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: This study proposes a conceptual framework for gendered

processes based on the male-things vs. female-people
interest (MTFPI) hypothesis by identifying gender
differences in factors relating to science, technology,
engineering, and mathematics (STEM) choices in higher
education. This study used longitudinal data from the
Taiwan Education Panel Survey (TEPS) for Grade 7 (n =
20,055), 9, 11, and 12 and the follow-up TEPS-Beyond (TEPS-
B) for 24-25-year-olds (n = 2,700). Correlation analysis
was conducted with weight-activated so that the result can
represent that from the original Grade 7 population. The
results generally support the MTFPI hypothesis. Males’

STEM choice is related to high mathematics achievement and
low frustration in mathematics in all stages of secondary
education, high gender stereotype about their jobs, and low
confidence in people-smart skills (e.g., leadership,
collaboration with others, and oral expression). Females’
STEM choice is positively related to mathematics teachers’
clear explanation and desirable interaction in the
mathematics classroom. These results generally support the
proposed MTFPI hypothesis that males are more interested in
things, including achievement, while females enjoy engaging
in interaction with people. Educators need to pay attention
to the differential interests between genders as part of
the basis for adaptive teaching to invite both genders to
study STEM in higher education.

: gender difference; longitudinal data; mathematics

achievement; mathematics teaching; STEM choice



The Problem Context: Gender Differences in STEM from Differential Processes

The persistent underrepresentation of females in science, technology, engineering, and
mathematics (STEM) has raised issues of adaptive educational provisions to increase females’
choice to study STEM. Traditionally perceived, the key to gender differences in STEM choice is
gender differences in STEM achievements, capacities, or abilities (Good et al., 2008). With the
concern of parental and socioeconomic status (SES) factors in determining children’ STEM
achievements as outcomes (Penner & Paret, 2008), gender differences in problem-solving
processes elect as a key precedent of achievements and with potentials for educational intervention

to overcome SES constraints (Zhu, 2007).

In order to understand gender differences in the learning process without touching the macro
cultures (e.g. countries) hard to be changed, we can assume that the creations in this world (as part
of the culture) contain those created by both genders and thus attract both genders to approach
them successfully and happily. For instance, among the diverse STEM fields, gender gaps favor
males in engineering, mathematics, computer science, and physics but slightly favor females in
biology and veterinary (Hyde, 2014). Therefore, domains, tasks, or problem types within a cultural
artifact category can serve as mini different cultures that can be used to detect factors in relation

to gender differences.

This study used STEM choice in higher education as the outcome variables of domains, tasks,
or problem types, to examine a gendered problem-solving process: The male-things vs. female-
people interest hypothesis. The hypothesis is initially evidence by the fact that males have more

interest in things, engineering, science, and mathematics whereas females have more interest in



people and more agreeableness or tender-mindedness (Hyde, 2014). A meta-analysis on interest
inventory find that males prefer engineering disciplines and females prefer medical services or
social sciences (Su & Rounds, 2015). More girls expect to become health professionals and more
boys expect to become scientist, engineers, and ICT professionals, engage in science activities,

and are interested in learning science (Organization for Economic Cooperation and Development
[OECD], 2016, pp. 119, 125).

To examine the male-things vs. female-people interest hypothesis, we can go to a more detailed
level to look at people’s behaviors. Firstly, the terms of things and people are defined in terms of
mathematics achievement and interaction affordances in the physical aspects and their related

feelings, beliefs, and attitudes in the psychosocial aspects.

Gender Differences in ‘Things Interest’: Achievement and Psychosocial Responses

The conception that boys have higher achievements in STEM and girls have higher achievement
in languages not only match public expectation but also is evidenced in some research (Robinson
& Lubienski, 2011) though not universal (Chen & Zimmerman, 2007). Gender differences in
STEM achievements (in nature) and related affective factors (e.g., values of tasks and self-concept
in mathematics) have long been viewed as the main factors for the consistent phenomenon in most
human societies that more males than females involved in advanced studies and careers in STEM

(Wang et al., 2015).

Most recent cross-cultural and meta-analysis studies, however, indicate that social-cultural
factors address gender differences in STEM choices and achievements, known as the gender
stratification hypothesis (Else-Quest et al., 2010). A salient example is that from pre-K to high

school, gender differences in STEM achievement are small and subject to gender equality in a



certain culture or society, with gender equal societies having fewer gender differences in STEM,
mainly mathematics achievement (Guiso et al., 2008). The diminishing gender differences in
STEM or mathematics achievements lend support to the gender similarities hypothesis (Hyde,

2005).

Second, boys have more positive attitudes, affect, or emotions toward STEM than girls do
(Barkatsas et al., 2009). There are only some exceptions, especially for primary school students
(Yiksel-Sahin, 2008). Males’ more positive emotions (e.g. higher self-efficacy and lower anxiety
in mathematics) in turn may lead to higher mathematics achievements (Pajares & Miller, 1994) or
directly lead to STEM choice controlling for achievements (Carli et al., 2016; OECD, 2016). These
emotions are psychological phenomena including more innate ones (e.g. interest; as an in-depth
part of nature) or more social-cultural ones (e.g., usefulness for future employment; as a part of

nurture; Miller & Halpern, 2014), which are hard to distinguish their biological and social bases.

For broader approaches, Girls show more total change and higher rate of approach in reading
but less in mathematics, starting from primary school (Cameron et al., 2014). Compared with
German grade-9 boys, girls have lower intrinsic value, personal importance, job utility, and future-
life utility, and perceive more cost in effort and emotion arousal (Gaspard et al., 2015). The whole
picture is the females experience negative experiences in both achievement (as physical outcomes)

and achievement-related psychosocial factors.

Gender Differences in People Interest: Social Affordances and Psychosocial Responses

Females tend to write more interactive messages online than males, but males write more
socioemotional messages (Barret & Lally, 1999). In game-based mathematical problem-solving,

boys report more on scores, levels, obstacles, and tricks, relatively relevant to the game, whereas



girls report more their feelings and social communication with others, relatively irrelevant to the

game (Ke, 2008).

Females may be vulnerable to stereotype threat of inferior female ability in STEM (e.g. males
are better at mathematics) and have a lowered test result (Good et al., 2008). Viewing STEM as
being for brilliant people may state part of the reasons for underrepresentation of females in such
fields (Meyer et al., 2015). This raises anxiety and results in lowered achievement in solving
mathematical problems but not in solving general problems (Johns et al., 2005). Unlike the
detrimental effect of stereotype threat on achievement, an emphasis on differential problem-
solving processes between genders may go beyond the debate between the gender similarity
hypothesis and gender reality hypothesis (Lippa, 2006) and thus directly benefit adaptive

instruction.

Males appear to have more social dominance behavior than females (Jonkmann et al., 2009).
Boys have more likelihood of being aggressive/victimized and aggressive than girls, while boys
and girls have similar chances of being victimized (Shao et al., 2014). Old females have less quality
of life than old males (Bain et al., 2003). Girls' interpersonal skills mediate the effect of weight
status at the kindergarten stage on mathematics achievements in Grade-5, but this mediating effect

does not apply to boys (Gable et al., 2012).

In summary, females’ people interest accompanies a sense of equal status with others and
engage in interacting with people through complex networking, which may be due to females’
long-standing lower social status than males’ in human society. Males value a hierarchical system

of people, which appears to transform people to things and organize them.



Hypotheses

The above review of literature suggest that there are differential features between genders in
problem-solving process interest. Although the differences are qualitative in nature, they could be
depicted using a coordination, with two vectors X and Y, in mathematics.
<Insert Figure 1 here.>

Based on the above literature view, this study aims to examine the male-things vs. female-
people interest hypothesis. In terms of statistical examinations, this study aims to examine the
following two hypotheses.

Hypothesis 1. For things aspects, males’ STEM choices are more positively associated to
achievement and more sensitive to achievement-related feelings (e.g., frustration), while females
are less.

Hypothesis 2. For people aspects, females” STEM choices are more positively associated to
interaction affordances in their learning contexts and more resilient to social constraints (e.g.,
gender stereotypes and social competences), while males are less.

Method
Data Source and Sample

This study used cohort data from the Taiwan Education Panel Survey (TEPS) (Chang, 2001
2007) and its follow-up (TEPS-B) (Kuan, 2017), complied by the Survey Research Data Archive,
Taiwan. The first wave of the TPES data was collected in 2001 from grade-7 students (born in
1988/1989) and their parents (n = 20,055). The participants were followed up at grades 9, 11 and
12. TEPS-B started to follow up the TEPS’s participants at ages of 24-25 years (n = 2,722) in

2014.



This first wave of TEPS-B data was used as the basis to merge with all the four waves of TEPS
data. In order to generalize to the original grade-7 student population, this study used sampling
weights provided by TEPS-B. Cases without weights were deleted, which resulted in a final sample
size of 2,700 for later data analysis.

Measures
Outcome: STEM Choice in Higher Education

The participants’ STEM choices were coded as 4 = STEM, 3 = agriculture and medicine, 2=
social sciences, and 1=humanities, in order from more to fewer mathematics uses.
Things Factors Relating to Mathematics

1. Mathematics achievements (physical aspects): The participants experienced mathematics
tests at the four waves of TEPS (i.e., grades 7, 9, 11, and 12), respectively. The mathematics test
were developed by experts on mathematics and tests, with reference to related international large
scale tests. The scores of the four tests were scaled using the 3-p model of item response theory,
allowing for comparison of competences between the four waves.

2. Frustration in mathematics (psychosocial aspects): At Wave 3 (i.e., grade 11), the
participants self-reported whether they felt frustrated before grade 4, at grades 5-6, at grades 7-9,
at grade 10, and at grade 11, respectively (1 = yes; 0 = no).

People Factors Relating to Mathematics

1. Mathematics teaching (physical aspects): At both Waves 2 and 4 (i.e., grades 9 and 12),
the participants self-reported whether their mathematics classes had clearly addressed lecture and
good interaction, respectively (1 = yes; 0 = no).

2. Gender stereotype (psychosocial aspects): At Wave 4 (i.e., grade 12), the participants self-

reported how their choices of major study fields and most favorite job after 10 years of graduation



are suitable for both genders (= 1), males (=2), or females (=3, recorded to 2). Higher scores
represented higher degrees in gender stereotype for their chosen fields and jobs.

3. Social competences (psychosocial aspects): At the ages of 24-25 years, the participants
indicated their perceptions of how good heir current skills are in oral expression, collaboration
with others, and leadership, respectively (1 = very good to 4 = very bad, reversely coded).
Family Background Factors

1. Family income: At Wave 1 (i.e., grade 7), the participants' parents indicated their family
income (1= fewer than 20,000NTD to 6 = more than 200,000NTD).

2. Parental education: At Wave 1 (i.e., grade 7), the participants' parents indicated their own
and their spouses’ education levels (1 = junior high school or below to 5 = graduate school)

Data Analysis

Correlation analyses were conducted for the all, female, and male samples separately. Sampling

weights were activated. With the activation of the weight, the results obtained by the 2,700 cases

of TEPS-B can be inferred to the original TEPS population at grade 7.

Results

The correlation analysis results are presented in Table 1. All the correlations are small (i.e.
below 0.360; Taylor, 1990). The correlation patterns are different for all, male, and female

samples, separately.

<Insert Table 1 here.>

All Students
For the all student sample, in terms of ‘Things interest’, significant measures related to STEM

choices are the four mathematics achievements in secondary education stages in the physical



aspects. Frustration in mathematics from primary to grade 10 are negatively related to STEM
choices.

In terms of ‘People interest’, the physical aspects, social affordances fail to relate to STEM
choices. Two psychosocial aspects, confidence in oral expression and collaboration with others,
negatively relate to STEM choices.

No background factor has significant relationship with STEM choice for the all student sample.
Male Students

In terms of ‘Things interest’, males’ STEM choices were related to all the four mathematics
achievements. Frustration in mathematics was negatively related to STEM choices from grades 5-
10.

In terms of ‘People interest’, social affordances of the physical aspect did not relate to STEM
choices. Four psychosocial aspects, gender stereotype in chosen jobs as well as confidence in oral
expression, cooperation, and leadership negatively related to STEM choice.

Males have one background factor related to STEM choice. That is, males have a lower chance
to study STEM fields in higher education if their parents have higher educational levels.

Female Students

Factors related to STEM choices for females were quite different from those for all students
and males. In terms of ‘Things interest’, females’ STEM choices only related to achievement at
grade 11 and mathematics frustration at grades 5-6.

In terms of ‘People interest’, females’ STEM choices positively relate to the physical aspect at
grade 9. These social affordances included clear lecture and good interaction in mathematics
teaching. Social affordance at grade 12, however, fails to show these relationships.

Like the all participant sample, no background factor relates to females’ STEM choice.



Discussion

The MTFPI Hypothesis: Gender Differences in Factors for STEM Choice

The patterns of factors relating to STEM choices are quite different between genders. The
results for all students appear to mix the results of both genders. One size-fit-all may mot be proper,
and gender needs to be a moderating factor for STEM choice. These results generally support the
proposed MTFPI hypothesis that males are more interested in things (e.g., achievement), while
females enjoy engaging in interaction with people.

The gender similarity hypothesis suggest that females and males are the same in mathematics
achievements. However, for STEM choice as a learning outcome, there exists at least some gender
differences in problem-solving processes, such as those predicted by the MTFPI Hypothesis

In this manner, this study appears to support the gender stratification hypothesis more. It is
because the MTFPI hypothesis suggest gender differences rooted in differential processes of
interests, with relative concerns about physical and psychological constraints.

‘Things Interest’ and Family Background: A Traditional Agenda for Males

For the physical aspect of the ‘Things interest’, Males” STEM choice relates to mathematics
achievements and related psychosocial factors (frustration in mathematics) more than females.
Mathematics achievement and affect (e.g., motivation and emotion) have long been researched as
factors relating to later STEM achievement, educational investment, and career choices (Wang et
al., 2015). Besides, the role of SES in STEM choice applies only to males, not to females.

All the results suggest that traditional factors (e.g., frustration and SES) relating to
(mathematics) achievement tend to be more salient for males than for females.

For educational practices, achievement are relatively cumulative, quantitative, and comparable

0 competitive, for which drives may emerge moving from survival to striving. Achievement-



related psychosocial feelings (e.g., frustration), therefore, may threaten students. Educators need
to be aware of these achievements-related challenges in both physical and psychosocial aspects,
especially for males.

People Interest: A New Agenda for Females

Females’ STEM choices are relatively related to people factors of the physical aspect. The
factors are clearly-addressed lecture and good interaction in mathematics teaching. A nuance
finding that the these factors only significant for grade 9 but not for grade 12. The result suggests
that high-quality interaction in mathematics learning at earlier stages is especially important in
determining females’ future STEM choice than later stages. Educators need to pay attention to
females’ need for good lecture and interaction in mathematics classrooms, which especially should
start at an earlier stage, including starting at home numeracy activities (Chiu, 2018).

In the psychosocial aspect, males’ STEM choice is negatively related to most factors, including
gender stereotype in jobs and confidence in oral, collaborative, and leadership, revealing males’
vulnerable to psychosocial constraints. On the other hand, females are more resilient to these
psychosocial factors, as revealed that none of which relates to females’ STEM choice.

All these findings suggest that these factors in people interest appears to be relatively under-
emphasized in past research. For educational practices, educators need to pay attention to

strengthen females’ people intelligences.

Conclusion

Contribution
This study builds a conceptual framework for the MTFPI hypothesis, which extends past
speculation to a more concrete structure. Further, the framework is examined using STEM choice

in higher education as the outcome to be correlated to earlier things and people factors in both



physical and psychological aspects for all, male, and female samples, separately. The results
generally support the MTFPI hypothesis in that the correlation patterns are quite different between
male and female samples. Males’ STEM choices are elated to achievement and achievement-
related psychosocial factors. Females” STEM choices are related to people high-quality input and
interaction in mathematics learning. Females reveal resilience to gender stereotype in jobs and
fewer vulnerability to people interaction skills, compared with males. For educational practices,
educators may need to pay attention to the differential interests between genders as adaptive
teaching for inviting both genders to study STEM in higher education.
Limitations of this Study and Suggestions for Future Research
The empirical data were collected solely from a specific culture. The findings should be limited
and need to be examined using data from other cultures. All the correlation coefficients are small,
though significant. The reasons may be that study field choices in higher education is a complex
issue, involving diverse individual and sociocultural factors (Chiu, 2017).
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Table 1

Correlations between STEM choices and Related Factors

Measures Factors All Males Females
Things | Physical aspects
Interest Mathematics achievement at grade 7 0.136** 0.155** 0.076
Mathematics achievement at grade 9 0.148** 0.163** 0.087
Mathematics achievement at grade 11 0.191** 0.190** 0.105*
Mathematics achievement at grade 12 0.127** 0.124** 0.081
Psychosocial aspects
Frustration in mathematics before grade 4 -0.095** -0.063 -0.081
Frustration in mathematics in grades 5-6 -.0161** -0.100* -0.118*
Frustration in mathematics in grades 7-9 -0.143** -0.124** -0.086
Frustration in mathematics in grades 10 -0.100** -0.094* -0.040
Frustration in mathematics in grades 11 -0.030 -0.038 0.046
People | Physical aspects | |
Interest Mathematics teaching: clear lecture (grade 9) 0.058 0.021 0.132**
Mathematics teaching: good interaction (grade 9)  0.016 -0.019 0.095*
Mathematics teaching: clear lecture (grade 12) 0.015 0.024 0.029
Mathematics teaching: good interaction (grade
12) -0.019 -0.045 0.049
Psychosocial aspects
Gender stereotype in chosen study fields 0.008 -0.081 0.034
Gender stereotype in chosen jobs -0.013  -0.130** -0.014
Confidence in oral expression -0.105** -0.119** -0.033
Confidence in collaboration with others -0.036* -0.064* 0.015
Confidence in leadership skills -0.026 -0.056* -0.003
"Background Family income 0011  -0039  -0.006
Parental educational levels -0.026 -0.056* 0.000




Figure 1
A Conceptual Framework for Gendered Processes Based on the Male-Things vs. Female-People

Interest (MTFPI) Hypothesis
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