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Abstract The present study is focused on the detailed
description of Physics Attitude Scale (PAS) to measure
students’ attitudes toward physics. The development of this
new instrument involved extensive interviews with both
the experts as well as the students. This was followed by
expert reviews and pilot testing of the instrument. The duly
revised draft was used to collect responses from 624 stu-
dents, aged 15-18 from Government Model Senior Sec-
ondary Schools, India. The factor analysis carried out on
the resulting data revealed that the final form of the Physics
Attitude Scale consists of five dimensions: Enthusiasm
toward Physics, Physics Learning, Physics as a Process,
Physics Teacher, and Physics as a Future Vocation. The
content validity of the scale has been confirmed by the
close agreement of experts on the statements. The relia-
bility analysis showed that the scale consists of internally
consistent items for each dimension. These findings
demonstrate that the Physics Attitude Scale (PAS) pos-
sesses robust psychometric properties. It has been further
found that a positive correlations exist between (a) enthu-
siasm toward physics and physics learning; (b) enthusiasm
toward physics and physics as a process; (c) enthusiasm
toward physics and physics as a future vocation; and
(d) physics teacher and physics learning. Thus, the newly
developed PAS can be used as an effective instrument by
researchers and teachers to assess students’ attitudes
toward physics.
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Introduction

Affective domain in science education has always been an
important concern for science educators. Over a span of
several decades, there has been a significant research per-
taining to the area of students’ attitude toward science. As a
result, an extensive literature is available concerning the
investigation of attitudes toward science in relation to
multiple factors such as achievement, anxiety, gender, age,
ethnicity, family background, teacher, learning environ-
ment, and parental attitudes (Gardner 1975; Fraser 1981;
Fraser and Fisher 1982; Hadden and Johnstone 1983;
Haladyna et al. 1983; Schibeci and Riley 1986; Germann
1988; Schibeci 1989; Simpson and Oliver 1990; Myers and
Fouts 1992; Greenfield 1996; Neathery 1997; Zacharia
2003; Aalderen-Smeets and Walma van der Molen 2015).
The periodic reviews in the area of attitudinal research
have further enriched the developing body of knowledge
(Boeck and Washton 1961; Aiken and Aiken 1969; Pearl
1973; Ormerod and Duckworth 1975; Gardner 1975; Gauld
and Hukins 1980; Haladyna and Shaughnessy 1982; Schi-
beci 1984; Laforgia 1988; Osborne et al. 2003).

There are several contributing factors from various
studies which have re-emphasized on the significance of
the topic. Some of the prominent factors highlighted in the
literature include a constant decline in the post-compulsory
high school science enrollment (Smithers and Robinson
1988; Dekkers and DeLaeter 2001; Garg and Gupta 2003;
Blalock et al. 2008); reluctance among the students to
choose science courses, especially physical science courses
in their final years of secondary education (Simpson and
Oliver 1990; Garg and Gupta 2003; Trumper 2006); and a
change in our value system as a result of which science-
related careers are not perceived attractive in terms of
employment opportunities (Garg and Gupta 2003). To add
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to this, the constricted approach of understanding science
by the general public has pared down the number of young
people choosing to pursue the study of science and science
as career choices (Durant et al. 1989; Durant and Bauer
1997; Miller et al. 1997; Bensaude-Vincent 2002; Stockl-
mayer and Bryant 2012). These aforementioned factors
have caused a major stir regarding the development of
scientific vigor and progress of scientific literacy among
the youth.

In this regard, there have been numerous studies on
attitudes and its correlates (Hdussler and Hoffmann 2000;
Osborne and Collins 2001; Osborne et al. 2003; Christidou
2006, 2011). The review study by Gardner (1975) high-
lighted the relationship of attitudes toward science with
internal variables (cognitive variables, personality, sex)
and external variables (home background, school envi-
ronment, curriculum, and instructional variables). In con-
tinuation with this scheme of categorization, Haladyna and
Shaughnessy (1982) have postulated that the students’
attitude toward school subject can be attributed to the
interactions between three variables: teacher, student, and
learning environment. Each of these three variables has
been further subdivided into exogenous and endogenous
variables. The exogenous variables include those that are
outside the direct control of educational process, for
example, age of the student, sex of the student, family
background, and cultural factors. On the other hand, the
endogenous variables have been considered to be under the
direct control of educational process. Such variables
involve teacher, student, and the learning environment. The
relationship among these variables is not simply linear, but
exhibits nonlinear characteristics resulting from mutual
interactions. These studies have shown that the students’
attitudes toward science are more influenced by endoge-
nous variables as compared the exogenous variables. The
study by Haladyna et al. (1983) has shown that the student’
perceptions of the importance of science, teacher quality,
and learning environment are highly correlated to science
attitudes. It has been shown that positive attitudes toward
science enhance the cognitive outcomes as well as results
in an increased tendency to choose career in science or
science-related field (Mager 1968; Christidou 2011; Tytler
and Osborne 2012). Thus, more emphasis should be laid on
linking students’ perception, treatments, and learning as it
influences the students’ attitude toward subject (Walberg
1976). These results are further supported by the findings
of Myers and Fouts (1992), Woolnough (1994), and
Christidou (2011). As per these studies, school environ-
ment comprising science teachers, science teaching, and
extracurricular activities are the factors that may encourage
or discourage students toward higher education and in
choosing careers in physics. It has also been shown that a
highly teacher-dominated classroom leads to students’
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passivity, reduced interest in physics, and consequently, a
feeling of general negative attitude toward physics (Ahlg-
ren and Walberg 1973; McDermott 2001). Alternatively,
learner-centered classroom provides a more conducive
environment for the students to actively participate in the
classroom and thus invigorate the enthusiasm toward
physics learning. This evokes the student’s interest as well
as builds a positive attitude toward physics. It has been
well documented that an incompetent physics teacher
(Hendley et al. 1995; Sundberg et al. 1994; Woolnough
1994; Archibald 2006; Oon and Subramaniam 2010;
Buabeng et al. 2015), poor teaching methodology (Briggs
1976; McDermott 2001; Smart and Marshall 2012; Tytler
2014; Juuti and Lavonen 2016), and curriculum loaded
with undemanding activities such as recall, copying, and
lack of intellectual challenge (Osborne et al. 2003; Héaus-
sler and Hoffmann 2000; Semela 2010; Anderhag et al.
2013) are responsible for eroding students’ interest in
physics and positive attitudes toward physics, particularly
at junior high school level (Kahle and Lakes 1983; Baird
and Penna 1992; Christidou 2006; Koballa and Glynn
2007; Christidou 2011). Thus, a multipronged approach is
required in the field of physics education to bring out a
qualitative change.

Various interventions or modifications in the teaching—
learning process have been developed to bring desirable
changes in students’ attitudes toward science (Akinbobola
2010; Chen and Howard 2010; Azar and Sengulec 2011;
Chen et al. 2013; Luchembe et al. 2014; Rutten et al.
2015). The effectiveness of these interventions can be
determined by the shift in students’ attitudes toward sci-
ence. Thus, an appropriate instrument with robust psy-
chometric properties is required to measure the quantitative
change in students’ attitudes. Gardner (1975), Munby
(1983), Schibeci (1984), Lederman et al. (2002), Blalock
et al. (2008), and Potvin and Hasni (2014) conducted a
comprehensive analysis of the existing instruments and
concluded that the measurement of attitudes toward science
is a challenging task. The aforementioned studies have
delineated several shortcomings in the earlier studies.
Some of the major concerns raised by Munby (1983),
Schibeci (1984), Lederman et al. (2002), Blalock et al.
(2008), and Potvin and Hasni (2014) have been discussed
later in this article.

The first major issue that has been outlined is the lack of
common agreement regarding the operational definition of
science attitude. In the review of the literature concerning
attitudes toward science and its implications, Osborne
(2003) highlighted that the concept of attitude is poorly
articulated and misinterpreted due to the complex nature of
the construct itself. There has been a semantic dubiety
regarding ‘scientific attitude,” ‘attitude toward science,’
and ‘attitude toward science and scientists’ (Koballa 1983).
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The studies have also shown that the structural build-up of
attitudes toward science consists of multiple components
rather than being one-dimensional in nature (Klopfer 1971;
Gardner 1975; Haladyna and Shaughnessy 1982; Koballa
1988; Woolnough 1994). The multidimensional nature of
attitude pointed in the study of Gardner (1975) has been
endorsed by the studies of Munby (1983), Koballa (1983),
Blalock et al. (2008), Tytler and Osborne (2012), Potvin
and Hasni (2014), and Kennedy et al. (2016). The review of
available instruments revealed that each one of them
(a) uses different definitions of attitudes toward science
(b) has specific epistemology, and (c) measures the specific
dimensions of attitude toward science which were distinct
from each other. Therefore, an emphasis on the elucidation
of the complex construct ‘attitudes toward science’ and its
dimensions is required to produce valid and reliable results.
The second concern, which has been raised, is associated
with the type of the instrument and the scoring technique
used for the measurement of attitudes toward science.
Gardner (1975) discussed different techniques adopted by
the researchers in order to obtain data on respondents’
attitudes. These include differential (Thurstone) scales,
rating scales, summated rating scales, semantic differential
scales, interest inventories, preference ranking, projective
techniques, and qualitative data. The Views about Science
Survey (VASS) by Halloun and Hestenes (1996), The
Colorado Learning Attitudes about Science Survey by
Adams et al. (2006), and Epistemological Beliefs Assess-
ment about Physical Science (EBAPS) developed by Elby
et al. (2006) favored the forced choice closed-item ques-
tionnaire. It has been pointed by Munby (1983) that the
items reflecting multiple attitudinal dimensions cannot be
represented by a single score. Further, Lederman et al.
(2002) raised the issues related to lengthy statements
leading to ambiguity of items, which in turn led to the
development of open-ended questionnaires followed by
interviews such as views of nature of science (VNOS)
questionnaire. The VNOS questionnaire consists of a series
of three forms that can be used at different grade levels.
However, the time-intensive nature and the specific focus
limit the usage of VNOS questionnaire (Hillman et al.
2016). The third concern that has been outlined is regard-
ing the reliability and the validity of the available instru-
ments. Munby (1983), Schibeci (1984), Lederman et al.
(2002), Blalock et al. (2008), and Potvin and Hasni (2014)
concurred that most of the attitude measures have poor
psychometric quality, indicating toward the lack of relia-
bility as well the validity of items. These concerns have
also been duly considered in the recent studies on devel-
opment of instruments to measure attitudes toward science
at different levels: elementary, secondary, and higher sec-
ondary (Wang and Berlin 2010; Abd-El-Khalick et al.
2015; Hillman et al. 2016; Kennedy et al. 2016; Navarro

et al. 2016). Moreover, it has been also been shown that the
differences in the educational system and cultural back-
ground also affect the development of an instrument (van
Rensburg et al. 1999; Pell and Manganye 2007).

Thus, it is evident that there are various theoretical and
methodological concerns on issues such as poorly defined
attitude and its related concepts, design, lack of psycho-
metric standards of adequate sample size, pilot testing,
reliability, and validity in the available attitude-measuring
instruments. The limitations in the presently available
instruments coupled with some other factors, which are
discussed later served as the motivation to develop a new
attitude measure, called PAS: an instrument to measure
students’ attitude toward physics. The new instrument aims
to measure students’ attitudes toward physics rather than
general science. In the present study, attitudes toward
physics can be described as the feelings, beliefs, and values
held toward physics which includes physics curriculum,
physics learning, physics teacher, and physics as a career,
expressed in the form of like or dislike; positive or negative
reaction toward physics. This instrument intends to
examine the various dimensions that conflate to represent
the attitudes toward physics. For this purpose, students’
attitudes toward physics has been studied with special
emphasis on the trilogy of teacher, student, and the class-
room practices that lead them to understand physics
effectively and make better career choices. The differences
arising in the attitude measurement due to demographic
and cultural parameters, socioeconomic status, language,
and educational settings (curriculum, teacher, teaching
methodology, classroom environment, and availability of
resources, examination system, and educational policies)
also contribute toward the development of a new
instrument.

In the present study, PAS has been developed and val-
idated to measure students’ attitude toward physics. The
above mentioned factors have been considered as frame of
reference for the development Physics Attitude Scale. The
scale has been validated using the responses collected from
624, XI grade students studying in state-run schools called
‘Government Model Senior Secondary School.” The higher
secondary stage (XI grade) has been specifically taken
because it is the transition phase in which the students have
to make a choice of the subjects. At this crucial point in
their careers, students have to go through rigorous entrance
examinations and tough competition to get admission in
higher studies. A wrong choice in the beginning due to
poor attitudes, peer pressure, parental pressure, influenced
decisions, tough completion, teacher, teaching methodol-
ogy, and learning environment may prove disastrous for the
student’s career (Verma et al. 2002; National Curriculum
Framework 2005; Roysircar et al. 2010; Sharma 2014; Deb
et al. 2015). Hence, it is necessary to measure students’
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attitudes at the high school stage so that the students are
successful in their future instead of getting burnout under
the academic stress.

The detailed description of the development of the scale
has been discussed in the subsequent sections.

Methodology
Design

The instrument has been designed in accordance with the
various guidelines which includes multidimensional nature
of attitude, easy scoring of the responses and robust psy-
chometric properties. The various aspects related to stu-
dents views about physics, their fervor toward learning and
understanding the subject, physics teacher, teaching
methodology, and physics as a career have been included.

In India, formal education system in schools has been
categorized as primary, upper primary, secondary, and
higher secondary stages. According to the National Cur-
riculum Framework (2005), Science at the higher sec-
ondary stage should be introduced as one of the separate
disciplines, with emphasis on experiments/technology and
problem solving. Students follow a common interdisci-
plinary curriculum till secondary school stage with physics,
chemistry, and biology as the main science subjects. At the
higher secondary stage, students have to choose a major
field of study from science, commerce, and humanities.
The students are evaluated by a subjective examination
process at the end of grade 12 (senior secondary school),
which is then followed by taking an entrance examinations
to get admission into respective colleges/universities.
Physics is considered as one of the important subjects in
the curriculum. It not only provides explanation to the
various phenomena taking place around but also develops
creativity and problem-solving abilities among the stu-
dents. In actual practice, the core topics of physics, taking
into account the recent advances in the subject, involve a
large number of topics to be covered within these two years
of schooling. It has been reported in the literature (Yashpal
Committee Report MHRD 1992; National Curriculum
Framework 2005; Continuous Comprehensive Evaluation
in Science 2011) that the steep gradients between the
secondary and higher secondary science syllabi, overpow-
ering examination system, rote learning, and students’
perceptions make understanding of physics as one of the
most difficult challenges. These concerns in physics
classrooms in Indian settings are in consensus with various
research findings at the global level (Maloney et al. 2001;
McDermott 2001; Meltzer 2005). As a result, fewer stu-
dents are attracted toward physics (Rivard and Straw 2000;
Mattern and Schau 2002; Erdemir 2009).
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Development of Physics Attitude Scale

The PAS has been developed and validated in a stage-wise
manner. The first stage comprised the literature review for
the planning and development of item pool. The planning
involved thorough examination of statements of already
available physics attitude scales such as Maryland Physics
Expectations (MPEX) survey by Redish et al. (1998); The
Colorado Learning Attitudes about Science Survey (CLASS)
by Adams et al. (2006), and Epistemological Beliefs
Assessment about Physical Science (EBAPS) developed by
Elby et al. (2006). In addition to this, various other science-
related attitude-measuring instruments were also reviewed
[Test of Science Related Attitudes (TOSRA)] by Fraser
1981; Views About Science Survey (VASS) by Halloun and
Hestenes (1996). Interviews with experts were conducted to
understand their views and ideas regarding students’ atti-
tudes toward physics. In this regard, a total of 12 faculty
members involved in physics teaching and research at pre-
miere engineering institutes, Government Universities,
Degree colleges, and Government Model Senior Secondary
Schools were consulted for their views. These experts have
extensive teaching experience in the domain of physics
acquired through teaching physics courses spanning from
small study groups to large lectures comprising hundreds of
students at school, college, and university levels. In addition
to this, four faculty members from the departments of edu-
cation of different universities with expertise in teaching of
science and educational psychology were also consulted in
order to comprehend the concept of ‘attitude toward scien-
ce/physics’ and discuss design of the instrument in detail.
Such a diversity of experts owing to their different educa-
tional backgrounds and experiences in terms of teaching
physics at different levels aided to bring together a variety of
perspectives while discussing the topic regarding attitudes
toward physics. The experts’ views evoked a wide spectrum
of concerns regarding teaching—learning of physics at school
and post-school levels. These different viewpoints aided to
gather information on the epistemology of physics, students’
keenness toward physics learning, views about physics as a
discipline, problems faced in physics learning, students’
aspirations and careers in the field of pure sciences, interest
regarding applied sciences, or science-related careers at
school and post-school levels. These factors play a crucial
role not only at school-level physics learning but also affects
students future choices in taking physics in higher education
and pursuing careers in this field. In addition to this, 108
grade XI science students from Government Model Senior
secondary schools were interviewed in informal setting to
represent their views on major subjects, personal interest,
work load, career orientation, classroom activities, etc. The
students’ views were listened to and written down to for-
mulate the statements.
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Thus, on the basis of the literature review and data
gathered from experts’ and students’ interviews, 101 items
formed the first draft of the scale. The statements have been
framed in such a manner that it does not simply deal with
physics as a subject. In fact, the main emphasis was to
represent physics as a useful process or phenomena that
describe its coherent nature rather than simply represented
as a coursework merely restricted to textbook discussions.
The statements included various factors related to student
interest, enjoyment, physics teacher, future aspirations,
students views regarding physicist and physics as a career,
classroom activities, curriculum, etc. which were missing
in the previous surveys. Another important point that
emerged from discussion with experts was the need to
involve both positively and negatively worded items in the
scale. This is so because asking only type of statements
may influence the respondent to elicit a patterned response.
For example, if a person has agreed several times in a row,
he/she may continue to agree. Thus, a deliberate pattern
breaking is required to overcome the monotony and get
unbiased response from the respondent. Such patterned
response can be broken up by asking reversal questions,
where the sense of the question is reversed. However,
sometimes this reversal may lead to bias. Hence, the
statements were carefully structured to ensure that the
essence remains preserved. In order to keep the respondent
engrossed throughout the response process, the positive
and negative items were randomly arranged. In this way,
the respondent will read each statement carefully before
answering instead of answering in a pattern form, which is
a normal human tendency.

The second stage involved validation of the statements
forming the first draft. This draft was evaluated by 12
experts in terms of content validity, relevance, and distrac-
tors. The experts were requested to rate each item on three
categories by answering the undermentioned question: “Is
the attitude/view measured by the item? -essential, -useful
but not essential, or -not necessary?” After collecting their
opinions on every statement, content validity ratios
(C.V.R.s) were calculated based on Lawshe formula (1975):

n,—N/2

.V.R. =
cv N7

where N = Number of physics experts forming the panel,
and n, = Number of panelists indicating an item essential.
In the present study, N = 12.

According to Lawshe’s criterion, the statements with
C.V.Rs of 0.56 or more were retained. This is because
C.V.R. = 0.56 or more is significant at 0.05 level of sig-
nificance for N = 12 (Lawshe 1975). In this way, the content
validity of statements was ascertained quantitatively. In this
evaluation process, 14 items were rejected, and three items
were rephrased to improve readability.

The revised statements on attitudes toward physics scale
were arranged on Likert (1932) type of instrument. It
included five categories: S.A.—Strongly Agree; A—
Agree; N—Neutral; D—Disagree; and S.D.—Strongly
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This instrument was administered to 152 students of

and ‘My physics teacher rarely discuss the
numerical problems related to a physics topic taught in the
class.’ respectively.

The revised physics attitude scale was administered in
regular classrooms to 642, grade XI students from different
‘Government Model Senior Secondary Schools’ Chandigarh,
India. The Government Model Senior Secondary Schools’
are state-run schools which were chosen because of the
following reasons: (a) They represent the maximum per-
centage of schools in the union territory, Chandigarh in
comparison with private schools (b) They maintain unifor-
mity in terms of syllabus and examination pattern. (c) They
eliminate the bias in the study due to socioeconomic status
and institutional infrastructure. The medium of instruction
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collected in paper—pencil form. The students were ensured
that the data filled by them would be kept confidential in
order to avoid any kind of bias in the responses. Although the
students were given no time limit, but a majority of them
completed within 25-30 min. The students who took
unnecessarily long time to complete were not considered in
the scoring process. From the entire group, 13 students gave
incomplete sheets and five students did not participate at all.

Scoring

The scoring was done according to the scoring procedure
suggested by Likert (1932). The positive statements were
scored as Strongly Agree response-5, Agree response-4,
Neutral response-3, Disagree response-2, and Strongly
Disagree response-1. The scoring system was reversed for
negative statements. The final form of the scale consisted
of 60 items. The maximum and minimum scores of the
scale were 300 and 60, respectively.

Data Analysis

The data were compiled by scoring response sheets and
analyzed to determine the discriminating ability of the
individual items, reliability, validity, and internal consis-
tency. The internal consistency of the physics attitude scale
as a whole and its each dimension were computed using
Cronbach’s alpha coefficient (o). The validation of the scale
involved interviews with experts and students. It was fol-
lowed by an extensive statistical process comprising factor
analysis to determine the underlying dimensions of the scale.

Results and Discussion
The results of the data analysis are discussed below:
Item Analysis

From the total sample, 27% of the subjects with the highest
total scores and 27% of the subjects with the lowest total
scores were selected from the data. These were termed as
high and low groups, respectively. The f-values were
computed to evaluate the responses of the high and low
groups on each statement. The z-values for 87 statements
are given in the Table 1.

From Table 1, it follows that the ¢ test results were
found to be not significant for 16 items. Thus, these items
were dropped from the scale.
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Table 1 ¢-Test means and p-values of upper and lower points

Item no. t )4 Item no. t P

1. 11.29 0.000 45. 8.00 0.238
2. 8.84 0.000 46. 8.63 0.000
3. 10.58 0.000 47. 10.61 0.000
4. 11.61 0.000 48. 10.04 0.000
5. 2.72 0.102 50. 5.86 0.000
6. 8.26 0.000 S1. 10.16 0.000
7. 13.51 0.000 52. 7.15 0.000
8. 10.68 0.000 53. 8.38 0.000
9. 7.29 0.000 54. 9.34 0.000
10. 11.35 0.000 55. 10.39 0.112
11. 9.17 0.000 56. 13.48 0.000
12. 10.82 0.000 57. 7.27 0.901
13. 9.72 0.573 58. 16.42 0.000
14. 14.59 0.000 59. 7.31 0.000
15. 7.56 0.000 60. 7.55 0.000
16. 18.86 0.000 61. 13.8 0.000
17. 15.29 0.000 62. 8.60 0.000
18. 5.05 0.000 63. 11.65 0.000
19. 10.43 0.097 64. 5.53 0.000
20. 9.97 0.000 65. 10.44 0.742
21. 522 0.000 66. 12.41 0.000
22. 11.18 0.356 67. 12.28 0.000
23. 9.20 0.000 68. 7.38 0.538
24. 8.65 0.000 69. 10.13 0.000
25. 10.89 0.000 70. 8.07 0.000
26. 11.74 0.000 71. 9.54 0.000
217. 7.27 0.000 72. 12.32 0.000
28. 8.56 0.000 73. 14.63 0.000
29. 9.99 0.000 74. 13.54 0.000
30. 8.42 0.000 75. 12.65 0.000
31. 6.20 0.074 76. 4.80 0.067
32. 8.02 0.000 77. 9.39 0.000
33. 9.28 0.000 78. 6.95 0.083
34. 10.35 0.000 79. 12.16 0.000
35. 6.77 0.000 80. 13.95 0.000
36. 6.70 0.000 81. 9.17 0.000
37. 5.34 0.000 82. 13.40 0.000
38. 5.50 0.635 83. 11.17 0.287
39. 5.90 0.000 84. 12.30 0.000
40. 6.55 0.000 85. 5.17 0.436
41. 3.98 0.218 86. 16.85 0.000
42. 9.67 0.000 87. 12.55 0.000
43. 9.43 0.000 - - -

* Values marked in bold are nonsignificant
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Fig. 1 Scree plot 14
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Factor Analysis

Prior to the factor analysis, the Kaiser-Meyer—Olkin
measure of sampling adequacy (KMO) and Bartlett’s test
of sphericity were checked to ascertain whether the data
were suitable for factor analysis. The calculations revealed
a KMO value of 0.889. The Bartlett’s test of sphericity was
found to be significant (y* = 41,506.47; p < 0.000). A
significant value of y* obtained from Bartlett’s test of
sphericity indicates the multivariate normal distribution of
the data. These results implied the suitability of the data for
factor analysis (Tabachnick and Fidell 2007, p. 651; Field
2009, p. 179). The principal component analysis with direct
oblimin rotation has been used in the present study. Con-
sidering the complexity of the variable ‘attitude’ (Fishbein
and Ajzen 1975; Eagly and Chaiken 1993) some correla-
tion among factors can generally be expected. As a result,
attitude cannot be compartmentalized into units that func-
tion independent of each other. Therefore, in order to avoid
any loss of valuable information arising due to correlation
of factor (if any), direct oblimin rotation has been con-
sidered (Costello and Jason 2005). The results of factor
analysis have been analyzed in order to include those items
which contribute to a meaningful measure of an underlying
factor and reject the items that weaken the measurement of
the underlying factor. In this regard, three cross loading
items that load at 0.32 and higher on two factors were
dropped from the scale as there were several adequate to
strongloaders (0.50 or better) on each factor (Costello and
Jason 2005; Field 2009). Eight items with factor loadings

30 40 50 60 70 80
Component Number

less than 0.32 were also omitted (Kline 1994, p. 6;
Tabachnick and Fidell 2007, p. 654; Field 2009). Further,
communalities explained by the extracted factors were
found to be greater than 0.40 for each item and varied from
0.44 to 0.81.These results were found to be consistent with
the thumb rules as suggested by Velicer and Fava (1998);
Field (2009). Moreover, the inspection of correlation
matrix for the variables has not shown high correlations
(above 0.90) and the determinant score for correlation
matrix is above the thumb rule of 0.00001 (Field 2009).
This indicates the absence of multicollinearity. The factor
analysis has thus revealed five factors and led to the
deletion of 11 items. In order to keep a check on overes-
timating the number of factors retained, alternative meth-
ods were employed. These methods included Eigenvalue
Statistics, Scree test, total variance percentage method.
The scree plot is a graphic method proposed by Cattell
(1966). Figure 1 shows five factors in sharp descent, which
levels off after the fifth factor. Similarly, the Eigenvalues
analysis (Table 2) shows the retention of first five factors
with eigenvalue more than one (Kaiser 1960). In addition
to this, a parallel analysis (Horn 1965) for principal com-
ponent analysis was carried out to prevent the over
extraction of the factors. The randomly generated eigen-
values by parallel analysis engine were compared with the
calculated eigenvalues. This confirmed the extraction of
the first five factors. The initial eigenvalues of the five
factors ranged between 12.739 and 1.096. As seen from
Table 2, the percentage of variances for the different fac-
tors ranged from 26.393% for factor I to 5.487% for factor
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Table 2 Eigen values, variances, and total variances of the five factors

Percentages of variances Percentages of total variances

Factors Eigen values
Factor 1: enthusiasm toward physics 12.739
Factor 2: physics learning 7.223
Factor 3: physics as a process 3.470
Factor 4: physics teacher 2.586
Factor 5: physics as a future vocation 1.096

26.393 26.393
12.991 39.384
11.508 50.891
7.868 58.759
5.487 64.246

V. The total variance for all the five factors has been found
to be 64.246%. The factor loadings for the final draft of
60-item PAS varied between 0.876 and 0.404. The items of
the physics attitude scale, factor structures, and factor
loadings are presented in Table 3.

Dimensions of the Physics Attitude Scale

From Table 3, it can be interpreted that factor 1 includes
ten statements related to student’s feelings about physics. It
takes into account the positive extreme of the continuum in
which the student considers physics as an important
activity leading to enjoyment in the process. On the other
hand, the negative extreme represents the aversion of the
student toward physics. Therefore, the first factor was
named ‘Enthusiasm toward Physics’.

The second factor included 14 statements related to the
components of physics learning. It features discovery,
participation, comprehension, and problem solving as the
positive views. Formal, limited, and mechanical natures
were considered as the negative views. This factor was
called ‘Physics Learning.’

The third factor consisted of 11 statements which deal
with the student’s views on physics. The positive views
consider physics as tentative, dynamic, and coherent,
whereas, the negative view is taken as physics being nearly
complete, certain, and rigid. Thus, the third factor was
named as ‘Physics as a Process’.

The fourth factor considered 14 statements that include
student’s views on the physics teacher. The positive views
consider physics teacher as dynamic, interactive, and cre-
ative in nature. The negative views represent the physics
teacher as dominant, dull, and outdated. This factor was
called ‘Physics Teacher’.

The fifth factor included 11 statements on student’s view
on physicist and physics as a career. The positive views
consider physicist as normal and active individuals who are
specially trained in the respective fields. The positive views
regarding physicists may contribute in student’s choice of a
physics-related career. The negative extreme considers
physicist as eccentric, abnormal, and antisocial individual.
As a result of the negative perception regarding physics
and physicist, the student may not likely pursue the subject
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in higher courses and as a career choice. This factor was
therefore called ‘Physics as a future vocation.’

The analysis of factor correlation matrix (Table 4)
points toward a positive correlation between enthusiasm
toward physics and physics learning (r = 0.63). This
explains that the enthusiastic students have positive views
about physics learning. A positive correlation between
enthusiasm toward physics and physics as a process
(r = 0.45) shows that the students enthusiastic toward
physics are more eager toward learning of physics. This
eagerness to learn the subject in turn also leads to positive
perception of the students’ toward physics as a process. A
positive correlation between enthusiasm toward physics
and physics as a future vocation (r = 0.58) implies that
such students exhibit a stronger tendency toward pursuing
physics in higher education and careers in the field of
physics. In the present study, the following dimensions:
physics as a process, students’ enthusiasm toward physics,
and physics learning were found to be similar to those
considered in CLASS by Adams et al. (2006); MPEX
survey by Redish et al. (1998). These dimensions were
labeled in the form of conceptual connections, personal
interest, applied conceptual understanding, problem solv-
ing, reality link, math link and effort. Some statements of
PAS (pertaining to physics as a process, enthusiasm toward
physics, and physics learning) were akin to the statements
of CLASS and MPEX survey. However, these statements
have been found to be placed under the following dimen-
sions: conceptual connections, personal interest, applied
conceptual understanding, problem solving. While, CLASS
involved only one statement pertaining to physics teacher,
two statements on physicists/physics as a career and very
few statements on teaching practices in physics. MPEX did
not consider any statements regarding physics teacher,
teaching practices, and career in physics. Majority of the
statements were focused on student beliefs about the nature
of learning physics. The dimensions pertaining to students’
enjoyment of science lessons and Leisure interest in sci-
ence, and Career interest in science have also been
undertaken in TOSRA developed by Fraser (1981). A
strong correlation has been reported between the afore-
mentioned subscales which strongly suggest that students’
interest and enjoyment of science lessons would likely lead



Development of Physics Attitude Scale (PAS): An Instrument to Measure Students’ Attitudes...

299

Table 3 Factor structures and factor loadings of the 60 items in the physics attitude scale

Items

F1

F2

F3 F4 F5

Factor I: enthusiasm toward physics
Learning physical phenomena and their description is most enjoyable to me
Studying topics on Physics in greater detail is not worth it
My confidence level increases by doing physics experiment in laboratory
The basic knowledge of physics is useful for everyone
Physics is a boring subject for me

The successful completion of a physics experiment excites me to do other experiments

0.638
0.567
0.566
0.668
0.526
0.498

I will be happy if the practical work in physics is reduced so that I may devote more time in studying theory 0.416

I am punctual with physics homework
I wait eagerly for physics period
I discuss physics with my friends
Factor II: physics learning
I feel very pleased and satisfied on answering the questions in physics class
Laboratory work in physics improves individual productiveness
I keep on practicing the problems done in the class till I attain proficiency

I feel stressed in my physics class

Active participation of students in practical and theory classes result in effective understanding of physics

Absence of tutorials in physics is responsible for not getting good marks
I try to correlate the physics problem with daily life situation

I try to focus more on memorizing laws and derivations given in textbook rather than solving physics
problems

There are many situations in physics which are difficult to visualize

It is very difficult to succeed in physics exam without cheating

Difficult topics in physics do not interest me

Parents and teacher compel me to study physics

I study physics only when my exams are around

Learning physics is beyond my capability
Factor III: physics as a process

The subject of physics is ever evolving

Physics is not just knowledge but is a process of gaining knowledge

There is no need to further verify the laws already discovered

Scientific knowledge is developing so rapidly that the facts of physics may be found untrue tomorrow

After sometime all the laws of physics will be discovered

The results of physics experiments are very slow

Physics play an important role in the advancement of civilization and society

There is nothing creative about physics; it’s about memorizing laws and formulas

Physics has contributed greatly to science and other fields

Physics helps develop person’s mind and teaches him to think

Huge infrastructure is needed to build a physics laboratory in order to understand the subject
Factor IV: physics teacher

I am scared of my physics teacher

My physics teacher always overburdens the students with assignments

My physics teacher encourages problem solving

My physics teacher rarely discuss the numerical problems related to a physics topic taught in the class

My physics teacher always comes to the class regularly

My physics teacher does not encourage raising doubts in the class

My physics teacher does not make coherent statements on the topic taught in the class

My physics teacher uses a combination of teaching aids while teaching in the class

My physics teacher often uses a lecture format to teach

0.404
0.508
0.490

0.876
0.869
0.809
0.803
0.793
0.749
0.744
0.734

0.727
0.724
0.723
0.722
0.707
0.668

0.644 - -
0.642 — -
0.638 — -
0.629 - -
0.617 - -
0.603 — -
0.560 — -
0.543 - -
0.535 - -
0.530 — -
0513 - -

- 0.637 —
- 0.583 —
- 0.581 —
- 0.572 -
- 0.570 -
- 0.538 —
- 0.504 -
- 0.503 —
- 0.501 —
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Table 3 continued

Items F1 F2 F3 F4 F5
My physics teacher spends the necessary amount of time helping me understand physics concepts - - - 0.452 -
My physics teacher does not believe that I am capable of learning physics - - - 0.451 -
My physics teacher often becomes frustrated with me - - - 0.450 -
My physics teacher emphasizes on understanding and not just memorization - - - 0.447 -
I aspire to be a physics teacher - - - 0.437 -
Factor V: physics as a future vocation
The scope of professional growth as a physicist is very slow - - - - 0.729
Immense patience and tolerance is required to pursue physics - - - - 0.721
The progress of a physicist is rather slow - - - - 0.716
There is lack of job opportunities in physics - - - - 0.715
Physics is beneficial for those who want to pursue engineering courses - - - - 0.706
Physicist is a highly dedicated individual working toward the improvement of society - - - - 0.675
Physics as a vocation lacks creativity - - - - 0.670
Physicist spends his life by doing physics experiments - - - - 0.606
Studying physics at a higher level leads to glorious future - - - - 0.591
Physicists waste public money as all the research work does not have practical applications - N . - 0.584
Physicist generally remains isolated from society - - - - 0.580

Table 4 Factor correlation matrix obtained by factor analysis using
direct oblimin rotation on 60 items (n = 624)

Table 5 Internal consistency values for the factors of the physics
attitude scale

Factor 1 2 3 4 5 Factors Cronbach alpha
1 1.00 - - - - Factor 1: enthusiasm toward physics 0.86
2 0.63 1.00 - - - Factor 2: physics learning 0.78
3 0.45 0.28 1.00 - - Factor 3: physics as a process 0.80
4 0.20 0.37 0.19 1.00 - Factor 4: physics teacher 0.75
5 0.58 0.24 0.13 0.17 1.00 Factor 5: physics as a future vocation 0.82
Total 0.89

* Correlations > 0.30 are considered significant and indicated in bold

them to plan to pursue a scientific career or have a science-
related job (Fraser 1981; Fraser et al. 2010; Navarro et al.
2016). A positive correlation between physics teacher and
physics learning (r = 0.37) demonstrates a relation
between physics teacher and physics learning. This implies
that the physics learning is influenced by physics teacher
and the teaching methodology. The influence of pedagog-
ical practices on attitudinal factors have been further sup-
ported in the studies by Redish et al. (1998), Adams et al.
(2006), Juuti and Lavonen (2016). Most teaching practices
cause significant decrease in students’ physics scores and a
decline in their interest to pursue the subject at higher
levels.

The reliability of the physics attitude scale has been
measured by computing Cronbach’s alpha (o) reliability
coefficient (Cronbach 1951). It is a measure of the internal
consistency of a test or scale which lies between 0 and 1.
Internal consistency reliability refers to the extent to which
different items in a test measure the same construct. It
depends upon the number of test items, inter-item
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correlation, and dimensionality. The acceptable values of
alpha ranges from .70 to .95 (Bland and Altman 1997,
DeVellis 2003, p. 27; Field 2009, p. 675; Tavako Dennick
2011). While Nunally (1978 p. 518) has pointed the threshold
value of .7 for Cronbach’s alpha coefficient, George and
Mallery (2003) discussed the following thumb rule for the
same: o > .9 — Excellent, o« > .8 — Good, o0 > .7 —
Acceptable, o > .6—Questionable,o >.5—Poor,and o <.5
— Unacceptable. A maximum alpha value of 0.90 has been
recommended (Field 2009, p. 675; Streiner 2003). A high
value of alpha (>0.90) may suggest that either some of the
test items are redundant or the test is too lengthy (Cortina
1993; Nunnally and Bernstein 1994, p. 262; Streiner 2003;
Tavakol and Dennick 2011). The internal consistency anal-
ysis of the instrument as a whole and each of the dimensions
revealed a significant value of Cronbach Alpha coefficient.
From Table 5, it follows that the values of Cronbach Alpha
coefficient ranged between 0.75 and 0.89. The content
validity of the Physics Attitude Scale was established by the
close agreement of experts on the statements.
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Summary and Conclusions

The present study encompasses the development and val-
idation of PAS to measure students’ attitudes toward
physics. The development of the instrument has been car-
ried out in a step-wise manner. The initial pool of state-
ments was assimilated on the basis of literature review as
well as by interviewing the experts and students. The initial
draft was thoroughly reviewed by a panel of experts, and
their recommendations were used to finalize the draft for
pilot testing. This draft was administered to 152 students
for pilot testing, and the feedback was used to further
revise the draft. The revised draft was used to collect the
responses from 624 students, aged 15-18 from different
Government Model Senior Secondary Schools, India. The
data were compiled by scoring the response sheets. The
suitability of data for factor analysis was confirmed using
the Kaiser—-Meyer—Olkin measure of sampling adequacy
(KMO) and Bartlett’s test of sphericity. The factor analysis
revealed that the final form of the scale comprises 60 items
arranged under five dimensions namely: Enthusiasm
toward Physics, Physics Learning, Physics as a Process,
Physics Teacher and Physics as a Future Vocation. The
factor correlation matrix further revealed that there is a
positive correlation between (a) enthusiasm toward physics
and physics learning (r = 0.63) (b) enthusiasm toward
physics and physics as a process (r = 0.45) (c) enthusiasm
toward physics and physics as future vocation (r = 0.58)
(d) physics teacher and physics learning (r = 0.37). These
results indicate the students enthusiastic toward physics are
more eager toward learning of physics. This eagerness to
learn the subject in turn yields a positive perception toward
physics as a process. Such students exhibit a stronger
tendency toward pursuing physics in higher education and
opting physics as a career choice. A positive correlation
between physics teacher and physics learning highlights
that physics learning is influenced by physics teacher as
well as teaching methodology.

From the results of the study, it follows that the PAS
serves as an effective instrument with strong psychometric
properties to measure the attitudes of the students toward
physics and assess the changes taking place in their atti-
tudes with regard to the physics teacher, teaching
methodology, and curriculum. The improved attitudes of
the students will stimulate student’s interest in the subject
and enhance the learning outcomes in physics. The positive
attitudes toward physics will help the students in making
better career choices in physics and other science related
fields. The teachers can use the instrument to assess the
attitude of students toward physics during the coursework.
Accordingly, appropriate teaching strategies and classroom
practices can be planned in the curriculum to make

significant changes in the students’ attitudes toward phy-
sics. Thus, the physics attitude scale developed in the
present study will serve as an important instrument for the
researchers and instructors to measure the students’ atti-
tudes toward physics.
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