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Students’ awareness of science teachers’ leadership, attitudes
toward science, and positive thinking
Ying-Yan Lua, Hsiang-Ting Chena, Zuway-R Honga and Larry D. Yoreb

aInstitute of Education, National Sun Yat-sen University, Kaohsiung, Taiwan, ROC; bCurriculum and Instruction,
University of Victoria, Victoria, BC, Canada

ABSTRACT
There appears to be a complex network of cognitive and affective
factors that influence students’ decisions to study science and
motivate their choices to engage in science-oriented careers. This
study explored 330 Taiwanese senior high school students’
awareness of their science teacher’s learning leadership and how
it relates to the students’ attitudes toward science and positive
thinking. Initial results revealed that the optimism of positive
thinking is highly and positively correlated with the future
participation in science and learning science in school attitudes
toward science and self-concept in science. Moreover, structural
equation modelling (SEM) results indicated that the subscale of
teachers’ leadership with idealised influence was the most
predictive of students’ attitudes toward science (β = .37), and the
leadership with laissez-faire was predictive of students’ positive
thinking (β = .21). In addition, the interview results were consistent
with the quantitative findings. The correlation and SEM results
indicate some of the associations and potential relationships
amongst the motivational and affective factors studied and
students’ attitudes toward and intentions to study science, which
will increase their likelihood of future involvement in science
careers.
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Introduction

Students’ attitudes towards science have been seen as a vitally important learning outcome,
which has been continuously investigated through international assessments as a key
mechanism for producing educational improvement. Archer et al. (2010) found that the
majority of young children have positive attitudes towards science at age 10 (Grade 4),
but that their positive attitudes decline markedly by age 14 (Grade 8). Hong, Lin, and
Lawrenz (2012) found that increases in a negative attitude may be brought about by stu-
dents’ undesirable experiences in previous science courses and their lack of positive per-
ceptions about science in Taiwan.

This study assumed a positive psychology view of human endeavours, which involves
factors that make life worth living—personal well-being, contentment, satisfaction, hope,
optimism, happiness, etc. (Czikszentmihalyi, 2014). Thereby, science teachers are believed
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to be a central influence and intrinsic motivation on students’ perceptions about and suc-
cessful learning in science. Teachers have the capacity to make science learning enjoyable
and to encourage students to have higher levels of engagement and performance. The
specific attributes of a science teacher that account for these positive effects, motivation
and perceptions, are not fully agreed upon. However, a teacher’s image as a learning
leader might be central to students’ perceptions of school science and positive thinking.

Taiwan is undergoing a rapid sociopolitical transition with major changes in social and
economic structures, traditional values, family structure, and the educational system. Lee,
Tsai, and Chai (2012) reported that science teaching in Taiwan has traditionally focused
on science content—the bedrock of the curriculum and school science examinations,
which might relate to students’ negative attitudes towards and underdeveloped thinking
in science. Currently, there were limited studies that investigate the associations of Taiwa-
nese science teachers’ leadership, students’ attitudes towards science, and positive think-
ing. Therefore, we hypothesised that students’ perceptions of their science teachers’
leaderships styles might be intrinsic motivators that influence their attitudes towards
science and positive thinking.

Secondary schools worldwide involve a complex sociopolitical network of people,
things, and expectations responding to various sources of leadership, cultural values,
and tensions. Tu (2006) found that Taiwanese secondary school students facing pressure
at school or home reported the highest pressure was academic overload (30% of respon-
dents). Science classroom learning environments are assumed to involve a number of fea-
tures (school organisation, teachers, students, learning tasks, peers, time demands, etc.)
and to influence student performance and engagement (Fraser, 2015). Traditional exam-
ination-oriented approaches to science instruction can lead to boredom, frustration, and a
negative perception of science in Taiwanese school settings (Hong et al., 2012).

These results seemingly point out that the teaching approach and learning environment
of science might be problematic in Taiwan today. Eisenberg, Hofer, and Vaughan (2007)
asserted that positive thinking can (a) produce more favourable perceptions of negative
events and (b) actively produce individual well-being and growth. Fairman and Mackenzie
(2015) provided a new lens on the important relationships amongst informal collabor-
ation, trust, and collegiality in supporting teachers’ leadership and school improvement.
Chen, Wang, Lin, Lawrenz, and Hong (2014) indicated that positive attitudes towards
science are correlated with students’ positive commitment to science and might influence
their life-long interest and learning in science. The current study explored students’ aware-
ness of their science teachers’ leadership and how it relates to their attitudes towards
science and to their positive thinking.

Leadership theory

Considerations of characteristics of transformational, charismatic, and visionary leader-
ship have received considerable theoretical and empirical work over the last three
decades (Antonakis, Avolio, & Sivasubramaniam, 2003; Bass & Avolio, 1995; Bryman,
1999; Tejeda, Scandura, & Pillai, 2001). Bass and Avolio (1995) asserted that the multifac-
tor leadership theory, which includes transformational, transactional, and laissez-faire
approaches, is an essential framework. Koh, Steers, and Terborg (1995) suggested that
transformational leaders frequently raise the perceived importance and value of
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designated follower outcomes. Furthermore, they asserted that transformational leaders
usually display behaviours associated with four characteristics: (a) idealised influence—a
leader who is a role model for followers and encourages them to share common visions
and goals by providing a clear vision and a strong sense of purpose; (b) inspirational
motivation—a leader who motivates and encourages followers to reach desired goals
and do meaningful and challenging works; (c) intellectual stimulation—a leader who chal-
lenges followers’ ideas and values for solving problems; and (d) individual consideration—
a leader who is typically willing to delegate projects in order to stimulate and create learn-
ing experiences, and willing to spend more time teaching and coaching followers with
respect as unique individuals.

Koh et al. (1995) examined the transformational leadership in 89 schools in Singapore
and found an indirect effect on student academic achievement. Transactional leaders, in
contrast to transformational leaders, tend to focus on the short-term physical and security
needs of their followers (Bass & Avolio, 1993; Koh et al., 1995) and are often seen as reac-
tive rather than proactive (Bass, 1985). Bass (1985) suggested that transactional leadership
is composed of three components:

. Contingent reward leader refers to behaviours that reinforce followers for task accom-
plishment and meeting a task goal, where rewards are provided in exchange for com-
pliance with the leader’s demands.

. Management-by-exception (passive) leader refers to a group that does not meet the
standards.

. Management-by-exception (active) leader refers to active monitors who make mistakes.

Furthermore, the laissez-faire leader exhibits leadership that avoids clarifying expec-
tations, does not address conflicts, and avoids making a decision.

Empirical research addressing followers’ reactions to different leadership types found
that their motivation, satisfaction, and performance for laissez-faire leadership were sig-
nificantly different from that for transformation and transactional leaderships (e.g. Bass
& Avolio, 1990; Hater & Bass, 1988). Therefore, Bass and Avolio (1993) conceptualised
leadership within behavioural domains as non-leadership (i.e. laissez-faire), leadership
based upon rewards and punishment (i.e. transactional), and leadership based upon attrib-
uted and behavioural charisma (i.e. transformational).

Teachers’ learning leadership and students’ learning outcomes

Historically, students’ perceptions of their teachers and experiences with their teachers
served as intrinsic motivation for their learning. Students who perceived of their teachers
as authentic disciplinary representatives (perception that their music and art teachers were
practising musicians and artists, physical education teachers were performing athletes,
etc.) were intrinsically motivated to engage in the learning experiences and achieve the
outcomes (Czikszentmihalyi, 1982, 2014). Recently, leadership theory has been applied
to teachers because they are expected to be learning leaders who plan, enact, and facilitate
optimal and pleasurable opportunities that meet students’ learning needs and achieve
desired learning outcomes. Empirical studies have explored teachers’ leadership
approaches and their relation to student performance (e.g. Angelle & Schmid, 2007;
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Fairman & Mackenzie, 2015; Harris & Muijs, 2004; Lambert, 2003; Silva, Gimbert, &
Nolan, 2000; York-Barr & Duke, 2004). Silva et al. (2000) described the development of
teacher leadership as coming in three waves: teacher leaders took on managerial roles;
teacher leaders used instructional expertise in tasks, such as curriculum development or
coordination of improvement efforts; and teachers’ leadership was applied to emerging
learning environments. The last wave of leadership studies was based on the suggestion
that leadership is an emerging organisation quality, which was seen everywhere (Ogawa
& Bossert, 1995). York-Barr and Duke (2004) reviewed 140 studies of teacher leadership
and provided a model that depicted the characteristics and supporting conditions of
teacher leaders; they successfully clarified how the teachers lead through relationships
of improving students’ learning outcomes. In the current study, we considered what
types of leadership approaches utilised by science teachers might relate and predict
their students’ attitudes towards science and positive thinking.

Gender differences in attitudes towards science

Osborne, Simon, and Collins (2003) suggested that attitudes are the feelings, beliefs, and
values held about an object, which in terms of science may include enthusiasm about
science, perceptions of school science, and contributions of science to society or of scien-
tists themselves. Thus, attitudes allow people to judge things related to science along
emotional dimensions, such as good or bad, harmful or beneficial, pleasant or unpleasant,
and important or unimportant. These evaluative judgements are always towards some-
thing (Crano & Prislin, 2006). Kind, Jones, and Barmby (2007) suggested that attitudes
towards science provide measures as a way of mapping students’ cognitive and emotional
opinions about various aspects of science. However, it was found that the more years that
students are involved in science learning, the more negative their attitudes towards science
becomes (Barmby, Kind, & Jones, 2008; George, 2006; Lloyd, Neilson, King, & Dyball,
2012; Hong et al., 2012). Furthermore, Hong et al. (2012) revealed that increases in nega-
tive attitudes may be brought about by children’s undesirable experiences in previous
science courses and their lack of positive perceptions. Lloyd et al. (2012) found that a
cause of students’ negative attitudes towards science was derived from the students’ per-
ception of science as a difficult or boring subject.

International studies completed in the last three decades have shown that male students
have significantly higher interest and attitudes towards science and different perceptions
of scientists and science careers than female students from elementary to secondary
schools (Jones, Howe, & Rua, 2000; Sullins, Hernandez, Fuller, & Tashiro, 1995). Further-
more, males and females reported having different science experiences both in and out of
school. Although more females than males enrol in post-secondary institutions and earn
higher grades in science and engineering courses, significantly more males than females
major in the natural sciences or engineering (National Science Board, 1998; National
Science Foundation, 1996).

Distinctions are commonly made between science at school, real science, and science in
society; each of which may be split into more detailed objects (e.g. science teachers, class-
room, and content) that again may be characterised with a range of attributes. Each of
these objects has attributes that may be judged along various emotions towards science.
Science teachers, for example, may be characterised by their way of teaching or of relating

4 Y. -Y. LU ET AL.



to students that the students think of as good or bad, pleasant or unpleasant, and interest-
ing or uninteresting (Kind et al., 2007). However, there have been only a few empirical
studies on the add-on effects of teachers’ leadership in explaining students’ motivation,
satisfaction, and academic performance (e.g. Bass, 1985; Bass & Avolio, 1990; Hater &
Bass, 1988; Koh et al., 1995). These studies found that teachers with transformational lea-
dership have indirect effects on student academic achievement, thereby confirming the
positive contributions of leadership in public schools.

Relationships amongst students’ attitudes towards science, positive thinking,
and teachers’ leadership

Positive psychology is a relatively new field of research that grew out of a need to rebalance
the focus of psychological studies from the negative attributes of human nature to more
positive aspects (Buck, Carr, & Robertson, 2008). Sasson (2010) claimed that positive
thinking was a disposition that opens the mind to thoughts, words, images, and behaviours
that are conducive to growth, expansion, and success. Seligman, Steen, Park, and Peterson
(2005) recommended positive psychology approaches that include three essential
domains: (a) the subjective level that considers a person who is full of well-being and satisfac-
tion in the past, flow (narrow band of enjoyable and important endeavours between anxiety
and boredom in the work-play space) and happiness in the present, and hope and optimism
into the future; (b) the individual level that considers a person who is full of love, courage,
aesthetic sensibility, perseverance, forgiveness, spirituality, high talent, and wisdom; and (c)
the institutional level that considers a person who is full of responsibility, altruistic, polite,
moderate, tolerant, and has a strong work ethic. Positive thinking can produce a more favour-
able view of a negative event, which actively produces personal growth. Adolescents are
encountering both psychological and physical problems due to reaching the period of
puberty (Hong, 2010); therefore, secondary school is a critical time and place to encourage
students to build more positive thinking, to develop positive dispositions towards learning
and others, and to learn essential workplace skills. How best to promote these goals is still
a matter for debate. Previous studies indicated that individual health-promoting efforts
should be addressed in a developmentally appropriate manner (Eisenberg et al., 2007).

Positive psychology has great promise for the field of education since many students
face classrooms that do not provide learning experiences focusing on their strengths,
their need for appropriate challenge, and the importance of developing initiative in the
youth. Teachers drawn to positions of leadership are potential influences on students’
positive thinking because they are viewed as achievement and learning oriented and as
willing to take risks and assume responsibility (Wilson, 1993; Yager & Lee, 1994).

York-Barr and Duke (2004) believed that teachers’ leadership could provide a pro-
ductive intrinsic motivation lens to explain student behaviour. They examined various
paths of teachers’ leadership that influence students’ learning, behaviours, and emotions.
Thus, in the current study, we designed a survey with follow-up interviews to examine the
relationship of teachers’ leadership and students’ attitudes towards science and their posi-
tive thinking models. This study’s research questions (RQ) were as follows:

1. Are there any differences between male and female students on their attitudes towards
science, positive thinking, and awareness of teachers’ leadership?
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2. Do any relationships exist amongst students’ attitudes towards science, positive think-
ing, and awareness of their science teachers’ leadership?

3. How might students’ awareness of their science teachers’ leadership be predictive of
their attitudes towards science and positive thinking?

Methods

This mixed-method design involved a survey with follow-up interviews to provide data
that could be interpreted by quantitative and qualitative means. High school students’ atti-
tudes and perceptions were analysed using statistical methods; the interview responses
were interpreted using appropriate qualitative approaches.

Participants and setting

A total of 350 senior high school students were randomly selected from two typical urban
senior high schools in southern Taiwan (Kaohsiung) to participate in the study during the
spring of 2015–2016. These schools, like Taiwan generally, have a history of high partici-
pation and performance in science, and many of their graduates are accepted into some of
the highest ranked Taiwanese and international universities. These schools have approxi-
mately 15 teachers involved with Grade 9–12 science courses. The faculties at these schools
are rather stable, with little annual turnover or new teachers. The students come from
diverse socio-economic status families and have similar psychological and physical edu-
cational environments. Informed consent for teachers, parents, and students to participate
in the study (a survey and a potential interview), which was approved by the university’s
research ethics committee, explained the purpose of the study and that all participants
could withdraw at any time without negative effects; completing the questionnaire and
its responses were anonymous, the data were confidential, and the results were not to
be compared or identified personally. A random subsample of 10 students (5 males and
5 females) was recruited to be interviewed after they completed the survey.

The authors personally conducted the survey, so the response rate was very high
(100%). After checking incomplete data on each questionnaire, we identified a total of
330 valid surveys (147 males and 183 females, 124 Grade 10 and 206 Grade 11 students).
The students’mean ages were 16.68 years (SD = 0.47) for the males and 16.65 years (SD =
0.48) for the females. The male students’ mean performance percentage in their current
science course was 66% (SD = 10.95); the female students’ mean performance percentage
was 65% (SD = 9.12). The t-test comparisons of male and female participants’ ages and
mean percentage scores in science revealed non-significant (p > 0.05) gender differences.

Development and validation of instruments

The high school science questionnaire (HSSQ), a 78-item survey, was developed to docu-
ment students’ perceptions and attitudes about their teachers, the discipline, and positive
thinking. The HSSQ includes four sections: demographic items, Science Teachers’ Leader-
ship Scale (STLS), Attitudes towards Science Scale (ATSS), and Positive Thinking Scale
(PTS).
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Students’ demographic information
The first section of the HSSQ elicited all respondent demographics (i.e. gender, age, and
average percentage score in the current science course).

Science teachers’ leadership scale
The 21-item Chinese version of the STLS has been well validated through a cross-cultural
translation process from the original English version of the Multifactor Leadership Ques-
tionnaire (MLQ) Form 6S (Bass & Avolio, 1995). All participants are asked to rate each
item using a 4-point Likert scale (4 = strongly agree… 1 = strongly disagree), where a
higher total score indicates more positive awareness towards science teachers’ leadership.
The total STLS score ranged from 21 to 84, with an internal consistency of .89. Appendix 1
provides descriptive statistics on all items. An exploratory factor analysis (EFA) was con-
ducted to examine the structural validity of the subscales. A Kaiser-Meyer-Olkin (KMO)
and Bartlett’s test of sphericity revealed a high KMO (.91) and significant differences for all
items (approximate χ2 = 2332.68, p < 0.001) (Tabachnick & Fidell, 2001). The EFA
revealed that the final version contained seven factors, which together accounted for
66% of the variance.

The first subscale, idealised influence, included 3 items, with an internal consistency of
.88 and a total score range of 3–12, and accounted for 18% of the variance; a sample item is
My science teacher is my learning model. The second subscale, inspirational motivation,
included 3 items, with an internal consistency of .83 and a total score range of 3–12,
and accounted for 16% of the variance; a sample item is My science teacher is passionate
in teaching science. The third subscale, intellectual stimulation, included 3 items, with an
internal consistency of .91 and a total score range of 3–12, and accounted for 8% of the
variance; a sample item is My science teacher asks students questions very often. The
fourth subscale, individual consideration, included 3 items, with an internal consistency
of .91 and a total score range of 3–12, and accounted for 7% of the variance; a sample
item is My science teacher is concerned for each student’s needs. The fifth subscale, contin-
gent reward, included 3 items, with an internal consistency of .80 and a total score range of
3–12, and accounted for 6% of the variance; a sample item is If I complete assignments, I
can obtain praises from my science teacher. The sixth subscale, management-by-exception,
included 3 items, with an internal consistency of .81 and a total score range of 3–12, and
accounted for 6% of the variance; a sample item is My science teacher points out my mis-
conceptions in science. The seventh subscale, laissez-faire leadership, included 3 items, with
an internal consistency of .74 and a total score range of 3–12, and accounted for 5% of the
variance; a sample item is My science teacher never sets his/her teaching plan ahead of the
start of class. These results indicated that the STLS has appropriate validity and reliability.

Attitudes towards science scale
The 26-item Chinese version of the ATSS was adapted from the 45-item Attitudes towards
Science Measures Scale (Kind et al., 2007) with six subscales (i.e. learning science in school,
self-concept in science, practical work in school, science outside school, future partici-
pation in science, and importance of science). Preparing the ATSS involved selecting
items, translating the instrument to Chinese, and back-translating to English to validate
the translated version (Brislin, 1986). Any discrepancies were discussed and resolved
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through translation by another science educator. This iterative process was repeated until
no error in translation was found (Chen et al., 2014).

Participants were asked to rate each ATSS item using a 4-point Likert scale (4 = strongly
agree… 1 = strongly disagree). A panel of science educators examined these items to
explore construct validity. An EFA to explore structural validity was conducted; results
revealed five factors, which, when taken together, accounted for 64% of the variance.
Appendix 2 presents means, standard deviations, correlations, factor loadings, and Cron-
bach’s α results on the 26 items. It can be seen that all items fit within the three indices
recommended by Cohen (1988; i.e. standard deviation higher than 0.60, factor loading
bigger than 0.40, and correlation with total score greater than 0.25). The total ATSS
scores ranged from 26 to 104, with a high internal consistency of .95; and the internal con-
sistencies of the five subscales (i.e. learning science in school, self-concept in science,
future participation in science, science outside of school, and importance of science)
were .86, .82, .87, .78, and .76, respectively. These results indicate that the ATSS has ade-
quate construct/structural validity and reliability.

Positive thinking scale
A Chinese version of the PTS with a 4-point Likert-type scale (1 = strongly disagree…
4 = strongly agree) was derived from Hong et al.’s (2012) PTS. The original version of the
PTS included four factors, which taken together accounted for 60% of the variance. The
PTS for the current study involved 28 items randomly selected from the original PTS
items. The data from the modified PTS used with senior high school students indicated
the total score ranged from 28 to 112 and had an internal consistency of .96. A higher
total score indicates more positive thinking. An EFA of this data set to explore its structural
validity revealed the anticipated four subscales, which, when taken together, accounted for
54% of the variance. The first subscale, self-confidence, included 8 items, with a total score
range of 8–40 and an internal consistency of .86; a sample item is I will do my best to com-
plete the work. The second subscale, self-satisfaction, included 8 items with a total score
range of 8–40 and an internal consistency of .89; a sample item is I feel that my life is
full of fun. The third subscale, optimism, included 6 items, with a total score range of
6–30 and an internal consistency of .83; a sample item is I think the future is very
hopeful. The fourth subscale, appreciation, included 6 items, with a total score range of
6–30 and an internal consistency of .80; a sample item is I appreciate the advantages of
others. It can be seen that all items fit within the three indices recommended by Cohen
(1988) and detailed earlier. Appendix 3 presents means, standard deviations, correlations,
factor loadings, and Cronbach’s α results on the 28 items. These results indicate that the
PTS has an adequate construct validity and internal reliability.

Interview protocols
A semi-structured interview protocol was developed to further elicit information for
deeper insights into survey responses from 10 students. Three interview questions and
potential follow-up questions for each question, which were based on the students’ pre-
liminary data analyses of the 330 participants’ awareness of science teachers’ leadership,
positive thinking, and their attitudes towards science, were used to probe and clarify
survey question responses. The interview questions were: (1) Please describe your
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science teacher’s leadership and teaching strategies in your science class? (2) Did you find
any relationships between your thinking style and attitude towards science? (3) Did you
find any relationships between your science teacher’s leadership and your attitude
towards science and thinking style? These respondents were individually interviewed for
about 20–30 minutes by the first author. All interviews were video-taped and transcribed
into searchable text files.

Data analysis

The mixed data sources required the use of both quantitative and qualitative interpretation
methods to address the research questions. First, we performed EFAs and internal consistency
to examine the instruments’ and subscales’ reliabilities and construct/structural validities
reported earlier. Second, students’ responses to all scales and subscales were analysed using
independent t-tests, Pearson correlations, and structural equation modelling (SEM) to
compare differences and document relationships amongst students’ attitudes towards
science, positive thinking, and awareness towards their teachers’ leadership. Finally, a
theme analysis (Patton, 2002) was conducted to analyse the students’ interview results.

Results

This section is organised by the specific issue in each research question to illustrate
the logical development of the study. Quantitative results are reported for the research
question followed by the qualitative assertions to provide insights into the numerical
outcomes.

Male and female students’ attitudes towards science, positive thinking, and
awareness of teachers’ leadership

Quantitative results
Table 1 summarises the descriptive statistics and t-tests for leadership, attitudes, and positive
thinking. These results revealed that the males reported significantly (p < 0.05)
higher perceptions than the females on four of the seven subscales of awareness of science
teachers’ leadership: idealised influence, inspirational motivation, intellectual stimulation,
and individual consideration. Furthermore, the males’ mean scores of attitudes towards
science were significantly (p < 0.05) higher than those of the females on all subscales.
However, the results on positive thinking were mixed, with the males significantly (p <
0.05) outperforming the females on the optimism subscale and the females significantly
(p < 0.05) outperforming the males on the self-satisfaction subscale. Non-significant differ-
ences favouring the females were found for the other two PTS subscales.

Qualitative results
The following assertions (boldface) and student responses (italics) revealed the intervie-
wees’ awareness of their science teachers’ leadership, attitudes towards science, and
their positive thinking perspective. The interview responses to the question below indi-
cated that the males have positive awareness of their science teachers’ leadership and
more positive thinking and attitudes towards science than the females.
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Interviewer (I): Please describe your science teachers’ leadership and teaching strat-
egies in your science class.

Wang (male [M]): My physics teacher is a humorous instructor; he used life-oriented and
hands-on teaching strategies, which help students learning more practi-
cal knowledge, not only focus on the textbooks. Moreover, my teacher is
responsible to the students, especially for the male students.…However,
I find that he asks the boys questions more often than the girls.

Lin (female [F]): My physics teacher pays more attention to the male students, so I always
can’t keep up with his steps during the class. Frankly speaking, I am
really frustrated about learning physics in physics class.

Li (M): My physics teacher always encourages me to think positively. Although I
have a lot of pressure on schoolwork, I still face difficulties optimistically
and accept the challenges courageously.

Relationships amongst students’ awareness of science teachers’ leadership,
attitudes towards science and their positive thinking

Quantitative results
Table 2 demonstrates the results of the Pearson correlations that indicated the optimism
subscale of positive thinking is highly and positively associated with four subscales of atti-
tudes towards science: future participation in science (r = .91), learning science in school
(r = .85), self-concept in science (r = .83), and science outside of school (r = .79). Further-
more, several other subscales of the STLS, ATSS, and PTS are significantly correlated.
These results suggest that there may be meaningful associations amongst the constructs
measured by these instruments.

Table 1. Results of t-tests of students’ awareness of science teachers’ leadership, attitudes towards
science, and positive thinking by gender.

Variable/subscale

Male (n = 147) Female (n = 183)

t P dM SD M SD

Science teachers’ leadership
Idealised influence 8.28 1.46 7.87 1.41 2.59 .010 .28
Inspirational motivation 8.11 1.59 7.74 1.57 2.09 .037 .23
Intellectual stimulation 7.98 1.75 7.51 1.64 2.52 .012 .28
Individual consideration 7.99 1.67 7.45 1.57 3.01 .003 .33
Contingent reward 8.37 1.16 8.19 1.17 1.46 .146 .15
Management-by-exception 8.52 1.19 8.35 1.35 1.23 .220 .13
Laissez-faire leadership 8.09 1.31 7.85 1.23 1.69 .092 .19

Attitudes towards science
Learning science in school 22.12 3.90 18.78 4.36 7.27 ≤.001 .81
Self-concept in science 15.39 3.29 12.51 2.95 8.39 ≤.001 .92
Future participation in science 13.49 2.83 10.89 3.01 8.02 ≤.001 .89
Science outside of school 11.12 2.27 9.76 2.43 5.18 ≤.001 .58
Importance of science 9.07 1.59 8.56 1.99 2.60 .010 .28
Total 71.19 11.85 60.50 12.30 7.99 ≤.001 .89

Positive thinking
Self-confidence 25.00 2.88 25.66 3.32 −1.93 .054 .21
Self-satisfaction 24.31 3.67 25.60 3.92 −3.06 .002 .34
Optimism 16.00 3.08 13.44 3.00 7.63 ≤.001 .84
Appreciation 17.56 2.87 17.79 2.78 −.71 .478 .08
Total 82.87 10.17 82.49 9.64 .36 .717 .04

Notes: Effect sizes (ES): small ES of d = 0.2; medium ES of d = 0.5; large ES of d = 0.8.
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Table 2. Relationships of students’ awareness of science teachers’ leadership, attitudes towards science, and positive thinking.
STL1 STL2 STL3 STL4 STL5 STL6 STL7 ATS1 ATS2 ATS3 ATS4 ATS5 PT1 PT2 PT3 PT4

STL1 1.00
STL2 .67** 1.00
STL3 .58** .68** 1.00
STL4 .53** .72** .69** 1.00
STL5 .43** .51** .55** .66** 1.00
STL6 .40** .51** .48** .59** .48** 1.00
STL7 .41** .41** .26** .36** .31** .33** 1.00
ATS1 .53** .38** .40** .31** .21** .23** .31** 1.00
ATS2 .46** .32** .36** .30** .25** .16** .28** .79** 1.00
ATS3 .33** .18** .22** .17** .07 .12* .18** .77** .73** 1.00
ATS4 .42** .20** .23** .14* .03 .16** .19** .73** .60** .75** 1.00
ATS5 .35** .12* .15** .02 .06 .15** .15** .50** .35** .47** .51** 1.00
PT1 .14* .07 .08 .06 .01 .21** .19** .15** .09 .13* .22** .23** 1.00
PT2 .13* .15** .06 .14** .09 .23** .17** .04 .06 .01 .10 .08 .70** 1.00
PT3 .43** .25** .30** .23** .14* .18** .23** .85** .83** .91** .79** .48** .16** .06 1.00
PT4 .15** .14** .11* .15** .13* .23** .20** .13* .18** .08 .14* .06 .74** .77** .13* 1.00

Notes: * < .05; ** < .01; STL1 = idealised influence; STL2 = inspirational motivation; STL3 = intellectual stimulation; STL4 = individual consideration; STL5 = contingent reward; STL6 = management-
by-exception; STL7 = laissez-faire leadership; ATS1 = learning science in school; ATS2 = self-concept in science; ATS3 = future participation in science; ATS4 = science outside of school;
ATS5 = importance of science; PT1 = self-confidence; PT2 = self-satisfaction; PT3 = optimism; PT4= appreciation.
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Qualitative results
The interview responses to the question below indicated that students who demonstrated
optimistic thinking appeared to have high interest in participating in science activities/
experiments, had high scientific self-concept/self-efficacy, and were willing to pursue
science majors in college/university.

I: Did you find any relationship between your thinking style and attitudes toward
science?

Lin (M): I like to learn challenging things since I was an elementary school child. I was full of
curiosity toward science. I always think positively and try to find out solutions
while meeting troubles. I prefer to read scientific books and visit science
museums after school. My dream is to be an inventor and invent a lot of interesting
and useful stuff, which can make our life more convenient.

Hu (M): I’m looking forward to experimental-oriented courses very much, because I think
hands-on experiments is full of fun. While I fail to do the experiments occasionally,
I am still enthusiastic about the experiments. Every time I do experiments success-
fully, I can find interesting scientific theory from the experiments, which makes me
feel a sense of accomplishment.

Hsu (F): Although chemistry is very difficult, I still take a lot of time to understand these
complex formulas and theories. When encountering problems, I would like to
ask teacher and my classmates modestly. I believe that if I study hard, I will get
good grade in exams.

Prediction of students’ attitudes towards science and positive thinking

Quantitative results
The SEM of the students’ attitudes towards science, positive thinking, and their awareness
of their science teachers’ leadership produced a model with significant path coefficients
(Figure 1). All of the standardised coefficients indicated significant relationships. The
goodness-of-fit index (GFI = 1.00, which is >.90), the comparative fit index (CFI = 1.00,
which is > .90), the standardised root mean square residual (SRMR = .01, which is <
.08), and the root mean square error of approximation (RMSEA = .07, which is < .08)
support the quality of the model for the data from the participating students (Bagozzi
& Yi, 1988; Browne & Cudeck, 1993; Hu & Bentler, 1999).

Moreover, the SEM results indicated that teachers’ leadership with idealised influence
was the most predictive of students’ attitudes towards science (β = .37), while leadership
with intellectual stimulation was also predictive of students’ attitudes towards science
(β = .21). Furthermore, the leadership with laissez-faire was significantly predictive of stu-
dents’ positive thinking (β = .21).

Qualitative results
The students’ awareness of their science teachers’ leadership, attitudes towards science,
and positive thinking indicated in their interview responses were supportive of the SEM
results. Teachers’ personal and interpersonal attributes appear to be important influ-
ences on students’ affective dispositions towards and positive outlooks on science.

I: Did you find any relationships between your science teachers’ leadership and
your attitudes toward science and thinking style?

Chen (M): My physics teacher is very cute and funny, so I’m looking forward to attending
his class. He always explains difficult theoretical concepts in a funny way, and he
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combines textbook knowledge with life experience. I feel that his teaching uses
practical and life-oriented strategies.

Wang (F): I was a low achiever in biology in junior high school, so I dislike biology very
much. Fortunately, I met a great biology teacher in this course. She is knowledge-
able in biology; she teaches us with a lovely and life-orientated teaching strategy;
I always was encouraged by my biology teacher. Now, I really like science
(biology), and I am a teaching assistant in biology class.

Hsu (F): My physics teacher treats students kindly; actually, he provides a kind of free
learning environment for his students; therefore, all the students in his class
are very joyous, and there is no pressure in his class.

Discussion

We found that the males’mean scores for the attitudes towards science subscales were sig-
nificantly higher than the females’ mean score. These findings were consistent with pre-
vious studies reporting gender differences favouring males over females. Part of the
reason might come from a stern perspective that still exists within secondary school lear-
ners (Hong, McCarthy Veach, & Lawrenz, 2003) and from gender stereotyping that may

Figure 1. Path analysis models between students’ attitudes towards science, positive thinking, and
their awareness of science teachers’ leadership.
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decrease females’ achievement motivation and encourage them to set lower school aspira-
tions (Eagly, 1995). International studies completed in the last three decades have shown
that male students have significantly higher interest and attitudes towards science and
more positive perceptions of scientists and science careers, especially in the physical
and mathematical sciences, than female students from elementary to secondary school
ages (Jones et al., 2000; Sullins et al., 1995). Moreover, large effect sizes for gender differ-
ences on students’ attitudes towards science in Taiwan might relate to insufficient encour-
agement, low focused interactions with the females, and lack of role models in science
classrooms, which might hinder young female students’ identity with and decrease their
interest and self-confidence in Science-Technology-Engineering-Mathematics (STEM)
careers (Wan’s and Lin’s interview results). Students’ images of scientists play a special
role in promoting their interest in learning science, attitudes towards science, and engage-
ment in science-related careers in the future (Osborne et al., 2003). Czikszentmihalyi
(1982, 2014) promoted the idea of ‘flow’ as a factor related to students’ intrinsic motiv-
ation. This study found that more male than female students viewed their science teachers
as the ‘real deal’ or authentic examples of the discipline in action, not just transfers knowl-
edge to the learners. These positive perceptions appear to provide intrinsic motivation to
enhance the male students’ learning attitudes and thinking to be more positive and opti-
mistic than the female counterparts. It has been found that males are encouraged to select
science-related subjects and majors, while females are encouraged to select social and
human liberal arts majors by parents, school teachers, and students themselves in
Taiwan (Hong et al., 2003). Females seem to have insufficient self-confidence and self-effi-
cacy necessary to risk experiencing challenges in science-related future careers (OECD,
2007). Furthermore, females who have difficulty understanding science ideas appear to
be ignored by their science teachers (Lin’s interview result).

The current study found that the females’ mean score on the self-satisfaction subscale
was significantly higher than the males’. This might relate to gender stereotypic thinking
and lower academic expectations and future career aspirations than their male counter-
parts (Hong et al., 2003). Hu’s interview results suggested that he was more enthusiastic
about the experiments than his female counterparts.

Previous studies demonstrated that people regard self-worth as one of the most impor-
tant needs for life satisfaction (Sheldon, Elliot, Kim, & Kasser, 2001). Students with high
self-worth were more likely to be academically successful (Marsh, 1990), had more favour-
able attitudes towards school, displayed more positive classroom behaviour, and were
more popular with other students (Cauley & Tyler, 1989). These findings were consistent
from interview results, which suggested that science teachers pay more attention to male
students, especially in physics class (Wang’s and Li’s interview results). In addition,
Taiwan’s culture is highly influenced by the Confucian Heritage Culture, which cultivates
and encourages males working harder on their academic studies to reflect positively on
their families. Within such male-dominant society, most of the school teachers, parents,
and students themselves prefer to focus on academic performances than other subjects
(Hong, Lin, & McCarthy Veach, 2008). Generally, male students performed better in aca-
demic domains (especially science) than their female counterparts in Taiwan, thereby the
success results in more optimistic attitudes to learn and face challenges. According to the
Programme for International Student Assessment 2012 (OECD, 2013), significant risk
factors of low performance of 15-year-old students relate to low attitudes in learning
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behaviours, low expectations, unsupportive teachers, and low teacher morale. This study
seemly contributed empirical evidence to address these risks of low performances in learn-
ing science and mathematics. For example, we found that male students’ awareness of
their science teachers’ leadership was significantly higher on the idealised influence,
inspirational motivation, intellectual stimulation, and individual consideration subscales
than female students’. These findings might indicate that male students have higher
awareness of obtaining more encouragement, positive stimulation, and individual con-
sideration from their teachers during science class, while female students were aware
that their science teachers pay less attention to and have less concern for their learning
in science. Previous studies indicated that male teachers have been found to interact
two-thirds of the time with male students and only one-third of the time with female stu-
dents in school science classes (Bellamy, 1994). Therefore, the unbalanced gender ratios of
science teachers and science students (recent statistics indicate that ∼66% of science tea-
chers are male in Taiwan) may have led to gender differences in science learning. Fairman
and Mackenzie (2015) provided a new lens on the important relationships of informal col-
laboration, trust, and collegiality in supporting teachers’ leadership development and
school improvement. Our model (Figure 1) of teachers’ leadership approaches, students’
learning attitudes, and students’ positive thinking appears to support their hypothesis. The
most significant predictor of students’ attitudes towards science is students’ awareness of
science teachers with an idealised influence approach; the second significant predictor of
students’ attitudes towards science is science teachers with intellectual stimulus; and the
third significant predictor of students’ positive thinking is science teachers with a
laissez-faire leadership approach. Furthermore, we found that these optimistic students
have the highest significant relationship to their future participation in science, learning
science in school, and self-concept in school (Lin’s interview result). This study provides
evidence that science teachers focused on practising idealised influence, intellectual stimu-
lation, and laissez-faire leadership approaches seemingly benefit their students’ attitudes
towards science and positive thinking. We suggest that senior high school science teachers
place more emphasis on fostering students’ positive thinking, especially for the female stu-
dents on promoting their optimism, which seemingly increases students’ positive attitudes
towards science and positive thinking.

Conclusion and suggestions

This paper contributes to the literature by illustrating how a science teachers’ leadership
model predicts students’ attitudes towards science and positive thinking. Collectively
the mixed-methods (t-tests, interviews, and SEM) results suggest interesting potential
cause–effects relationships within the intrinsic motivation and science achievement/per-
formance framework, but the directionality of the relationships is uncertain—awareness
causes performance or performance causes awareness. The males’ positive perceptions
of learning leadership and science could be natural outcomes for (1) students who were
valued and engaged by their science teachers in relevant practical tasks, or (2) the percep-
tions could be the results of successful students who enjoy and identify with science and
thereby view their teachers and instruction in positive terms. This effect could result from
science teachers who are learning leaders who seek to engage and encourage their students
in and with optimal experiences—relevant skilful challenges within the narrow band of
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enjoyable and important activities between anxiety and boredom in the work-play space
(Czikszentmihalyi, 1982, 2014).

However, the results for positive thinking were mixed with the females outperforming
the males on three subscales (self-confidence, appreciation, and self-satisfaction), while the
males outperformed on the optimism subscale. The males’ higher optimism could again be
an expected outcome of the supportive, engaging, and enjoyable science classroom
environments reported in the interviews. The reasons for the females’ self-confidence,
appreciation, and self-satisfaction are much less obvious in the male-oriented classrooms
reported for Taiwan. The females may be assuming survival-coping approaches in the
unsupportive climate and pressure by setting lower personal, achievement, and identity
expectations that they can easily achieve without considering the limitations placed on
their future STEM career choices.

The average SEM path strengths between learning leadership and positive thinking
(∼.09) illustrate that these potential relationships are weaker than the average relation-
ships (∼.16) between learning leadership and attitudes towards science. The correlation
results indicate that optimism could be the positive psychology linchpin amongst learning
leadership, positive thinking, and attitudes towards science, with strong associations
with four attitudes towards science subscales (r = .79–.91) and moderate associations
(p = .18–.43) with learning leadership modes, while a similar association for self-confi-
dence, self-satisfaction, and appreciation is much less convincing (all p < .23). The inter-
views indicated that these high school students’ current attitudes and positive thinking
could well be persistent and may have been initiated in elementary school and inquiry-
oriented laboratory experiences and extended into informal learning environment
choices and future career aspirations.

The SEM results indicate insights into instructional effects—idealised influence and intel-
lectual stimulation were highly predictive of students’ attitudes towards science, while
laissez-faire leadership was predictive of students’ positive thinking. The interview responses
suggested that teachers who were knowledgeable, provided a safe and supportive environ-
ment, encouraged and respected their students, and used life-oriented and enjoyable strat-
egies in student-oriented approach had a lasting impact on students. These results suggest
that effective science instruction and pedagogical content knowledge may be as much about
intrinsic motivation as much as about science content and pedagogical strategies.

Leadership model is a relatively new concept in science education; therefore,
empirical testing of these ideas has been limited. Future research is needed to address
the limitations in the present study. This study used data from senior high school students
that may not be representative of the relationships amongst older or younger populations.
Therefore, studies should be conducted with different groups of elementary to post-se-
condary science students to determine if the relationships found with these high school
participants apply across a broad age-span. Furthermore, since perceived science teachers
with idealised influence were the most predictive of students’ attitudes towards science,
and those with laissez-fair influence leadership were significantly predictive of students’
positive thinking, then future studies should focus on the effects of these teacher leadership
attributes. In addition, future studies should investigate or explore the effects of teachers’
learning leadership within different instructional interventions on promoting students’ atti-
tudes towards science and positive thinking, which might enhance the understanding of the
relationships amongst these variables and elaborate the explanatory model.
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The HSSQ had reasonable reliability and validity, indicating that it can be used effec-
tively to (a) document senior high school students’ attitudes towards science, positive
thinking, and awareness of their science teachers’ leadership and (b) explore the relation-
ships amongst these ideas. We believe that science teachers’ leadership, especially idealised
influence, intellectual stimulation, and individual consideration, plays an important role in
teaching and provides insights into needed professional development of science teachers. In
addition to science expertise, science teachers should provide multiple teaching approaches,
support students’ reflective and creative thinking abilities, address individual needs of stu-
dents with empathy, and listen to students’ ideas. These leadership traits not only enhance
students’ attitudes towards science learning, but also cultivate students’ positive thinking.
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Appendix 1. Means, standard deviations, and factor loadings of STLS items

Variable/subscale M SD
Correlation

with total score

Factor loadings

1 2 3 4 5 6 7
Idealised influence (3 items/Cronbach’s α = .88)
1. I respect my science teacher
very much.

2.64 .70 .44 .73 .04 .22 .19 .12 .01 .13

2. I really appreciate my science
teacher’s perspectives.

2.95 .61 .58 .71 .21 .07 .13 −.14 .01 −.01

3. My science teacher is my
learning model.

2.47 .70 .62 .65 .14 .27 .15 .11 .13 −.03

Inspirational motivation (3 items/Cronbach’s α = .83)
4. My science teacher always
inspires students to accomplish
higher academic goals.

2.68 .70 .59 .40 .71 −.02 −.02 −.05 .22 −.16

5. My science teacher
encourages students very often.

2.58 .72 .61 .36 .56 .06 .27 −.18 .06 −.09

6. My teacher is passionate in
teaching science.

2.64 .68 .60 .44 .56 −.03 .22 −.12 .13 −.05

Intellectual stimulation (3 items/Cronbach’s α = .91)
7. My science teacher asks
students questions very often.

2.62 .72 .54 .44 .30 .70 −.18 .34 .19 −.06

8. My science teacher always
produces innovative ideas in
class.

2.55 .71 .64 −.03 .14 .64 .23 .03 −.10 .11

9. My science teacher always
fosters students’ critical thinking
in class.

2.55 .71 .58 .32 .28 .58 −.01 .10 .12 .16

Individual consideration (3 items/Cronbach’s α = .91)

(Continued )
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Appendix 1. (Continued)

Variable/subscale M SD
Correlation

with total score

Factor loadings

1 2 3 4 5 6 7
10. My science teacher is always
concerned with each student’s
progress in learning science.

2.69 .66 .65 .39 .17 −.15 .73 .07 .18 .08

11. My science teacher is
concerned for each student’s
needs.

2.42 .72 .62 .32 .19 .17 .63 −.04 .01 −.18

12. My science teacher is really
concerned for students’
understandings on each unit of
science.

2.58 .68 .63 .23 .03 .24 .61 −.24 .24 .06

Contingent reward (3 items/Cronbach’s α = .80)
13. If I complete assignments, I
can obtain praise from my
science teacher.

2.58 .71 .58 .33 .54 −.10 .31 .73 −.34 −.09

14. If I gain an outstanding
grade, my science teacher will
reward me.

2.96 .49 .53 .09 .20 .12 .05 .73 −.08 −.08

15. If I present a great
performance, I can obtain praise
from my science teacher.

2.73 .64 .56 .21 .10 .07 .00 .53 .22 −.04

Management-by-exception (3 items/Cronbach’s α = .81)
16. My science teacher does a
great job on classroom
management.

2.82 .56 .42 .22 .06 .09 .14 .01 .76 .04

17. My science teacher points
out my misconceptions in
science.

2.98 .58 .43 .26 .48 .11 .04 .05 .74 −.16

18. My science teacher sets a
clear course requirement for
students to follow.

2.63 .66 .56 .31 .33 .25 .11 .25 .73 −.15

Laissez-faire (3 items/Cronbach’s α = .74)
19. My science teacher never
sets his/her teaching plan ahead
of class beginning.

2.12 .62 .79 −.10 −.02 .06 .19 .12 −.01 .79

20. My science teacher is never
concerned about students’
academic performance.

1.90 .64 .32 .18 .08 .08 .05 .13 −.02 .78

21. My science teacher never
teaches us how to learn the
subject of science.

2.14 .74 .38 −.02 .07 −.10 −.04 −.02 −.01 .54

Note: Bold numbers indicate factor loadings of each item on its own subscale.
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Appendix 2. Means, standard deviations, and factor loadings of ATSS
items

Variable/subscale M SD
Correlation with total

score

Factor loadings

1 2 3 4 5
Learning science in school (8 items/Cronbach’s α = .86)
1. I like science class very much. 2.38.81 .77 .79.14 .22 .16 .20
2. I am interested in scientific experiments. 2.45.84 .75 .78.20 .22 .14 .17
3. I learn a lot of knowledge in science class. 2.75.72 .69 .71.32 .22 .11 .21
4. In general, science class is very interesting. 2.44.78 .68 .70.31 .23 .16−.02
5. I look forward to science class. 2.32.77 .65 .69.11 .39 .26 .05
6. I like hands-on experiments. 2.85.81 .61 .65.00 .33 .31 .06
7. Science class can satisfy my curiosity. 2.50.77 .68 .61.40 .14 .02 .03
8. Learning science in school makes me feel happy. 2.58.76 .68 .52.06 .42 .32 .15

Self-concept in science (6 items/Cronbach’s α = .82)
9. I am satisfied with my scientific performance. 2.13.74 .46 .49 .81 .43−.01 .06
10. I am satisfied with my scientific accomplishments. 2.12.79 .50 .03 .80 .05−.01 .09
11. I am curious about science. 2.53.77 .74 .16 .75 .24 .09 .21
12. I like to read science books. 2.58.81 .74 .45 .58 .12 .19 .10
13. Science is one of my good subjects. 2.12.85 .73 .37 .57 .28 .01 .25
14. My scientific achievements have been in progress. 2.30.75 .60 .43 .55−.07 .16 .18

Future participation in science (5 items/Cronbach’s α = .87)
15. I will take the initiative to learn scientific knowledge. 2.39.75 .76 .43 .52 .79 .25 .23
16. I am excited about the scientific work. 2.45.77 .72 .30 .12 .76 .17 .04
17. It is very interesting to understand the new inventions by
science.

2.79.75 .71 .18 .02 .74 .24 .30

18. I hope that I can become a science professional in the future.2.28.84 .69 .49 .26 .73 .12 .12
19. I want to be a scientist in the future. 2.14.83 .62 .48 .28 .66 .19 .01

Science outside of school (4 items/Cronbach’s α = .78)
20. I would like to participate in different kinds of scientific
activities.

2.65.78 .73 .17 .46 .53 .71 .34

21. I like watching science television programmes 2.63.79 .66 .32 .42 .45 .64 .17
22. I often take the active to participate in the scientific club. 2.21.78 .65 .16 .06 .20 .61 .06
23. I like to visit science museums. 2.87.81 .50 .26 .10 .17 .55 .13

Importance of science (3 items/Cronbach’s α = .76)
24. Science has brought many benefits to mankind. 2.86.68 .42 .29 .31 .42 .47 .73
25. Science can make our life more convenient. 3.02.76 .50 .17 .20 .28 .10 .71
26. I think that science is very helpful in our life. 2.91.79 .56 .12 .30 .06 .12 .67

Note: Bold numbers indicate factor loadings of each item on its own subscale.

22 Y. -Y. LU ET AL.



Appendix 3. Means, standard deviations, and factor loadings of PTS items

Variable/subscale M SD
Correlation with total

score

Factor loadings

1 2 3 4
Self-confidence (8 items/Cronbach’s α = .86)
1. I like to learn different things. 3.15.54 .60 .70.21 .18 .03
2. I am looking forward to enjoying different kinds of life experiences.3.25.59 .56 .66.17 .17 .10
3. I will do my best to complete my life goals. 3.18.54 .65 .65.15 .46 .24
4. In spite of failure, I would never give up pursuing my ideals. 3.07.57 .61 .63.07 .25 .15
5. I have confidence in the future. 3.12.53 .50 .57.21 .17 .15
6. I believe I will make my dreams come true. 3.24.53 .58 .54.29−.02 .24
7. I will try my best to enjoy what I have experienced. 3.19.53 .57 .53.44 .28 .14
8. I will do my best to complete the work. 3.13.53 .43 .51.39 .27 .21

Self-satisfaction (8 items/Cronbach’s α = .89)
9. I love to share interesting things with my family. 3.21.68 .60 .48 .73 .41 .33
10. I like to share my emotions with friends. 3.02.67 .45 .39 .65 .32 .17
11. I am satisfied with my life. 3.09.63 .71 .15 .62 .34 .04
12. My life is very colourful. 3.04.68 .75 .40 .59−.04 .20
13. My life is full of laughter and joy. 3.13.60 .73 .29 .57 .33−.03
14. I enjoy my life. 3.16.60 .77 .10 .56 .20 .14
15. I feel that my life is full of fun. 3.04.63 .60 .27 .54 .22 .29
16. I like the people and things around me. 3.14.57 .71 .39 .50 .19 .33

Optimism (6 items/Cronbach’s α = .83)
17. When I am in trouble, I will confront it optimistically. 2.99.57 .53 .27 .50 .71 .17
18. I enjoy my life. 3.09.63 .71 .19 .50 .62 .20
19. I think the future is very hopeful. 2.91.68 .60 .21 .20 .59 .11
20. When I am confronted with failure, I always look on the bright side.2.85.73 .59 .23 .26 .52 .15
21. I am always positive and look on the bright side of things. 3.14.61 .74 .16 .31 .50 .27
22. Although life is full of ups and downs, I always confront the future
with optimism.

3.06.64 .74 .42 .31 .46 .14

Appreciation (6 items/Cronbach’s α = .80)
23. I am passionate about everything. 2.94.67 .74 .49 .27 .45 .76
24. I am satisfied with my performance. 2.76.71 .61 .46 .22 .41 .63
25. I like to praise others. 3.04.68 .51 .18 .43 .35 .60
26. I like myself. 2.84.74 .56 .29 .10 .22 .58
27. I appreciate the advantages of others. 3.12.53 .50 .20 .19 .26 .57
28. I appreciate the things around me. 2.94.63 .63 .18 .41 .17 .56

Note: Bold numbers indicate factor loadings of each item on its own subscale.
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