard deviations also indicate
high discriminatory properties of the test especially for
‘R"and ‘Q’. It may be observed that on an average there
is little difference in the mean scores of the four modes.
Analysis of variance with repeated measures reveals
statistically significant differences in mean scores within
the test. It leads to infer that Secondary school science
students have a strong bias for ‘P’, and their general
order/sequence of preference is ‘P--R--A--Q’.

The findings of the study are in agreement with those
of Tamir(1976), Rogel (1974), Kempa and Dube (1973),
and Sahana (1995) as they had also inferred strong
preference for ‘Principle’ mode followed by ‘Recall’.
However, the results are not supported by Rathore and
Singh (1987) who reported ‘Recall” as the first preferred
mode among tenth grade biology students.

Comparison of the mean scores for students in different
achievement categories revealed a strong dependence
of cognitive preference orientation on academic
achievement. The cognitive preferences of students in
different achievement group differ significantly. High
achiever group of students showing strong preference
for ‘Questioning” and least preference for ‘Recall’,
appear to exhibit a high degree of ‘scientific curiosity’
and in their acceptance of scientific information a
distinct inclination towards “pure science’ is reflected.
On the contrary the ‘low achiever group” of students
lack scientific curiosity as they show opposite trends in
preferences i.e. highest preference for ‘Recall” and least
preference for ‘Questioning’.

This conclusion is strongly supported by studies
conducted by Tamir (1976), Barnett(1974), Kempa and

Dube (1973) and Rathore and Singh (1987). Admittedly,
the trends reported for cognitive preferences have not
been alike in all studies, which probably may ascribe to
the subject specific nature of cognitive preference test. In
conclusion this study infers that cognitive preferences
are related to the distinctive achievement categories and
as such exhibit to be a relevant variable in relation to
academic achievement among secondary school science
students.
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