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Introduction 

High attrition rates in the fields of Science, Technology, Engineering, and Mathematics 

(STEM) during the early college years (Denice, 2021; Lee et al., 2024; NCES, 2021) suggest a 

need to better understand the motivational processes in the transition from secondary school to 

university STEM programs. Science self-concept (science SC; Marsh, 1993), defined as the self-

perception of one’s ability in the domain of science, has been found to be a key precursor of 

performance and educational/career choices in STEM (Jansen et al., 2015; Nagengast & Marsh, 

2012; Nagy et al., 2006; Simpkins et al., 2006; Taskinen et al., 2013; Zhang et al., 2022). 

Advocates of social-cognitive theories (e.g., Eccles & Wigfield, 2020) and academic self-

concept theory (ASC; Marsh, 1993) suggest that ASC is informed by the social context. 

Therefore, academic transitions are an important social context during which ASC is reshaped by 

information from the new environment (Gniewosz et al., 2012; von Keyserlingk et al., 2019).  

Introductory STEM courses are academic major prerequisites that students usually complete 

during their transition to college. These courses are often referred to as “weed-out” courses, 

typically characterized by rigorous coursework, a competitive climate, and high-achieving 

student populations (Seymour & Hunter, 2019). These courses may challenge the development 

of students' confidence in STEM (Kim et al., 2022; Meaders et al., 2020) and may lead them to 

switch majors (Chen, 2013). Moreover, cultural beliefs favoring male superiority (e.g., gender 

stereotypes such as, “Women are less capable than men in STEM.”; Cheryan et al., 2017) and 

brilliance (e.g., field-specific ability beliefs such as, “Brilliance is required for success in 

STEM.”; Bian et al., 2018) establish gendered barriers - such as discrimination, negative 

psychological experiences - that disproportionately undermine women’s confidence in STEM 
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(Ertl et al., 2017; Muradoglu et al., 2023; Robnett, 2016). Therefore, examining the gendered 

developmental processes of science SC within the context of introductory STEM courses is 

essential for guiding practices that promote gender equity in STEM. 

Previous studies have demonstrated the complex relations between effort and ASC (Marsh et 

al., 2016). Although effort is crucial for succeeding in challenging introductory courses, students 

may perceive it as inversely related to ability in competitive settings such as STEM (see 

Jagacinski & Nicholls, 1987 for discussion; Muenks & Miele, 2017). Furthermore, perceived 

effort may be more critical for shaping science SC of women than men (Smith et al., 2013), as 

women’s high effort may confirm gender stereotypes and contradict the emphasis on brilliance in 

STEM. Although prior work on the relations between perceived effort and ASC offers valuable 

insights into the development of ASC, there remains a lack of empirical evidence regarding 

science SC. 

Accordingly, in this study, we examined gender differences in the relations between 

perceived effort and science SC in undergraduate introductory chemistry courses. We adopted 

two novel approaches to address this inquiry. First, building on the internal/external frame of 

reference model (I/E model; Marsh & Craven, 2002), social comparison theory (Festinger, 

1954), and Nicholls’ work (1978), we differentiated between two types of perceived effort: 

criterion effort (aligned with traditional views of effort) and comparative effort (focused on 

social comparisons of effort). Second, guided by the reciprocal effects model (REM; Marsh et 

al., 2018), we investigated the roles of perceived effort as both causes and effects of science SC 

and achievement. Collectively, we investigated gender differences in reciprocal relations 
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between two types of perceived effort (criterion, comparative effort), science SC, and 

achievement (midterms, final exam) in introductory chemistry.  

Social Comparisons in the Formation of ASC 

The I/E model (Marsh & Craven, 2002) posits that ASC is shaped through social (comparing 

one’s achievement with that of one’s classmates in the same domain), dimensional (comparing 

one’s achievement in a domain with one’s own achievement in other domains), and temporal 

comparisons (comparing one’s current achievement with one’s own past achievement in the 

same domain). Although these comparisons occur conjointly, social comparisons have been 

found to be the most influential for ASC (Wolff et al., 2018; Wolff & Möller, 2022), with 

relatively higher achievement than peers leading to an enhanced ASC. However, only a few 

studies have examined these relations for science SC, as existing research has largely focused on 

math or verbal SC (Jansen et al., 2014, 2015). Therefore, it is crucial to investigate how social 

comparison processes influence science SC to expand the literature.  

Social comparison theory (Festinger, 1954) provides a broader theoretical framework for 

understanding the social comparison processes underlying ASC. According to the theory, 

individuals engage in comparisons with others to satisfy a fundamental human need for self-

evaluation. In classroom settings, students often rely on grades or other indicators of their 

relative standing to evaluate their abilities, which, in turn, shape their ASCs associated with 

various STEM domains (Huguet et al., 2009; Müller-Kalthoff et al., 2017), including science SC 

(Chiu, 2012; Nagengast & Marsh, 2011, 2012). Social comparisons become particularly 

prominent in competitive environments (Boissicat et al., 2021; Dijkstra et al., 2008) and during 

transitional periods due to a changed frame of reference (Festinger, 1954). Thus, the competitive 
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and transitional environments of introductory STEM courses provide an important context for 

examining how social comparisons relate to science SC. 

In STEM, women often have lower science SC than men even when they achieve similar 

levels of success (Jansen et al., 2014; Liou et al., 2021; Saß & Kampa, 2019; Wilkins, 2004). 

This discrepancy raises important questions about whether students utilize various ability-related 

indicators beyond actual performance when self-evaluating their scientific abilities, and whether 

these indicators contribute to observed gender differences in science SC.  

Perceived Effort as a Dimension of Social Comparisons: Criterion Effort vs. Comparative 

Effort 

Complex Relations Between ASC and Effort. Effort is often viewed as a double-edged 

sword in achievement settings (Covington, 1984; Jagacinski & Nicholls, 1984). Covington 

(1984) argues that while effort is essential for improving performance, it can also diminish one’s 

ASC when it is accompanied by failures. Jagacinski and Nicholls (1984) suggest that students’ 

perceptions of the relations between effort and ability are influenced by the social context. In 

academic environments that emphasize competition and social comparisons, students are likely 

to view ability as negatively related to the effort required to complete tasks (e.g., “Successful 

students are brilliant and do not have to work hard.”). In contrast, in contexts that focus on 

individual growth or mastery, they are more inclined to see ability as positively related to effort 

they invest (e.g., “Successful students work hard.”). 

Researchers have further investigated the complex nature of perceived effort in relation to 

both the self (e.g., personal values) and tasks (e.g., subjective task difficulty), with each aspect 

yielding distinct consequences. Specifically, Muenks et al. (2016) found that students can 
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perceive the relations between effort and ability positively when effort is focused on self-

improvement (e.g., motivation). In contrast, this relation can be perceived negatively when effort 

is regarded as a response to task demands (e.g., subjective task difficulty). On a broader level, 

Inzlicht et al. (2018) provided evidence from cognitive science, neuroscience, and economics 

that emphasizes the complexity of perceived effort. They noted that individuals generally value 

outcomes achieved through effort more than those attained with less effort. However, when 

perceived effort required to succeed becomes excessive in relation to the personal importance of 

the outcomes, effort may be perceived as a cost (c.f., effort cost; Eccles & Wigfield, 2020) and 

the outcomes are devalued. These findings indicate the psychological mechanisms that influence 

whether effort is seen as relevant to an individual’s self-concept (e.g., personal ability, values, or 

goals). 

Social Comparisons of Effort. Social comparisons may function as another mechanism 

through which effort is differentially related to ability. In experimental studies (Jagacinski & 

Nicholls, 1987; Muenks et al., 2016), undergraduate students were asked to evaluate individuals’ 

abilities after reading vignettes that described the effort they put into tasks. Results consistently 

showed that students perceived someone as less competent when their high effort was framed in 

comparison to others (“A person expended more effort than others.”; social comparisons of 

effort). Conversely, when high effort was described without comparisons (“A person expended 

high levels of effort.”), students viewed that person as competent. One study (Smith et al., 2013) 

directly tested the predictive validity of social comparisons of effort in science SC, providing 

both empirical and experimental evidence of their negative associations among undergraduate 

students in STEM.  
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Taken together, prior evidence highlights the potential importance of social comparisons of 

effort underlying science SC; however, this area remains largely underexplored. To build on this 

line of research, we examined the roles of social comparisons of effort in a natural STEM course 

context by measuring two types of perceived effort. The first construct pertains to students’ 

perceptions of the effort they expend on a task compared to their own typical levels of effort, 

aligning closely with traditional views of effort in achievement literature (Marsh et al., 2016); we 

call this criterion effort. The second construct involves students’ perceptions of the effort they 

exert on a task in comparison to the effort they believe others expend on equivalent tasks, 

reflecting social comparisons; we call this comparative effort. We established comparative effort 

in relation to average peers within the same classroom to address the proximity of comparison 

targets (the local dominance effect; the tendency to make comparisons with local rather than 

distal targets; Zell & Alicke, 2020).  

Reciprocal Relations Between Perceived Effort, ASC, and Achievement  

Perceived effort acts as both a precursor and an outcome of ASC (Marsh et al., 2016). 

Therefore, it is important to examine both types of perceived effort to gain a broader 

understanding of the development of science SC. The reciprocal effects model (REM; Marsh et 

al., 2018) posits reciprocal relations between ASC and achievement, whereby prior ASC is 

linked to future achievement, and prior achievement influences subsequent ASC. REM has been 

extensively studied across academic domains (e.g., Wu et al., 2021). In STEM, some studies 

have found reciprocal relations between science SC and achievement among undergraduates 

(Gibbons & Raker, 2019; Villafane et al., 2016) and high school students (Wang et al., 2008; 

Zhao et al., 2024).  
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Motivational processes in REM can be further explained by perceived effort (Marsh et al., 

2016). As noted by the theories (Dweck, 2000; Nicholls, 1978), the relations between 

achievement and ASC can depend on whether outcomes are attributed to perceived effort. 

Furthermore, perceived effort may mediate the relations between ASC and achievement 

(Skaalvik & Skaalvik, 2013). To our best knowledge, researchers have not yet explored the roles 

of perceived effort in REM in the domain of science. Findings from this line of research in math 

(Marsh et al., 2016; Pinxten et al., 2014; Xu, 2018, 2020) lend support for the correlates of 

perceived effort in science. For example, Marsh et al. (2016) examined perceived effort in REM 

in math with German secondary students over four years. Results showed that perceived effort 

negatively predicted math SC, whereas math achievement positively predicted perceived effort. 

Furthermore, they found significant interactive effects, such that perceived effort positively 

predicted subsequent math SC and achievement when prior math SC was high. These findings 

point to the complex roles of perceived effort in explaining ASC and achievement, underscoring 

the need for further research to identify the underlying mechanisms. Thus, we addressed this 

question by investigating two types of perceived effort.  

Gender Differences in the Relations Between Perceived Effort and Science SC 

The cultural values, norms, and practices in STEM that emphasize masculinity and brilliance 

often contradict women’s scientific abilities (see Bae et al., 2024; Bian et al., 2018; Cheryan & 

Markus, 2020 for discussion) and hinder their development of science SC (Ertl et al., 2017; Lee 

et al., 2021). In these STEM environments, perceived effort may have different meanings for 

men and women, thereby informing ability differently across genders. Relevant research 

supports this idea. Studies on field-specific ability beliefs indicate that women tend to have more 
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negative motivational experiences than men in fields where success is linked to brilliance rather 

than effort, such as STEM (Bian et al., 2018; Leslie et al., 2015; Meyer et al., 2015; Muradoglu 

et al., 2023). Additionally, evidence on attribution bias shows that men often attribute their 

successes to ability and their failures to external factors (e.g., misfortune, difficult tasks), while 

women are likely to attribute their success to effort or external factors (e.g., fortune, easy tasks) 

and their failures to a lack of ability in STEM (Kiefer & Shih, 2006; Koch et al., 2008; LaCosse 

et al., 2016). These findings indicate that women may be more sensitive than men to the effort 

they invest in STEM, as their high levels of effort might be perceived as a reflection of a lack of 

ability due to gender stereotypes. 

Based on these findings, we hypothesized that the gendered mechanisms underlying science 

SC may be linked to the different dynamics of perceived effort across genders in STEM. 

Specifically, women’s perception of putting in more effort than others may serve as critical 

information that confirms gendered ability stereotypes. Smith et al. (2013) provide insights into 

the gendered roles of social comparisons of effort. Their findings revealed that women’s science 

SC were significantly higher when their efforts in tasks were described without comparisons 

(“You put in a lot of effort.”) rather than in comparison to others (“You put in a lot more effort 

than others.”). Despite its theoretical and practical significance, research exploring the gendered 

dynamics between perceived effort and science SC is limited. Thus, we tested this in this study.  

Present Study 

We aimed to identify the gendered mechanisms underlying the complex relations between 

perceived effort and science SC in STEM. Accordingly, our research goal was to examine 

whether and to what extent reciprocal relations among two types of perceived effort (criterion 



10 

 

effort, comparative effort), science SC, and achievement (midterms, final exam) differ as a 

function of gender in undergraduate introductory chemistry courses. Drawing on theories 

(Festinger, 1954; Nicholls, 1978) and empirical evidence (Muenks et al., 2016; Smith et al., 

2013), we explored perceived effort as a dimension of social comparisons. To do so, we adopted 

a novel approach and measured two types of perceived effort in reference to the self and others; 

criterion effort and comparative effort, respectively. Guided by the I/E model (Marsh & Craven, 

2002) and relevant work (Müller-Kalthoff et al., 2017; Wolff et al., 2018; Wolff & Möller, 

2022), we examined gender differences in the relations between these two types of perceived 

effort and science SC. Furthermore, we utilized the framework of REM (Marsh et al., 2018) to 

investigate the roles of perceived effort as both a cause and an effect of science SC and 

achievement. As a supplemental inquiry, we examined gender differences in reciprocal relations 

between science SC and achievement in chemistry, addressing the classical REM. Taken 

together, we employed a single-semester longitudinal panel study design to pursue three research 

questions.  

RQ1: Whether and to what extent do reciprocal relations between two types of perceived 

effort and science SC differ by gender? 

RQ2: Whether and to what extent do reciprocal relations between two types of perceived 

effort and achievement differ by gender? 

RQ3: Whether and to what extent do reciprocal relations between science SC and 

achievement differ by gender? 

Regarding comparative effort, we expected that prior comparative effort would be negatively 

related to subsequent science SC and achievement. Due to the lack of prior research on 
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comparative effort as an outcome, we did not make specific hypotheses about these relations. 

Regarding criterion effort, based on mixed findings in the literature (Marsh et al., 2016; Xu, 

2018), we hypothesized that prior criterion effort would be either positively or not significantly 

related to subsequent science SC and achievement, while prior science SC and achievement 

would be positively related to subsequent criterion effort.  

Regarding the supplementary question, we expected reciprocal relations between science SC 

and achievement, as evidenced by abundant research on REM (e.g., Wu et al., 2021). Finally, 

regarding gender differences, we hypothesized that the negative relations among comparative 

effort, science SC, and achievement would be significantly stronger for women than men in 

chemistry. However, after accounting for comparative effort, the gendered roles of criterion 

effort in REM remain exploratory. We expect our examination will contribute to the current 

understanding of perceived effort and a broader picture of the gendered developmental processes 

underlying science SC in postsecondary STEM. 

Method 

Participants and Procedure 

Participants were undergraduate students enrolled in three sections of an introductory 

chemistry course at a large public university in the Midwestern United States in the fall of 2020. 

This course was a prerequisite for students aiming to pursue majors in the natural sciences, 

certain engineering majors, and health professions programs. These courses were offered in 

person in prior semesters; however, most activities were delivered online during the survey 

administration due to the COVID-19 pandemic.  
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Participants completed three waves of online surveys during week 4 (Time; T1), week 10 

(T2), and week 14 (T3) of the 15-week introductory chemistry course in return for homework 

credit. The online surveys were administered through Qualtrics survey software and took 

approximately 15-20 minutes each to complete. Participants were informed that participation was 

voluntary, with no penalties for not taking part, and they were asked to provide informed consent 

for the use of survey responses and university records. Participants who did not complete a 

survey were still invited to participate in subsequent surveys. As a result, the analytic sample 

consisted of 6901 undergraduate students (61.8% female; 18.2% first-generation college students; 

70% White; 74.2% first year students; Mage =18.7 years, SD =1.60). Among the analytic sample, 

650 students (94.2%) took the T1 survey, 515 students (74.6%) took the T2 survey, and 554 

students (78.8%) took the T3 survey (please see Table S1 for the summary of participants’ 

demographic and academic characteristics, and missing data analysis). This study was approved 

by the university’s Institutional Review Board.  

Measures 

Criterion effort, comparative effort, and science self-concept were assessed at three time 

points over the course of the semester. All items for criterion and comparative effort were 

modified to pertain to the chemistry course in which students were enrolled, while science SC 

was adapted to the domain of science. Higher scores on each variable indicate a higher 

endorsement of the construct. All scales measured in the current study demonstrated good 

 
1 A total of 725 students enrolled in the chemistry courses were invited to participate in the study, but 35 did not 

consent to participate. We included data from all participants who took part at least once to maximize the use of 

available information for estimating parameters. 
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internal-consistency reliabilities (see Table 1 for the reliability of the measure at each time 

point). The full items for the measures can be found in the supplemental materials. 

Criterion Effort. The four items of the effort scale developed by Marsh et al. (2016) were 

utilized to evaluate students' perceptions of effort they invest in their chemistry courses in 

comparison to their own typical levels of effort (e.g., “In this chemistry course, I invest a lot of 

effort in to understanding everything.”). The measure used a 5-point Likert scale ranging from 1 

(not true) to 5 (absolutely true). 

Comparative Effort. The four items were adapted from Smith et al. (2013), where they were 

referred to as “effort comparison concern”. These items were developed to assess students' 

perceptions of effort they invest in their chemistry courses relative to effort they believe other 

students put in for the same course (e.g., “Compared with other students in this chemistry course, 

how much effort do you expend in this course?”). The measure used a 5-point Likert scale 

ranging from 1 (a lot less) to 5 (a lot more).  

Science Self-Concept. The six items were adapted from Marsh and O’Neill (1984; Self-

Description Questionnaire III) to assess students’ perceived ability to succeed in science (e.g., 

“Science is easy for me.”). The measure used a 5-point Likert scale ranging from 1 (false) to 5 

(true). Two items of the science SC scale showed poor factor loadings ( = 0.02 – 0.04) in 

confirmatory factor analysis with the measures from the three time points. Based on these results 

and the fact that these items primarily reflect the affective aspect of SC (e.g., “I’m hopeless when 

it comes to science”, Bong & Skaalvik, 2003), we decided to exclude these two items and used 

the remaining four items to specify the latent construct of science SC in the current study. As a 
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result, the science SC measure used in this study is highly reflective of the cognitive aspect of SC 

compared to similar constructs measured in other studies.  

Achievement. Chemistry midterm and final exam scores were obtained from the course 

instructor2. Midterm 2, midterm 3, and final exam were included in the analyses as numerical 

scores that were calculated out of 100 points. Midterm 1 was excluded from our analyses 

because the exam scores were released to students before the first wave of the survey (T1) began. 

The final course grades were not used because they were built on all midterm scores that were 

used in the analyses. The final exam scores were instead used as a final performance indicator as 

it took place after the final survey (T3) and would reflect students’ overall course performance as 

a cumulative exam. 

Prior Achievement. Students’ composite scores on the ACT exam were obtained from 

university records. The total scores of the SAT exam of those who did not take the ACT exam 

were converted into the equivalent ACT scores according to the ACT/SAT concordance tables3. 

Students who did not provide either ACT or SAT scores were classified as missing data. Missing 

data due to this reason was 2.9 % (N = 20).  

Demographics. Demographic information was obtained through an online survey and 

university records. Gender and race/ethnicity were self-reported at the end of the surveys. First-

generation college student status was obtained from university records, indicating that neither 

 
2 In these courses, course performance was evaluated based on three midterms, a final exam, online homework, 

individual and team-based recitation assessments, and lab reports. Each midterm and the final exam were graded out 

of 100 points. The rest of the assignments had their own grading system. Each midterm exam covered different 

topics. The final exam was cumulative, covering all topics that were taught through the semester. In this course, 

homework, recitation, and lab averages were in the 80-90% range, while exam averages were in the 55-75% range. 
3 The tables posted on the ACT website were utilized for the ACT-SAT score conversion 

(https://www.act.org/content/dam/act/unsecured/documents/ACT-SAT-Concordance-Information.pdf). 
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parent had attended college, (0=continuing generation; 1=first generation student). Specific 

race/ethnicity categories were collapsed into a binary variable (0=majority, 1=underrepresented 

racial minority; URM) indicating membership in a racial/ethnic group that is underrepresented in 

STEM fields (African American, Hispanic/Latino, Native American, and multi racial group) or 

membership in a racial/ethnic majority group in STEM (White, Asian/Asian American).  

Pandemic Impact. Students’ perceived negative impact of the global COVID-19 pandemic 

on their learning in the chemistry courses was measured and included to account for the potential 

confounding effect related to the pandemic. A self-developed, three items scale was administered 

at T1 (e.g. “Due to factors related to the COVID-19 pandemic, I face challenges that interfere 

with my ability to complete the work in this chemistry course.”). The items used a 5-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly agree).  

Analytic Plan 

Preliminary analyses were conducted using SPSS 27. We utilized multiple-group latent 

cross-lagged panel models (CLPM) to address the primary research questions, which were 

conducted using Mplus 8.6 (Muthén & Muthén, 1998–2017). CLPM estimate the autoregressive 

paths indicating the stability of a variable (e.g., the stability of criterion effort across the three 

time points) and the cross-lagged paths showing the potential causal effects of a change in a 

variable (e.g., criterion effort at Time 1) on change in another variable (e.g., science SC at Time 

2) over the course of time. Therefore, CLPM is used to determine the directional relations 

between two variables (cross-lagged associations) by controlling for prior levels of the predicted 

variables (autoregressive associations; Kearney, 2017). 
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Confirmatory factor analysis (CFA) for three measures – criterion and comparative effort, 

and science SC – was conducted to evaluate construct validity and the full SEM model for 

primary research questions. We then tested for measurement invariance of three variables 

separately across (a) genders and (b) time points to ensure that men and women perceived the 

same measures in a conceptually similar way across the three time points (Putnick & Bornstein, 

2016). The three measurement invariance models were tested as follows: (a) a configural 

invariance model in which the overall factor structure was restricted to be equivalent across 

genders and time points, respectively; (b) a metric invariance model in which the factor loadings 

were constrained to be equal across genders and time points, respectively; and (c) a scalar 

invariance model in which the equality constraints were imposed to item intercepts across 

genders and time points, respectively (Dimitrov, 2010). Changes in CFI greater than .010 and 

RMSEA greater than .015 were considered to indicate that measurement invariance was violated 

across genders or time points (Chen, 2007; Cheung & Rensvold, 2002). 

Next, a series of multiple group latent cross-lagged panel analyses were conducted based on 

robust maximum likelihood estimator (MLR) in conjunction with full information maximum 

likelihood (FIML) to account for missing data (Enders, 2022). An array of covariates (URM, 

first-generation college student status, prior achievement, and pandemic impact) were included 

to control for the effects of potential confounding variables. Given that participants’ responses 

were considered dependent within the same course section (McNeish et al. 2017), the nested 

structure of data was addressed by using type = complex on the basis of the course section in 

Mplus (Muthén & Muthén, 1998–2017).  
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To evaluate gender differences in the path coefficients, all structural paths were first 

constrained to be equal between genders (fully constrained model). Then, the path was freely 

estimated successively by relaxing an equality constraint on a path from the fully constrained 

model. Chi-square difference tests were conducted to compare the fit of the freely constrained 

model to those of the fully constrained one (Satorra & Bentler, 2010). Significant chi-square 

values indicated that the path coefficients were statistically different across gender.  

Results 

Preliminary Results 

We first examined the correlation matrix and descriptive statistics (see Table 1). We then 

tested the tenability of statistical assumptions for multiple-group CLMP in Mplus 8.6. The tests 

confirmed the tenability of all statistical and longitudinal assumptions (see the supplemental 

materials for preliminary analyses results). 

Primary Results 

We conducted a series of multiple-group CLMP using the full analytic sample (N = 690) to 

address the research questions (see Figure S1 for the baseline model). Prior achievement 

(ACT/SAT), URM status, first-generation college student status, and the pandemic impact were 

included as covariates in the analyses (see Table S6). The structural model displayed an adequate 

fit, χ2 (904) = 2017.353, p <.001, CFI = 0.925, TLI = 0.914, RMSEA =0.044 [90% CI = 0.042, 

0.047], SRMR =0.085. The chi-square difference tests showed significant gender differences in 

autoregressive effects of comparative effort (Δχ2 (1) = 0.63, p < .001) and science SC (Δχ2 (1) = 
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2.38, p < .001) between T1 and T24. Table 2 represents the parameter estimates across genders5; 

Figure 1 displays the significant parameters only. 

RQ1. Reciprocal Relations Between Two Types of Perceived Effort and Science SC  

The prominent role of criterion effort in science SC emerged for women, but not for men, 

across the three time points. Specifically, prior criterion effort was positively associated with 

subsequent science SC for women across the three time points (β = 0.08, p < .05 between T1 and 

T2; β = 0.14, p < .01 between T2 and T3), after controlling for prior science SC and an array of 

covariates. However, these relations were not significant for men. The negative relations 

between prior comparative effort and subsequent science SC were significant for both men and 

women at different time points. Prior comparative effort was negatively related to subsequent 

science SC for women between T1 and T2 (β = - 0.28, p < .01) and for men between T2 and T3 

(β = - 0.27, p < .01), after controlling for prior science SC. In terms of the opposite direction of 

influence, prior science SC was not significantly associated with subsequent perceived effort for 

both genders across the three time points. Therefore, results partially support our hypothesis 

regarding gender differences, while rejecting the hypothesis about reciprocal relations between 

two types of perceived effort and science SC. 

RQ2. Reciprocal Relations Between Two Types of Perceived Effort and Achievement  

The positive and reciprocal relations between criterion effort and achievement were 

significant for both genders between T1 and T2. Furthermore, these relations remained 

significant up to T4 (final exam) for women only, thereby supporting our hypothesis. 

 
4 Δχ2 = Satorra-Bentler scaled chi-square value; The values less than 3.841 indicate significant gender differences in 

parameter estimates with one degree of freedom. 
5 Table 2 is the simple version of the results. Table S4 contains all results from the primary analyses. 
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Table 1 Descriptive statistics and bivariate correlations among study variables 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1. Sci SC T1 1                 

2. Sci SC T2 .73** 1                

3. Sci SC T3 .67** .82** 1               

4. Cri. Eff. T1 .05 0.05 .09* 1              

5. Cri. Eff. T2 .02 .13** .17** .60** 1             

6. Cri. Eff. T3 .01 .11* .16** .55** .72** 1            

7. Comp. Eff. T1 -.60** -.58** -.53** .22** .19** .19** 1           

8. Comp. Eff. T2 -.54** -.63** -.57** .20** .23** .19** .75** 1          

9. Comp. Eff. T3 -.48** -.57** -.57** .16** .14** .24** .66** .76** 1         

10. Midterm 2 .35** .53** .52** 0.05 .20** .17** -.37** -.43** -.39** 1        

11. Midterm 3  .30** .41** .49** .08* .20** .26** -.29** -.33** -.30** .75** 1       

12. Final Exam  .33** .48** .49** 0.06 .18** .23** -.36** -.39** -.34** .79** .78** 1      

13. Prior Ach. .37** .39** .39** -0.07 -0.06 -0.03 -.38** -.41** -.36** .50** .42** .51** 1     

14. Female -.19** -.28** -.17** .18** .15** .18** .26** .29** .25** -.19** -.15** -.15** -.08* 1    

15. First-Gen. -.17** -.23** -.19** -0.07 -0.05 -0.04 .16** .17** .21** -.25** -.23** -.25** -.33** 0.05 1   

16. URM -.09* -.11** -0.07 0.06 0.01 -0.00 .12** .16** .16** -.13** -.10** -.13** -.21** 0.05 .16** 1  

17. Pandemic -.14** -.17** -.13** -.11** -0.08 -0.02 .19** .17** .19** -.19** -.16** -.14** -.10** 0.04 .10** -0.02 1 

n 650 514 544 650 512 542 650 512 542 675 673 673 670 690 690 690 690 

M 3.54 3.44 3.45 4.33 4.19 4.14 3.31 3.33 3.28 74.32 74.9 71.5 28.54 .62 .18 .16 3.22 

SD .70 .75 .75 .57 .70 .76 .85 .83 .82 18.14 18.67 17.53 3.76 .48 .38 .36 1.11 

Kurtosis .40 .44 .94 .48 .75 .30 -.18 -.15 .05 -.23 .60 .71 .91 -1.75 .71 1.42 -.82 

Skewness -.32 -.44 -.55 -.71 -.84 -.83 -.11 .04 .06 -.68 -.93 -.87 -.87 -.49 1.64 1.85 -.12 

Min. 1 1 1 1 1 1 1 1 1 12.5 0 0 15 0 0 0 1 

Max. 5 5 5 5 5 5 5 5 5 100 100 100 36 1 1 1 5 

α .89 .90 .90 .85 .90 .91 .85 .84 .86 - - - - - - - .89 

Notes. Sci SC = Science self-concept; Cri. Eff. = Criterion effort; Comp. Eff .= Comparative effort; Prior Ach = Prior achievement 

(ACT/SAT); First-Gen = First-generation college student status; URM = Underrepresented minority student status; Pandemic = 

Pandemic impact. * p < .05. ** p < .01. *** p < .001. 
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Table 2  

Summary of path coefficients among study variables across genders 

Predictors Outcomes 

T1 → T2  T2 → T3 

Male Female Male Female 

β SE β SE β SE β SE 

Criterion 

effort 

Criterion effort .63*** .09 .67*** .02 .79*** .14 .73*** .10 

Comp. effort -.02 .13 .03 .04 -.08 .11 -.04 .08 

Science SC .01 .03 .08** .02 .02 .03 .14** .08 

Midterm 2 .15* .08 .17* .07 - - - - 

Midterm 3 - - - - .10 .08 .13** .02 

Comp. 

effort 

Criterion effort .09 .16 .08 .06 -.00 .15 .12 .20 

Comp. effort .93*** .14 .82*** .06 .91*** .06 .87*** .06 

 Science SC -.02 .18 -.28*** .13 -.27** .11 -.10 .15 

 Midterm 2 -.25** .09 -.36*** .12 - - - - 

Science 

SC 

Criterion effort .14 .18 .06 .11 -.09 .13 .06 .16 

Comp. effort -.09 .13 -.00 .05 -.03 .03 -.01 .11 

 Science SC .76*** .14 .47*** .06 .60*** .17 .67*** .17 

Midterm 2 Criterion effort .22*** .10 .25*** .02 - - - - 

 Comp. effort  -.08 .09 -.20*** .05 - - - - 

 Science SC .28** .05 .35*** .05 - - - - 

Midterm 3 Criterion effort - - - - .03 .11 .17*** .02 

 Comp. effort  - - - - -.06 .03 -.04 .06 

 Science SC - - - - .27*** .04 .26** .09 

Notes. Significant coefficients are in bold. The full display of path coefficients is shown in Table S4. Missing estimates indicate that 

the paths were not tested due to the temporal order issue. Midterm 2 took place between T1 and T2 and midterm 3 occurred between 

T2 and T3. Midterm 1 was excluded from the analyses (see the Measures section). Comp. effort = Comparative effort. *p < .05. ** p < 

.01. *** p < .001.



 

 

Figure 1  

Standardized path coefficients of the study model.  

 
Notes. Only significant paths from the model are shown in the figure. The path from midterm 2 to final exam was significant but 

omitted in the figure for simplicity. Paths with multiple coefficients indicate that gender differences existed (M = Male, F = Female). 

Paths with a single coefficient indicate that gender differences were not significant thus the path coefficients from a single group 

         
         

         
     
  

       
            

  

          
     
  

         
     
  

       
            

  

          
     
  

         
     
  

       
            

  

          
     
  

                  

          
  

     

      
        

      
         

      
         

       

      

      
         

            

    

                                        

      
        

        
      

      
        

      
       

     

      

         
         

      

            

                         



 

 

analysis are shown for simplicity. Correlated errors among study variables and covariates are not shown for simplicity. The full 

display of path coefficients is shown in Table S4. * p < .05. ** p < .01. *** p < .001.
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regarding criterion effort. Specifically, criterion effort at T1 was positively related to midterm 2 

(Male: β = 0.15, p < .05; Female: β = 0.17, p < .05), after controlling for prior achievement. 

Midterm 2 was also positively related to criterion effort at T2 (Male: β = 0.22, p < .001; Female: 

β = 0.25, p < .001), after controlling for criterion effort at T1. For women only, criterion effort at 

T2 was positively related to midterm 3 (β = 0.13, p < .01), and midterm 3 was positively related 

to criterion effort at T3 (β = 0.17, p < .001). Lastly, women’s criterion effort at T3 was positively 

related to final exam at T4 (β = 0.08, p < .001).  

The negative and reciprocal relations between comparative effort and achievement were 

significant for women only between T1 and T2. Although comparative effort at T1 was 

negatively related to midterm 2 for both genders (Male: β = - 0.25, p < .01; Female: β = - 0.36, p 

< .001), midterm 2 was negatively linked to comparative effort at T2 (β = - 0.20, p < .001) for 

women only. The relations between comparative effort and achievement were not significant for 

both genders between T2 and T3. Overall, our hypothesis regarding this research question was 

supported.  

RQ3. Reciprocal Relations Between Science SC and Achievement 

Chemistry achievement emerged as a significant precursor of science SC for both genders 

across the three time points; however, the relation in the opposite direction was not significant. 

For both genders, midterm 2 was positively related to science SC at T2 (Male: β = 0.28, p < .01; 

Female: β = 0.35, p < .001), and midterm 3 was positively linked to science SC at T3 (Male: β = 

0.27, p < .001; Female: β = 0.26, p < .01). Contrary to our hypothesis, science SC was not 

predictive of achievement for either gender. Thus, the results did not support our hypothesis 

concerning this research question.  
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Discussion 

In this study, we examined whether and to what extent reciprocal relations among two types 

of perceived effort (criterion, comparative effort), science SC, and achievement (midterms, final 

exam) differ as a function of gender in undergraduate introductory chemistry. To address this 

inquiry, we uniquely integrated and extended Nicholls’ work (1978) and two main theories in the 

ASC literature (I/E model; Marsh & Craven, 2002; REM; Marsh et al., 2018) by examining two 

types of perceived effort in the framework of REM. The findings from the current study will (a) 

enhance the theoretical understanding of the relations between perceived effort and science SC 

and (b) provide insights on how to support women in leveraging their efforts to achieve their 

goals in stereotyped fields during their college transitions. 

Differential Roles of Comparative Effort and Criterion Effort in Science Self-Concept 

It is noteworthy that the predictive validity of comparative effort for science SC was 

significant above and beyond that of criterion effort among college students in introductory 

chemistry. Our findings corroborate and extend prior work on the negative relations between 

comparative effort (i.e., the perception of trying harder than others) and ASC (Jagacinski & 

Nicholls, 1987; Muenks et al., 2016; Nicholls, 1978) by testing the utility of comparative effort 

for science SC. Building on research on social comparison theory (Boissicat et al., 2021) and the 

relations between effort and ability (Jagacinski & Nicholls, 1987; Muenks et al., 2016), our 

findings suggest that students tend to consider relative effort when assessing their scientific 

abilities. Moreover, both genders tend to interpret relatively higher effort than others as a sign of 

low scientific ability (e.g., “I am not good at science because I should work harder than others in 

science class.”).  
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Drawing upon prior findings (Inzlicht et al., 2018; Muenks et al., 2016), social comparisons 

of effort may relate to the perception of effort as a response to subjective task difficulty. When 

students recognize that their effort is greater than that of their peers, they may view this 

additional effort as needed to compensate for a lack of ability to tackle challenging tasks. 

Consistent with the argument by Jagacinski and Nicholls (1987), these negative associations may 

be influenced by the social context, which can make them particularly pronounced in the current 

study – i.e., the competitive introductory chemistry course. Thus, future research should further 

investigate these associations across different fields or cultures, particularly in contexts that are 

less competitive or that place a higher value on effort (Leslie et al., 2015; O’Donnell et al., 2023; 

Xu, 2018). 

In terms of gender differences, these negative associations manifested at different time points 

- between T1 and T2 for women, and between T2 and T3 for men. Supported by research on 

attribution bias (LaCosse et al., 2016), our findings suggest that women may more promptly 

focus on their lack of ability to explain relatively higher effort they expend, while men might 

seek external reasons to understand their comparative effort early in the semester. However, our 

results indicate that the significance of comparative effort may become pronounced for men as 

the workload increases over the semester, leading them to question whether their abilities are not 

as superior as presumed or stereotyped in STEM. Overall, our findings indicate that the 

correlates of comparative effort may be significant for both genders in STEM, as gendered 

stereotypes about ability are either affirmed (for women) or challenged (for men) by the greater 

effort they put in compared to their peers in STEM. Future research should explore this potential 
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explanation by examining these relations across STEM fields that are associated with varying 

levels of gender stereotypes (Cheryan et al., 2017) and brilliance orientation (Bian et al., 2018). 

Notably, the gendered role of criterion effort in women’s science SC was evident. We found 

that criterion effort (i.e., the perception of trying hard) was positively related to women’s science 

SC after accounting for comparative effort. However, these relations were not significant for 

men. This gendered prediction is supported by evidence showing that women tend to view effort 

as the means to success in STEM (success/effort attribution; LaCosse et al., 2016). Moreover, 

prior research indicates that women may perceive effort they invest as a reflection of their 

dedication to achieving educational and career goals in STEM (cf. Inzlicht et al., 2018; 

Oyserman et al., 2018; Smith & Oyserman, 2015). Specifically, undergraduate women in the 

current study might have recognized that pursuing STEM majors requires considerable effort to 

overcome gender stereotypes. As a result, they may not view high levels of effort (criterion 

effort) as an indication of a lack of ability. Instead, they may see their criterion effort as 

reflective of the values or importance they place on this field (cf., Inzlicht et al., 2018; Jelsma et 

al., 2022; Oyserman et al., 2018), which may positively relate to science SC.  

Conversely, criterion effort was not directly related to men’s science SC. Given that men 

generally exhibit higher competence than women in STEM (Jansen et al., 2014, 2015), men’s 

science SC may be more durable and thus more likely to be influenced by objective measures of 

ability (e.g., achievement) rather than subjective indicators (e.g., perceived effort) in STEM. 

Although it was not the primary research question of the current study, our results revealed that 

two types of perceived effort were significantly associated with men’s science SC through 

chemistry achievement. These findings indicate that achievement feedback may be particularly 
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critical for men to understand the relations between effort and ability in STEM, aligning with 

Covington’s (1984) claim. Thus, further research exploring the potential role of achievement in 

the gendered relations between perceived effort and science SC is warranted. 

Unexpectedly, science SC was not predictive of two types of perceived effort for either 

gender across the three time points. These findings seem counterintuitive considering the 

theoretical arguments and empirical evidence on positive relations between ASC and effort 

(Covington, 1984). However, some previous research has reported similar results in math (Xu, 

2018). Specifically, it is possible that students with high competence may wish to align 

themselves with the prototype of a ‘brilliant person’ in STEM (Bian et al., 2018; Cheryan et al., 

2013; Hannover & Kessels, 2004), which may lead them to be reluctant to acknowledge that they 

try hard or harder than their peers. In this context, students’ science SC may not necessarily 

relate to their subsequent perceived effort. Another plausible explanation is that objective 

achievement would more effectively inform perceived effort. For example, favorable prior 

grades may better lead individuals to exert effort to maintain or improve their future 

performance. Indeed, findings from the present study support this perspective, as discussed in the 

following section. Taken together, our findings provide a more nuanced understanding of the 

relations between perceived effort and science SC by illustrating the contrasting roles of criterion 

effort and comparative effort, particularly in the stereotyped fields.  

Reciprocal Relations Between Perceived Effort and Achievement 

We found that two types of perceived effort and achievement were related reciprocally, with 

more pronounced patterns among women. Positive reciprocity between criterion effort and 

achievement were found for both genders between T1 and T2, and these relations were presented 
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until T4 for women. Specifically, students’ criterion effort (i.e., the perception of trying hard) 

were linked to high midterm scores, which in turn were related to an increase in their criterion 

effort. Consistent with prior research (Xu, 2018; cf., Inzlicht et al., 2018), our findings indicate 

that subsequent effort can be reinforced when individuals experience success resulting from their 

prior high effort. In contrast, while prior comparative effort was negatively related to chemistry 

performance for both genders, negative reciprocity emerged among women only between T1 and 

T2. Our findings suggest that women may experience negative feedback loops between 

comparative effort and achievement, where their perception of putting in more effort than others 

– potentially linked to subjective task difficulty - is intensified by receiving low grades in STEM. 

These findings highlight the importance of early successful experiences for undergraduate 

students, particularly women, in their understanding of the effort they invest within the context 

of introductory chemistry courses.  

Protective Role of Achievement in Science Self-Concept 

Chemistry midterm scores positively predicted science SC for both genders across the three 

time points. Unexpectedly, however, the opposite directional relations were not significant. 

Although these results seem to contradict prior evidence on REM, there are several possible 

explanations. Science SC may heavily depend on achievement during academic transitions as the 

frame of reference changes (Valentine et al., 2004). Another possibility is that, given the current 

study’s design, the explanatory power of perceived effort outweighs that of science SC for 

STEM achievement in general or among undergraduates in this study in particular. To our best 

knowledge, this is the first study to explore the relations between perceived effort, science SC, 
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and achievement in postsecondary STEM settings. Additional research is needed to further 

investigate the initial trends noted in the present study.  

Implications, Limitations, and Recommendations for Future Research 

The current study provides several implications for gender equity in STEM. First, our 

findings suggest that parents and educators should encourage a self-referenced view and 

discourage an other-referenced view on effort. This approach can be an effective way to support 

science SC and success of both genders in introductory chemistry. Prior work (Nicholls, 1984) 

indicates that comparative effort is associated with a performance orientation focused on external 

standards, while criterion effort aligns with a mastery orientation centered on internal or self-set 

standards. In this sense, students’ criterion effort can be enhanced by emphasizing the 

importance of mastering chemistry course content.  

Second, our results suggest that providing students, particularly women, with diverse 

opportunities for success are important in introductory chemistry, as early successful experiences 

can help students create positive feedback loops between criterion effort and performance, as 

well as enhance their science SCs. Third, our findings contribute to the theoretical understanding 

of the complex relations between perceived effort and science SC by providing empirical 

evidence on comparative effort. This study highlights the unique roles of comparative effort in 

science SC above and beyond that of criterion effort in introductory chemistry. Further, gendered 

roles of two perceived efforts in science SC and achievement extend our understanding of 

gendered motivational pathways in undergraduate STEM.  

Despite the aforementioned implications, this study has several limitations; thus, suggestions 

are made for future research. First, we focused on students’ science SC, rather than chemistry 
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SC, and we investigated its relations with perceived effort and achievement in a specific 

chemistry course. This decision was deliberate, as most participants were first year students who 

may not have developed ASC in a particular STEM domain before declaring their majors. Thus, 

future research is encouraged to examine these constructs within the same domain to provide a 

deeper understanding of the relations between two types of perceived effort and ASC. Second, 

general others, rather than a particular person, were established as the comparison standard in 

this study. Although this study design is supported by prior studies (e.g., Zell & Alicke, 2020), 

the assimilation effect (Huguet et al., 2009) points to the possibility that students may have 

selected and compared themselves with a subset of peers who are similar to them. Therefore, 

future research should further examine the processes of effort comparisons in relation to specific 

comparison targets to expand upon findings from the current study. Third, it should be noted that 

the current study was conducted during the COVID-19 pandemic (Fall 2020). Although we 

accounted for the challenges students perceived during this time through statistical controls 

(please see the supplemental materials for the full items and Table S6 for the coefficients), our 

approach may not have fully detected the influences of the COVID-19 pandemic that were 

associated with changes in course settings and broader social contexts (e.g., remote learning, 

social distancing; Fong et al., 2022). Thus, our examination during this time may have narrowly 

captured the associations among study variables. Future research should be conducted to 

replicate these relations and complement the findings of the current study.  

Fourth, building on the current study’s evidence, future research should further examine the 

contextual/individual factors that influence the salience and dynamics of two types of perceived 

effort, and extend this examination into academic self-concept in different domains. Fifth, the 
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specific nature of the sample in this study limits the generalizability of our findings to 

undergraduate students in introductory chemistry courses. It is possible that social comparison of 

effort may have been particularly pronounced in the introductory STEM course settings, 

characterized by college transitions and competitive course climates. Therefore, there is a critical 

need to pursue this line of investigation in cross-cultural settings (e.g., comparing Western and 

Asian cultures in terms of their differing cultural values on effort, O’Donnell et al., 2023), in 

different fields (e.g., comparing fields that value effort to varying degrees), or among diverse 

student populations (e.g., comparing students in non- or different STEM fields) to improve the 

generalizability of these findings. Next, while our approach to the study sample and sampling 

maximizes statistical power and supports our focus on the transitional and competitive nature of 

the introductory course context, it is important to note that nearly 25% of the sample consisted of 

non-first-year students. These students may have experienced different motivational processes, 

as their course commitments and the perceptions associated with those commitments could differ 

from those of first-year students. Future research should extend the current study by focusing 

heavily on first-year students or by exploring different associations among students from varying 

academic ranks or educational stages. Finally, all constructs in the current study, except for 

achievement, were measured using retrospective self-report measures. Although all measures 

were previously validated and demonstrated excellent reliability, future research should consider 

measuring perceived effort and science SC more holistically by adopting qualitative methods, 

mixed methods design, or incorporating other data sources (e.g., direct observation, teacher-, 

peer-, and parent reports).  

Conclusion 
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This study examined whether and to what extent reciprocal relations between two types of 

perceived effort (criterion, comparative effort), science SC, and achievement differ as a function 

of gender in introductory chemistry. Key findings included: (a) distinct roles of two types of 

perceived effort in science SC, (b) reciprocal relations between these perceptions of effort and 

achievement, and (c) gender differences in these associations. Our results suggest that promoting 

criterion effort (self-referenced views on effort) and downplaying comparative effort (other-

referenced views on effort) can enhance both genders' science SC and success in STEM fields. 
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