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Abstract

Current work suggests that basic psychological needs are related to higher intrinsic
motivation, which in turn, can promote more positive academic outcomes. However, few
studies have examined how perceptions around one’s abilities in science, engineering,
technology, and math (STEM) are related to intrinsic motivation and what role needs
satisfaction plays in this association. This study assessed adolescents’ (N = 285, 56.1%
female, M., = 15.76 years, SD = 1.24) STEM ability perceptions, basic needs satisfaction,
and intrinsic motivation. A path analysis was used to examine the association between
STEM ability perceptions, basic needs satisfaction, and intrinsic motivation in adolescents.
Inclusive perceptions of the STEM abilities of historically underrepresented groups (i.e.,
girls and minoritized ethnicities) were positively associated with basic needs satisfaction
and basic needs satisfaction was positively associated with intrinsic motivation. There was
also a positive indirect effect from inclusive perceptions of STEM abilities to intrinsic moti-
vation through basic needs satisfaction. These findings suggest that schools should focus
on promoting inclusive perceptions in order to bolster adolescents’ basic needs satisfac-
tion, which could have carry-on effects on intrinsic motivation.

Introduction

Over the last decade, groups historically excluded from science, technology, engineering

and math (STEM), including women and people from traditionally underrepresented and
minoritized ethnicities (URM), have earned more STEM degrees, but remain relatively under-
represented in these fields [1]. Although women earned about half of all bachelor’s degrees

in STEM in the US in 2018, only 22% of students earning engineering degrees and 20% of
students earning computer science degrees were women [1]. Additionally, White students
earned about 58% of bachelor’s degrees in STEM, whereas URM students earned only 24%
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of bachelor’s degrees in STEM [1]. These disparities are evident not only in the US but also
globally. For example, UNESCO reports that only 35% of STEM students in higher education
worldwide are women [2].

Disparities in STEM engagement do not begin in higher education but are evident as
early as high school. Although in advanced high school math and science course enrollment
there are no gender differences, only 9% of Black and 15% of Latinx students enroll in these
courses—significantly lower percentages than their White (22%) and Asian (50%) peers [3].
Despite the gender and racial/ethnic disparities evident in college and high school STEM
engagement, young children generally start school with positive views of science [4]; yet
their interests and feelings of competency in these subjects tend to decline with age, espe-
cially for girls and URM individuals [5,6]. This decline could be because STEM-related ste-
reotypes depict girls and those from URM groups as less skilled in these areas [7,8]. With a
growing need for trained workers to enter the STEM workforce [9], it is important to deter-
mine the factors that promote and limit the pursuit of math and science (the core STEM
courses in middle and high school) among adolescents - the age group in which intrinsic
motivation for math and science most precipitously declines [10,11]. Furthermore, the
fulfillment of student’s basic psychological needs [autonomy, competence, and relatedness;
[12,13] has been associated with intrinsic motivation. Thus, research is needed to identify
factors that drive or limit students’ perceptions of their basic psychological needs, such as
perceptions of who can and should be good at STEM. These perceptions, often rooted in
stereotypes about STEM, may be especially important for shaping basic psychological needs
as these perceptions can send damaging and exclusionary messages about pursuing STEM
interests. Therefore, the aim of this study is to examine the associations between adoles-
cents’ satisfaction of basic needs in their STEM courses, intrinsic motivation in their STEM
classes, and perceptions of STEM abilities (see Fig 1).

Conceptual models for self-affiliated STEM ability perceptions (Model 1) and inclusive
STEM ability perceptions (Model 2).

Basic psychological needs

According to self-determination theory (SDT), three basic psychological needs must be met to
motivate individuals: autonomy, competence, and relatedness [13]. People must feel in control
of their actions and choices (autonomy), capable of learning new skills (competence), and a
sense of belonging [relatedness; 13]. This theory explains students’ persistence (motivation) or
indifference to science and math courses [14,15], and predicts that if students’ psychological
needs are satisfied, they will be motivated to pursue STEM. For example, adolescent Canadian
male and female students between 15 and 19 years-old, who reported higher self-efficacy and
autonomy-support also reported higher achievement, which led to greater persistence in their
math and science courses [15]. Brandenberger, Hagenauer, and Hascher [14] found similar
results for adolescents in Switzerland (about 13 years old) who participated in an intervention
program based on concepts of SDT. Students who received the intervention reported higher
intrinsic motivation in math, compared to the control group [14]. Additionally, basic psy-
chological needs can act as mediators, Plante and colleagues [16] found that the associations
between adolescent girls’ gender ability perceptions about math and their achievement out-
comes (math grades and career intentions) was mediated by their competence beliefs. Taken
together, these findings indicate an association between students’ basic needs satisfaction and
many positive STEM outcomes, like intrinsic motivation, that can help support students’ per-
sistence in STEM [14,15] and suggest that perceptions of STEM may play an important role in
these relationships.
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Fig 1. Conceptual models.
https://doi.org/10.1371/journal.pone.0318266.g001

STEM intrinsic motivation

Intrinsic motivation for school, characterized by one’s willingness to learn, has been associated
with students’ basic needs satisfaction and many academic benefits such as STEM persistence
[17,18]. Individuals with high intrinsic motivation are driven by curiosity and interest to
acquire new skills or knowledge [12]. High intrinsic motivation in academics can lead to/
come with many advantages, such as higher academic achievement, lower academic anxiety,
and higher academic performance over time [12,19,20]. Froiland and Davison [21] con-
ducted a longitudinal study of US adolescents (ages 14-17) and found that motivation in math
predicted their math achievement and highest-level course taken. Although similar beneficial
effects of intrinsic motivation on engagement and achievement have been observed in Black
and Hispanic/Latinx populations [22], there have been mixed findings on gender and racial/
ethnic differences in intrinsic motivation with some studies reporting no ethnic or gender
differences [23] and others reporting that girls and ethnically minoritized students have more
intrinsic motivation than do boys and White students [24]. Thus, more research is needed to
examine gender and racial/ethnic differences in intrinsic motivation in STEM.

Although intrinsic motivation benefits students of all ethnicities and genders, levels of
intrinsic motivation are not consistent and are likely to decline as students get older [10,25].
Otis, Grouzet and Pelletier (25) observed a gradual decrease in intrinsic motivation for Cana-
dian students between 8" grade (aged 13-14) and 10* grade (aged 15-16). These declines are
also prevalent for motivation in math and science [10,11]. Gottfried and colleagues [10] dis-
covered a decline in intrinsic motivation for reading, science, and math between the ages of 9
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and 17, with math having the greatest decrease. These trends may be explained by the extrin-
sic school environments that many students experience [26]. Students may feel more pressure
to focus on grades and grade point average as they age. This may be particularly salient for
students in their last years of high school as they begin to apply for college or consider enter-
ing the workforce.

Even though intrinsic motivation has been shown generally to decline throughout school,
some factors can help students feel motivated. For instance, Gnambs and Hanfstingl [27]
found trends of academic intrinsic motivation gradually declining from the ages of 11 to 16;
however, when students’ psychological needs (competence, autonomy, and relatedness) were
met, their intrinsic motivation stayed more stable, suggesting that psychological needs may
act as a buffer against declining intrinsic motivation. Additionally, school belonging (relat-
edness) for Dominican children (ages 6 to 11) in New York City directly contributed to their
intrinsic motivation despite students’ awareness of negative perceptions of their ethnic group
[24]. Based on the SDT [13] and previous recommendations for using SDT to promote more
inclusion within STEM [28], creating inclusive environments where students, especially URM
and female students, can feel autonomous, competent, and welcomed may help motivate them
to engage in school and their STEM classes.

Perceptions of STEM abilities

One way to foster such inclusive environments is to shape spaces where students perceive that
everyone, including their own gender and ethnic groups, can succeed in STEM. Research has
highlighted a myriad of factors that impact women and ethnically minoritized individuals in
STEM, with one of the most impactful being the prevalence of stereotypes or negative STEM
ability perceptions [29]. Some common ability perceptions that individuals may encounter
are that Black people are less competent than are White people in academic domains [7,8] or
that men are more intelligent than are women [30-32]. Endorsing these ability perceptions,
has been negatively associated with youth’s math and science identity and such endorsement
increases during adolescence [33].

On the other hand, resisting STEM stereotypes or having more inclusive perceptions, for
instance, by believing that groups can excel in STEM, may promote basic needs satisfaction.
For example, Plante and colleagues [16] found that adolescent girls’ gender stereotypes about
math shaped their competence beliefs (a basic psychological need), which was then related to
their achievement outcomes (math grades and career intentions). However, adolescents are
exposed to messages about the ability for both their own ethnic/racial and gender groups as
well as messages about other groups [7,8]. It may be that both inclusive thinking about STEM
abilities of historically underrepresented groups (girls, URM), as well as inclusive thinking
about STEM abilities of peers who share your race and gender (perceptions of your gender or
racial/ethnic group) help to promote basic psychological needs.

When children are young, they tend to show ingroup favoritism, believing that people
from their own gender or racial/ethnic group have higher abilities in academic settings [34].
However, research has shown that endorsement of more stereotypical perceptions (e.g., girls
have lower abilities than boys in STEM) throughout adolescence [33] may inhibit students’
future STEM pursuits. Believing that their social groups have lower abilities within STEM may
influence how they perceive their own abilities within STEM. Furthermore, marginalized indi-
viduals can experience stereotype threat when they feel at risk of conforming to stereotypical
perceptions about their social group, which can lead to underperformance on tasks or tests
[35-37]. Stereotype threats are common within STEM, especially math domains [36,38,39].
When negative perceptions that depict girls and URM as being less competent are made
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salient, students from these groups tend to underperform on tests [36,39-41 ]. Therefore, sim-
ply being aware of the negative perceptions or understanding that others might endorse such
perceptions can lead to underperformance [36]. Additionally, awareness of stereotypes has
been related to other outcomes like lower intrinsic motivation and a lower sense of belonging
in STEM [24,42]. However, research has yet to examine how thinking inclusively about abili-
ties is related to basic needs satisfaction or what type of inclusive thinking is more important:
is having high self-affiliated STEM ability perceptions (thinking that your ethnic and gender
group will perform well) more impactful than inclusive STEM ability perceptions (thinking
historically underrepresented groups will perform well) on basic needs satisfaction?

STEM perceptions and self-determination

Some research has shown that endorsing stereotypical perceptions is not directly predictive
of intrinsic motivation [43], suggesting there may be factors that could mediate this relation-
ship. One factor may be basic needs satisfaction, which is positively associated with intrinsic
motivation [13,14]. Some evidence suggests this may be the case: Grounded in SDT, Nehmeh
and Kelly [44] conducted interviews focused on competence, autonomy and relatedness with
undergraduate physics students and found that awareness of negative perceptions hindered
students’ self-determination in physics. Therefore, research has shown an association between
basic needs satisfaction and intrinsic motivation, and between basic needs satisfaction and
perceptions however, we have yet to determine if basic needs satisfaction can mediate the
association between STEM perceptions and intrinsic motivation. Current research is needed
to both re-examine the relationship between STEM perceptions and intrinsic motivation and
to identify if STEM perceptions have an indirect effect on motivation through other factors
like basic psychological needs.

Research has also suggested that early adolescence may be a time in which youth begin to
become more aware of traditional academic perceptions [45] and students underrepresented
in STEM, such as ethnic minoritized youth, may be more aware of such perceptions compared
to their White counterparts [46,47]. However, adolescence is also a time in which having more
inclusive perceptions also becomes more common [48,49], and is related to positive social and
academic outcomes as well as psychological well-being [50,51]. Studies have found that girls
who resisted traditional math and science gender ability perceptions had higher intentions
to pursue math and science compared to girls who did not resist these perceptions [52] and
resistance to negative perceptions has also been related to greater persistence on math tasks
for women [53]. However, research has not yet examined how inclusive STEM ability percep-
tions impacts basic needs satisfaction or intrinsic motivation. Research has shown endorsing
traditional ability perceptions can have negative impacts for students [36,42,44], but it is
unknown if having inclusive ability perceptions can have positive impacts on students’” auton-
omy, competence, and relatedness within STEM. Moreover, little is known about which types
of perceptions might matter. In this study, we explore inclusive perceptions that historically
underrepresented groups can perform well in STEM as well as self-affiliated perceptions that
your racial/ethnic group and gender group can perform well in STEM. Therefore, this study
will further investigate the relationship between STEM ability perceptions and basic needs
satisfaction.

Current study

Prior studies highlight how students’ intrinsic motivation leads to persistence in STEM [22],
how stereotypical perceptions can negatively influence academic intrinsic motivation [24],
and how basic psychological needs, like competence, can mediate the association between
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stereotypical perceptions and academic outcomes such as grades [16]. However, research is
needed that examines inclusive STEM ability perceptions about underrepresented or overrep-
resented groups and self-affiliated STEM ability perceptions about one’s social groups or other
social groups. Furthermore, research has not yet examined how inclusive or self-affiliated
STEM ability perceptions are related to basic psychological needs and intrinsic motivation

in STEM classes. Recognizing the limitations of the previous literature, the aim of the cur-
rent study is to explore the relationship between inclusive and self-affiliated perceptions of
STEM abilities, basic needs satisfaction, and intrinsic motivation in STEM classes during
adolescence—a critical time to maintain academic intrinsic motivation for math and science
classes. Despite high intrinsic motivation being associated with positive academic outcomes
[12,19,20], research has found that intrinsic motivation declines during adolescence and
especially for math and science classes [10,11,25]. Therefore, by understanding what factors
contribute to this decline, we can inform interventions aimed at preserving intrinsic motiva-
tion during this key time.

We also examine correlates of both gender and race/ethnicity due to the historic under-
representation of women and ethnic minoritized groups in STEM and the higher likelihood
of these groups to encounter more negative STEM perceptions [54-56]. Although there have
been many studies on STEM gender beliefs, there has been less research on STEM racial/eth-
nic beliefs. It is important to also explore people’s perceptions of STEM abilities based on race/
ethnicity, as these perceptions could be contributing to the underrepresentation of URM in
STEM fields. This study utilizes two models: self-affiliated STEM ability perceptions (STEM
perceptions about your racial/ethnic group and gender group vs other racial/ethnic groups
and gender groups) and inclusive STEM ability perceptions (STEM perceptions about his-
torically underrepresented groups vs overrepresented groups), to explore the role of different
types of inclusive thinking about STEM.

Hypotheses

1. As prior research has reported a positive association between basic needs satisfaction and
intrinsic motivation [13], therefore in addition to the more central hypotheses below, we
expect to affirm that there will be a direct positive effect between basic needs satisfaction
and intrinsic motivation.

2. For the self-affiliated STEM ability perceptions model, based on previous research [24,42],
we expect that having higher perceptions of your gender and racial/ethnic group’s STEM
abilities will be positively associated with intrinsic motivation and basic needs satisfaction.
However, having higher perceptions of other gender or racial/ethnic groups’ STEM abili-
ties will be negatively associated with intrinsic motivation and basic needs satisfaction.

3. For the inclusive STEM ability perceptions model, based on prior literature [16] we expect
that perceptions of underrepresented groups (having higher perceptions of girls and URM)
will be positively associated with intrinsic motivation and basic needs satisfaction, and that
perceptions of overrepresented groups (having higher perceptions of boys and White stu-
dents) will be negatively associated with intrinsic motivation and basic needs satisfaction.

4. As previous research has found that basic needs satisfaction mediates the relationship
between perceptions and academic outcomes [16], we expect to see a similar indirect effect
of the STEM ability perceptions on intrinsic motivation through basic needs satisfaction.

Given mixed results of prior research [23,24,47], it is an open question whether racial/eth-
nic, gender, or age differences would emerge in our focal variables Perceptions of Your Gender
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Group, Perceptions of Your Racial/Ethnic Group, Perceptions of Other Gender Groups,
Perceptions of Other Racial/Ethnic Groups, Perceptions of Underrepresented Groups, Percep-
tions of Overrepresented Groups, Basic Needs Satisfaction, and Intrinsic Motivation. There-
fore, we aimed to explore differences by race/ethnicity, gender, and age.

Methods
Participants

Participants were high school (9 - 12 grade) students from five public schools in the South-
eastern United States (N = 285, 56.1% girls, M, = 15.76 years, Range = 13-20, SD = 1.24).
42% of the sample identified as Black/African American; 33% White/European-American;
10.1% Latinx; 1.6% Asian/Asian-American; 0.6% American Indian/Native American; 0.3%
Native Hawaiian/Pacific Islander; 0.3% Arab/Arab-American; 9.9% Bi-racial or other; and
2.2% of the sample did not report their race/ethnicity. All five public schools received Title

1 funding, indicating they serve low-income populations. Students completed the survey
between November 2020 and April 2021 and many of them were attending school primarily
virtually (48.8%) due to the COVID-19 pandemic. 33.7% of participants reported attending
school in a hybrid format, 17.5% reported attending school in person, and 0.4% did not report
how they were attending school. Most students reported taking 1-2 STEM classes while the
data for the current study was being collected. during the study.

Measures

Perceptions of STEM abilities. The measures used were adapted from prior research
[8,57]. Participants were asked to drag a slider to indicate how true (0= not true at all to 100=
very much true) they thought the following sentence about girls and boys were; “I think that
girls/boys usually do well in STEM? Participants were also asked to drag a slider to indicate
how true (0= not true at all to 100= very much true) each sentence was about Black, Latinx,
and White students; for instance, “I think that Black students usually do well in STEM.” For
this measure, STEM was defined for students (i.e., “In this survey, we will use the term STEM,
this refers to Science, Technology, Mathematics, and Engineering?”).

Inclusive STEM ability perceptions. As girls and URM (Black and Latinx) students are
often subject to negative STEM perceptions [54-56], responses to the three ability percep-
tion items were averaged to create the perceptions about underrepresented groups measure
(Perceptions of Underrepresented Groups; o =.91). The responses to the items about boys
and White students were averaged to create the perceptions about overrepresented groups
measure (Perceptions of Overrepresented Groups; r = 0.67, p < 0.001).

Self-affiliated STEM ability perceptions. The perceptions about your gender group
measure (Perceptions of Your Gender Group) used girls’ responses to the perception state-
ment about girls, and boys’ responses to the perception statement about boys. The percep-
tions about other gender groups measure (Perceptions of Other Gender Groups) used girls’
responses to the statement about boys, and boys’ responses to the statement about girls.

The perceptions about your racial/ethnic group measure (Perceptions of Your Racial/Ethnic
Group) used Black students’ responses to the statements about Black students, and the same
was done for White students and Latinx students. The perceptions about other racial/eth-
nic groups measure (Perceptions of Other Racial/Ethnic Groups) used the average of Black
students’ responses to the statements about White students and Latinx students. The same
process was used for White and Latinx students’ responses.

Basic needs satisfaction in STEM. This 16-item measure features three subscales that
evaluated participants’ feelings of competence, autonomy, and relatedness in their STEM
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classes. This measure was adapted from the Basic Psychological Need Satisfaction at Work
Scale used to assess need satisfaction and has been used in many studies [58-60]. Participants
were given six statements about autonomy, six statements about competence, and six
statements about relatedness and asked to rate how true (1 = not at all true to 7 = very true)
each statement is for themselves. Examples of statements for each subscale include autonomy:
“I am free to express my ideas and opinions in my STEM classes”, competence: “I have been
able to learn interesting new skills in my STEM classes”, and relatedness: “I consider the
people in my STEM classes to be my friends” A latent construct capturing all 16 items was
used as the Basic Needs Satisfaction variable (a =.87).

Intrinsic motivation. This measure assessed participants’ intrinsic motivation (a
=.88) to engage in STEM. This measure was adapted from the Situational Motivation Scale
that assessed motivation for participating in an activity [61]. Participants were given four
statements asking why they were engaged in STEM classes. They responded to each statement
on a 7-point Likert scale (1= corresponds not at all to 7= corresponds exactly). Examples of
statements were: “Because my STEM classes are fun” and “Because I think that STEM classes
are interesting?”

Procedure

This research was approved by the IRB at North Carolina State University (20526). The survey
was a part of a larger study assessing students’ experiences in their STEM courses. For this
study participants were asked about their STEM courses as a collection rather than individ-
ual science, technology, engineering, and mathematics courses. All students at participating
schools were invited to participate and opt-out consent forms were sent home to families
electronically. While 694 students who had parental consent assented to participation, we
analyzed only the data from the 285 participants who completed all relevant survey mea-
sures. Participants were entered into a drawing for $10 electronic gift cards to thank them for
participation.

Data analysis

Descriptive statistics were computed first and then a correlation matrix was computed to
confirm variable associations. We subsequently conducted the intraclass correlation coeffi-
cients (ICC) to determine if multilevel modeling was needed to account for students nested in
schools. The ICCs for all relevant variables were between.01 and.05, indicating that multilevel
modeling was unnecessary.

Next, a measurement model was computed to assess the factor structure of Basic Needs
Satisfaction and Intrinsic Motivation. A path model was then estimated for self-affiliated
STEM ability perceptions to analyze the association between Perceptions of Your Gender
Group, Perceptions of Other Gender Groups, Perceptions of Your Racial/Ethnic Group,
Perceptions of Other Racial/Ethnic Groups, and Intrinsic Motivation as well as the mediat-
ing effects of Basic Needs Satisfaction. Gender, race/ethnicity, and age were regressed onto
Perceptions of Your Gender Group, Perceptions of Other Gender Groups, Perceptions of Your
Racial/Ethnic Groups, Perceptions of Other Racial/Ethnic Groups, Basic Needs Satisfaction,
and Intrinsic Motivation to check for differences based on demographics. A path model was
also estimated for inclusive STEM ability perceptions to analyze the association between Per-
ceptions of Underrepresented Groups, Perceptions of Overrepresented Groups, and Intrinsic
Motivation as well as the mediating effects of Basic Needs Satisfaction. Gender, race/ethnicity,
and age regressed onto Perceptions of Underrepresented Groups and Perceptions of Over-
represented Groups to check for differences. Analyses were conducted using Mplus Version 8,
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with full information maximum likelihood estimation (FIML) [62]. Fit indices were computed
and model fit was assessed following guidelines established by Hu and Bentler [63].

Results
Descriptive statistics

Results showed that participants had moderately high means for Perceptions of Underrep-
resented Groups, Overrepresented Groups, Your and Other Gender Groups, and Your and
Other Racial/Ethnic Groups indicating that participants tended to believe that all students
usually do well in STEM, and the means for Basic Needs Satisfaction and Intrinsic Motiva-
tion were about average (see Table 1). Additionally, all variables were correlated with each
other, however Perceptions of Other Racial/Ethnic Groups was not related to Basic Needs
Satisfaction (see Table 2). There were no significant gender or racial/ethnic differences among
participants for any of the key variables.

Path analysis for self-affiliated STEM ability perceptions

The perception measures (Perceptions of Your Gender Group, Perceptions of Other Gen-
der Groups, Perceptions of Your Racial/Ethnic Group, Perceptions of Other Racial/Ethnic
Groups) were regressed onto Basic Needs Satisfaction, and Basic Needs Satisfaction was
regressed onto Intrinsic Motivation. Gender, race/ethnicity, and age were regressed onto

the main variables. Indirect effects Perceptions of Your Gender Group, Perceptions of Other
Gender Groups, Perceptions of Your Racial/Ethnic Group, Perceptions of Other Racial/Eth-
nic Groups to Intrinsic Motivation were also tested. Fit indices showed this model did not fit

Table 1. Descriptive statistics.

Mean Standard Deviation Range
Perceptions of Underrepresented Groups 71.62 21.17 0-100
Perceptions of Overrepresented Groups 72.01 20.87 0-100
Perceptions of Your Gender Group 73.17 22.41 0-100
Perceptions of Other Gender Groups 72.29 21.85 0-100
Perceptions of Your Racial/Ethnic Group 70.31 22.58 0-100
Perceptions of Other Racial/Ethnic Groups 70.97 21.67 0-100
Basic Needs Satisfaction 4.58 0.83 2.06-6.88
Intrinsic Motivation 4.61 1.28 1-7
https://doi.org/10.1371/journal.pone.0318266.t001
Table 2. Correlations.
Variable 1 2 3 4 5 6 7 8
1.-Perceptions of underrepresented groups -
2. Perceptions of overrepresented groups 0.76*% | -
3. Perceptions of your gender group 0.83** | 0.81%* |-
4. Perceptions of other gender groups 0.78%* | 0.79%* | 0.59** |-
5. Perceptions of your racial/ethnic group 0.84** | 0.78%%* |0.82%* |0.59%* | -
6. Perceptions of other racial/ethnic groups | 0.90%* | 0.82** | 0.71** |0.72%* | 0.72%* | -
7. Basic needs satisfaction 0.20** |0.12* | 0.15% | 0.19%* |0.13* |0.09 -
8. Intrinsic motivation 0.18** | 0.13* | 0.17** | 0.18** |0.17* |0.14* |0.55%* | -
*p<0.05.
*%p<0.01.

https://doi.org/10.1371/journal.pone.0318266.t002
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adequately: x* (295) = 963.48, p < 0.001; CFI = 0.73, TLI = 0.67; RMSEA = 0.09, [CI = 0.08,
0.10]; SRMR = 0.11. Therefore, we did not continue to explore this model. We next assessed
inclusive STEM ability perceptions.

Path analysis for inclusive STEM ability perceptions

Perceptions of Underrepresented Groups and Perceptions of Overrepresented Groups were
regressed onto Basic Needs Satisfaction, and Basic Needs Satisfaction was regressed onto
Intrinsic Motivation. Gender, race/ethnicity, and age were regressed onto Perceptions of
Underrepresented Groups, Perceptions of Overrepresented Groups, Basic Needs Satisfac-
tion, and Intrinsic Motivation (see Fig 2). Indirect effects of Perceptions of Underrepresented
Groups to Intrinsic Motivation and from Perceptions of Overrepresented Groups to Intrinsic
Motivation were also tested. Fit indices showed this model fit adequately: x* (251) = 433.70,

p <0.001; CFI = 0.92, TLI = 0.90; RMSEA = 0.05, [CI = 0.04, 0.06]; SRMR = 0.06.

Path analysis depicting the direct effects of Perceptions of Underrepresented Groups on
Basic Needs Satisfaction and Basic Needs Satisfaction on Intrinsic Motivation. Regression
weights for unidirectional pathways are standardized. Solid lines represent paths that were
significant (p < 0.05). Covariances were not included in the model for clarity.

As hypothesized, there was a positive effect of Perceptions of Underrepresented Groups
on Basic Needs Satisfaction, however there was no significant effect of Perceptions of Over-
represented Groups on Basic Needs Satisfaction. There was a positive effect of Basic Needs
Satisfaction on Intrinsic Motivation. We also found a negative effect of age on Basic Needs
Satisfactions, indicating that older students had less basic needs satisfaction than did younger
students. Unexpectedly, there was not a significant direct effect of Perceptions of Underrepre-
sented Groups or Perceptions of Overrepresented Groups on Intrinsic Motivation. However,
there was a positive indirect effect of Perceptions of Underrepresented Groups on Intrinsic
Motivation via Basic Needs Satisfaction (estimate = 0.17, SE= 0.004, p = 0.01). There was not a
significant indirect effect of Perceptions of Overrepresented Groups on Intrinsic Motivation.

Basic Needs 0.55 Intrinsic
Satisfaction Motivation
0.60 0.72
Compl [_7 *-] Auto5
0.67 0.69
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Fig 2. Path analysis for inclusive STEM ability perceptions.

https://doi.org/10.1371/journal.pone.0318266.9002
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Perceptions of Underrepresented Groups was positively associated with Intrinsic Motivation
and this relationship was driven by Basic Needs Satisfaction, therefore the more students
believed that girls and URM do well in STEM, the higher their basic needs satisfaction, and,
consequently, the higher their intrinsic motivation.

Discussion

This study examined the associations between self-affiliated STEM ability perceptions, inclu-
sive STEM ability perceptions, basic needs satisfaction, and intrinsic motivation. We were not
able to identify a model for self-affiliated STEM ability perceptions that fit the data adequately.
However, the model for inclusive STEM ability perceptions fit well. As expected, Perceptions
of Underrepresented Groups’ STEM abilities was positively related to Basic Needs Satisfaction
and Basic Needs Satisfaction was positively related to Intrinsic Motivation. Additionally, there
was a positive indirect effect of Perceptions of Underrepresented Groups on Intrinsic Motiva-
tion through Basic Needs Satisfaction, but unexpectedly there was not a direct effect on Intrin-
sic Motivation. These findings expand our knowledge by showing that inclusive thinking may
play an influential role in promoting basic needs satisfaction in STEM.

Racial, gender, and age differences

Contrary to previous findings [23,24,46,47] we did not find any gender or racial differences
in any of the key variables. Our results revealed that girls and boys, and URM and White
students had similar ratings of inclusive STEM ability perceptions and self-affiliated STEM
ability perceptions. Therefore, adolescents are recognizing that people from different racial
backgrounds and girls can do well in STEM. This is an exciting finding, as it suggests that
adolescents may be increasingly aware that all students can excel in STEM domains. Past
research also had mixed findings for ethnic and gender differences for intrinsic motivation
[23,24] and our results showed that URM and White adolescents, as well as male and female
participants in this study all had similar rates of intrinsic motivation. Our sample was quite
ethnically diverse, with over 50% of participants identifying as Black or Latinx and only 33%
identifying as White. Future research should consider exploring school racial composition to
identify whether factors such as level of school diversity is associated with intrinsic motivation
and inclusive perceptions.

Lastly, whereas past research has shown that intrinsic motivation tends to decline throughout
adolescence [10,25], we did not find any age differences in intrinsic motivation, however we did
find age differences in basic needs satisfaction. Older students had lower basic needs satisfac-
tion than did younger students. This is a novel finding as past research has not yet documented
age differences in students STEM needs satisfaction. This suggests that schools might attend to
ensuring that students’ basic psychological needs in STEM are met as they progress through high
school, taking more advanced and specialized STEM classes which may threaten their needs
satisfaction. Additionally, this finding could be due to the virtual learning context that many
of the students were participating in. Students may not have had as rich learning experiences
online as they would have in a formal classroom. While it is unexpected that intrinsic motivation
did not decline with age in our sample, this could be due to our cross-sectional design or, again,
related to students’ nontraditional virtual school experiences due to COVID-19. That is, if we
had tracked students’ intrinsic motivation longitudinally, we may have seen similar age differ-
ences that past research has found. Additionally, Zaccoletti, Camacho [64] documented that the
pandemic may be associated with different trends in motivation. We may have found different
results if the research had been conducted outside of the pandemic timeframe. Thus, future
research should continue to examine age-related patterns in intrinsic motivation for STEM.
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Self-affiliated STEM ability perceptions

We first tested a model assessing the participants’ perceptions of their own and other gender
and racial/ethnic groups’ STEM abilities; however, the model did not fit adequately. These
results suggest that perceptions specifically related to your own social groups may not be

as influential for basic needs satisfaction as inclusive STEM perceptions in general. Per-
haps believing that all students, especially those who have been underrepresented in STEM
(i.e., girls, Black students, and Latinx students) do well in STEM can help promote better
classroom experiences, and subsequently, intrinsic motivation. Moreover, findings from a
classroom-based intervention to promote inclusion amongst children, found that promoting
inclusive thinking led to increases in perceptions of math and science competence beliefs for
all peers [65], suggesting that it may be possible to intervene to increase positive perceptions
about the abilities of students who have been underrepresented in STEM.

The role of inclusive stem ability perceptions in self-determination

Our novel findings document the role of inclusive perceptions in shaping basic needs
satisfaction. Specifically, we found that Perceptions of Underrepresented Groups positively
predicted basic psychological needs. Therefore, the more students felt that girls and URM
could succeed in STEM, the more they felt autonomous, competent, and related in their
STEM classes. Our findings suggest that resisting traditional perceptions that depict girls
and URM students as not doing well in STEM may be related to increases in students’ needs
satisfaction, or vice versa. We also did not find any gender or racial/ethnic differences in
any of our key variables, so having these more inclusive perceptions was beneficial for all
students, not just girls and URM. Having more positive perceptions of these social groups
may enable one to be more inclusive of others and feel more belonging. In fact, research has
shown that girls felt more belonging in their science class when they felt that their class-
mates had less stereotypical beliefs [66]. Moreover, research finds that overall perceptions
of inclusivity in STEM classes (for girls, boys, ethnic minority students and ethnic majority
students) predicted belonging and, consequently, engagement in STEM classes for adoles-
cents [67]. Therefore, overall recognition that groups historically excluded in STEM can
do well in STEM may promote all students’ persistence in STEM and reduce some of the
disparities we see in STEM. These findings suggest that future intervention work should
harness the role of countering stereotypical perceptions in orienting students towards
STEM success. Encouraging students to recognize that groups traditionally underrepre-
sented in STEM can and should be successful in STEM may help to foster students’ needs
satisfaction, which has been shown to be critically important for school success, including
in STEM contexts [14,15,27].

Similar to previous research [13], we found a positive association between basic needs satis-
faction and intrinsic motivation; when students had high feelings of competence, autonomy,
and relatedness they were more likely to have higher intrinsic motivation for their STEM
classes. Our findings also align with STEM specific studies that have documented the asso-
ciation between basic needs satisfaction and intrinsic motivation, which leads to academic
benefits [14,15,21]. Outcomes such as better academic performance and lower academic stress
have been associated with intrinsic motivation [12,19,20], as well as STEM persistence [15,21],
which itself is especially important for girls and ethnic minoritized students who are less likely
to continue with STEM subjects as they get older [5,6]. Therefore, by improving students’
needs satisfaction, we may also promote their intrinsic motivation for their STEM classes
which may encourage students to take advanced STEM courses in high school, pursue STEM
degrees in college, and enter the STEM workforce.
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Furthermore, we did not find a direct effect of Perceptions of Underrepresented Groups
on intrinsic motivation; rather, we documented a positive indirect association Perceptions of
Underrepresented Groups and intrinsic motivation through students’ basic needs satisfaction.
Therefore, the positive effects of inclusive thinking on intrinsic motivation can be explained
through students’ basic needs satisfaction. Since needs satisfaction is an important factor for
intrinsic motivation, our findings suggest that schools should implement programs focused on
increasing students’ autonomy, competence, and relatedness to foster intrinsic motivation.

Limitations

While this study provided novel findings, there are several limitations to note. First, our use of
cross-sectional data limited the scope of our work, and we are not able to make causal or direc-
tional conclusions. Additionally, our data were only from a US sample, but students from other
countries may also be affected by negative STEM perceptions as STEM disparities are evident
globally [2]. Therefore, future research should use international samples to examine the relation-
ship between these factors. We also only measured general needs satisfaction in STEM classes;
thus, future research may benefit from analyzing students’ needs satisfaction in their science,
technology, engineering, and math classes separately. These data were also collected during the
COVID-19 pandemic; thus, the students were participating in school in an atypical manner
(some fully virtual and some in a hybrid format) which may have impacted their needs satisfac-
tion as well as their STEM perceptions. Further, we did not account for socioeconomic status
because the sample was skewed toward low-income schools; however, this may have influenced
our findings. Lastly, as our STEM ability perception measures asked explicitly about different
ethnic groups and girls, participants may have answered more equitably due to social desirability
effects. Future research should use both implicit and explicit measures to capture a more com-
prehensive representation of adolescents’ STEM ability perceptions.

Conclusion

Building on previous research [24,36] this study shows that inclusive thinking can have
positive outcomes for adolescents. It also provides new insight into key mechanisms that may
be important for SDT [13,68] by showing that basic needs satisfaction can act as a mediator
between STEM perceptions and intrinsic motivation. Furthermore, this study highlights that
having inclusive perceptions is beneficial for all students, not only girls and URM, however, if
all students have more inclusive perceptions this may allow girls and URM to feel welcomed
in STEM, and thus creating more representation within these fields. Our findings suggest that
schools and out-of-school programs should consider both countering stereotypic perceptions
about abilities in academic domains, including STEM, and identifying strategies to increase
students’ basic needs (autonomy, competence, and relatedness) to promote intrinsic motiva-
tion in STEM.
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