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Abstract 

This study examined whether differences existed in college students’ perceptions of improvement in critical 

thinking, content knowledge, and STEM motivation after taking a biology course and receiving traditional-

based or growth-based grading methods on scientific write ups. The quasi-experimental study used data 

collected from a reflection survey during in 2023 from a public Tennessee university. Analyses included factor 

analysis, a MANCOVA, and sentiment analysis. The interaction of group and gender was significant, with 

men perceiving overall higher improvements in content knowledge, and women demonstrating greater STEM 

motivation than men in the treatment group. Students had overall positive sentiments, with those in the 

treatment group emphasizing growth. This study highlights a positive association between growth-mindset 

interventions and student outcomes. Implications are provided.  
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1. Introduction 

The purpose of the current study was to assess differences in perceptions of college 

students in a biology course based on whether they received growth-based grading or 

traditional grading and controlling for gender. Assessed perceptions included 

improvement in critical thinking skills, content knowledge, and motivation in STEM. The 

study used a quasi-experimental static control group post-test design, and instruments 

included students’ responses on a researcher-developed reflection survey. A review of 

current relevant literature is followed by methods, results, conclusions, and implications 

for future research. The university’s Institutional Review Board granted approval for the 

study.  
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1.1. Background 

Despite much focus on the gender and diversity gap in STEM fields over the last 

several years, the percentages of women, members of underrepresented groups, and 

students who are the first in their families to attend college still lag behind the 

representation of those same groups in the general population (Hamrick et al., 2021). 

Phenomenon such as “belonging uncertainty”, “imposter syndrome”, or “stereotype 

threat” contribute to this gap in representation, as members in underrepresented groups 

may perceive, as inherent reflections of their ability, failures experienced in fields for 

which they do not have a strong identity connection (Casad & Bryant, 2016). This 

internalization of failure can result in individuals avoiding opportunities for feedback to 

improve and to otherwise disengage from the work and school environments (reviewed in 

(Casad & Bryant, 2016)). In the school environment, disengagement could result in 

students missing class, skipping answers on exams, or failing to turn in assignments 

(Davies et al., 2005; Koenig et al., 2011; Cheryan et al., 2011; Dee, 2014; Dweck & 

Yeager, 2019). 

Growth mindset interventions, which emphasize the potential for students to improve 

in their ability, have proven to be effective and were associated with stronger test scores 

across multiple studies, especially for students with otherwise greater likelihood of poor 

performance (Yeager & Dweck, 2020). Individuals with a growth mindset show greater 

resiliency and are less likely to shy away from challenges (Dweck & Yeager, 2019). Yet, 

while effective programs exist, there is still a need to assess how best to help students 

internalize the growth mindset, especially if they come to the classroom with 

preconceived perceptions of ‘belonging’ in certain groups or career tracks.  

Facilitated mentor/mentee relationships between students in underrepresented groups 

and faculty members or peers have proven to be successful, low-cost interventions having 

a large impact on student success (Campbell et al., 2012; Dennehy & Dasgupta, 2017). 

For example, students participating in same-gender peer mentoring interventions for 

freshmen and sophomore females in STEM helped mentees to gain more self-efficacy, 

greater success in engineering, and more motivation to pursue STEM fields (Dennehy & 

Dasgupta, 2017). These mentor/mentee relationships are likely to be successful in large 

part because mentors help to establish that failures such as low grades on assignments 

or exams are normal and, thus, can be overcome (Brady et al., 2020)—reinforcing both 

belonging and a growth mindset. In fact, facilitated mentor/mentee interactions of just 1 

hour that focused specifically on normalization of failure had positive impacts on 

perceptions of life and career satisfaction in participants over 10 years later (Brady et al., 

2020). However, students tend to seek out mentors that are the most accessible—whether 

these be faculty, staff, or peers (Campbell et al., 2012). Additionally, students, especially 

those struggling with self-confidence, often do not reach out to mentors unless required to 

do so. Therefore, programs that facilitate and require mentor/mentee interactions that 
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specifically incorporate a STEM focus, are more likely to be successful at closing the 

representation gap in STEM. Entry-level, general biology courses offer unique 

opportunities to institute growth mindset interventions that reach a broad swath of the 

student body as these courses are taken by students interested in professional, applied, 

and research career tracks. However, these classes are often large, limiting opportunities 

for individualized attention, and increasing the likelihood that those experiencing 

belonging uncertainty will disengage after experiencing early failure or avoid difficult 

tasks at the outset to limit the negative feedback they receive (Casad & Bryant, 2016). 

Therefore, interventions that require involvement may be more successful than those 

that do not.   

Reading scientific literature and interpreting data are tasks that are overwhelming for 

many students, as is concisely and accurately conveying scientific ideas through writing. 

Thus, incorporating these activities into an introductory biology class provides an 

opportunity to incorporate and test the effectiveness of strategies designed to promote a 

growth mindset. In the current study, the researchers instituted a series of three skills-

based activities in the semester called “write-ups” in which students interpreted a data 

figure and relayed the information through writing geared towards a general scientific 

audience.   

1.2. Purpose of Current Study 

This study compared the perceptions of improvement in critical thinking skills, content 

knowledge, and motivation in STEM of students in a Biology course who received either 

traditional-based grading methods or growth-based grading methods. The following 

research questions were explored:  

 

1. Are there differences in students’ perceptions of course outcomes (critical 

thinking skills, content knowledge, and motivation in STEM) based on whether 

they received traditional versus growth-based learning?  

2. Are the differences, if any, in students’ perceptions of course outcomes 

(critical thinking skills, content knowledge, and motivation in STEM) based on 

whether they received traditional versus growth-based learning the same for men 

and women or non-binary individuals? 

3. Are there differences in proportions of positive versus negative qualitative 

sentiments of students towards a biology course depending on whether they 

received traditional versus growth-based learning? 
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2. Methods 

This quantitative study used a quasi-experimental static control group posttest design. 

Factor analysis was used to identify underlying constructs within collected survey data, 

and a multivariate analysis of covariance (MANCOVA) was conducted to determine 

differences in three identified constructs, including critical thinking skills, content 

knowledge, and motivation in STEM, controlling for gender. Analysis of covariance 

(ANCOVAs) were conducted on each dependent variable using a Bonferroni adjustment 

to examine significant differences across group and genders after the MANCOVA. 

Sentiment analysis was then conducted on participants’ qualitative responses. 

Descriptions of the setting and participants, data collection methods, instrumentation, 

and data analysis follow.  

2.1. Setting & Participants 

Participants included 81 students enrolled in a General Botany course at Tennessee 

Technological University (Tech), an intermediate-sized, public university in Southeastern 

Tennessee that enrolls approximately 10,000 students annually, of which about 85% were 

undergraduate students in Fall of 2022 (‘About Tennessee Tech – Facts and Figures’, 

2023). Annually, tech graduates 400 to 600 students in STEM majors on average. Tech is 

a regional university located in Cookeville, TN that serves the rural Upper Cumberland 

region. 93% of students were In-State students according to the Fall 2022 census. Tech 

serves an economically distressed rural area, in which five of the surrounding counties 

are on Tennessee Governor Bill Lee’s list of 10 economically distressed counties in the 

state, making them among the 10 percent most economically distressed counties in the 

nation. An additional 10 are on Lee’s list of 32 at-risk counties (‘Transparent Tennessee’, 

2023).  

This course has been a required course for students in the Biology and Wildlife 

Fisheries Science majors, including those seeking professional degrees in medically-

related fields. It is also part of the general education curriculum, as a biology elective, 

attracting students in the Engineering and Computer Science Majors. As such, the course 

includes students interested in a range of STEM fields. More than 70% of students tend 

to be second-year students; however, the course does attract some students in first, third, 

and fourth year or greater as well. Of the 78 students included in the analysis, 41 

identified as women/nonbinary persons (49.4%), and 37 identified as men (44.6%). 

Originally, 1 participant identified as nonbinary and was included with the gender 

category of women to be inclusive of all participants. Three participants preferred not to 

disclose their gender and were not included in the analysis. Based on their lab section 

and out of eight sections, students were randomly assigned to treatment or control and to 

small groups used in lecture. This was to ensure that the students most likely to talk 

about grades and assignments received the same treatment. 
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2.1. Measurement & Instrumentation 

After random assignment, students were given a syllabus corresponding to the control 

or treatment group as applicable, which explained their grading scheme (either growth- 

or traditional-based). Regardless of treatment, all students received three write up 

assignments throughout the semester, in which they responded to a data figure. Write 

ups were composed of five, one-to-four sentence sections that included the following: 

background, question, methods, observations, and conclusions. Write-ups were graded on 

a rubric that assessed each section as well as overall writing quality (See Appendix A). As 

this was a skills-based assessment, the researchers expected students to improve over 

the semester providing a framework to incorporate growth-mindset language. 

Specifically, the course instructor told students within the treatment group that, 

“scientific writing is hard, interpreting scientific data is hard, and that we expect 

students to struggle in the beginning, but that with practice, they will get better.” 

Additionally, because growth was expected, the instructor told students within the 

treatment group that the rubric scores they received on the later write-ups would replace 

earlier rubric scores. To encourage buy-in and student investment, students were 

encouraged to take advantage of this “improvement policy,” and to do so, they were 

required to turn in assignments on time and to show clear effort towards meeting the 

requirements. Conversely, while the control group was also told periodically that 

scientific writing was difficult and would take practice, no improvement options were 

given. That group was told only that all assignments must be completed on time or points 

would be deducted.  

The write up assignments also included two other components. The first was a series of 

questions designed to help them think through the figure. Students brought the 

questions with them to their lab sections where they were encouraged to talk with their 

group mates and with their Teaching Assistants to get feedback on their thought 

processes. This was due at the start of their lab section. The write up was due the 

following day at midnight to allow them time to incorporate any feedback. The last 

component, which was turned in along with the write up, was a series of metacognition 

questions that asked students to analyze the tools they used to complete the write up, to 

compare levels of difficulty in interpreting different types of data figures, and what 

aspects of their write up they attempted to improve.   

Grading of the anonymized assignments was conducted by undergraduate and 

graduate teaching assistants. Teaching assistants graded the first assignment alongside 

the instructor after a “rubric norming” session to ensure consistent grading. The second 

two assignments were graded independently by the teaching assistants. Often, the same 

teaching assistant graded the same group of students each time; however, given time 

constraints and the fact that assignments were anonymized and could only be classified 
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by lab section, this was not possible in all cases. In some instances, the same student may 

have had each of their write ups graded by a different teaching assistant.  

A researcher-developed survey was created and distributed to students through the 

course’s online platform at the end of the semester, in which students who completed it 

and took a screenshot of their completed screen as part of a regular assignment for the 

course. The survey included 21 questions which addressed students’ perceptions of 

improvement in critical thinking skills, writing skills, content knowledge, as well as their 

perceptions of moving forward with STEM topics/learning as a result of participating in 

the course (see Appendix B). A Cronbach’s Alpha coefficient of 0.922 was computed for 

the survey items, indicating that the survey was a reliable instrument to measure 

students’ perceptions. Two qualitative questions also were provided for students’ 

feedback.  

All communication regarding the improvement policy was delivered via the online 

platform to the randomly assigned groups in order to keep Teaching Assistants and the 

Instructor (also a principal investigator) blind to the students assigned to each treatment 

group. After the first writing assignment, constraints were implemented on the online 

platform to ensure that students saw treatment-group-specific feedback before being able 

to access the second and third writing assignments.  

2.2. Data Analysis 

     Before analysis, data were assessed and recoded to combine the gender categories of 

women and those who chose nonbinary sexual identification, as the frequencies for 

nonbinary were small (< 3%). There was a total of 41 women/nonbinary persons (52.6%) 

and 37 men (47.4%) included in the analysis. Of these, 34 were in the control group 

(41.5%), and 48 were in the treatment group (58.5%). Within the control group, 56.2% (n 

= 18) were women/nonbinary persons, and 43.8% (n = 14) were men. Within the 

treatment group, 50% (n = 23) were women/nonbinary persons, and 50% (n = 23) were 

men.  

Factor analysis using a principal components analysis (PCA) approach and a varimax 

rotation was conducted via SPSS Software (v28.0.1.0; IBM Corp, 2021) to determine 

what, if any, underlying structures existed for measures on the 17 survey items. PCA is 

an advantageous approach to factor analysis when the goal is to reduce the number of 

used independent variables when conducting multivariate techniques (Mertler & 

Vannatta, 2010). PCA was used to identify components, each of which were composed of a 

linear combination of correlated variables (i.e. the survey items), that explained a large 

proportion of the total variance across students in survey responses (Chumney, 2012). 

The identified components were each represented by a single computed eigenvalue 

representing the total variance explained by all survey items contained within a 

component. A varimax rotation was chosen due to its simplicity in identifying a small 
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number of components with large percentages of variance explained (i.e. large loadings) 

for a number of items (Abdi, 2003).  

PCA produced a four-component solution evaluated as appropriate through criteria 

including eigenvalues, variance, scree plot, and residuals. Components, each 

representing multiple survey items, were then used as independent variables in 

subsequent analyses. This was done by transforming the individual data items loaded 

onto each component using eigen vectors to represent projections of data regarding eigen 

vector direction (Dutt, 2021). The Keiser-Meyer-Olkin (KMO), a test for measuring 

adequacy of sample size and adequacy for factor analysis (Shrestha, 2021), was not 

significant, indicating that data were adequate for factor analysis. Bartlett’s Test of 

Sphericity, which tests that the variables are orthogonal, was significant (p < .001), 

indicating that the variables were related and independent and, thus, suitable for 

detecting underlying structures.  

Cronbach’s alpha coefficients were then computed for each component to measure their 

reliability (see Table 1 for components, items, alpha coefficients, and variance accounted 

for). The four-component solution was reduced to a three-component solution due to a low 

Cronbach’s alpha computed for the fourth component (< 0.4), which only accounted for 

9.1% of the variance in the items and was constructed of only two survey items, which 

were the following: 1. Compared to before this course, how likely are you to now continue 

in a STEM field, and 2. I enjoy writing about unfamiliar topics in STEM more as a result 

of the feedback I got this semester. This component was originally named Enjoyment of 

STEM before being removed from analysis (see Table 1). 
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Table 1. Reliability Statistics for the Created Components 

Construct Cronbach’s alpha % Variance Explained 

Perceptions of improvement in critical thinking 

● Writing about an unfamiliar topic 

● Interpreting unfamiliar data in the media/public 

● Interpreting unfamiliar data in Biology 

● Applying critical thinking skills to an unfamiliar topic 

● Writing about an unfamiliar topic 

● I feel like my writing skills have improved as a result of the 

feedback I got this semester 

● I feel like my critical thinking skills have improved as a 

result of the feedback I got this semester 

.918 30.4% 

Perceptions of improvement in content knowledge 

● Improvement in ability to describe the structure and 

function of fundamental cell, tissue, and organ types in 

plants 

● Improvement in ability to explain major events during the 

evolution of land plants 

● Improvement in ability to describe land plants’ diversity 

● Improvement in understanding of plants’ many uses and 

modifications 

.868 16.2% 

STEM motivation 

● Writing is a skill which I can improve with hard work 

● I enjoy thinking critically about STEM topics 

● Interpreting scientific data is a skill which I can improve 

with hard work and practice 

● Likeliness to continue in a stem field 

.760 15.5% 

 

After rotation, the first component was named Perceptions of improvement in critical 

thinking and accounted for 30.4% of the total variance in the original variables and 

included perceptions of improvement in the following: Writing about an unfamiliar topic, 

Interpreting unfamiliar data in the media/public, Interpreting unfamiliar data in 

Biology, Applying critical thinking skills to an unfamiliar topic, Writing about an 

unfamiliar topic, and Applying critical thinking skills to an unfamiliar topic, in addition 

to responses on the statements, I feel like my writing skills have improved as a result of 

the feedback I got this semester, and I feel like my critical thinking skills have improved 

as a result of the feedback I got this semester. The second component was named 

Perceptions of improvement in content knowledge and accounted for 16.2% of the 

variance in all variables. Four variables loaded on this component, including perceptions 

of improvement in ability to Describe the structure and function of fundamental cell, 

tissue, and organ types in plants; Explain major events during the evolution of land 

plants; Describe land plants’ diversity; and Understanding of plants’ many uses and 
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modifications. The third component accounted for 15.5% of the variance and was named 

STEM Motivation. The four variables which loaded on this component included Writing 

is a skill which I can improve with hard work, I enjoy thinking critically about STEM 

topics, Interpreting scientific data is a skill which I can improve with hard work and 

practice, and Likeliness to continue in a STEM field. Table 2 provides descriptive 

statistics for each of the three components for the original sample before removing 

outliers or those who preferred not to disclose their gender. Each component is measured 

as a scale variable around zero, meaning that higher numbers indicate higher levels of 

the measured variables, and thus, a greater frequency of sentiment trending towards the 

affirmative on the Likert scale.  

 

Table 2. Descriptive Statistics 

Descriptive Statistics 

 Treatment vs. control Mean Std. Deviation N 

Perceptions of improvement in 

critical thinking 

Control -.2098754 1.03174337 33 

Treatment .1800473 .93377099 48 

Total .0211899 .98753272 81 

Perceptions of improvement in 

content knowledge 

Control .0730732 1.08189823 33 

Treatment -.0247464 .94352334 48 

Total .0151060 .99677196 81 

STEM motivation Control -.0238971 1.13365084 33 

Treatment .0044570 .91703381 48 

Total -.0070947 1.00415185 81 

 

The researchers prepared to conduct a one-way multivariate analysis of covariance 

(MANCOVA) on the created components to assess whether significant differences existed 

across the three components and across the four gender and treatment combinations. 

MANCOVA is appropriate for examining differences in multiple continuous dependent 

variables across more than two groups, and works by further reducing the three 

dependent variables (components) to a single dependent variable combination to assess 

overarching trends aligning with gender, treatment, or their interaction. Before 

conducting the analysis, normality and linearity of the components across both gender 

and treatment group were assessed. All assumptions for a MANCOVA were met 

regarding the dependent variables, including linearity, which was assessed through 

normal Q-Q plots; normality, which was examined through histograms; and the absence 

of multicollinearity, which was assessed through calculating correlation coefficients.      

While six outliers were identified among the student respondents, we chose to leave these 
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within the dataset due to their being true outliers which represented legitimate 

observations of the studied population (Frost, 2019). For instance, outliers could be due to 

student responses on the Likert scale that differed from the majority of the class, but 

that included justification for their sentiment in their qualitative responses.  

As all assumptions were met, the researchers then conducted a MANCOVA to 

determine whether differences existed in the three created components that served as the 

dependent variables—participants’ perceptions of improvement in critical thinking, 

perceptions of improvement in content knowledge, and STEM motivation—based on 

whether the students were in the treatment or control group, and before and after 

controlling for gender. There were no outliers or multicollinearity among the three 

dependent variables. Box’s Test of Equality of Covariance Matrices was not significant, 

meaning that there were no significant differences between the covariance matrices 

across the three components and the assumption of equality of covariance matrices was 

not violated, making Wilk’s lambda an appropriate statistic to interpret (Mertler & 

Vannatta, 2010). All assumptions, including the equality of error variances and linearity, 

were met. 

Analysis of covariance (ANCOVA) was also computed as a post hoc analysis for the 

three components individually as dependent variables. ANCOVA results were compared 

once it was determined that the interaction and main effects between gender and 

treatment were significant, for the three components combined, through the MANCOVA 

(see Table 3). This was done to assess where significant differences existed between 

gender and treatment groups for each individual component. A Bonferroni adjustment 

was made to counteract any potential for an inflated error rate which can occur from 

conducting multiple ANCOVAs (Mertler & Vannatta, 2010).  PCA, MANCOVA, and 

ANCOVA were conducted using SPSS software (v28.0.1.0; IBM Corp, 2021). 

 

Table 3. MANCOVA Summary Statistics 

Effect Value F 

Hypothesis 

df Error df Sig. 

Partial Eta 

Squared 

Intercept Pillai’s Trace .035 .860b 3.000 72.000 .466 .035 

Wilks’ Lambda .965 .860b 3.000 72.000 .466 .035 

Hotelling’s 

Trace 

.036 .860b 3.000 72.000 .466 .035 

Roy’s Largest 

Root 

.036 .860b 3.000 72.000 .466 .035 

Group Pillai’s Trace .101 2.701b 3.000 72.000 .052 .101 

Wilks’ Lambda .899 2.701b 3.000 72.000 .052 .101 

Hotelling’s .113 2.701b 3.000 72.000 .052 .101 
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Trace 

Roy’s Largest 

Root 

.113 2.701b 3.000 72.000 .052 .101 

Gender1 Pillai’s Trace .089 2.358b 3.000 72.000 .079 .089 

Wilks’ Lambda .911 2.358b 3.000 72.000 .079 .089 

Hotelling’s 

Trace 

.098 2.358b 3.000 72.000 .079 .089 

Roy’s Largest 

Root 

.098 2.358b 3.000 72.000 .079 .089 

Group * 

Gender1 

Pillai’s Trace .102 2.722b 3.000 72.000 .051 .102 

Wilks’ Lambda .898 2.722b 3.000 72.000 .051 .102 

Hotelling’s 

Trace 

.113 2.722b 3.000 72.000 .051 .102 

Roy’s Largest 

Root 

.113 2.722b 3.000 72.000 .051 .102 

*Note: Pillai’s Trace, Wilk’s Lambda, Hotelling’s Trace, and Roy’s Largest Root are all test statistics for 

the above MANCOVA and are provided for accuracy in reporting statistical values. Wilk’s Lambda was 

used in this paper as Box’s Test of Equality of Covariances was met. Pillai’s Trace, Wilk’s Lambda, and 

Hotelling’s Trace provide more conservative statistics. 

In addition to assessing overall differences across gender and treatment on the 

numerical responses to the survey questions, sentiment analysis was conducted to 

quantify students’ written comments within the survey. Sentiment analysis, a 

computational examination of participants’ sentiments or attitudes towards some studied 

topic (Medhat et al., 2014), can be helpful when analyzing qualitative data objectively. 

Sentiment analysis was conducted using R Software, Version 2022.12.0+353 (RStudio 

Team, 2020), to determine what underlying sentiments were present in participants’ 

qualitative responses to the questions pertaining to their major takeaways from both the 

course and the feedback they received on their write-ups. Packages used included 

tidytext (v0.1.4; (Queiroz et al., 2023)); tm (0.7-11; (Feinerer, 2023)); lattice (v0.21-8; 

(Sarkar, 2008)); textdata (v0.4.4; (Hvitfeldt & Silge, 2022)); and scales (v1.2.1; (Wickham 

& Seidel, 2022)). Additionally, code was computed from a pre-existing script (Showrav, 

2023). Examined sentiments were classified as either positive or negative, as defined by 

the aforementioned packages. After identifying sentiments, frequency plots were 

generated to visually analyze sentiment frequencies and trends for each group.  
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3. Results 

MANCOVA was used to assess whether there were overall differences in survey 

response patterns among gender or treatment group across the three created 

components—Perceptions of improvement in critical thinking, Perceptions of 

improvement in content knowledge, and STEM motivation—combined into a single 

dependent variable. MANCOVA results are provided in Table 3. Results indicated that 

the interaction between group and gender was significant at the p < .1 level and almost 

significant at the p < .05 level (Wilk’s Lambda = 0.102, [F(1, 1) = 2.772, p = 0.51, partial 

η² = .102]. The interaction between treatment group and gender accounted for 

approximately 10% of the variance in the combined dependent variable, indicating that 

at least a portion of students’ perceptions, as measured by numerical survey responses, 

could be attributable to treatment group or gender. 

Because of the context of the current study, we also interpreted the main effects of 

gender and treatment group on the combined dependent variable; however, these should 

be used for descriptive purposes only as the interaction was significant. Gender resulted 

in significant differences within the combined dependent variable at the p < 0.1 level 

(Wilk’s Lambda = 0.911, [F(1, 1) = 2.358, p = 0.079, partial η² = .089]), although it 

accounted for less than 1% of the variance in the combined dependent variable. 

Treatment group resulted in significant differences within the combined dependent 

variable at the p < 0.1 level and almost at the p < .05 level (Wilk’s Lambda = 0.899, [F(1, 

1) = 2.701, p = 0.52, partial η² = .101], with group accounting for approximately 10% of 

the variance in the outcome variable. As treatment group accounted for a greater 

proportion of the variation, it is likely that grading style, rather than gender, accounted 

for the majority of the variation explained by the interaction.  

Because the interaction effect and main effects on the combined dependent variable 

were significant at an alpha of 0.1, post hoc analyses were run through ANCOVAs to 

examine whether significant differences existed across gender and group on each of the 

three tested components, individually, as dependent variables. Each dependent variable 

was tested through the Bonferroni adjustment at a critical value of 0.017, which equaled 

the overall alpha of 0.05 divided by the number of dependent variables. The ANCOVA 

results of each component are discussed in turn. 

For the component named Perceptions of improvement in critical thinking, the 

interaction between gender and treatment group was not significant, nor was the main 

effect of gender. Treatment group exhibited an almost significant difference ([F(1, 1) = 

5.092, p = 0.025, partial η² = .0066]; see Table 4), although this was small, with those in 

the treatment group reporting 0.012 units (less than 1%) greater improvement in critical 

thinking skills than those in the control group. For the component named Perceptions of 

improvement in content knowledge¸ the interaction between gender and treatment group 

was again not significant, nor was the main effect of treatment group. However, there 
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were significant differences across gender ([F(1, 1) = 5.696, p < .017, partial η² = .077], 

with men perceiving significantly higher improvements in content knowledge compared 

to women/nonbinary persons. Finally, for the component named STEM motivation, there 

was a significant interaction effect between group and gender ([F(1, 1) = 6.468, p < .017, 

partial η² = .080]). Because there was an interaction effect on STEM motivation (see 

Figure 1), the main effects of group and gender were not interpreted. Specifically, while 

men reported approximately 15% higher STEM motivation in the control group compared 

to women/nonbinary persons, women/nonbinary persons reported approximately 8% 

higher STEM motivation compared to men in the treatment group. However, for each of 

the three components, the main effects of gender, treatment group, or their interaction, if 

significant, explained less than 1% of the overall variation observed across student 

survey responses. This indicates that while gender or grading style may be associated 

with differences in student perceptions, other factors may be attributed to their 

perceptions to a greater degree.  

 

Figure 1 

 

Two-Way Significant Interaction Effect Between Group and Gender 

Table 4. Tests of Between-Subjects Effects 
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Source Dependent Variable 

Type III Sum of 

Squares df Mean Square F Sig. Partial Eta Squared 

Corrected 

Model 

Perceptions of improvement in critical 

thinking 

5.469a 3 1.823 1.88 .139 .071 

Perceptions of improvement in content 

knowledge 

6.630b 3 2.210 2.38 .076 .088 

STEM motivation 6.319c 3 2.106 2.19 .096 .082 

Intercept Perceptions of improvement in critical 

thinking 

.190 1 .190 .197 .659 .003 

Perceptions of improvement in content 

knowledge 

2.107 1 2.107 2.27 .136 .030 

STEM motivation .112 1 .112 .116 .734 .002 

Group Perceptions of improvement in critical 

thinking 

5.092 1 5.092 5.27 .025 .066 

Perceptions of improvement in content 

knowledge 

.512 1 .512 .552 .460 .007 

STEM motivation 2.434 1 2.434 2.53 .116 .033 

Gender Perceptions of improvement in critical 

thinking 

.393 1 .393 .407 .526 .005 

Perceptions of improvement in content 

knowledge 

5.696 1 5.696 6.14 .015 .077 

STEM motivation .534 1 .534 .556 .458 .007 

Group * 

Gender 

Perceptions of improvement in critical 

thinking 

1.651 1 1.651 1.70 .195 .023 

Perceptions of improvement in content 

knowledge 

.149 1 .149 .161 .690 .002 

STEM motivation 6.218 1 6.218 6.46 .013 .080 

Error Perceptions of improvement in critical 

thinking 

71.494 74 .966    

Perceptions of improvement in content 

knowledge 

68.651 74 .928    

STEM motivation 71.140 74 .961    

Total Perceptions of improvement in critical 

thinking 

77.031 78     

Perceptions of improvement in content 

knowledge 

75.325 78     

STEM motivation 77.461 78     
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Adjusted and unadjusted group means for all participants across group and 

dependent variables, when controlling for gender, were also computed (see Table 5). 

Group means indicated that when gender was controlled for, those in the treatment 

group reported higher perceptions of improvement in critical thinking and STEM 

motivation compared to those in the control group, but lower perceptions of improvement 

in content knowledge. 

Table 5. Descriptives 

 Treatment vs. control Statistic Std. Error 

Perceptions of improvement in 

critical thinking 

Control Mean -.2541844a .17978653 

95% Confidence Interval for 

Mean 

Lower Bound -.6199628  

Upper Bound .1115941  

Std. Deviation 1.04832658  

Treatment Mean .1800473a .13477823 

95% Confidence Interval for 

Mean 

Lower Bound -.0910916  

Upper Bound .4511861  

Std. Deviation .93377099  

Perceptions of improvement in 

content knowledge 

Control Mean .0349361 .18664884 

95% Confidence Interval for 

Mean 

Lower Bound -.3448038  

Upper Bound .4146760  

Std. Deviation 1.08834043  

Treatment Mean -.0247464 .13618586 

95% Confidence Interval for 

Mean 

Lower Bound -.2987170  

Upper Bound .2492242  

Std. Deviation .94352334  

STEM motivation Control Mean -.0062922 .19225884 

95% Confidence Interval for 

Mean 

Lower Bound -.3974457  

Upper Bound .3848614  

Std. Deviation 1.12105203  

Treatment Mean .0044570 .13236243 

95% Confidence Interval for 

Mean 

Lower Bound -.2618219  

Upper Bound .2707358  

Std. Deviation .91703381  
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Subscripta represents a significant difference in means. 

3.1. Sentiment Analysis Results 

To better understand the potential differences in student perceptions based on 

whether they received a growth-based grading style compared to a traditional grading 

style, a sentiment analysis was conducted to identify proportions of words which 

accounted for positive or negative sentiments in response to a qualitative question 

regarding students’ major takeaways from the course and feedback received on their 

write ups between groups, regardless of their gender (see Figure 2). Sentiment analysis 

allowed the researchers to better understand the words that participants used to describe 

their experiences, whether positive or negative, across treatment groups. Overall, there 

was a lower proportion of words pertaining to negative sentiments (see Figure 2) than 

positive sentiments (see Figure 2) in both treatment groups.  

There were many positive sentiments that overlapped in both groups, including 

references to content, enjoyment, and learning. Those in the treatment group referred 

positively to their experience of growth, while those in the control group did not. 

Although there was a lower proportion of negative sentiments overall across the 

treatment groups, between groups the control group expressed fewer negative sentiments 

than the treatment group, and the negative sentiments differed between treatment 

groups. While the control group had negative sentiments regarding the subject, including 

it being complicated and diverse, those in the treatment group used words like 

“misleading,” “opposed,” and “biased.” Both groups referred to the writing assignments as 

being diverse and complicated. Thus, overall, students appeared to view the course and 

writing assignments more positively than negatively, although the positive and negative 

sentiments differed across treatment groups.  
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Figure 2 

Negative Sentiments for Treatment Group: Proportion of Word Frequencies 
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4. Conclusions and Discussion 

The aim of this work was to assess whether receiving growth-based grading (the 

treatment), as opposed to traditional grading (the control), correlated with differences in 

students’ perceptions of course outcomes in a General Botany course, and whether these 

perceptions were altered based on the gender of the individual. To assess this, the 

researchers compared students’ quantitative (Likert scale) and qualitative responses to a 

21-question survey. The quantitative survey responses were correlated so as to allow 

reduction to three component variables: Perceptions of improvement in critical thinking, 

Perceptions of improvement in content knowledge, and STEM motivation, and analysis 

using a one-way multivariate analysis of covariance (MANCOVA) of the three component 

variables combined. MANCOVA results indicated that the factor interaction of treatment 

group and gender was significant and accounted for approximately 10% of the explained 

variance in the combined dependent variables, implying that the interaction between 

gender and treatment group resulted in significant differences across students’ STEM 

motivation, perceptions of improvement in content knowledge, and perceptions of 

improvement in critical thinking skills. Regarding main effects, which were also 

interpreted for the purposes of the current study, gender resulted in significant 

differences within the combined dependent variable yet only accounted for 1% of the 

explained variance. There were also significant differences by treatment group in the 

combined dependent variable, accounting for 10% of the explained variance. Again, these 

main effects should be interpreted with caution; however, this may indicate that the 

majority of explained variance in the combined dependent variable stemmed from 

treatment group, rather than gender.  

As the interaction was significant, analysis of covariance (ANCOVA) results were 

interpreted for each of three component variables, individually. Here, it was noted that 

there were significant differences across gender, with men perceiving higher Perceptions 

of improvement in content knowledge compared to women/nonbinary persons, while 

neither treatment group nor the gender-by-treatment group interaction were significant 

for that component variable. This is consistent with previous results that show that 

perceptions of men relative to women in STEM achievement do differ. For instance, men 

consistently selected other men as being knowledgeable about course content, even when 

controlling for actual course achievement and the degree of outspokenness of the 

individuals, and they overestimated the grades of male peers, whereas women tended to 

be more gender-neutral in their selections (Grunspan et al., 2016). Further, cultural 

perceptions of gender norms as applied to individuals in STEM can influence perceptions 

of success, specifically as it relates to women in STEM (Selimbegović et al., 2019). 

Whether the results of this current study reflect accurate perceptions of improvement in 

the General Botany course or reflect students’ perceptions of gender norms in STEM 

remains to be determined. Additionally, it has been shown that individuals within the 
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LGBTQ+ community, including gender non-conforming individuals, do face exclusionary 

behavior in STEM (Patridge et al., 2014), which could affect sense of belongingness and 

shared identity with the course field of study. However, such trends cannot be confirmed 

here, as the number of individuals identifying as non-binary were small.  

For the component variable called STEM motivation, there was a significant 

interaction between treatment groups and gender, in which men reported higher 

motivation in the control group, while women reported higher motivation in the 

treatment group. Previous work has demonstrated that highly-structured, active-

learning environments that emphasize higher-order cognition improves the performance 

of all students but has a disproportionate advantage for students from underrepresented 

groups (Haak et al., 2011). The structure used here, in which students answered 

questions about the data figures and then discussed them in groups and with their 

teaching assistants before completing their write ups, is consistent with this approach. 

Later work has demonstrated that a likely reason for this strong benefit is because this 

high level of structure coupled with higher-level cognitive practice reduces barriers such 

as stereotype threat (Jordt et al., 2017). While this component variable assesses 

motivation rather than ability, this difference in perception among women in the 

treatment groups may indicate that growth-mindset interventions reduce perceived 

cultural barriers to STEM careers (Piatek-Jimenez et al., 2018; Starr & Simpkins, 2021; 

Lapytskaia Aidy et al., 2021), especially in the rural south where gender norms are still 

highly defined (Huffmon et al., 2016; Kamke et al., 2022). The interaction in which men 

report lower STEM motivation in the treatment group compared to women is consistent 

with a previous study in which women who endorsed a growth mindset increased their 

performance expectations in math and also achieved higher math grades than men 

(Degol et al., 2018). The authors attributed this difference to greater sensitivity of women 

to the detriments of a fixed mindset, perhaps due to the effects of cultural norms. In our 

current work, while STEM motivation declined among men in the treatment group 

compared to men in the control group, motivation increased in women relative to men in 

the treatment group. Thus, it may be that women benefit more strongly than men from 

growth-mindset interventions.  

While there were significant differences in two of the three component variables, they 

explained only a minor portion (1%) of the total variance across student survey 

responses. Other factors, not tested in this work, likely explain more of the variation. It is 

possible growth-based grading plays a more pronounced role in subsets of students who 

were not factored into this study. For instance and in one past study, although all 

students benefitted from an active-learning environment in which critical thinking was 

emphasized, students from underrepresented groups, including first-generation students, 

benefitted more than students from groups most represented in STEM (Haak et al., 2011; 

Jordt et al., 2017). Although the majority of our students were White, and thus, we could 

not account for the effect of race, other structural descriptors, such as students from rural 
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high schools or who are the first in their family to attend college, could explain more of 

the variation observed. These factors were not accounted for in this work.  

Finally, to better understand the perceptions of students as they related specifically to 

the writing assignments for which growth-based grading was used, the researchers 

conducted a sentiment analysis on students’ qualitative survey responses. Sentiment 

analysis results indicated higher frequencies of positive sentiments towards the course 

and feedback received on write ups than there were negative sentiments in both groups. 

This indicates that students, overall, valued the assignment which was designed to build 

higher-order cognitive skills of evaluation and synthesis and to teach and reinforce the 

underlying structure of scientific papers and presentations—all skills with broad 

relevance. Consistent with this observation, in an analysis of 46 4-year institutions in the 

U.S., academic rigor was associated with greater self-motivation in learning, especially 

for students who entered college with low ACT scores or less positive attitudes about 

literacy (Culver et al., 2019). Additionally, academic rigor in class, as opposed to rigorous 

exams, disproportionally benefitted first-generation students. Similarly, an inquiry-based 

bioinformatics workshop that incorporated student writing of condensed scientific 

articles—in line with what was conducted here—correlated with greater student 

engagement than a workshop that did not include the writing assignments, despite 

initial hesitancy to write (Jeon et al., 2021). This initial hesitancy and resistance that 

abates through the course is consistent with anecdotal observations by the teaching 

assistants and instructors here. These results indicate that rigorous assignments, 

especially those with in-class components, may boost student motivation. Additionally, 

short, but realistic, writing assignments appear to be a useful vehicle by which to build 

higher-level cognitive skills into STEM classrooms.  

Consistent with the goal of this study, those in the treatment group referred positively 

to the growth they experienced, while those in the control group did not. This reinforces 

the idea that instructor interventions can strengthen or lead to the acquisition of a 

growth-based mindset in students. This result is consistent with the outcomes of 

interventions intended to demonstrate that failures are normal and that failures can be 

overcome, and the outcomes of such interventions can be long lasting (Brady et al., 2020). 

However, those in the control group recorded fewer negative sentiments than those in the 

treatment group. Specifically, those in the treatment group expressed words like, 

“misleading”, “opposed”, and “biased”. One possible reason for these differences in 

negative sentiments is that on the assignments for which growth-based grading was 

used, students were asked to learn from the feedback given in previous assignments to 

improve their overall grades. It is likely that some feedback appeared confusing or that 

grading appeared inconsistent from one assignment to the next. This may reflect the 

slightly different expectations of the instructor relative to the teaching assistants, despite 

the effort to normalize grading expectations based on the rubric. This may also reflect the 

fact that student work was not necessarily graded by the same grader each time or that 
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most feedback was provided through the electronic interface so as to keep the principal 

investigator blind to the treatment groups to which each student belonged. However, 

these sentiments also imply that students in the treatment group were actively reading 

and responding to grader feedback, perhaps more so than those in the control group, 

although both received the same feedback. In sum, both the positive and negative 

sentiments imply that students in the treatment group internalized, at least to some 

degree, the growth mindset, and then actively worked to improve writing from one 

assignment to the next.  

5. Limitations & Recommendations for Future Research 

While this study indicates the likely positive association between incorporating 

academically rigorous assignments into a STEM classroom when coupled with growth-

mindset interventions and student perceptions, there were a few limitations. First, the 

high number of students and the need to maintain separate types of communications 

between the two treatment groups necessitated grading by teaching assistants and 

electronic communication of feedback through an online platform. This likely resulted in 

grading inconsistencies and a lack of clarity that may have been minimized had the 

instructor been able to speak freely. However, despite some negative sentiments 

apparently associated with grading, student sentiments were overall positive, indicating 

the viability of our approach. Future studies may benefit from more time for “rubric 

norming” between the instructor and the teaching assistants or group grading for all 

assignments rather than just the first. Second, these data included participants’ 

perceptions of growth in critical thinking skills and content knowledge, rather than 

actual assessment of student ability. Future studies should assess whether differences in 

grading methods result in significant differences in students’ actual writing, critical 

thinking skills, and content knowledge. Future studies may also benefit from assessing 

the influence of additional structural features describing the students surveyed, such as 

socioeconomic background, size and resources of their high schools, initial ability, or 

whether students were the first in their families to attend college. Because the sample 

was predominantly White and race was not assessed, future studies should also assess 

whether race plays a role in the relationship between growth-based grading and student 

outcomes. Furthermore, because this study used a quasi-experimental design and groups 

were randomly sampled from a larger convenient sample, any correlations cannot infer 

causation. Therefore, it is important to note that other confounding variables may be at 

play in the relationship between type of grading environment and students’ perceptions. 
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APPENDICES 

Appendix A. Rubric  
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Write up is neat and 

organized. Writing is 

clear and concise, 

grammar and 

punctuation are 

correct, and flow is 

logical. Required 

formatting is 

followed. 

Write up is neat and 

organized. Writing is 

mostly clear, but not 

always concise. 

Grammar and 

punctuation are mostly 

correct, and flow is 

logical. Required 

formatting is followed. 

Write up is neat and 

required formatting is 

followed. Flow is not 

clear and/or concise OR 

there are several 

grammar and/or 

punctuation errors.  

Write up is not neat and 

organized. Flow is not 

clear and/or concise, 

AND there are several 

grammar and/or 

punctuation errors. 

AND/OR required 

formatting is not 

followed. 
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findings/main 

conclusion into a 

cohesive, concise 

title.  

Title accurately reflects 

the information in the 

figure, but is not 

concise OR does not 

describe findings/main 

conclusion (instead 

describes what was 

done, for example).  

Title mostly accurately 

reflects the information 

in the figure, but is not 

concise AND does not 

describe findings/main 

conclusion (instead 

describes what was done, 

for example). 

Title mostly does not 

accurately reflect the 

information in the figure.   

B
ac

k
g

ro
u

n
d

 

Provides sufficient 

information to enable 

reader to clearly 

understand 

question(s)/experime

nt(s) and their 

significance. 

Question(s) logically 

follow from 

information provided 

in background. No 

gaps in logic are 

apparent.  

Provides sufficient 

information to enable 

reader to mostly 

understand the 

question(s)/experiment(

s) and their 

significance. 

Question(s) mostly 

logically follow from 

information provided in 

background. There are 

only minimal gaps in 

logic. 

Information is provided, 

but reader struggles to 

understand the 

significance of 

question(s)/experiment(s

). Question(s) somewhat 

follow from information 

provided in background. 

There are several gaps in 

logic. 

Background does not 

logically lead to the 

question(s)/experiments(

s). Question(s) do(es) not 

follow from information 

provided in background. 
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Q
u

es
ti

o
n

 
Question is clear, 

specific, suggests an 

experiment, and 

demonstrates a likely 

outcome. (I.e. POOR: 

how do different 

student-participation 

methods work in the 

classroom? GOOD: 

Does facilitated 

group discussion 

during the lecture 

period improve 

student 

comprehension over 

a traditional 

instructor-given 

lecture?). 

Question is clear, 

specific, and suggests 

an experiment (i.e. 

lecture vs. group 

discussion) but may not 

include an outcome (i.e. 

comprehension). OR 

may include an 

outcome but doesn’t 

suggest an experiment. 

OR portions of both are 

missing.  

Question is clear and 

specific but doesn’t 

suggest an experiment or 

outcome. OR Question 

has an experiment or 

outcome, but logic is not 

clear.  

Question is not clear 

and/or specific.  

M
et

h
o

d
s 

Provides a clear 

description of 

procedures used, 

without adding 

unnecessary detail, 

such that methods are 

sufficient to 

understand stated 

observations. As 

applicable, 

description of 

treatment groups and 

controls are included.  

Reader could easily 

devise a similar 

experiment based on 

information provided. 

(Details like number 

of individuals per 

treatment are not 

necessary in this 

context.) 

Provides a mostly clear 

description of 

procedures used such 

that methods are mostly 

useful for 

understanding the stated 

observations. Minor 

gaps in logic OR 

multiple unnecessary 

details included.  

Reader could devise a 

similar experiment 

based on information 

provided with effort.  

Provides some 

description procedures 

used. Reader could not 

devise a similar 

experiment based on 

information provided OR 

methods are not 

sufficient to help reader 

follow stated 

observations.  

Description of 

procedures used lacks 

several key components. 
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O
b

se
rv

at
io

n
s 

Observations are 

clearly described and 

are clear descriptions 

of the data (i.e. 

amounts, direction of 

change, etc.). 

Conclusions that can 

be drawn from the 

data are not included 

(i.e. “warm 

temperatures 

increased growth” is 

a conclusion and 

should NOT be 

included, whereas 

“20% more growth in 

the warm-

temperature 

treatment” is an 

observation).  

Observations are 

mostly clearly 

described and are 

mostly clear 

descriptions of what 

data show. May include 

some (minimal) 

conclusions OR 

requires effort to 

understand the main 

patterns in the data.   

Observations include 

multiple conclusions OR 

data are mostly not 

clearly described, but 

attempt is made to 

describe what data show 

(amounts, directions of 

change, etc.). Reader 

could not understand 

patterns in data with 

information provided.  

Several key details are 

missing OR this section 

includes only statements 

that would be considered 

conclusions (not 

descriptions the data).  

C
o

n
cl

u
si

o
n

 

Interpretation of the 

data logically follows 

from observations. 

Clarifies what the 

data actually show 

vs. what they suggest. 

Words like “prove” 

are avoided.  

Interpretation of the 

data mostly logically 

follows from 

observations. Mostly 

clarifies what the data 

actually show vs. what 

they suggest, but some 

gaps may be present. 

Words like “prove” are 

typically avoided. OR 

Interpretation of the 

data is logical; 

however, statements 

such as “prove” are 

used inappropriately 

(i.e. conclusions 

overreach what the data 

actually show).  

Interpretation of the data 

mostly do not logically 

follow from 

observations. Attempt is 

made to clarify what the 

data actually show vs. 

what they suggest, but 

there are clear errors. 

Words like “prove” may 

be included.  

Conclusion does not 

include interpretation of 

observations. (for 

example, conclusion is a 

restatement of 

background or big-

picture, or is a 

restatement of the 

observations). AND/OR 

words like “prove” are 

used.  
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R
ef

le
ct

io
n

s 
o

n
 l

ea
rn

in
g

 
Answers question or 

addresses prompt 

seriously and 

thoughtfully and 

provides specific 

examples from their 

own work to back up 

their points.  

Answers question or 

addresses prompt 

seriously and 

thoughtfully. May 

provide examples from 

their own work to back 

up their points but they 

are not specific OR 

Provides some 

examples, but not all 

points are clearly 

explained. 

Answers questions or 

prompt seriously but 

does not provide 

examples.  

Does not show attempt 

to answer question or 

prompt seriously.  

 

 

 

Appendix B. Survey 

You are being asked to complete this survey because we are interested in your perceptions of what you learned 

this semester. Please read each question carefully before responding. The following survey should only take 

about 5 minutes to complete. Your responses will be kept confidential. Thank you for taking this survey.  

The following questions ask about your confidence in and ability to work with data analysis, writing, and 

applying critical thinking skills as a result of taking this course.  

 

Compared to before the semester and as a result of taking this course, my CONFIDENCE in ...  

 
About the same as 

before 

A little better than 

before 
A lot better than before 

Writing about an 

unfamiliar topic is...  o  o  o  

Interpreting unfamiliar 

data in the media/public 

is...  
o  o  o  

Interpreting unfamiliar 

data in  Biology is...  o  o  o  

Applying critical 

thinking skills to an 

unfamiliar topic is...  
o  o  o  
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Compared to before the semester and as a result of taking this course, my ABILITY to...  

 
About the same as 

before 

A little better than 

before 
A lot better than before 

Write about an 

unfamiliar topic is...  o  o  o  

Apply critical thinking 

skills to an unfamiliar 

topic is...  
o  o  o  

The following questions ask about your perceptions of outcomes associated with your data analysis write-ups this 

semester. 

 

Please indicate the extent to which you agree with the following statements about writing, as a result of working 

on data analysis write-ups throughout the semester.  

 

 
Strongly 

disagree 

Somewhat 

disagree 

Neither agree 

nor disagree 

Somewhat 

agree 
Strongly agree 

I enjoy writing 

about 

unfamiliar 

topics in 

Science, 

Technology, 

Engineering, 

and 

Mathematics 

(STEM) more 

as a result of 

the feedback I 

got this 

semester.  

o  o  o  o  o  

I feel like my 

writing skills 

have improved 

as a result of 

the feedback I 

got this 

semester.  

o  o  o  o  o  
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Writing is a 

skill which I 

can improve 

with hard 

work.  

o  o  o  o  o  

 

Please indicate the extent to which you agree with the following statements about data analysis and research, as a 

result of working on data analysis write-ups throughout the semester.  

 

 
Strongly 

disagree 

Somewhat 

disagree 

Neither agree 

nor disagree 

Somewhat 

agree 
Strongly agree 

I enjoy 

thinking 

critically about 

STEM topics 

more than I 

did at the 

beginning of 

the semester.  

o  o  o  o  o  

I feel like my 

critical 

thinking skills 

have improved 

as a result of 

the feedback I 

got this 

semester.  

o  o  o  o  o  

Interpreting 

scientific data 

is a skill which 

I can improve 

with hard 

work and 

practice.  

o  o  o  o  o  
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The following questions ask about your perceptions of course outcomes.  

As a result of taking this course, my... 

 
About the same as 

before 

A little better than 

before 
A lot better than before 

Ability to describe the 

structure and function 

of fundamental cell, 

tissue, and organ types 

in plants is...  

o  o  o  

Ability to explain major 

events during the 

evolution of land plants 

is...  

o  o  o  

Ability to describe land 

plants' diversity is...  o  o  o  

Understanding of the 

importances of plants to 

survival of life on earth 

is...  

o  o  o  

Understanding of 

plants' many uses and 

modifications is...  
o  o  o  

 

The following questions ask about your general perceptions of the course and plans for the future.  

What were your major takeaways from working on your data analysis write-ups this semester? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

What were your major takeaways from this course? 

________________________________________________________________ 

________________________________________________________________ 
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________________________________________________________________ 

 

How likely are you to continue in a STEM field after this semester? 

o Extremely unlikely  

o Somewhat unlikely  

o Neither likely nor unlikely  

o Somewhat likely  

o Extremely likely  

 

Compared to before this course, how likely are you now to continue in a STEM field? 

o About the same as before  

o A little more likely  

o A lot more likely  

 

The following questions ask about your gender and race. All responses will remain confidential, and the 

researchers will not be able to identify you with any information.  

 

Please indicate the gender you most identify with socially.  

o Man  

o Woman  

o Non-binary / third gender  

o Prefer not to say  
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