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Abstract

This study aimed to develop a valid and reliable instrument, the Mental Images of
Scientists Questionnaire (M1sQ), and use the instrument to examine Chinese students’
mental images of scientists’ characters across school levels, regions, living settings, and
gender. The final version of the M1sQ consisted of four constructs: scientists’ cognitive,
affective, lifestyle, and job characters. The results showed that senior high school stu-
dents gave higher scores for scientists’ cognitive character construct than junior high
and elementary school students did. Students from eastern regions, which have a more
highly developed economy, gave the highest scores on cognitive and affective charac-
ter constructs of scientists. Students from western regions, which have a less devel-
oped economy, had a relatively negative impression of scientists. Students’ images of
scientists’ affective, lifestyle, and job characters were positively correlated with their
interests in pursuing scientific careers. Future research to explore the relationships
between students’ mental images of scientists’ characters and students’ motivation to
pursue science-related careers or to engage in scientific practices are recommended.

Keywords

affective character — cognitive character — job character — lifestyle character — mental
images of scientists

1 Introduction

One major goal of science education is to advance students’ scientific literacy
and prepare students with the capacity to think, act, and practice like a scien-
tist (Chen, 2019; Pearson et al., 2010). Researchers and teachers in science edu-
cation have often conceptualized scientists as professionals, critical thinkers,
creative talents, and brilliant experts producing scientific knowledge (Hunter
et al., 2007). Several reform documents have established standards and goals
for students based on how scientists are conceived to work and develop sci-
entific knowledge of the natural world (e.g., NGss Lead States, 2013; OECD,
2019). Students are expected to act, think, and practice like a scientist (Hunter
et al., 2007). However, students’ images and perceptions of scientists may dif-
fer from real-life scientists. Scientists have often been stereotyped by students
as untidy, antisocial, mystical, and impersonal (Christidou et al., 2019; Scherz
& Oren, 2006).
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Students’ perceptions of scientists vary with their living experience, age,
country, culture, and information they obtain through social media (Bayri
et al., 2016; Jones et al., 2000; Ozel, 2012). Several studies have suggested that
images of scientists may influence how students view science, their epistemic
beliefs, identity, and attitudes toward science learning, the science, technology,
engineering, and math (STEM)-related careers they pursue, and their desire
to be scientifically literate citizens (Chang et al., 2020; DeWitt & Archer, 2015;
Finson, 2002; Schibeci, 1986; Schinske et al., 2015; She, 1998; Zeldin & Pajares,
2000). For example, Schneider (2010) found that undergraduate students are
more likely to pursue STEM-related careers if they have positive stereotyped
images of scientists (e.g., scientists are perceived as cooperative and work ori-
ented). Schinske et al. (2015) reported that students’ images of scientists were
significantly correlated to their attitudes about learning science and success in
science achievement, especially for women and students of color. Starr (2018)
found that female university students’ stereotypes about sTEM affected their
identity in STEM and motivation to pursue STEM careers. Several studies have
reported that students’ stereotyped images of scientists tended to be devel-
oped before early elementary school and thereafter become stable (e.g., Kang
et al., 2005; Narayan et al., 2013; Song & Kim, 1999). It is particularly important
for students to have positive perceptions of scientists, as they will likely influ-
ence educational and career decisions. Therefore, it is necessary to unpack
students’ images of scientists and how their images are related to their back-
grounds (e.g., gender, school level, and social economics status) and profes-
sional interests in science.

Most of the studies that have described students’ images of scientists
have utilized drawing as a tool for student expression (Chang et al., 2020). A
well-known technique called the Draw a Scientist Test (DAST) was originally
developed by Chambers in 1983. DAST is an open-ended projective test to mea-
sure how students conceptualize their images of scientists through drawing
technology tools. Over the last 3 decades, a number of studies have used it
to understand student images of scientists (e.g., Cakmakci et al., 2011; Finson,
2002; Karacam, 2016; Krajkovich & Smith, 1982). DAST asks students to draw
their images of scientists in detail and use concise vocabulary to describe
their drawing. Several researchers have reported that young students in
Grades 1—7 may not have the necessary skills to complete this task (Sumrall,
1995; Symington & Spurling, 1990). In addition, the data collected from pDAST
depict external images of scientists, such as hairstyles, clothes, skin color, and
gender. The internal or mental aspects of scientists, such as cognitive person-
ality and moral characters, cannot be captured by DAST. In response to this
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limitation in DAST, several researchers (Palmer, 1997; Barman, 1997; Ozel, 2012)
have suggested the use of interviews and surveys that are often less structured.
There is a need, therefore, for a valid and reliable instrument that is appropri-
ate to unpack students’ images of the internal aspects of scientists from ele-
mentary through high school. However, existing instruments for establishing
validity have been poorly executed. None of them have examined construct
validity, which is central to the concept of validity.

To fill this gap, this study aims at developing a valid and reliable question-
naire on the internal character of scientists. To test its validity and reliability,
this instrument was applied in China, which is a developing country with a
growing demand for STEM-related careers and has the world’s largest popu-
lation. To the best of our knowledge, the present study is the first to explore
Chinese students’ mental images of the internal character of scientists across
different school levels, regions, and living settings. Therefore, this first goal
of this study was to develop a valid and reliable questionnaire, the Mental
Image of Scientists Questionnaire (MI1SQ), to examine students’ images of
scientists. The second goal was to apply this instrument to unpack Chinese
students’ mental images of scientists across school levels (elementary, junior
high school, and senior high school), regions (east, northeast, west, and cen-
tral), living settings (urban, town, and rural), and gender. In this study, a liv-
ing setting is classified as urban when it has an area with a population size of
more than 50,000 inhabitants in contiguous dense grid cells with a density
of at least 1,500 inhabitants per km?, a town is an area with a population of
at least 5,000 inhabitants in contiguous grid cells with a density of at least
300 inhabitants per km?, and a rural living setting is an area with a popula-
tion size consisting mostly of low-density grid cells with a density of less than
300 inhabitants per km2. The third goal was to examine the impact of students’
images of scientists on students’ interest in science and their willingness to
pursue STEM-related careers.

2 Literature Review

2.1 Student Images of Scientists’ External Character

Studies on exploring students’ external images of scientists have established
substantial evidence about students’ perception of scientists. A seminal study
conducted by Mead and Metraux (1957) in the United States drew this conclu-
sion from the essays written by approximately 35,000 high school students:
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The scientist is a man who wears a white coat and works in a laboratory.
He is elderly or middle aged and wears glasses. He is small, sometimes
small and stout, or tall and thin. He may be bald. He may wear a beard,
may be unshaven and unkempt. He may be stooped and tired.

MEAD & METRAUX, 1957, pp. 126-127

Inspired by this work, Chambers (1983) used the DAST with 4,807 students from
kindergarten to fifth grade in Canada and the United States. Seven characters
were identified in the students’ drawings of scientists: (a) lab coat (usually
but not necessarily white), (b) eyeglasses, (c) facial growth of hair (including
beards, mustaches, and abnormally long sideburns), (d) symbols of research
(scientific instruments and laboratory equipment), (e) symbols of knowledge
(principally books and filing cabinets), (f) technology, and (g) relevant cap-
tions (e.g., formulae, taxonomic classifications, and the “eureka!” syndrome).
Miller et al. (2018) reviewed 78 studies that utilized the DAST technique that
had been conducted in the United States. Their results confirmed the character
of scientists found by Mead and Metraux (1957) and Chambers (1983), with
79% of students’ imaging scientists to be Caucasian, 78% perceiving a labora-
tory, 73% imaging scientists to be male, 50% seeing laboratory coats, and 38%
imagining eyeglasses or goggles.

Looking more closely, Miller et al’s (2018) review found an overall trend
across age. The tendency for students to draw scientists as male increased
with age, and at ages 7-8, at the elementary level, students began to draw sig-
nificantly more male than female scientists. High school students drew four
males to one female scientist. They suggested students developed stereotypic
images of scientists through school curricula and textbooks and social media.
Christidou et al. (2019) and Ozel (2012) also claimed that scientists in text-
books were predominantly characterized as male and that this may influence
the development of students’ stereotyped images of scientists. However, Miller
et al. (2018) also noted that from 1960—2013, student images of scientists as
female have increased, perhaps because the percentage of female scientists in
the United States rose from 28% to 49% in biology, 8% to 35% in chemistry,
and 3% to 1% in physics and astronomy. Textbooks have also included more
representations and stories of female scientists.

Recent comparative cultural research has suggested that students’ images of
scientists are influenced by cultural background. Koren and Bar (2009) explored
how Hebrew and Arab students in Israel drew their images of scientists. They
found that Hebrew students’ drawings were similar to the drawings by Western
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students that had been described in previous research. The images created by
Arab students had a strong ethnic trend, with classical Muslim elements and
attire. Farland-Smith (2009) compared how elementary American and Chinese
students drew their images of scientists, and found that American students
drew characters that were similar to those drawn by Chinese students. Chinese
students tended to draw robots or novel depictions while American students
tended to draw the use of chemicals. Recently, Narayan et al. (2013) compared
how students from China, India, South Korea, Turkey, and the United States
drew images of scientists. They found that 91.4% of Turkish students drew sci-
entists as Caucasian, compared to 20.3% of Chinese, 13.9% of Indian, 8.6% of
South Korean, and 61.7% of American students. Chinese students (21.4%) were
more likely to include technological elements in their drawings than Indian
(8.6%), South Korean (12.2%), Turkish (18.9%), or American (5%) students.
Their study echoed the finding of Farland-Smith (2009) that Chinese students
tended to consider engineering and technology as unified parts of science.

2.2 Student Images of Scientists’ Internal Characters

The focus of studies in this area has shifted from external to internal (mental)
images of scientists’ character (Marshall et al., 2007; Schinske et al., 2015; Wyer
et al., 2010). Song and Kim (1999) examined 1,137 11-, 13-, and 15-year-old stu-
dents in South Korea, finding that students’ attitudes toward science tended
to be influenced more by how they viewed scientists’ personality and internal
characters than by external characters and expressions. They found that stu-
dents who had developed positive attitudes toward science interpreted scien-
tists as having a strong spirit and warm character. They tended to have positive
images about cognitive character (e.g., intelligent, imaginative, and accurate)
and as they became older they developed more negative images about scien-
tists’ affective (e.g., selfish, unartistic, closed minded, and boring) and moral
(e.g., irreligious, irresponsible, and non-peace loving) characters. Students’
mental images of scientists’ cognitive characters did not change across the
three age groups.

A recent study conducted by Gheith and Aljaberi (2019) in Jordan explored
how first-year and fourth-year college students conceptualized their mental
images of scientists with a survey adapted from Song and Kim (1999). Their
study of 140 Jordanian preservice teachers showed that they had more bal-
anced and positive images of scientists in most character aspects than had
been reported in Korean studies. For example, students had positive images
of scientists in the dimensions of cognitive (accurate, intelligence, creativ-
ity, and industrious) and affective (responsibility, open-mindedness, caution,
and humane) character, even though they rated lower scores on some aspects
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of affective (unartistic and empathetic) and moral (irreligious) characters.
Comparing Year 1 and Year 4 college students, they did not find statistical dif-
ferences among the characters, except for industriousness. Year 4 students
showed higher scores on this item. They suspected that Year 4 students might
have had more “science and research experience” (e.g., laboratory and proj-
ects) than Year 1 students.

Schinske et al. (2015) used a qualitative survey to explore second-year US
college students’ mental images of scientists. Most of the 125 students held
positive scientist stereotypes (e.g., curious, passionate, and dedicated). They
found negative stereotypes (e.g., asocial, strange, and boring) were held by
Asian students though they performed better in school science. They sus-
pected that Asian students demonstrated comparatively low senses of belong-
ing and academic integration in the college. However, they also pointed out
that “Asian” included at least 48 ethnic groups, many of which are underserved
in STEM. It is necessary therefore to examine what stereotypes students hold
about scientists in different countries and ethnic groups.

In sum, studies have shown that students hold positive images of cogni-
tive characters across different countries, ages, and cultures. However, other
aspects of character (e.g., affective, moral, lifestyle, and job) have tended to be
varied and inconsistent. There is still much to be learned about how students
conceptualize the mental images of scientists’ characters. In addition, most
studies used interviews to unpack and explore students’ mental images of sci-
entists. Very few studies have developed questionnaires to explore students’
mental images of scientists’ characters (e.g., National Science Board, 2002;
Song & Kim, 1999). Even though questionnaires have been used, their validity
and reliability have never been texted and examined throughout. None have
examined construct validity, which is central to the concept of validity.

2.3 Theoretical Constructs of Student Images of Scientists’
Internal Characters

In this study, we developed the Mental Images of Scientists Questionnaire
(M15Q), a valid and reliable instrument to assess students’ mental images of
scientists across different school levels, regions, and living settings. By review-
ing the literature related to student mental images of scientists (Song & Kim,
1999; Painter et al., 2006; Parsons, 1997; Scherz & Oren, 2006; Schinske et al.,
2015), five constructs of the internal images of scientists received more atten-
tion and have been explored in different contexts: (a) cognitive, (b) affective,
(c) moral, (d) lifestyle, and (e) job. Table 1 shows a summary of the constructs
mentioned by some of the studies that have explored students’ mental images
of scientists’ internal characters.
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TABLE 1 Dimensions of student images of scientists’ internal characters

Scholars Cognitive Affective =~ Moral Lifestyle Job
character character character character character

Parsons (1997) (6} (0] (0] (0} (¢}
*Song & Kim (1999) (0] ¢} @]
*National Science (0] 0o

Board (2002)

TPainter et al. (2006) (0] ¢} (0] 0]
IScherz & Oren (2006) (0] o
ISchinske et al. (2015) (0] o

O means that the authors directly mentioned and conceptualized the dimensions as one of the

student images of scientists’ internal characters.

means that the authors used a questionnaire as a method to explore student images of scien-

tists’ internal characters.

I means that the authors used an interview as a method to explore student images of scien-
tists’ internal characters.

Cognitive character refers to the ways that scientists perceive, practice, and
generate understandings of the natural world, such as intelligence, imagina-
tion, and diligence. Affective character refers to scientists’ personal disposi-
tions, mood status, and personality character, such as, empathy, loving nature,
and humanity. Moral character refers to scientists’ dispositions to think, feel,
and behave in an ethical or unethical manner in aspects such as responsibility,
religious belief, and working for peace. Lifestyle character refers to the ways
in which scientists live and interact with their family and others. Job charac-
ter refers to the judgement and cognition of scientists’ work and job. In the
present study, we first aimed to validate the M1sQ in order to make sure that
the items can fit within the five dimensions of the theoretical frameworks that
we proposed. Second, we used the validated and reliable Mm1sQ to study and
unpack students’ mental images of scientists across different school levels,
regions, and living settings. Third, we used the M15SQ to examine the impact of
students’ images of scientists on students’ interest in science and their willing-
ness to pursue STEM-related careers.

3 Research Objectives

Three research objectives guided this study:
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1. To develop and validate the M1sQ to assess students’ mental images of
scientists.

2. To use the MI1sQ to investigate the patterns of Chinese students’ mental
images of scientists across school levels (elementary, junior high school,
and senior high school), genders, regions (east, northeast, west, and cen-
tral), and living settings (urban, town, and rural).

3. To use the M1sQ to further explore the relationships between Chinese
students’ mental images of scientists and their willingness to pursue
science-related careers.

4 Methods

41 Development of the Questionnaire

The development of the questionnaire and its various measures of validity and
reliability are summarized in Table 2. The five-step process used to develop
this assessment instrument was based on recommendations outlined in the
Standards for Educational and Psychological Testing (American Educational
Research Association [AERA], American Psychological Association [APA], &
National Council on Measurement in Education [NCME], 2014).

TABLE 2 Five steps for the development and validation of the M1sQ

Step Description of step

. Conceptualization of student — Conducted literature review to identify essential
mental images of scientists constructs that are able to describe scientists’ character.
(construct validity) — Defined the meanings of each construct.

. Identification of items for — Identified existing surveys and items that could be
each construct (face validity) applied and used for the questionnaire.

. Translation of items from — Translated items from English into Chinese.
English to Chinese (translate - Modified the translation by two of the authors to make
validity) sure the meanings of each item were the same as English

version.
. Analysis of construct validity =~ — Applied 2,758 students’ responses to examine construct

validity through principal component analysis with vari-

max rotation.
. Analysis of reliability — Conducted internal reliability testing.
(internal reliability)
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Cognitive
character

Affective
character

Students’ mental

] T Moral
images of scientists

character

v

Lifestyle
character

Job
character

FIGURE 1  The structure of students’ mental images of scientists

First, a thorough literature review was conducted to identify essential con-
structs of students’ mental images of scientists. Table 1 shows that five con-
structs were the most commonly mentioned and explored in previous studies
(e.g., Painter et al., 2006; Song & Kim, 1999). Therefore, the structure of student
mental images of scientists’ internal character was conceptualized into the five
constructs. Figure 1 shows the overall structure.

Among the five studies examined related to this topic, only two studies
explicitly used the technique of a questionnaire to explore student mental
images of scientists’ internal character (National Science Board, 2002; Song &
Kim, 1999). The two questionnaires covered the five constructs identified in
this study (see Table 1). Although some studies were found to use question-
naires (e.g., Wyer et al., 2010), they were developed based on Song and Kim
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(1999) and National Science Board (2002). Therefore, we adapted the items
from the two studies.

The first three constructs and questions were adopted from Song and
Kim’s (1999) survey. The first construct, cognitive, contains four items:
“careless—accurate,” “stupid-intelligent,” “lazy—industrious,” and “unimagi-
native—imaginative.” The second construct, affective, contains five items:
“selfish—caring,”

” o«

closed minded—open minded,” “boring—exciting,” “unartis-

tic—artistic,” “inhumane—humane.” The third construct, moral, contains three
items: “irresponsible-responsible,” “irreligious—religious,” and “non-peace
loving—peace loving.”

The remaining two constructs and questions were adopted from the
National Science Board’s (2002) survey. The fourth construct, lifestyle, con-
tains seven items, such as “A scientist usually works alone.” It is worth noting
that this construct is a reverse score, which means a higher score represents
a more negative image of scientists. The fifth construct, job character, con-
tains five items, such as “Scientists don't work for fame or money.” It contains
24 items (Table 3), which were rated using a 5-point Likert scale for a possible
total of 120.

Although our questions were adopted from Song and Kim (1999) and the
National Science Board (2002), neither of their questionnaires had been tested
for validity and reliability. Therefore, we conceptualized the questionnaire
based on the two previous studies and tested its validity and reliability. For con-
venience, we adjusted the presentation sequence of the questions in Table 3
such that it is not completely consistent with our actual survey sequence.
Because the original items were written in English, all items were translated
into simplified Chinese, with some items adjusted slightly for the mainland
Chinese context. To perform the translation, two of the authors independently
translated the questionnaire into simplified Chinese and compared their trans-
lations. No significant differences were identified, so the final version sent to
the students was based on merging the three translations.

In additional to the 24 items, an item was created to measure the degree of
student interest in pursuing a science-related career measured using a 4-point
Likert scale: Do you want to pursue science-related career as your future job?
On this scale, 1 represented a weak desire to become a scientist and 4 repre-
sented strong desire. This item was designed and used to test whether stu-
dents’ mental images of scientists correlated with their willingness to pursue a
science related career.

To test the construct validity of the M1sQ, principal-component analysis
with varimax rotation was used “to obtain simple and interpretable factors”
(Brown, 2009, p. 20). Cronbach’s alpha was applied to examine the degree to
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TABLE 3 Description of constructs and the items for each scale of the m1sQ

Construct name  Description of scale

Item (survey question) (Likert scale 1-5)

1. Cognitive The intelligence of
scientists

2. Affective The affective
intelligence of a
scientist

3. Moral Social attitudes of
scientists

4. Lifestyle Scientists’ living

conditions, personal
character, etc.

5.Job The nature and value
of a scientist’s work

L1 careless—accurate

1.2 stupid—intelligent

1.3 lazy-industrious

1.4 unimaginative—imaginative

2.1 selfish—caring

2.2 closed minded-open minded

2.3 boring—exciting

2.4 unartistic—artistic

2.5 inhumane—humane

3.1 irresponsible-responsible

3.2 irreligious—religious

3.3 non-peace loving—peace loving

4.1 A scientist usually works alone.

4.2 Scientists don’t get as much fun out of life as
other people do.

4.3 Scientists are apt to be odd and peculiar
people.

4.4 Scientists have few other interests but their
work.

4.5 Scientists can’t deal with things in life well.
4.6 Scientists don’t know how to interact with
other people.

4.7 Scientists don’t have much time for their
families.

5.1 Scientists don’t work for fame or money.

5.2 Scientific researchers are dedicated people
who work for the good of humanity.

5.3 Most scientists want to work on things that will
make life better for the average person.

5.4 Scientific work is dangerous.

5.5 Women are not well suited for scientific work.

Note 1. Items 1.1-3.3 used a 5-point Likert-type scale. 1 and 5 indicate strongly agree with the two ends of the
spectrum of various aspects of the attributes of the scientist.

Note 2. Items 4.1-5.5 used a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree).
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which the questionnaire consistently measured each construct it was designed
to measure.

4.2 Participants and Data Collection

A method for large-scale surveys (Rowan et al., 2002) was used to collect data
from students in China between April and July in 2014. The Chinese Academy
of Science and Technology for Development (CASTED) in Beijing led the dis-
semination of the M1sQ (see Appendix for the Simplified Chinese version). To
ensure coverage of different regions, 6o urban, town, and rural schools were
selected from 19 provinces and municipalities in northeastern (Heilongjiang
and Liaoning), eastern (Beijing, Hebei, Shanghai, Zhejiang, and Guangdong),
central (Anhui, Henan, Shanxi, Hubei, and Hunan), and western (Sichuan,
Chongging, Inner Mongolia, Ningxia, Yunnan, Xinjiang, and Tibet) portions
of China.

To balance the proportion between the living settings of urban, town, and
rural, the same proportion of schools in each living setting was selected from
the four regions: Sixty percent of schools were selected from urban areas, 25%
were selected from town areas, and 15% were selected from rural areas.

CASTED mailed the M15Q to the selected schools, and the school liaison
officers were responsible for collecting the questionnaire from the selected
classes and sending the questionnaire responses back to the research team.
This process of collecting students’ M1SQ responses took about 4 months to
finish. For each school, only one class was randomly selected to complete the
questionnaire. The grades selected were fifth grade at the primary school level,
eighth grade at the middle school level, and eleventh grade at the high school
level. A total of 4,143 questionnaires were issued to 30 primary school classes
(1,300 students), 30 middle school classes (1,301), and 28 senior high school
classes (1,542).

Of these, 93.1% (3,856) were returned, with response rates of 93.3% (1,213)
from primary school classes, 94% (1,223) from middle school classes, and 92.1%
(1,420) from high school classes. The survey process was approved for ethics
clearance by the institution and vetted by school principals. The students
completed the questionnaires in class with teachers’ guidance. Students were
informed that completing in the questionnaire would not affect their grades
and evaluations. All questionnaires were anonymous to protect students’
confidentiality.

By receiving and reviewing the 3,856 responses, we removed 1,098 responses
from the pool due to missing and incomplete information. This resulted in
2,758 students’ responses to the M1sQ being used for the item analysis and
validation.
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4.3 Data Analysis
4.31 Research Objective 1: The Development and Validation of the M1sQ
to Assess Students’ Mental Images of Scientists

The development, content validity, and translation validity were described in
Section 4.1. In this section, construct validity and internal consistency reliabil-
ity will be discussed. Construct validity is essential to the validity, particularly
“when inferences must be made concerning unobservable or latent variables”
(Hayton et al., 2004, p. 191). The construct validity of the m1sQ was tested using
principal component analysis and varimax rotation in order to reduce redun-
dant items and clarify the questionnaire structure. Positive loadings indicate
that a variable and a principal component are positively correlated: The vari-
able tends to increase when the principal component increases. The loading,
which only included coefficients equal to or greater than o.50, was used to
select items to retain in the final questionnaire (Lin & Tsai, 2018). Items with
many cross loadings were also discarded.

A classical psychometric test of the internal consistency reliability of the
MIsQ was applied by calculating Cronbach’s alpha for the questionnaire as a
whole and for each retained construct. A construct is considered reliable in the
field of education when Cronbach’s alpha value is greater than 0.6 and accept-
able between 0.6 to 0.9 (Chen & Terada, 2021; Taber, 2018).

4.3.2 Research Objective 2: The Use of the M1sQ to Investigate the
Patterns of Chinese Students’ Mental Images of Scientists across
School Levels, Genders, Regions, and Living Settings
The multivariate analysis of variance (MANOVA) was used to test whether
there were differences in the four characters of students’ mental images of
scientists among school levels, regions, and living settings. This was followed
by an independent-sample ¢-test to analyze whether there was a difference
in the cognitive character of scientists among students of different genders.
Post hoc comparisons with Sidak correction analyses following the univari-
ate MANOVA s were then performed. As a method of post hoc comparison,
the Sidak method is suggested to have more power than other methods (e.g.,
Bonferroni method) because this method assumes that each comparison is
independent of the others (Abdi, 2007). In this study, the school level, region,
and living setting differences were independent. Therefore, the post hoc with
Sidak correction analyses was selected to reveal whether there were statisti-
cal differences in students’ mental images of scientists among China’s urban,
town, and rural regions. Statistical significance was determined at an alpha
level of .05 for all tests. Non-significant results were not reported.
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4.3.3 Research Objective 3: The Relationships between Chinese
Students’ Mental Images of Scientists and Their Willingness to
Pursue Science-Related Careers

The Pearson correlation analysis was used to calculate the statistical relation-

ships between the M1sQ and student interests in pursuing a science-related

career (e.g., do you want to pursue science-related career as your future job?).

5 Results

5.1 Research Objective 1: The Development and Validation of the M1SQ to
Assess Students’ Mental Images of Scientists

5.1.1 Factor Analysis

Principal component analysis with varimax rotation was used to generate
orthogonal factors. The results of factor analysis led to a decision to delete
six items with factor loadings lower than o.5 (Wold et al., 1987), which resulted
in the final 18 items of the M1sQ. Apart from the deletion of certain items,
the factor analyses confirmed the validity of the original structure of the ques-
tionnaire without the need to change the scale allocation of any item or the
name of any scale. The deleted items included three items (3.1, 3.2, and 3.3)
in the moral construct, one (4.7) in lifestyle, and two in job (5.4 and 5.5). The
factor analysis showed that the only three items related to moral character
were deleted, thus the subscale of the moral construct no longer existed in our
final M15Q. The final M1sQ included the four remaining constructs of mental
images of scientists: cognitive, affective, lifestyle, and job. Table 4 shows the
factor loadings of the final 18 items.

For reliability related to internal consistency, Cronbach’s alpha was applied
to estimate the degree to which the M1sQ consistently measured each of the
grouping constructs that it was designed to measure. Cronbach’s alpha val-
ues of 0.6 or higher can be considered acceptable, values between 0.7 and 0.9
good, and 0.9 or higher excellent (American Educational Research Association
[AERA], American Psychological Association [APA], & National Council on
Measurement in Education [NCME], 2014).

5.1.2 Internal Reliability

The overall Cronbach’s alpha coefficient was o.70 for the M1sQ, and the sub-
scales’ Cronbach’s alpha were 0.78 for the cognitive character, 0.81 for affec-
tive character, o.75 for lifestyle character, and o.60 for job character. This shows
that the questionnaire displayed satisfactory internal consistency reliability

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023) 75-105



90

TABLE 4

ZHANG ET AL.

Factor loading of the construct items in the M1sQ (Loadings smaller than o.5 have
been omitted)

Old item
number

Cognitive

Affective

Lifestyle

Job

1.1
1.2
1.3
1.4
2.1
2.2
2.3
2.4
2.5
4.1
4.2
4.3
4.4
4.5
4.6
5.3
5-4
55

0.71
0.84
0.79
0.73

0.63
0.61
0.82
0.85
0.82

0.50
0.60
0.65
0.76
0.77
0.76

0.70
0.81
0.69

Note. The following items were removed from original survey: 3.1 (irresponsible-responsible),
3.2 (irreligious—religious), 3.3 (non-peace loving-peace loving), 4.7 (Scientists don’t have much
time for their families.), 5.1 (Scientists don’t work for fame or money.), 5.2 (Scientific researchers

are dedicated people who work for the good of humanity.).

and factor validity. Thus, further analyses supported the ability of the M1sQ to
investigate students’ perception about scientists across different school levels,

genders, regions, and living settings.

5.2 Research Objective 2: The Use of the MIsQ to Investigate the Patterns

Levels, Genders, Regions, and Living Settings

5.2.1

School Level Differences

of Chinese Students’ Mental Images of Scientists across School

Table 5 shows that students across different school levels had different per-
ceptions of scientists’ cognition, affects, lifestyles, and jobs. For the scientists’
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TABLE 5 School-level differences of the four image constructs of the M1sQ

Construct F-test  Posthoc Mean (sD)

Elementary Junior high Senior high
school school school
(N =1762) (N=870) (N=1126)

k% k%

Cognitive 44.385 SH > JH 4.29 4.34 4.57
SH > E*** (0.80) (0.77) (0.59)

Affective 23.786™** E > JH*** 3.78 3.55 3.51
E > sH*** (0.85) (0.86) (0.87)

Lifestyle 2.812 No significant ~ 2.08 2.10 2.05
(0.52) (0.53) (0.52)

Job 148.232***  E>JH >SH***  3.47 3.32 3.04
(0.54) (0.54) (0:55)

E = Elementary school, JH = Junior high school, sH = Senior high school.
*¥¥p < 0.00L

cognitive character, senior high school students’ scores were higher (4.57) than
junior high school students’ (4.34) and elementary school students’ (4.29).
However, in terms of affect, senior high school students scores were lower
(3.51) than junior high school students’ (3.55), while the elementary school stu-
dents’ scores were the highest (3.78). Similarly, elementary school students’ job
character scores (3.47) were highest, followed by junior high school students’
(3-32) and senior high school students’ (3.04).

Post hoc analyses revealed that senior high school students scored cogni-
tive character higher than junior high and elementary school students did, but
there was no statistical difference between junior high and elementary school
students’ scores (see Table 5). In contrast, elementary students scored affective
character higher than junior high and senior school students did, but there
was no statistical difference between junior high and senior school students’
scores. In terms of job character, elementary students scored affective char-
acter higher than junior high and senior school students did, and junior high
school students gave it a higher score than senior high students did.

5.2.2 Gender Differences

The cognition character was the only construct that was significantly different
between boys and girls (£(3774) = —2.248, p < 0.05). Table 6 shows the mean and
t-test results for gender.
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TABLE 6 Gender differences of the four image constructs of the M1sQ

Construct Mean (sD) df tvalue p
Boys Girls

Cognitive 4.32 4.38 3,774 -2.248 0.025%
(0.81)  (0.77)

Affective 3.56 3.56 3,772 0.136 0.892
(0.88)  (0.86)

Lifestyle 2.40 2.45 3,796 -1.349 0.177
(1.08)  (1.05)

Job 3.38 3-39 3,796 -0.364  0.716

(0.86)  (0.78)

*p < 0.05.

5.2.3 Regional Differences

As shown in Table 7, post hoc results showed that there were significant dif-
ferences among different regions, regardless of the four subscales. Students
in the east region (4.59) scored scientists as significantly higher in cognitive
character than did students in the central (4.37), northeastern (4.31), and west-
ern (4.24) regions. Students in central region gave significantly higher scores in
cognitive character than did students in central western. Students’ responses
showed a similar pattern for scientists’ affective character. Students in the
east region (3.72) scored scientists significantly higher in affective character
than did students in the northeastern (3.65), central (3.53), and western (3.49)
regions. However, students in the northeast region gave significantly higher
scores than did students the central and western regions.

On the other hand, it appears that the students in the west (2.56) gave the
highest scores for scientists’ lifestyle (e.g., a scientist usually works alone), with
higher lifestyle scores indicating more negative perceptions. Those in the east
(2.28), central (2.36), and northeast (2.41) gave lower scores than those in the
west did. In terms of job character (e.g., scientific researchers are dedicated
people who work for the good of humanity), only the northeast and central
regions were significantly different, with the scores from the northeastern
(3.45) students higher than those of the central (3.34) students.

Overall, the highest student scores for scientists’ character of cognition and
affect were given by eastern students, indicating they thought scientists have
higher cognitive and affective characters. The western students scored highest
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on the scientist’s lifestyle, suggesting they have more negative impressions of
scientists. Compared to other regions, northeastern students gave the highest
ratings in terms of scientists’ job character. A significant difference was found
between northeastern students and central students.

We observed that students from east regions, where the regions’ economy
has been highly developed, gave the highest scores on the cognitive and affec-
tive characters of scientists. Students from western regions, however, where
the regions’ economies are less highly developed, had a relatively negative
impression of scientists. Perhaps, it is the liberal culture, information-rich, and
human-connective environment of the east area that enabled students to hold
a compressive and holistic view of scientists.

TABLE 7 Regional differences of the four image constructs of the M1sQ

Construct F-test Post hoc Mean (sD)

East Central West  Northeast

Cognitive  26.467***  East > 4.59 4.37 4.24 4.31
Central*** (0.59) (0.78)  (0.85) (0.79)
East > West***
East >
Northeast™***
Central >
West**

Affective  11.504***  East > 3.72 3.53 3.49 3.65
Central*** (0.84) (0.86) (0.87) (0.91)
East > West***
Northeast >
Central**
Northeast >
West***

Lifestyle 12.532"**  West > 2.28 2.36 2.56 2.41
Central*** (1.00)  (0.96) (1.22) (0.96)
West > East™**

West >
Northeast®

Job 2.619% Northeast > 3.37 3.34 3.40 3.45
Central* (0.82)  (0.76)  (0.90) (0.80)

*p < 0.05; **p < 0.01; ***p < 0.001.
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5.2.4 Living Setting Differences

Urban students scored scientists’ cognitive character higher than did those in
towns and rural areas did. Students who lived in towns rated affective, lifestyle,
and job characters higher than those in rural and urban settings (Table 8).
Post hoc analyses showed a consistent pattern that students who lived in town
areas scored affective, lifestyle, and job characters significantly higher than did
students in urban areas. This means that compared with urban students, they
thought that scientists are high in affective character (e.g., selfish—caring) and
have a worse lifestyles (e.g., scientists don’t get as much fun out of life as other
people do) and that their job (scientists don’t work for fame or money) is valu-
able. Due to a tendency toward conservative culture and lower availability of
information, town and rural students’ evaluation of the lives and images of
scientists tends to be incomplete and not all-inclusive (Whyte, 2010). In this
situation, the asymmetry in information acquisition and cognition of science
and technology professions provided us with possible explanations.

In contrast, urban students gave the highest scores for scientists’ cognitive
character, while students from towns gave the lowest. These results are consis-
tent with the regional analysis finding indicating the importance of an envi-
ronment of openness of culture and connection among humans. Compared
with students in town and rural areas, however, urban students gave the lowest
scores for scientists’ lifestyle character and job character.

TABLE 8 Urban-rural differences of the four image constructs of the m1sQ

Construct F-test Post hoc Mean (sD)
Urban Town Rural
Cognitive 49.717%%* Urban > 4.51 4.21 4.46
Rural*** (0.66) (0.83) (0.60)
Affective 4.865%* Town > 3.51 3.68 3.57
Urban** (0.87) (0.86) (0.84)
Lifestyle 4.481% Town > 2.05 2.11 1.98
Urban** (0.52) (0.52) (0.53)
Job 45.129%%F Town > 3.18 3.49 3.40
Urban™** (0.57) (0.55) (0.54)

*p < 0.05; **p < 0.01; **¥p < 0.001.
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TABLE 9 The correlation between the four image constructs and interest in a science-
related career

Construct name Professional interest in science-related careers
Cognitive character .037

Affective character 214%%*

Lifestyle character .086%**

Job character .209%**

Note. The six items of lifestyle character were phrased in a negative way (e.g,, scientists have few
other interests but their work). Therefore, when calculating the correlation, the scores of the six
items were reversed.

*¥p < 0.001.

5.3 Research Objective 3: The Relationships between Chinese Students’
Mental Images of Scientists and Their Willingness to Pursue
Science-Related Careers

In general, the student mental images of affective, lifestyle, and job charac-
ters were positively correlated with their interests in pursuing science-related
careers (Table 9), while cognitive character was not. It is important to note that
the six items of lifestyle character were phrased in a negative way (e.g., scien-
tists have few interests other than their work). Therefore, when calculating the
correlation, the scores of the six items were reversed.

6 Discussion and Implications

In the present study, a factor analysis and Cronbach’s alpha were used to
test the construct validity and internal consistency reliability of the M1sq.
Although the M1sQ was adopted from the survey of Song and Kim (1999) and
the questionnaire of the National Science Board of the United States (2020),
neither had been tested for validity and reliability. The final version of the
MISQ, consisting of four constructs, scientists’ cognitive, affective, lifestyle,
and job character, was tested for validity and reliability based on a large sample
size of 2,758.

The moral construct was eliminated from the final version of M1sQ based on
the statistical results of principal component analysis. The three items included
in the moral construct were related to three aspects: religion, responsibility,
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and working for peace. We interpreted that students might not understand
the meanings of these three aspects and the relationships between the three
aspects and scientists’ internal character. First, expressions of religious faith
in public schools are strictly prohibited by an atheistic government in China
(Nanbu, 2008). Students might not understand what religious belief is and the
relationship between religious belief and scientists’ internal character. Second,
science curricula in China rarely mention scientists taking responsibilities in
society and advocating for peace (Lee & Leung, 2006). Students lack opportu-
nities to receive peace and social justice education. This probably is not the
same in other countries when the items related to moral character are per-
formed. Therefore, future research may need to test this construct in different
countries and examine its construct validity.

The results of this study found that overall, Chinese students were highly
positive in their perspectives on scientists’ cognitive character and less posi-
tive about their affective character. Chinese students at different school lev-
els held significantly different perceptions regarding the images of scientists’
cognitive, affective, lifestyle, and job characters. Compared with middle and
primary school students, high school students considered that scientists have
a more positive cognition character and a less positive affective character.
However, compared with high school and junior high school students, primary
school students considered the work of a scientist more valuable. Our find-
ings are in line with Gheith and Aljaberi’s (2019) study of college students who
were preservice teachers in Jordan that showed that they held positive atti-
tudes toward scientists in terms of cognitive character and negative attitudes
toward affective character. The present study uses the validated M1sQ to move
a big step beyond to provide evidence of Grades 1-12 students’ perceptions
about scientists.

In terms of gender differences, female Chinese students rated scientists
more positively. In terms of regional differences, eastern regions’ students held
more positive viewpoints about scientists. In terms of job and lifestyle char-
acters, students in this study still held stereotypes about scientists that were
similar to other studies (e.g., Gheith & Aljaberi, 2019), and the proportion of
students who expressed that they felt scientists were virtuous (e.g., scientists
do not work for fame or money or scientific researchers are dedicated people
who work for the good of humanity) in towns or rural areas was higher than
that in cities. Although scientists were still sacred in the minds of Chinese
students, it is worth noting that the proportion of those who approved of the
sanctification of scientists decreased with the increase of Chinese students’
education level.

ASIA-PACIFIC SCIENCE EDUCATION 9 (2023) 75-105



MENTAL IMAGE OF SCIENTISTS QUESTIONNAIRE (MISQ) 97

In terms of regional differences and grade differences, we found students
in more highly developed regions and in higher grades tended to hold a more
rounded view of scientists. It is possible that they can access information more
easily through different channels to understand scientists, such as reading
more books or magazines about scientists and scientific news, watching more
science programs, and discussing the diversity of perceptions of scientists.
Therefore, they may be able to build up a more comprehensive and profound
understanding of scientists.

The correlation results showed that Chinese student mental images of sci-
entists’ affective, lifestyle, and job characters were positively correlated with
their interest in working as scientists, although this was not true of cognitive
character. It is possible that students who gave a higher score in cognitive char-
acter tended to have more belief that the intelligence of scientists is higher
than others’. This implies that development of positive views toward scientists’
affective, lifestyle, and job characters may potentially motivate students to
pursue science-related careers in the future.

Although this study tested and validated four constructs related students’
mental images of scientists’ characters, there are several aspects related to the
nature of scientists’ work, jobs, and careers that have not yet been examined.
For example, scientists deal with uncertainties and continuously work through
waves of uncertainty to develop and further their understanding of phenom-
ena (Chen, 2022; Chen et al., 2019; Kampourakis & McCain, 2019). What stu-
dents understand about the nature of scientists’ work and the relationship
between this understanding and students’ motivation to pursue their future
science-related careers needs more study. In addition, future research may
need to explore the relationships between students’ mental images of scien-
tists’ characters and the ways students engage in scientific practices such as
argumentation (Chen et al., 2022; Phua & Tan, 2018), modeling (Ke & Schwarz,
2021, Lin et al,, 2022), and sensemaking (Gutierez, 2019; Odden & Russ, 2019).
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Appendix: Simplified Chinese Version
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