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The objective of this study was to improve students’ attitudes toward
science using instructional congruence. The study was conducted in
Malaysia, in three low-performing secondary schools in the state of
Penang. Data collected with an Attitudes in Science instrument were
analysed using Rasch modeling. Qualitative data based on the

reflections of teachers and students were also collected, since they

provide valuable insight of the impact of instructional congruence on
student learning. The results show that instructional congruence in
science education promotes positive students’ attitudes toward science,
especially in the constructs of the practical work of science, science
outside of school, future participation in science, and a combined

interest in science. The results suggest that more effort should be made
to integrate science learning in school with science-related experiences
outside of school. Additionally, science teachers should concentrate
more on making students feel more confident about their abilities in
science.
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Introduction

There is broad agreement among educators that every society must construct
its science curriculum to fit its own particular needs and schooling purposes.
Science education can provide some useful insight in the process of
curriculum selection and construction. However, educators agree also that
teaching should build on the interests and experiences of students.
Experiences and interests among learners vary, and there is similar variation
in what can be considered relevant and useful knowledge for students from
different life situations. Haussler and Hoffmann (2002) cite results from an
international survey showing that students” interest in physics declined
worldwide during Secondary Level I. This lack of interest in science often
manifests itself when students are at an age when they are permitted to
make their own curricular choices (Sjgberg 2002). The above findings raise
serious questions about the implementation of changes made in science
curricula regarding the development of students” interest in science.

It has been found that science lessons typically fail to relate to the lives
of marginalised groups (Lee & Fradd 1998). Gonzalez and Moll (2002)
introduced the concept of ‘funds of knowledge” to identify the connection
between the students” home experiences and their experiential knowledge,
which should be valued as part of the epistemological tradition of the
classroom. According to them, the “funds of knowledge” concept is based
on the simple premise that people are competent and possess knowledge
that comes from life experiences.

Bouillion and Gomez (2001) argue that incorporating funds of knowledge
into learning environments promotes the development of a relationship
between schools and homes. This relationship, in turn, “establish[es] and
maintain[s] necessary trust among participants [keeping] the system active
and useful”. Establishing connections between school and home through
the use of funds of knowledge requires teachers to not only incorporate the
types of knowledge that are used at home but also to understand how that
knowledge can be used to achieve a set of greater goals or purposes
(Gonzalez & Moll 2002). The challenge then is to create learning
environments with connected meaning for students, which requires
identifying powerful links bridging students’ funds of knowledge with
classroom instruction. To mediate students’ everyday experiences and
cultures with scientific understanding, Lee and Fradd (1998) proposed the
notion of instructional congruence.
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This study was undertaken to examine the use of instructional congruence
on students” attitudes toward and interest in science in low-performing
schools in Penang, and to use the implications from the findings to develop
suggestions for improving teaching and learning in school science.

Instructional Congruence

Instructional congruence can be defined as agreement or harmony between
the students’ experiences and cultures, their goals and possible future careers,
and school science. The congruence framework is based on the belief that if
students’ cultures are reflected in science instruction, the goal of providing
effective science education for all students is more likely to be achieved.

According to Lee and Fradd (1998), mediating the nature of academic
content with students’ language and cultural experiences creates
instructional congruence, which makes science content accessible,
meaningful, and relevant for diverse students. Similarly, Moje, Collazo,
Carrillo, and Marx (2001) argue that the way students engage with scientific
discourse is shaped by the everyday discourses that they bring to the
classroom. In order for teachers to help students develop a connection with
the scientific discourse, they need to draw from students’ everyday
discourses, develop students” awareness of different discourses, including
scientific ones, and finally make connections between students” everyday
discourses and the science discourse. For example, a teacher could discuss
how to use evidence or construct an explanation in science that is similar to
how students perform the same tasks in their everyday lives.

An instructional congruence framework requires instructional strategies
that address differences and similarities between everyday practices and
scientific inquiry practices. These strategies help students to understand ways
of talking and thinking in science that may be different from those of students’
everyday experiences. Students need to understand how constructing an
explanation in science or supporting a claim in science looks different than
it does in everyday life.

Lee and Fradd (2001) summarise four important features of instructional
congruence. These features are: integrating knowledge of students’ languages
and cultures with the nature of science, providing “subject-specific”
pedagogies that consider the nature of science content and scientific inquiry,
promoting student learning in both science and literacy, and extending
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personal constructivism to sense making in the contexts of students’
languages and cultures.

The instructional congruence framework, which integrates science with
students” home languages and cultures, serves as a conceptual and practical
guide for improving instructional materials development, classroom
practices, teacher training, and student achievement. Lee and Fradd (1998)
suggest that to establish instructional congruence, teachers need to know
(a) who students are, (b) what the nature of science is and what kinds of
language and cultural experiences the students bring to the learning process,
and (c) how to enable students to understand science. Through the combined
understanding of literacy and science, teachers can create a dynamic process
that mutually supports teaching and learning (Lee & Fradd, 1998).

In the framework of instructional congruence, certain types of academic
content and cognitive and discursive practices are associated with particular
academic disciplines. All disciplines are made more accessible and
meaningful for students when they are purposefully mediated by students’
linguistic and cultural experiences. Instructional congruence can be used as
a guiding principle for pedagogical practice. It aims to help students acquire
scientific understanding, develop scientific inquiry practices, and engage
with the scientific discourse by taking into account the relation to the
students” home culture and language, and by devising instructional strategies
that address both the discontinuities and the continuities between school
science and cultural knowledge (Luykx & Lee 2007).

Effective instruction is a key to developing congruence between academic
disciplines and students’ cultural and linguistic experiences, particularly
when there are substantial discontinuities. Thus, instructionally congruent
teaching requires teachers to have knowledge of both the academic
disciplines in which they specialise and the nature of student diversity in
their schools (Lee & Fradd 1998; Moje et al. 2001). Luykx and Lee (2007)
further suggest that teachers need to identify the student’s experiences and
resources from their home languages and cultures that could be incorporated
into the teaching of science and to recognise how students’ prior cultural
and linguistic knowledge might connect with the specific demands of
academic disciplines in order to adapt their instruction accordingly.

Luykx and Lee (2007) state that the aim of the instructional congruence
framework is to create higher expectations for non-mainstream students
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and non-Western students. It also aims to reduce conflict with students’
home cultures by adjusting curricular content appropriately. Instructional
congruence can guide teachers in recognizing students’ prior linguistic and
cultural knowledge and in understanding how this knowledge relates to
scientific content and practice. Such consideration of each student’s starting
point will help teachers to map out more effective ways for guiding students
toward scientific understanding and effective scientific practices (Luykx &
Lee 2007). Successful learning in science occurs when teachers incorporate
students’ cultural experiences, examples, and analogies, as well as artifacts
familiar to students, into their instruction. This practice is rarely used in
traditional science instruction. Traditional science teaching has often relied
on examples and analogies drawn from the cultural knowledge and practices
of the majority which may be unfamiliar to students from other backgrounds
(Luykx & Lee 2007). Teaching science based on instructional congruence
should include both majority and minority students” experiences and
cultures.

Instructionally congruent teaching requires that teachers have knowledge
of both academic disciplines and student diversity (Lee & Fradd 1998; Moje
et al. 2001). Luykx and Lee (2007) suggest that teachers need to identify the
rich experiences and resources that students bring to the science classroom
from their home languages and cultures. They further suggest that teachers
need to recognise how students” prior cultural and linguistic knowledge
can be connected with the specific demands of academic disciplines and
adapt their instruction accordingly.

This framework highlights the importance of developing congruence not
only between students’ cultural expectations and classroom interactional
norms, but also between academic disciplines and students” linguistic and
cultural experiences. It focuses on making connections between academic
disciplines and students’ cultural and linguistic experiences to develop
congruence between them. The need to mediate these two domains is
especially critical when they contain potentially contradictory elements. As
Lee, Deaktor, Hart, Cuevas and Enders (2005) suggest, instructional
congruence should emphasise effective instruction (or educational
interventions) as teachers explore the relationship between academic
disciplines and students’ cultural and linguistic knowledge.
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Developing a Sustained Interest in Science

Barton and Yang (2000) argue that one of the greatest barriers for effective
learning is a lack of relevance in the science curriculum. By contrast, Sjgberg
and Schreiner (2005) posit that the main explanation for low interest in science
is a lack of motivation to pursue the subject in higher education. Thus, any
improvement in science education needs to be accompanied by a parallel
growth in interest in science and an increased understanding of basic
scientific ideas and ways of thinking.

Basu and Barton (2007) maintained that the science curriculum is a key
factor in developing and sustaining students’ interest in science. There seems
to be a broad agreement about the shortcomings of the traditional curricula
that still exist in most countries. The implicit image of science conveyed by
these curricula is that it is mainly a massive body of authoritative and
unquestionable knowledge. Consequently, students may become disengaged
from school science if their funds of knowledge are not incorporated into
the science curriculum (Basu & Barton 2007).

Basu and Barton (2007) and Sjeberg (2002) further argue that to build on
the interests and experiences of the learner, it may be necessary to abandon
the notion of a common, more or less universal, science curriculum, in favor
of curricula and teaching materials that are more context-bound and that
take into account both gender issues and cultural diversity. It has also been
argued that the problems related to low interest in science and negative
attitudes toward science cannot be regarded as an isolated problem within
schools, but need to be understood and addressed in a wider social, cultural
and political context (Sjeberg 2002).

Genzuk (1999) has advocated the integration of students’ life experiences
and cultural and historical knowledge, collectively known as funds of
knowledge, into teaching. Funds of knowledge are not possessions or traits
of people in the family but more focus on the characteristics of people in
terms of how they transform the knowledge into meaningful activity
(Gonzalez & Moll 2002). Thus, funds of knowledge represent the household’s
most useful cultural resources that are essential to maintain their well-being.
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Methodology

Participants and Design

This study examines the usage of instructional congruence on students’
attitudes toward learning science. The study was conducted in three low-
performing secondary schools in Penang and included six science teachers
and 214 students from Forms 2 and 4. The teachers were all female with two
of them from each school. Three of them were teaching Form 2 and the other
three were teaching Form 4. Altogether 110 Form 2 students and 104 Form 4
students were involved in this study. 117 were male students and 97 were
female. Figure 1 shows the design of the study.
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Figure 1. Research design.
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Workshops for Teachers

A series of four professional development workshops were provided for
the teachers in the study. The first workshop included an introduction to
the concept of instructional congruence and a discussion of how to
incorporate students’ funds of knowledge into science lessons. A sample
lesson plan was also presented and discussed. The second workshop
provided instruction on lesson planning and designing student activities
that adhere to the instructional congruence strategy. Teachers then
implemented the instructional congruence strategy in their classrooms. In
the third workshop, teachers discussed their instructional congruence lesson
plans and their experiences in implementing the lessons. The teachers
discussed problems they faced in implementing the lessons and possible
modifications and improvements. In the fourth workshop, teachers
exchanged and discussed the various student activity ideas that they had
designed. In each workshop, discussion and sharing of ideas among teachers
and between teachers and researchers were important. These discussions
highlighted suggestions for further improvement in the teachers’ lessons.

Data Collection

The “Attitudes in Science” questionnaire, developed by Barmby, Kind, &
Jones (2008), was used in this study. This questionnaire was designed to
evaluate students’ attitudes toward and interest in science. The questionnaire
consists of 37 items, separated into seven constructs representing students’
overall attitudes toward learning science (See Appendix for a detailed list).
The seven constructs are (1) learning science in school (items 1- 6; a=0.89),
(2) self-concept in science (items 7-13; &=0.85), (3) practical work in science
(items 14-21; a=0.85), (4) science outside of school (item 22-27; a=0.88),
(5) future participation in science (item 28-32; 0.=0.86), (6) importance of
science (item 33-37; 0=0.77), and (7) combined interest in science (a=0.93).
The combined interest in science construct is an aggregate of the scores for
the constructs of learning science in school, future participation in science,
and science outside of school.

As this instrument had not been used in Malaysia before this study, the
questionnaire had to be translated into the Malay language. This translation
was validated by two language experts. The translated instrument was first
used in a pilot-study involving students from a single school in Penang.
The Cronbach alpha coefficients of each construct were above 0.7 and 0.94
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for the overall items, indicating that the data from the questionnaire is
acceptable with regards to internal consistency for each construct. The
students’ responses were then categorised using a Likert scale. The categories
in the Likert scale were labeled “strongly disagree” (coded 1), “disagree” (coded
2), “agree” (coded 3), and “‘strongly agree”” (coded 4). The instrument was
administered in the presence of science teachers who were able to provide
assistance if the students encountered any difficulty. Overall, the
administration of the questionnaires proceeded smoothly; all students had
sufficient time to complete the questionnaire, and very few students had
any queries about the items.

The data presented in this paper were collected within a relatively short
period of time, three months after the teachers used instructional congruence
strategies. The data were used to evaluate the effectiveness of instructional
congruence in increasing student interest in learning science. In this study,
students” attitudes toward science were measured before implementation
(pre-test) and after implementation (post-test) of instructional congruence
strategies. The pre- and post-test questionnaires were used to measure
changes in student attitudes toward science following the implementation
of instructional congruence strategies in teaching secondary science. In
addition, qualitative data of teachers’ and students’ reflections of
instructional congruence provided further insights to the study.

Data Analysis

Boone and Scantlebury (2006) explained that in recent years the Rasch model
has been used to analyse large-scale assessment projects in many areas of
study. In educational research, the Rasch model provides valuable tool for
the development, modification, and monitoring of valid measurement
instruments.

In this paper, the Rasch model was used to examine a change of students’
attitudes toward learning science in three low-performing schools in Penang
before and after implementation of instructional congruence into the teaching
of science. Traditionally, changes in variables such as achievement and
attitude of the students have been measured by the differences between pre-
test and post-test scores. It is noted that the traditional approach might
provide an inaccurate result of analysis. Raw scores are mostly test
dependent and do not adequately represent response patterns, thus the
different response patterns on test items may lead to the same raw score.
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Moreover, the differences between pre-test and post-test raw scores do not
separate changes due to experimental treatments from changes due to natural
trends, such as maturation and experience, and raw score differences do
not provide information about the magnitudes of changes. The Rasch models
have been used to resolve problems posed by the classical pre-test and post-
test score differences and provide additional information for more valid
interpretations of the results.

In the Rasch model, scores measure possession of a single attribute. For
the attitudes” scores in this study, the attribute could be transmitting as
‘students are likely to agree with the items’, whereas the items concentrate
on a different extent of the attribute. The extent is named item-difficulty.
High-difficulty items attract low scores while low-difficulty items attract
high scores of attitudes toward science. However, unlike traditional methods,
the attitude is not viewed as being linearly related to the total score of
students, and item-difficulty is not viewed as being linearly related to the
mean percentage score of items. Attitude and difficulty are determined by
the pattern score of all students on all items. Thus, the Rasch model is useful
for measuring with less ideal data and is used to analyse the change in
students’ attitude toward science before and after implementing the
developed teaching method in this study.

The Rasch model transforms raw item difficulties and raw person scores
to equal interval logit measures on a linear “meter stick”. The position of
each item on the line is determined relative to those items already positioned
on the line. The relative positions are determined by comparing pairs of
items with respect to their relative difficulties along the line. An advantage
of this technique is that it provides equal and standard interval data. It allows
data of different varieties to be easily compared. Once the items are lined
up in order of difficulty, the positions of students can be plotted on this
same line. The students” probable positions can be specified initially by a
best guess as to their ability to correctly answer the items which define the
variable. The technique shows both the positions of items and the positions
of students. Eventually, the positions of students will become more explicit
and more empirically determined as additional information on students’
answers is incorporated in the calculation. This model is particularly
important on monitoring the students” attitudes. If raw scores are equal to
interval measures, however, the analysis may provide incomplete
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information (Boone & Scantlebury, 2006). Thus, this data conversion is
important in order to provide good quality measurement.

The equal interval measures transformed by the Rasch model are used
to map persons and items onto a linear (interval) scale. Such mapping (called
person-item maps) produces useful tools for evaluating students” attitudes
and can also be used to evaluate the effectiveness of the instrument. The
order of the items in the person-item maps illustrates the level of difficulty
for each item, allowing the identification of items with which it is more or
less difficult to agree.

The Rasch model shows that the student’s attitude toward learning
science can be used to predict the student’s response on a particular test
item involving attitudes. Students whose logit value is the same as the logit
value of an item have a 50% chance of correctly answering that item. Items
above the students” ability level can still be answered correctly, but students
have less than a 50% chance of correctly answering the item. Items listed
below a student’s ability are those that the student has more than a 50%
chance of correctly answering. Consequently, the higher position of the item
on the line, the more difficult it is to agree with the item. Conversely, the
lower position of the item on the line means that the item is easier to agree
with.

Results and Discussion

In this study, the teachers utilised students” experiences by creating activities
and examples from the students’ culture and daily life experiences through
a variety of activities which emphasised instructional congruence. The
lessons developed instructional congruence by using students” experiences
to demonstrate and by helping students to understand how the concepts
are related to everyday life. Teachers were able to make connections between
students’ experiences and science. They created “connected science”, in
which scientific knowledge is applied to students” real-life situations, and
which allow students to feel more accepted and more willing to engage
with and participate in science learning.
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The Rasch Model Analysis

Prior to the analysis of the students” attitude toward learning science, the
data were diagnosed in order to provide a precise and productive
measurement. This process is similar to the process of calibrating an
instrument. The data was analysed with a relevant parameterised uni-
dimensional measurement model that fulfilled the essential measurement
requirements of the Rasch model. Responses from 214 students to the 37
items of attitudes toward science were analysed using Winsteps (Rasch-
Model Computer program). To use the items in the Rasch model, it was
necessary for the infit mean square and outfit mean square for each item to be
distributed between 0.7 and 1.4, and for the point measure correlation for each
item to be greater than 0.3. According to these criteria, 10 of the 37 items
(item 3, item 6, item 7, item 8, item 12, item 15, item 17, item 21, item 27, and
item 36) were discarded from the Rasch analysis.

After diagnosing the data, the raw data (214 students and 27 items) from
the pre-test and the post-test were transformed using Rasch analysis so as
to order students’ responses along the continuum of the measure of attitude
toward science. Table 1 shows the summary statistics for the items. The pre-
test’s infit mean squares are between 0.78 and 1.38, and the outfit mean
squares are between 0.78 and 1.40. By contrast, the post-test’s infit mean
squares are between 0.69 and 1.35, and the outfit mean squares are between
0.70 and 1.39. The point measure correlations for the pre-test are distributed
from 0.42 and 0.75, whereas, the point measure correlations of post-test are
distributed from 0.48 and 0.69. These statistics fall within reasonable ranges.
The acceptable range for a good (productive) measurement is between 0.5 -
1.5 (Linacre, 2009).

Table 1 shows that in the pre-test, the difficulty of the items is distributed
from -1.14 to 1.46 logits. In the post-test, the difficulty of the items is
distributed from -1.10 to 1.30. The items of the pre-test and post-test are
evenly distributed along the meter stick. The distributions of students (n=214)
according to their attitude and the (n=27) difficulty of the pre-test and post-
test items are presented in Figure 2 and 3. On the left-hand side of each
item-person maps in Figure 2 and 3, are shown the distribution of students.
The students who are located at the top of scale represent the students with
the most positive attitudes. On the right-hand side, items are listed in order
of difficulty, with the item that is hardest to agree with at the top of the
scale. Items located below the student are items that he/she is likely to agree
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with. Items located above the students are items that the students are unlikely
to agree with.

Table 1
Item Statistics for the 27 Items

Ttem Pre Test Post Test Ttems
No. Measure SE Infit Outfit PTME Mea- SE Infit Outfit PTME Mea-
sure sure

Differ-

ences

item1 106 011 091 091 060 -105 011 092 088 063 001
item 2 009 010 079 081 060 027 010 069 070 068 018
item 4 02 010 082 084 064 005 010 08 08 068 017
item 5 062 010 08 08 056 062 010 087 08 063 0.00
item 9 066 010 09% 104 054 092 010 113 117 051 026
item10 082 010 081 08 057 081 010 08 087 058 -0.01
item11 092 010 092 097 057 09% 010 073 073 066 004
item13 062 010 101 115 049 069 010 109 109 051 007
item14 038 010 098 100 061 033 010 092 091 067 005
item1l6 044 010 109 115 054 063 011 123 128 055 -019
item18 007 010 08 087 062 017 010 110 1.09 059 024
item 19 029 010 079 078 066 034 010 08 083 066 -0.05
item20 002 010 097 0% 061 031 010 09% 092 064 033
item22 064 010 092 093 060 059 010 092 092 063 005
item23 014 010 117 115 063 006 010 126 126 052 008
item24 054 010 136 140 052 061 011 102 098 058  -0.07
item25 -001 010 115 115 062 017 010 102 114 059 -016
item26 050 010 078 078 065 043 010 09 094 065 007
item28 015 010 082 079 075 014 010 084 081 069 001
item29 023 010 103 1.00 071 025 010 099 09 067 -0.02
item30 000 010 102 100 067 013 010 087 084 068 013
item31 146 010 138 132 042 130 010 126 130 048 -016
item32 082 010 127 125 054 067 010 135 138 053 015
item33 -114 011 102 094 065 -110 011 09 095 057 004
item34 -100 011 117 109 063 08 011 109 104 055 014
item35 -067 010 104 107 061 050 010 116 117 052 017
item37 099 011 104 099 064 084 011 115 139 059 015

Mean 000 010 100 100 042 000 010 100 100 048 0.0
SE 066 000 017 016 075 065 000 017 019 069 014
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When the Rasch analysis was run for the pre- and post-test the mean
attitude toward science was positive and above the mean item difficulty.
The mean of logits value of the students” attitude in the pre-test was 0.41.
This indicates that before implementing the instructional congruence
strategy, the students already had relatively positive attitudes toward science.
However, the mean student attitude in the post-test was 0.68 which indicates
that the post-test attitudes toward science were more positive than pre-test
attitudes by 0.27. Therefore, while students” had somewhat positive attitudes
toward science throughout the course of study, their attitudes improved
noticeably after instructional congruence strategies were emphasised in the
study.

The items-person distribution on the map also provides valuable
information on the students” attitudes. Looking at the distribution of item
difficulty and standard error along a single continuum it appears that the
students can be categorised into three distinct groups. As shown in Figure 2
and 3, prior to the implementation of instructional congruence strategies in
the teaching of science (pre test), 20% (42 out of 214) of students had positive
attitudes, 73% (157 out of 214) of students had normal attitudes, and 7% (15
out of 214) of students had negative attitudes. After instructional congruence
strategies were implemented (post-test), 30% (64 out of 214 of students) had
positive attitudes, 66% (142 out of 214 of students) had normal attitudes,
and the remaining 4% (8 out of 214) still maintained negative attitudes. This
finding indicates that the teaching of science with an emphasis on
instructional congruence has a positive effect on improving students’
attitudes toward science.
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However it is also notable that implementing instructional congruence
strategies in the teaching of science had some effects on the item difficulty.
The difference between means in the pre-test and post-test is presented in
Table 2. Figure 4 presents the mean of the Rasch scores on attitude construct
in the pre-test and post-test along a single continuum.

Table 2

The Mean Rasch Score Items of Attitude Constructs

Construct Pre test Post test Mean
Mean SE Mean SE differences

Learning science -0.14 0.70 -0.05 0.72 0.09

in school

Self-concept in science 0.76 0.14 0.85 0.12 0.09

Practical work in -0.20 023 -0.36 017 -0.15

science

Science outside of 0.09 048 0.04 048 -0.05

school

Future participation 0.38 0.20 0.34 0.25 -0.04

in science

Importance of science -0.95 020 -0.83 025 0.13

Combined Interest 0.13 0.63 0.12 059 -0.01
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Figure 4. The mean Rasch score of attitude constructs on logits scale.
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There are two kinds of mean score differences on the items in the Rasch
model for each attitude respectively. A negative mean difference indicates
that the difficulty of the items in the attitude construct decreased (it is at a
lower position the logit scale) after the study’s implementation. This means
that the students were more likely to agree with the items after
implementation than before implementation. Table 2 shows that there are
four attitude constructs (practical work in science, science outside of school,
future participation in science, and combined interest) with negative mean
differences indicating that the students were more likely to agree with the
items in the post-test than in the pre-test. On the other hand, three attitude
constructs (learning science in school, self-concept in science, and importance
of science) have positive mean differences, indicating that the students were
less likely to agree with the items in the post-test than in the pre-test.

This result indicates that teaching science with an emphasis on
instructional congruence improves student attitudes as they relate to the
constructs of practical work in science, science outside of school, future
participation in science, and combined interest. Items in the construct of
practical work in science were easier to agree with after implementation
(see Table 2). This result seems reasonable, since teachers in this study
provided students with activities that focused on hands-on activities and
since scientific inquiry is an important characteristics of instructional
congruence (Bybee, 2003; Lee & Fradd, 2001). Teaching strategies that
incorporated students” experiences caused students to enjoy and to be
interested in science activities.

The mean of the Rasch scores for these attitude constructs did increase,
but the increase is not significant. These evidences suggest that instructional
congruence might have a positive effect on students” attitude in these
constructs. However, teachers must make further efforts to improve student’s
confidence in science, in low performing schools.

The Teachers” and the Students” Reflections

In this section, qualitative findings are presented based on the teachers” and
students’ reflections on instructional congruence. One of the teachers, Mrs.
X felt that this method of teaching could be effectively implemented in low-
performing schools. During implementation, she found that incorporating
students” funds of knowledge into learning science enhanced understanding
and developed students’ thinking skills, communication skills, and
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willingness to cooperate. She also believed it could be advantageous in terms
of saving time and minimising discipline problems. The following is an
excerpt from her reflections:

vovvonn Of course saves time. Save time I mean ... I don’t have to do a lot of
revision. I only did one time and then the next time I give exercise. They already
can do. So I don’t have to explain again and again. And then ... reduce discipline
problem so when the time they got thing to do, they don’t give you a lot of
discipline problems.

Mrs. X explained that instructional congruence saves time because it
allows her to give a short explanation of scientific concepts, since students
are able to master the concepts by doing activities. Based on her experiences
in implementing this method, Mrs. X felt that this method helps her to
improve students” interest in learning science.

In Mrs. Y’'s reflection, she highlighted that instructional congruence makes
students more excited about learning science. She found that her students
were more engaged than they were in previous learning activities. She
believed that through incorporating students” funds of knowledge into
teaching science, she could increase the level of engagement and interest in
learning science among her students. Mrs. Y implemented this method of
teaching in only one class, but she observed that students from other classes
were eager to know what happened in the treatment class. She expected to
do similar activities for all of her science lessons in the future.

Similarly, Mrs. Z found that her students found the lessons to be more
fun and exciting because the activities were related to their daily life and
everyday activities. She felt that this method also encouraged students to
think “outside of the box”. She agreed that incorporating students” funds of
knowledge makes science accessible for her students, especially those
students who had previously struggled in science. She believed that this
method had also narrowed the gap between science and related student
experiences, allowing the students to talk more comfortably about science.

One of the science teachers involved in this study reported that 99% of
the students agreed that the lesson was good and had benefited them. The
science lesson was more interesting for the students. Students seemed
engaged in the activities, making comments such as, “I like because it is
interesting. I like all activities teacher teach me like this” .
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Students made positive comments about the activities in which they
participated. The science lessons developed by their teachers made science
concepts easy to understand, since the lessons clearly related to their daily
activities. The performance of various science activities helped students to
understand the concepts more easily and effectively related the concepts to
their daily lives. Students found that they could apply science concepts in
their daily lives. The following excerpts are examples of students’ responses:

The students able to understand and remember either difficult concepts or facts
easily.

I like because the activities make me understand science. The activities are also as
interesting, fun, and exciting experience. I am interested to do more doing science.

Science is abstract because cannot be understood in a term, but when we have an
additional example we would understand and realise the important and usage of
science

This method is interesting for students because the teacher give students examples
that are relevant and useful in daily life.

In my opinion, this method is very beneficial to the students. This is because we
can apply it in everyday life.

As the students felt that the classroom atmosphere was supportive, they
enjoyed doing the activities. The lessons became fun and challenging.
Moreover, teachers provided support and positive feedback, which made
the lessons easy to understand. The experience showed students that learning
is fun and it stimulated students to think “outside of the box” and to be
effective learners. For example, students responded that “This method also
can make the students to think scientifically” and “This make the student interested
in science subject and produce a good work” .

The media used by the teachers, the topics covered and activities
conducted, and the discussions were interesting. Furthermore, students said
they became more interested in science, which made it easier to understand.
Students felt that this method would also be beneficial in other subjects too.
The following excerpts are example of students’ comments:

Physics is an interesting subject. In making more and concerning physics research,
like see for example this make it more [relevant to] reality, so they can understand
it more easy. So I think, see for example, it is quite interesting so that the students
can understand more about [what] they are doing
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This method could also reduce the boring lesson because not only depend on ...
discussion and conversation only. This method could also stimulate mind and to
make students interested in. ... Through this method, it could facilitate students’
understanding by showing the examples. So this method is very useful in learning
this subject. As a suggestion, this method could also be used for other subjects.

This qualitative data provide some insight into the potential benefit of
implementing instructional congruence in teaching science. Promoting
positive attitudes and high levels interest in school science can be achieved
by providing more hands-on activities. Science should be taught and
explained in a way that connects science with student’s experiences and
that shows the relevance of science in students’ daily lives. Using
instructional congruence is an effective way to teach science.

Conclusion

The results of this study demonstrate that the guidelines for instructional
congruence developed here can be used effectively to develop positive
attitudes toward science and to improve interest in learning about science
among students. Science teaching that emphasises instructional congruence
has an effect on student attitudes as they relate to the constructs of practical
work in science, science outside of school, and future participation.
Moreover, this result was achieved in a relatively short period of time. The
teachers’ efforts to integrate students’ cultural experiences with classroom
science concepts succeeded in promoting student understanding. When
lessons utilised instructional congruence, students found science easier to
understand and more meaningful and relevant to their daily lives. Lessons
that emphasise instructional congruence helped students to make
connections between science and their funds of knowledge (Lee & Fradd
2001; Luykx & Lee 2007). Students enjoyed their experiences in the classroom.
This finding implies that science curricula should be more connected to
science outside of school activities. How instructional congruence can be
better implemented at low-performing schools to improve students” self-
concept in science is a topic that calls for further exploration. As such
longitudinal research designs might be further used to examine changing
attitudes resulting from instructional congruence in science education.
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Appendix

Response Options for Measures of Attitudes Toward Science

Attitude measure  Item No. Items comprising the measure
Learning science Item1 We learn interesting things in science lessons.
inschool Ttem 2 I'look forward to my science lessons.
Item3 Science lessons are exciting.
Item4 I'would like to do more science in school.
Item 5 I'like science better than most other subjects in
school.
Item 6 Science is boring.
Self-concept in Item7 I find science difficult.
science Item8 I'am just not good at science.
Item9 I get good marks in science.
Item10  Ilearn science quickly.
Item11  Science is one of my best subjects.
Item12  Ifeel helpless when doing science.
Item13  Inmy science class, I understand everything.
Practical work Item14  Practical work in science is exciting.
in science Item15  Ilike practical work in science because you don’t
know what will happen.
Item16  Practical work in science is good because I can
work with my friends.
Item17  TIlike practical work in science because I can
decide what to do myself.
Item18  Iwould like more practical work in my science
lessons.
Item19  We learn science better when we do practical
work.
Item20  Ilook forward to doing science practicals.
Item21  Practical work in science is boring.
Science outside of Item22  I'would like to join a science club.
school Item23  Ilike watching science programmes on TV.
Item24  Ilike to visit science museums.
Item25  Iwould like to do more science activities outside
of school.
Item26  Ilike reading science magazines and books.
Item27  Itis exciting to learn about new things

happening in science.
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Attitude measure  Item No. Items comprising the measure
Future participation Item28  Iwould like to study more science in the future.
in science Item29  Iwould like to study science at university.
Item30  Iwould like to have a job working with science.
Item31  Iwould like to become a science teacher.
Item32  Iwould like to become a scientist.
Importance of Item33  Science and technology are important for society.
science Item34  Science and technology make our lives easier and
more comfortable.
Item35  The benefits of science are greater than the
harmful effects.
Item36  Science and technology are helping the poor.
Item37  There are many exciting things happening in
science and technology.
Combined interest (Items from Learning science in school,
in science Science outside of school, and Future

participation in science combined)




