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Abstract. In this study, the purpose is to adapt “Motivation toward science learning
questionnaire” for academically advanced science students. The survey method was used
for the study and examination of reliability and validity of the scores on the instrument
was conducted after the data collection. The study was conducted on 75 advanced science
students. The “principle component analysis” with “varimax rotation” was used at the
beginning of the study. Then, considering high communalities and loading of the majority
of'the items on one factor, confirmatory factor analysis with “maximum likelihood method”
on one-factor solution was conducted. The results of the study showed that the adapted
instrument was valid and reliable to use for the measurements of motivation toward science
learning in the context of advanced science classrooms.
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Introduction

Science is a major contributor for our lives with many important innovations in its
basic disciplines; biology, physics and chemistry. Scientific contributions as the product of
science processes changed many factors which were important for our life. For instance,
we have effective cure approaches to many diseases in current time, new more effective
chemicals for cleaning; again we can see and use nano-scale matters and microorganisms
for medical and technological purposes. But harmful recombinant foods, harms of mobile
phones, new psychological diseases related to computers are found in another side of
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science for our lives. However solutions of these problems are researched and produced
only by science. With pros and cons, learning science for daily life is an inevitable need in
today’s world. Learning science begins at elementary grades and continues for a life-long
time. High school science lessons are the most important contexts for learning science
before the end of the formal education. Science learning in high schools includes many
factors which are determinants of learning quality and process. These can be classified
as affective and cognitive factors. For the cognitive domain, information processing,
reasoning ability and academic achievement are the frequently emphasized constructs
(Koksal & Yel, 2007; Lawson, 2006; Lawson et al., 2007; Schunk, 2000; Yumusak et al.,
2007). Under the affective title, frequently emphasized factors in the science education
literature are attitude, self-efficacy, anxiety and motivation (Baldwin et al., Ebert-May &
Burns, 1999; Ekici, 2005; Glynn & Koballa, 2006; Mallow, 2006; Osborne et al., 2003;
Savran & Cakiroglu, 2001; Uzuntiryaki & Capa Aydin, 2008; Yumusak et al., 2007). As an
affective factor, giving more importance to motivation in science learning over the other
affective factors regarding to science learning was suggested by researchers (Osborne
et al., 2003). Motivation is defined as the process which instigates and sustains a goal
directed activity (Pintrich & Schunk, 2002). There are many studies in which relationship
of motivation with educationally important outcomes are presented. Tuan et al. (2005)
showed that motivation scores of 1407 junior high school students were correlated to
their scores on science attitude and achievement. Again, existence of more effort and
perseverance of students with higher motivation was also showed by studies as a positive
effect of motivation on educationally important outcomes (Wolters & Rosenthal, 2000).
On the importance of motivation, Palmer (2005) stated that motivation also played a
significant role in construction of knowledge and process of conceptual change. Moreover,
Pintrich & DeGroot (1990) showed relationship between motivational factors and cognitive
constructs such as strategy use and meta-cognition. Similar to the results of Pintrich &
DeGroot (1990), Koksal & Tasdelen (2007) also showed relationship between motivational
factors including self-efficacy and task value and use of rehearsal and organization as
cognitive strategies. Again, Glyn & Koballa (2006) presented that science motivation is
correlated with interest in science, number of courses taken and science grades. Correlation
of motivational factors with both other affective factors and cognitive variables provides
an important place to study motivational situations of students toward science learning.
Motivation and its importance for science learning were recognized by science
education researchers in a short time and different studies for measurement of motivation
were done. Instrument development studies conducted for motivation include a large
number of studies from different fields (Pintrich & DeGroot, 1990; Bozanoglu, 2004).
But, the number of the studies on instrument development on motivation toward
learning in particular subjects such as science is not large enough to study on motivation
of different students from traditional students although there are some examples of
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the studies conducted with traditional students. Kempa & Diaz (1990) developed
the “Students’ Motivational Traits in Science” instrument to determine motivational
situations of the students. Again, Gllyn & Koballa (2006) conducted validation and
development studies of “Science Motivation Questionnaire” for learning science in
college settings. As one of the science motivation questionnaire development studies
presenting conceiving instrument development process with a large sample of traditional
students at the lower age than college, Tuan et al.(2005)’s study provided current and
comprehensive questionnaire for measuring motivation toward science learning. They
conducted validation and reliability studies of “Students’ Motivation toward Science
Learning Questionnaire” with a large group of students and reached strong evidence
for reliability and validity of the instrument. Then, Yilmaz & Cavas (2007) adapted the
questionnaire into Turkish for elementary students by finding conceiving evidence on
factor structure, validity and reliability. Therefore, the questionnaire was validated and
found reliable for further use with the similar samples. But, the original development
and adaptation studies of such a strong questionnaire were conducted with traditional
students. There are students who deserve to take attention for study and are different
than traditional students in terms of their different characteristics and experiences.
Advanced science students as an important group for science motivation studies deserve
an attention for assessment and evaluation of motivation as well as traditional students.
They have important characteristics and experiences on science content and science.
These students are selected by national content examinations for the programs in which
they are enrolled. In addition, these students are enrolled in more courses on science
and are more experienced with science content than traditional students. These students
have more probability of being in a status to make important decisions for other people.
Some studies on motivational differences of them from traditional students showed
importance of study on motivation of them for their difference from traditional students.
For instance, Gottfried and Gottfried (1996) studied on academic intrinsic motivation of
the students at the age range from 9 to 13 and the authors showed that advanced children
had significantly higher academic intrinsic motivation across all subject areas including
science and school in general. Again, Vallerand et al. (1994) studied with grade 4, 5 and
6 students and they found that advanced students saw themselves as more competent and
intrinsically motivated toward activities in school than traditional students. But, these
studies were not specifically related to motivation toward learning science. Therefore,
academically advanced science students are very important group for studying motivation
in science learning. Therefore, there is a need to develop or adapt a motivation instrument
to measure motivation of this group on learning science. The studies of Tuan et al. (2005)
and Yilmaz & Cavas (2007) on “Motivation toward Science Learning” questionnaire
provided conceiving evidence of validity and reliability for traditional students. The
strong evidence and large scale samples of the studies on the questionnaire added power
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for persuasiveness of the studies to use the questionnaire for advanced science students
in this study. Therefore, it was thought that adaptation of the questionnaire for advanced
science studies might provide an important point for determination of and studying on
science learning motivation of academically advanced science students.

Method

In the study, survey approach as a quantitative research method was used. The
study was conducted with 75 ninth grade “science high school” students. Science high
schools have been selecting the students by considering their scores in nation-wide
examination and have been including advanced and dense science courses. At the same
time, the students are in the top 2% of all test takers. Ninth grade was selected for its
importance for standing in beginning point to determine entering characteristics of
advanced science classrooms for various purposes. Thirty seven (49.3%) of the students
were female whereas 38 (50.7%) of them were male. Nearly all of them were at the age of
14 (f=67) while there was one student at the age of 15 and were seven students at 16 age.

In this study, both confirmatory and exploratory factor analyses were done for
testing construct validity. Then, convergent validity analysis was also performed.
Following these analysis, Cronbach alfa was also calculated for reliability.

Instrument

The original instrument was developed by Tuan et al. (2005). The questionnaire has
six factors including “active learning strategies”, “science learning value”, “self-efficacy”,
“performance goal”, “achievement goal” and “learning environment stimulation”.
The original scale has 35 items; 9 negative and 26 positive. The format used for the
questionnaire was five-scale Likert type. The questionnaire was adapted into Turkish
for elementary students at grade 6, 7 and 8 by Yilmaz & Cavas (2007). The scores on
original questionnaire and its Turkish version had high reliability coefficients for internal
consistency (.87 for Turkish version, .89 for the original questionnaire). The basic aim
of the instrument was to measure motivational states of the students on learning science.
Turkish and original versions of the instruments had the same factor structure. Turkish
version provided same factor structure of the original instrument with 33 items; 7 negative
and 26 positive items. The items of the questionnaire can be seen in Table 1.

Table 1. The items of the instrument in the original questionnaire

Items
1. Whether the science content is difficult or easy, | am sure that | can understand it.
2.1 am not confident about understanding difficult science concepts.(-)
3. | am sure that | can do well on science tests.
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4. No matter how much effort | put in, | cannot leam science.(-)

5. When science activities are too difficult, | give up or only do the easy parts.(-)

6. During science activities, | prefer to ask other peaple for the answer rather than think for myself. (-)

7. When | find the science content difficult, | do not try to leamit (-)

8. When leaming new science concepts, | attempt to understand them.

9. When leaming new science concepts, | connect them to my previous experiences.

10. When | do not understand a science concept, | find relevant resources that will help me.

11. When | do not understand a science concept, | would discuss with the teacher or other students to clarify my understanding.
12. During the leaming processes, | attempt to make connections between the concepts that | leam.

13. When | make a mistake, | try to find out why.

14. When | meet science concepts that | do not understand, I still try to learn them.

15. When new science concepts that | have leamed conflict with my previous understanding, | try to understand why.
16. | think that leaming science is important because | can use it in my daily life.

17. | think that leaming science is important because it stimulates my thinking.

18. In science, | think that it is important to learn to solve problems.

19. In science, | think it is important to participate in inquiry activities.

20. It is important to have the opportunity to satisfy my own curiosity when learning science.

21. | participate in science courses to get a good grade. (-)

22. | participate in science courses to perform better than other students. (-)

23. | participate in science courses so that other students think that I'm smart.(-)

24. | participate in science courses so that the teacher pays attention to me.(-)

25. During a science course, | feel most fulfilled when | attain a good score in a test.

26. | feel most fulfilled when | feel confident about the content in a science course.

27. During a science course, | feel most fulfilled when | am able to solve a difficult problem.

28. During a science course, | feel most fulfilled when the teacher accepts my ideas.

29. During a science course, | feel most fulfilled when other students accept my ideas.

30. | am willing to participate in this science course because the content is exciting and changeable.

31. 1 am willing to participate in this science course because the teacher uses a variety of teaching methods.
32. 1 am willing to participate in this science course because the teacher does not put a lot of pressure on me.
33. 1'am willing to participate in this science course because the teacher pays attention to me.

34. 1 am willing to participate in this science course because it is challenging.

35. I am willing to participate in this science course because the students are involved in discussions.

Results
The results of the analyses to provide evidence for validity and reliability of the
instrument will be presented under this title.

Convergent validity
To gain evidence for convergent validity of the scores on the instrument, scores on

attitude towards science scale were used in this study. The attitude scale was developed
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by Geban et al. and included 15 items. The scores on the scale were examined for validity
and reliability with the advanced science students again. The scale was investigated
by “principle component analysis” approach with varimax rotation. This way was
found appropriate since the group of the study was very different from the group that
was included in the original scale development study. Before the analysis, the scores
on negative statements were converted to appropriate scaling for whole instrument.
According to initial analysis in terms of factorability of the scores, data was found
as appropriate to go further in factor analysis (Kolmogorov Simirnov Z= .67 p= .76,
KMO=.88, Barlett’s Test =412,85, p= .00, df=55). KMO was higher then .50 and Barlett
test result was significant as expected (Sharma, 1996; Tavsancil, 2002). The results of
the factor analysis showed that item 2, 3 and 14 loaded on two factors with high factor
loadings at the same time ( .59 and .54 for item 2, . 46 and .47 for item 3 and .45 and
46 for item 14). So, the analysis was conducted by eliminating these items. After the
elimination, the analysis was run again and it was found that item 15 loaded on two
factors with factor loading values of .43 and .53. So, the item 15 was also eliminated.
Then, the third run of analysis showed that item 7 constructed one factor without any
other items (Factor loading = .95). Therefore, elimination of it was found appropriate
due to the insufficient number of the items to measure related attitude factor. Eventually,
Cronbach alpha coefficient was found as .90 after all eliminations. The results related to
the scores of the students on attitude scale can be seen in the following tables.

Table 2. Communalities of the items in attitude scale

Communalities

Initial Extraction

ltem1 1 .80
[temé 1 99
ltem5 1 13
ltemé 1 .60
ltem8 1 b4
Iltem9 1 .35
[tem10 1 .68
ltem11 1 83
ltem12 1 69
ltem13 1 62
KMO Barlett’s Value (df=45)  p for Barlett test

.87 399.67 .00
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Table 3. Rotated component matrix

Components
Factor 1 Factor 2

[tem1 .80

[tem& Th

[tem13 19

[temé 16

[tem9 59

ltem12 .80
ltem10 .78
ltem11 19
[tem$5 13
[tem8 10
.88 .80

Cronbach Alpha 0

Eigenvalues 5,33 1,21

The results showed a two-factor solution with explanation of 65.40 % of total
variance related to the structure measured (F1=37.84% Eigenvalueri=5.33, F2=27.57%,
Eigenvaluer.=1.21). Eigenvalue above 1 is accepted as appropriate (Biiylikoztiirk, 2002).
The names of the factors were assigned as “liking factor” for the first one and “expectation
and importance” for the second factor. Two of item examples from the attitude scale are
“I like to solve problems about the subjects of science course” and “I am bored when I
study on science subjects”. The Scree plot test result can also be seen in Fig. 1.

Scree Plot

Eigenvalue
w
I

T T T T T T T T T T
1 2 3 4 5 6 7 8 o 10

Fig. 1. The results of Scree plot test for the scores on the attitude scale
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After the construct validation and reliability of the test scores for the group,
convergent validity of the motivation questionnaire was investigated by using the attitude
scale, because attitude toward science is positively related to motivation toward science
learning (Tuan et al., 2005). Pearson-product moment correlation value between scores
on the instruments as an evidence for convergent validity of the motivation instrument
showed a significant positive correlation as expected (r=.62, N=71, p=.00). It is accepted
as an evidence for convergent validity.

Construct validity

To gather evidence on construct validity of the scores of advanced science students
on the instrument, “principle component analysis” approach was used with “varimax
rotation” technique at the beginning of the study since the sample of the study was very
different from the students used for original development and adaptation studies of the
instrument. At the beginning, normality was tested by using Kolmogorov Simirnov Z test
and the result of the test approved normality of the scores on the motivation questionnaire
(Kolmogorov Simirnov Z=1.27, p=.08). Then, the principle component analysis provided
the information that the scores on the majority of items presented high communalities
(> .55). Correlation matrix was investigated for pattern in data. It was seen that all of
the correlation values were significant at .05. The results showed that there were seven-
factor solutions for the scores and the solution explained 72% of total variance. But, great
majority of the items loaded on the first factor. With high communalities and loading
of majority of items on one factor, it was concluded that one-factor solution might be
appropriate for the data set. Then, it was thought that following such a way might provide
practical advantages to use the instrument and analyze the scores coming from it in
advanced science classrooms. Therefore, confirmatory factor analysis was conducted.

Table 4. Communalities of the scores on the items in seven-factor solution

Initial Extraction
mot]1 1 Jh
mot? 1 .76
mot3 1 70
motk 1 .69
mot5 1 .60
motb 1 59
mot7 1 .60
mot8 1 .80
mot9 1 .69
mot10 1 J1
mot11 1 J2
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mot12 1 73
mot13 1 .69
mot 14 1 .76
mot15 1 10
mot16 1 g7
mot17 1 73
mot18 1 .95
mot19 1 .67
mot20 1 .68
mot21 1 Tk
mot22 1 Tk
mot23 1 .13
mot24 1 17
mot25 1 .80
mot26 1 .83
mot27 1 .18
mot28 1 84
mot29 1 84
mot30 1 .75
mot31 1 12
mot32 1 .18
mot33 1 .62

For the confirmatory factor analysis, “maximum likelihood” technique with
“direct oblimin” rotation was used since all items were considered as correlated with
each other as seen in communalities. The results of the analysis showed that 15 items
presented communalities below .40 in confirmatory factor analysis for one-factor
solution (see Table 5). Before the elimination of the items, values on factorability of
scores were found as appropriate (KMO=.84, Barlett’s value=1810.55, p=.00). KMO
was higher then .50 and Barlett test result was significant as expected (Sharma, 1996;
Tavsancil, 2002). Total variance explained was found as % 37.32. After the elimination,
the analysis was run again.

Table 5. Communalities for one-factor solution in confirmatory factor analysis

Initial Extraction
mot1 .73 .15*
mot?2 .65 .00*
mot3 .65 A1
mot4 .76 .94
mot5 .63 16"
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moté 71 26"
mot7 .65 45
mot8 89 .70
mot9 72 03
mot10 76 59
mot11 .88 .67
mot12 7 45
mot13 .75 .66
mot14 86 73
mot15 79 .60
mot16 84 .68
mot17 .65 7
mot18 .70 42
mot19 Tk 51
mot20 57 017
mot21 79 217
mot22 .68 02*
mot23 .76 33
mot24 84 .62
mot25 82 45
mot26 86 42
mot27 77 29*
mot28 80 .30*
mot29 .78 22*
mot30 59 .03
mot31 .63 .00*
mot32 .78 43
mot33 73 42

* Communalities belt;w 40

The factorability of the scores were investigated by examining KMO and
Barlett’s sphericty test and it was found that data were factorable (KMO=.93, Barlett’s
value=1021.97, p=.00). KMO was higher then .50 and Barlett test result was significant
as expected (Sharma, 1996; Tavsancil, 2002). The results of the confirmatory factor
analysis showed that one-factor solution was provided with 18 items under the title of
“motivation toward science learning”. Communalities can be seen in Table 6.

Table 6. Communalities of item scores in one-factor solution

Initial Extraction
mot4 .62 53
mot7 52 43
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mot8 .82 10
mot9 .67 54
mot10 .67 .59
mot11 .79 .68
mot12 61 4b
mot13 .69 .66
mot14 .78 Tk
mot15 .73 .60
mot16 79 67
mot18 51 40
mot19 .61 51
mot24 .78 .63
mot25 72 45
mot26 67 41
mot32 .63 41
mot33 .61 40

The one-factor solution explained 54.56% of the total variance with 18 items. The
“scree plot” for the confirmatory factor analysis result can be seen in Fig. 2.

Scree Plot

Eigenvalue
o
|

Fig. 2. The results of Scree plot test for the scores on the motivation
toward science learning questionnaire

The factor loadings of the items in one-factor solution were above. 60 and 10.26
eigenvalue as expected since majority of the item scores presented high communalities
at the beginning of the analysis. Comrey & Lee (1992) stated that factor loadings above
.63 can be categorized as “very good” and “excellent”. The factor loadings of the items
can be seen in the Table 7.
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Table 7. Factor loading of the scores on the items in one-factor solution

ltems Factor
Motk 73
Mot7 .70
Mot8 84
Mot9 Tk
Mot10 g7
Mot11 .83
Mot12 .68
Mot13 .82
Mot 14 .86
Mot15 .78
Mot16 .82
Mot18 .6k
Mot19 71
Mot24 79
Mot25 .67
Mot26 .6k
Mot32 .6k
Mot33 .6k

Reliability

The reliability of the test was analyzed by using Cronbach alpha value for internal
consistency. The result of the analysis showed that alpha coefficient was .95 for the
group of study. Considering the alpha value, it was concluded that the scores presented
high internal consistency. In addition to the internal consistency analysis, difference
in motivation toward science between female and male students was also investigated
by independent-t test for finding supportive evidence for the results. Literature gives
conflicting results on gender differences for motivation toward science learning (Azizoglu
& Cetin, 2009; Yaman & Oner, 2006). So, there is a need to show difference between
students in terms of gender as one of the most studied variable in motivation literature.
The results showed that there was no difference between females and males in terms of
motivation toward science learning. Results can be seen in Table 8.

Table 8. Independent t-test results for gender differences

Gender N Mean SD t df p
Male 38 41 67 21 73 84
Female 37 4.15 90
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Conclusion

The scores of advanced science students on motivation toward science learning
questionnaire were found as reliable and valid to use for further aims in studying with
advanced science students. The one-factor solution found in this study added another
importance for practical use of the instrument in advanced science classrooms. By
using the instrument; teachers might gather and analyze data easily since it has Likert
structure and one-factor solution might provide easiness for statistical procedures.
The data on the questionnaire was found as correlated with scores on attitude toward
science as a school subject. This result showed efficacy of the instrument in terms of
convergent validity. The literature also showed the same results for convergent validity
(Tuan et al., 2005). Use of the instrument might provide many opportunities to study
important variables considered continuously for monitoring achievement in advanced
science classrooms. The instrument might be used to study associated variables of
motivation in advanced science classrooms. For example, motivation was shown to be
correlated with achievement, cognitive strategy use and meta-cognitive strategy use
beside other affective variables (Pintrich & DeGroot, 1990; Glynn & Koballa, 2006;
Koksal & Tasdelen, 2007). These factors are important determinants of the outcomes
in science education. In advanced science classrooms, lack of such an instrument is
a restrictive statement to study such variables in Turkish context of advanced science
classroms. As another side of the study, differences in characteristics of the advanced
science students from traditional students were shown in the study with different factor
structure from the original questionnaire. It might be speculated that advanced science
students are different from their traditional counterparts in terms of motivational states
toward science learning.

In addition, non-significant motivational difference for science learning between
females and males is also in consistent with the literature (Azizoglu & Cetin, 2009;
Meece & Jones, 1996). Meece and Jones (1996) showed that differences for motivation
in science learning are related to achievement level of students rather than gender.
Therefore, achievement level differences among students groups will provide different
pattern for gender difference in motivation toward science learning. Studying motivation
toward science learning by grouping strategies as low, middle and high achievers is a
need in Turkish context of advanced science classrooms.

In spite of evidence on reliability and validity of the scores coming from the
instrument, explaining some limitations is worth to consider in further researches. The
most important limitation of the study is the number of the participants although Karasar
(1995) finds 50 as appropriate to study on questionnaire development in preliminary
phase. It should be considered to use the instrument and adaptation study with advanced
science students by including more participants is an open issue to study. As the other
limitation, data collector ability should also be considered for further study. Data to
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be gained by the instrument should be gathered by teachers in advanced classrooms
since the practical importance for using the instrument in classrooms is related to
teacher who will use it for educational purposes, so use of the instrument by teachers
should also be studied to increase practical use of it. Again, the instrument items are
limited to 18 items, so this is another point to consider for measuring motivation
toward science learning.
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