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ABSTRACT
Biology laboratory instructors play a key role in creating an optimal environment where 
college students try hard and enjoy their classroom experiences. This study used achieve-
ment goal perspective theory to examine the influence of instructor behaviors on science, 
technology, engineering, and mathematics (STEM) students’ perceptions of the motiva-
tional climate (caring, task, ego) and their adaptive (i.e., effort, enjoyment, performance 
self-esteem, and social self-esteem) and maladaptive (i.e., shame) experiences in the bi-
ology laboratory setting. Students (N = 563; women, 65%; men, 35%) enrolled in biology 
laboratory courses voluntarily completed a survey during the final week of the semester. 
Results of two structural equation modeling analyses across gender and racial identities 
made two important contributions to the STEM higher education literature: 1) when in-
structors engaged in effective teaching behaviors, students were more likely to perceive 
a caring/task-involving climate and, in turn, report adaptive motivational responses (i.e., 
increased effort, enjoyment, self-esteem; decreased shame); and 2) neither gender nor 
race moderated the measurement of the latent parameters. This research has important 
pedagogical implications, as teaching assistants could be trained to engage in these effec-
tive behaviors to optimize students’ STEM learning experiences.

INTRODUCTION
The U.S. federal government recently announced an initiative to boost science, tech-
nology, engineering, and mathematics (STEM) education to prepare for the approxi-
mate 3.5 million STEM jobs that will need to be filled by 2025 (Lazio and Ford, 2019). 
This large vacancy in STEM occupations is concerning, as the National Center for 
Education Statistics (2017) found that 35% of the students studying to fill these posi-
tions changed to a non-STEM major. The Bureau of Labor Statistics has projected 
STEM occupations will grow two times faster than all other professions in the next 
decade (Zilberman and Ice, 2021), so the need to fill these vacant STEM positions and 
reduce the number of students opting out of their STEM educational pursuits is press-
ing. As a result, administrators, educators, and policy makers are all searching for ways 
to enhance the culture of STEM education to attract and retain a diverse group of 
students to prepare them for these important positions (Wilson, 2011). In particular, 
laboratory courses provide an ideal avenue to generate interest and commitment to 
working in STEM fields due to the smaller class sizes and opportunities students have 
to engage in hands-on learning and build relationships with instructors and peers.

While both laboratory and lecture courses are regarded as central to learning, 
researchers have found that pairing course content with corresponding laboratory 
content resulted in greater student learning than lecture alone (Neilson et al., 2010; 
Matz et al., 2012). Enhanced learning likely results from students having hands-on 
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opportunities to gain experience and implement the knowledge 
obtained from lecture courses to actual experiments. In addi-
tion, compared with large lecture courses, the student-to-in-
structor ratios in laboratory courses are much smaller, which 
allows students more opportunities to form meaningful rela-
tionships with their peers and instructors, ask questions, pro-
cess concepts, and better learn the material. It is noteworthy 
that students’ experiences in the laboratory setting have been 
associated with enhanced interest in completing STEM degrees 
and pursuit of occupations in STEM fields (VanMeter-Adams 
et al., 2014). Although laboratory courses can be beneficial for 
students in STEM, a growing body of literature on STEM peda-
gogy indicates that students’ learning and overall experiences 
in the laboratory vary and are sometimes deficient due to inex-
perienced instructors and/or ineffective course instruction 
(Hofstein and Lunetta, 1982; Schussler et al., 2015; Gormally 
et al., 2016).

For example, Kendall and Schussler (2012) surveyed under-
graduate students across a variety of science and non–science 
majors and found that, regardless of class type (i.e., lecture vs. 
laboratory), students perceived STEM faculty members, as com-
pared with teaching assistants, as possessing enhanced knowl-
edge and authority over curriculum that was germane to learn-
ing. It may follow that students would be more likely to achieve 
optimal learning experiences and outcomes when laboratory 
courses are taught by faculty members with advanced knowl-
edge of subject matter and strong teaching efficacy. However, on 
many college campuses, especially large research-centered insti-
tutions, few full-time faculty teach these laboratory courses 
(Sundberg et  al., 2005). Instead, inexperienced graduate stu-
dents are often assigned teaching assistantships and receive min-
imal to no training with little direction from more experienced 
professionals. As a result, many teaching assistants are left on 
their own to decipher how they will teach these courses (Rushin 
et al., 1997; Schussler et al., 2015). Having teaching assistants 
who lack experience and training is frequently part of depart-
mental practices and norms that have been established and 
implemented for years. It would seem then, that many STEM 
academic departments could benefit from more closely aligning 
their STEM laboratory courses with best teaching practices that 
optimize student learning (Ames and Archer, 1988; Koca, 2016).

One useful theoretical framework for addressing student 
learning is Nicholls’ (1984, 1989) achievement goal perspective 
theory. He developed this theory to understand how to maxi-
mize each student’s potential. He maintained that instructors 
should do everything possible to create a task-involving climate, 
wherein students gauge success based on their personal effort 
and improvement rather than their normative standing within 
a class. Nicholls and other motivational researchers (Duda and 
Nicholls, 1992; Roberts, 2012) identified additional features of 
the climate, which include encouraging cooperation among 
classmates, striving to make everyone feel like they play an 
important role in the class, and viewing mistakes as part of the 
learning process.

Newton et  al. (2007) added a caring component to the 
task-involving features, defining a caring climate as “one where 
individuals perceive a particular setting to be interpersonally 
inviting, safe, supportive, and capable of providing the experi-
ence of being valued and respected” (p. 70). The caring dimen-
sion of the climate provides a foundation for all students to gen-

uinely perceive that they are valued and esteemed members of 
a group. Researchers (e.g., Roberts, 2012; Fry and Hogue, 2018; 
Fry and Moore, 2019) suggest that, when instructors can estab-
lish a climate with salient caring and task-involving features, 
individuals are likely to experience a host of affective, cognitive, 
and behavioral benefits. In contrast, some instructors create 
what is referred to as an ego-involving climate, where students 
perceive that their instructor rewards and values ability (e.g., 
intellect) and normative outcomes (e.g., grades), creates rivalry 
among classmates, gives most of the praise and recognition to a 
small number of students, and more often punishes mistakes. 
Nicholls (1984, 1989) theorized, and research supports, that 
students’ perceptions of the motivational climate predict distinct 
and contrasting cognitive, affective, and behavioral responses 
from students (Ames and Archer, 1988; Wineinger et al., 2021).

Specifically, when individuals perceive features of a caring 
and task-involving climate, they garner positive experiences 
and adaptive outcomes (Roberts, 2012; Harwood et al., 2015; 
Fry and Hogue, 2018; Fry and Moore, 2019), including 
enhanced levels of self-esteem, effort, and enjoyment, as well as 
lower levels of shame. In contrast, individuals who perceive an 
ego-involving climate report more problematic responses, such 
as elevated levels of shame and lower levels of self-esteem, 
effort, and enjoyment. Specific to the college laboratory setting, 
Wineinger and colleagues (2021) found that students’ percep-
tions of a caring and task-involving climate in their biology lab-
oratory courses were positively associated with them reporting 
higher levels of effort and enjoyment. If students are focused on 
factors they have more control over (e.g., effort) and perceive a 
very welcoming and supportive environment (e.g., caring), it 
follows that these students may choose to exert high effort and 
find themselves enjoying the subject matter. Clearly, effort and 
enjoyment are central to creating and sustaining students’ moti-
vation and positive experiences in their academic endeavors.

Lucardie (2014), for example, found that having fun and 
experiencing enjoyment served as a key motivator for adult stu-
dents to attend classes, master course content, and connect 
with others in their learning environment. Further, across 25 
Carnegie R1 (i.e., R1: Doctoral Universities—Very high research 
activity) colleges in the United States, students who reported 
experiencing a positive laboratory environment and enjoying 
their research tasks were more likely to remain in their STEM 
research programs (Cooper et al., 2019). In contrast, students 
who reported experiencing a negative laboratory environment 
were more likely to leave their research programs. Thus, there is 
mounting support for the benefits students can receive when 
learning in a positive laboratory environment.

While these studies have established the importance of stu-
dents having positive experiences in their laboratory courses, 
research identifying the specific behaviors that facilitate teach-
ing assistants’ creation of a caring and task-involving climate is 
limited. Although research is limited in the academic domain, 
Smith and colleagues (2005) conducted foundational research 
investigating leaders’ behaviors in the physical domain. Specif-
ically, they reported athletes were more likely to report being in 
a task-involving climate and having a positive experience when 
they perceived their coaches were engaging in behaviors such 
as providing positive and encouraging feedback and helping 
athletes learn from their mistakes. In contrast, when athletes 
perceived their coaches provided limited positive feedback, 
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more punishment feedback, and frequently ignored mistakes 
(i.e., did not provide technical feedback), they were more likely 
to perceive an ego-involving climate and have a negative expe-
rience (e.g., anxiety) on their sport teams.

Building upon the work of Smith and colleagues (2005), 
Brown and Fry (2014) considered the caring and task-involving 
features of the climate to develop a measure to assess effective 
instructor behaviors (i.e., as perceived by members of a fitness 
center). They examined the relationship between exercisers’ 
perceptions of staff ’s behaviors, the caring and task-involving 
climate, and members’ own behaviors. They found that, when 
exercisers perceived friendly and supportive staff behaviors, 
they were more likely to perceive a caring and task-involving 
climate with low ego-involving climate tendencies, which 
resulted in them engaging in greater task-involving and caring 
behaviors with other members. These instructor behaviors, 
such as making eye contact, interacting with every participant, 
and being available and welcoming, were important to exercis-
ers’ experiences and shaped how they perceived the climate. 
Additionally, the researchers found that exercisers’ perceptions 
of their instructors’ behaviors were positively associated with 
their commitment to continued exercise and life satisfaction. 
These findings suggest that individuals’ perceptions of their 
instructors’ behaviors may serve as a precursor to the type of 
climate they will perceive, although research is currently lack-
ing relative to the academic domain.

Wineinger et al. (2021) have called for researchers to expand 
this research gap by having students identify the specific behav-
iors and strategies their teaching assistants employ to foster 
both caring and task-involving climates and reduce ego-involv-
ing climates, in order to inform teaching policies and practices. 
Although from the physical domain, Brown and Fry’s (2014) 
work is particularly salient, as it provides support for the valid-
ity and reliability of a survey measure to assess effective teach-
ing behaviors. In addition to investigating instructor behaviors, 
there is a need to expand on Wineinger and colleagues’ (2021) 
work to assess the effects of climate on other important affec-
tive, cognitive, and behavioral outcomes, such as enhanced 
self-esteem and lower levels of shame (Fry and Moore, 2019).

Self-esteem has been described as the attitudes (i.e., positive 
or negative) individuals have toward themselves or their subjec-
tive evaluations of their personal self-worth (Rosenberg, 1989). 
Little work has been conducted to assess the influence of self-es-
teem on students’ experiences in the college laboratory setting. 
Hogue and colleagues (2019), however, examined the influence 
of the perceived motivational climate on college students’ state 
self-esteem when learning a new physical activity skill and 
found that participants who perceived a caring and task-involv-
ing climate reported significantly greater levels of performance 
and social self-esteem than those in an ego-involving climate. 
Further, Heatherton and Polivy (1991) reported that failure in 
academic and laboratory settings led to students experiencing 
decreased levels of performance self-esteem in both public (i.e., 
receiving public feedback) and private (i.e., receiving a poor 
exam grade) contexts, whereas students’ social self-esteem was 
only affected by failure in public. Additionally, they found that 
poor performance on important exams (i.e., midterm exams), 
as well as anticipation of performing poorly, was detrimental to 
students’ performance self-esteem. These findings, as well as 
both direct and indirect support for the effects that self-esteem 

can have on college students’ anticipated grades, perseverance 
of effort, consistency of interest, and grade point average (GPA; 
Heatherton and Polivy, 1991; Weisskirch, 2018; Abdulghani 
et al., 2020), suggest the need to examine the influence of cli-
mate on students’ self-esteem in the college laboratory setting.

Similar to self-esteem (Velotti et al., 2017), students’ percep-
tions of shame in their academic endeavors has been associated 
with their overall experience and functioning in the college lab-
oratory setting. Fontana and colleagues (2017) found that ath-
letes’ perceptions of an ego-involving climate on their sport 
teams were positively associated with shame and negatively 
associated with compassion for peers and coaches. In addition, 
Hogue and colleagues (2013) found college students perform-
ing a novel skill in an ego-involving climate experienced 
enhanced cortisol (i.e., stress) hormone reactivity and greater 
self-reported shame, anxiety, stress, and self-consciousness rela-
tive to those learning the same task in a caring and task-involv-
ing climate (i.e., where a reduction in salivary cortisol signaled 
a low stress response occurred). Although Fontana et al. (2017) 
and Hogue et al. (2013) conducted their work in the physical 
domain, their results (both psychological and physiological) 
align with the work of Pekrun et  al. (2002) and Meyer and 
Turner (2002), who have associated maladaptive emotions like 
shame with impaired student academic achievement and exam 
performance, learning goals, and motivation to learn.

Based on the research described, the purpose of this study 
was twofold. The first purpose was to examine the relationship 
between students’ perceptions of their teaching assistants’ 
behaviors on their perceptions of the motivational climate and 
the effects of climate on their psychological outcomes (i.e., 
self-esteem, shame, effort, enjoyment) within their biology lab-
oratory courses. We hypothesized that, when students report 
their teaching assistants engage in effective behaviors (e.g., “Is 
friendly toward me,” “Recognizes me”), they will be more likely 
to perceive a higher caring and task-involving climate and, in 
turn, will report higher effort, enjoyment, and self-esteem and 
lower shame in their laboratory courses. In contrast, an oppo-
site pattern of relationships is expected with regard to students’ 
perceptions of an ego-involving climate.

The second purpose was to consider the extent to which the 
instructor behaviors’ measure, which was originally developed 
for the exercise setting, is viable for use in college biology labo-
ratory courses. The climate measures are relatively new to the 
college biology laboratory setting, and though they are hypoth-
esized to reveal results that are consistent with theory and prior 
research, we followed best practices by explicitly testing for dif-
ferences by gender as well as race. Considering that non-White 
groups and women in STEM have shown lower retention rates 
(Riegle-Crumb et  al., 2019; Huang et  al., 2020), examining 
how men, women, and diverse racial groups perceive these con-
structs is critical for verifying the use of these measures in a 
biology laboratory context.

METHODS
A trained research team administered surveys and collected 
data in laboratory courses. These courses are required in tan-
dem with a gateway lecture course (taught by a tenured faculty 
member) for biology majors and students advancing in other 
STEM degrees. The surveyed laboratory courses ranged in size 
from 12 to 14 students and were under the instruction of one 
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teaching assistant. There were a total of 12 teaching assistants 
(all graduate students) who taught multiple laboratory course 
sections (two to three per teaching assistant) in this study. The 
laboratory courses had structured experiments that were 
designed for students to further investigate concepts covered in 
their corresponding lecture courses. The Institutional Review 
Board at T.O.W.’s college approved this study, as did the partici-
pating administrators from the college’s biology department, 
and consent was attained from all students who participated.

Participants
Students enrolled at a large college in the U.S. Midwest were 
invited to complete a brief survey during the final week of their 
molecular and cellular biology laboratory courses, and 97% of 
students participated. The majority of participants (N = 563) 
reported being women (65%), freshmen (74%), and White/
non-Hispanic (62%). As only one individual reported nonbi-
nary gender identification, we lacked statistical power to 
include them in the analyses as their own group (Cooper et al., 
2020). In addition, 20% of students reported being first-gener-
ation college students, and 26% of students reported being eli-
gible for Pell Grant assistance.

Measures
The survey included measures of students’ perceptions of 
instructor behaviors, motivational climate (i.e., caring, task-in-
volving, ego-involving), performance and social self-esteem, 
shame, effort, and enjoyment in their respective laboratory 
courses, and demographic information. To support the content 

validity of the measures, a variety of biology administrators, 
instructors, and students reviewed the survey items, and there 
was unanimous agreement that the items were appropriate for 
use in the biology laboratory course setting.

Instructor Behaviors
Students’ perceptions and impressions of the specific behaviors 
of their laboratory teaching assistants were examined using the 
17-item Staff’s Behaviors Scale (Brown and Fry, 2014). This 
measure was originally developed to identify staff behaviors that 
foster a caring and task-involving climate in an exercise setting. 
Although established in the exercise setting, the measure was 
readily adapted to the laboratory setting due to the behaviors 
(e.g., greeting students warmly upon arrival, making eye con-
tact) being fairly universal in importance and generalizable 
across educational settings. The stem for the measure was 
changed from “When exercising at [name of franchise], I feel the 
staff/instructors…” to read “In this lab, I feel the instructor…” A 
sample item is “Greets me warmly when I walk in the door.” One 
question was added to the original items, which read “Wants me 
to understand the results of the lab.” Students responded to 
items using a five-point Likert scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). Brown and Fry (2014) reported 
a composite reliability value of 0.97 for the Staff’s Behaviors 
Scale in the exercise setting. With regard to the current study, the 
factor loadings for the Staff’s Behaviors Scale items were accept-
able, as they were all above 0.70 (i.e., ranging from 0.93 to 0.98; 
see Table 1). These results suggest the measure is appropriate for 
use with students in the biology laboratory setting.

TABLE 1.  Scale items with item level and parcel factor loadings for race and gender modelsa

Instructor behaviors survey

In this lab, I feel the instructor…

Race model Gender model

Non-White 
(n = 191)

White  
(n = 350)

Men  
(n = 178)

Women  
(n = 368)

Behaviors parcel 1 0.96 0.96 0.95 0.96
Behavior 16: Makes me feel welcome. 0.87 0.91 0.88 0.90
Behavior 7: Greets me warmly when I walk in the door. 0.80 0.84 0.73 0.86
Behavior 5: Has a positive attitude toward me. 0.88 0.83 0.88 0.82
Behavior 6: Is helpful. 0.80 0.82 0.79 0.80
Behavior 13: Notices improvements I’ve made. 0.75 0.76 0.74 0.76
Behavior 2: Recognizes me. 0.67 0.74 0.68 0.75
Behaviors parcel 2 0.94 0.95 0.94 0.96
Behavior 11: Is friendly toward me. 0.83 0.87 0.86 0.86
Behavior 8: Encourages me to try my best. 0.83 0.84 0.81 0.84
Behavior 14: Loves their job. 0.76 0.81 0.76 0.82
Behavior 15: Wants to be working as a lab instructor. 0.60 0.82 0.70 0.77
Behavior 12: Makes eye contact with me. 0.76 0.75 0.79 0.75
Behavior 1: Makes an attempt to know my name. 0.60 0.70 0.63 0.70
Behaviors parcel 3 0.93 0.98 0.96 0.97
Behavior 9: Seems happy I’m in this lab section. 0.79 0.86 0.75 0.86
Behavior 10: Encourages me to strive toward my academic goals. 0.80 0.82 0.78 0.82
Behavior 17: Talks/interacts with me. 0.80 0.81 0.80 0.81
Behavior 18: Wants me to understand the results of lab. 0.76 0.78 0.82 0.76
Behavior 4: Is available when I need them. 0.76 0.73 0.73 0.75
Behavior 3: Introduces me to other students when appropriate. 0.61 0.63 0.60 0.64

The bolded numbers represent the factor loadings for the parceled items.
aItems listed below each parcel are averaged to create the respective parcel. The factor loadings are from the items in the configural model with items averaged together 
to create the parcel.
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Caring Climate
The 13-item Caring Climate Scale (Newton et  al., 2007) 
assessed the extent to which students perceived the environ-
ment within their laboratory courses to be interpersonally invit-
ing, safe, and a setting where all are treated with kindness and 
respect. The stem was “In this lab…,” and a sample item is “The 
instructor cares about the students.” Students responded on a 
five-point Likert scale ranging from 1 (strongly disagree) to 5 
(strongly agree). Wineinger et al. (2021) verified the concur-
rent validity and reliability (composite reliability = 0.97) of the 
Caring Climate Scale in the college laboratory setting.

Perceived Motivational Climate
Students’ perceptions of the task- and ego-involving features of 
the climate within laboratory courses was assessed using the 
12-item Perceived Motivational Climate in Exercise Question-
naire–Abbreviated (Moore et al., 2015), which was adapted by 
Wineinger et al. (2021) for the biology laboratory setting. The 
stem for each question was “In this lab…,” and sample items 
include “the instructor emphasizes to always try your best” 
(task-involving) and “Students are hesitant/embarrassed to ask 
the instructor or other students for help” (ego-involving). Stu-
dents responded to the items using a five-point Likert scale rang-
ing from 1 (strongly disagree) to 5 (strongly agree). Wineinger 
et al. (2021) provided reliability (composite reliability: task-in-
volving = 0.90, ego-involving = 0.69), as well as concurrent and 
discriminant validity support for the measurement climate scales 
in the college laboratory setting with this adapted version.

State Self-Esteem
The social (seven items) and performance (seven items) sub-
scales of the State Self-Esteem Scale (Heatherton and Polivy, 
1991) were used to assess students’ perceptions of how others 
perceive them (i.e., social self-esteem) and how they perceive 
their own abilities in the laboratory (i.e., performance self-es-
teem). Students responded to the 14 items using a five-point 
Likert scale ranging from 1 (not at all) to 5 (extremely). The 
stem for each question was “During this lab…,” and sample 
items included “I worry whether I am regarded as a success or 
a failure” (i.e., social self-esteem) and “I feel confident about 
my abilities” (i.e., performance self-esteem). The State Self-Es-
teem Scale has displayed high reliability (α = 0.92), as well as 
concurrent and discriminant validity in studies examining 
undergraduate students in the college academic setting 
(Heatherton and Polivy, 1991).

Shame
The 10-item inadequate and deficient subscale of the Internal-
ized Shame Scale (Cook, 1996) measured students’ experiences 
of shame-related feelings in the laboratory setting. Students 
responded on a five-point Likert scale ranging from 0 (never) to 
4 (almost always). The stem for each question was “When I’m 
in this lab…,” and a sample item included “I feel intensely inad-
equate and full of self-doubt.” The Internalized Shame Scale 
has displayed high reliability (α = 0.95) with undergraduate 
students in the laboratory setting (Cook, 1996).

Effort
Students’ perceptions of the amount of personal effort they 
exerted throughout their laboratory course was assessed using 

the four-item effort subscale of the Intrinsic Motivation Inven-
tory (McAuley et al., 1989). Items were tailored for the labora-
tory setting, and students responded using a five-point Likert 
scale with responses ranging from 1 (strongly disagree) to 5 
(strongly agree). A sample item is “I try very hard during lab 
sessions.” This instrument demonstrated adequate reliability 
(composite reliability = 0.81) as well as concurrent and discrim-
inant validity in the college laboratory setting (Wineinger et al., 
2021).

Enjoyment
Students’ perceptions of enjoyment during laboratory sessions 
was assessed using the five-item enjoyment subscale of the Aca-
demic Satisfaction Instrument (Duda and Nicholls, 1992). Stu-
dents responded to items using a five-point Likert scale with 
responses ranging from 1 (strongly disagree) to 5 (strongly 
agree). A sample item is “I find lab sessions interesting.” 
Wineinger and colleagues (2021) provided support for the reli-
ability (composite reliability = 0.87) and concurrent and dis-
criminant validity for using this measure in the college labora-
tory setting.

Statistical Procedures
Fundamental checks of normality and missing data were 
assessed via IBM SPSS v. 26 (IBM Corporation, 2019) followed 
by calculations of descriptive statistics; skewness and kurtosis 
criterion are −2 to 2 and −7 to 7, respectively (Aryadoust and 
Raquel, 2019). Of the missing data (1.35%), only 0.84% was 
missing on the scale measure items, and this was determined to 
be missing at random (MAR) based upon Little’s MCAR test 
being nonsignificant when race was taken into account (p = 
0.737 to 1.000). Thus, requirements were met for using full-in-
formation maximum likelihood (FIML) (Enders, 2010; Enders 
and Baraldi, 2018) during the confirmatory factor analyses 
(CFAs) and structural equation modeling (SEM) analyses (Little, 
2013) in the R package lavaan 0.6-5 v. 3.5.2 (Rosseel, 2012).

Introduction to CFA and SEM
Conducting analyses in a CFA and SEM framework means that 
measurement error variance is separated from reliable, true 
score variance of the construct for each indicator. A CFA is com-
prised of three measurement invariance testing steps (config-
ural, weak, and strong), which are followed by testing for 
homogeneity of latent parameters (i.e., means, variances, cor-
relations) across the grouping variable (i.e., race or gender 
identity), before testing the hypothesized relationships for sig-
nificance at the structural level (i.e., SEM; Little, 2013). Each 
modeling step is built sequentially upon the preceding step(s). 
Step 1, configural invariance, tests the overall model fit to the 
data (Little, 2013). Step 2, weak invariance, then tests that the 
factor loadings can be constrained to equality across groups 
(i.e., gender or race). Passing weak invariance provides support 
that the constructs are defined similarly and equally well across 
groups. Step 3, strong invariance, builds upon weak invariance 
by testing indicator means (i.e., item intercepts) that can also 
be constrained to equality across groups. Passing these three 
measurement invariance tests supports that any group differ-
ences found in subsequent tests of latent parameters represent 
true group differences, not measurement differences. These 
CFA tests build psychometric evidence for the measurement 
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model of the constructs by assessing the internal validity of the 
constructs and the equality of that internal validity across the 
groups being modeled (i.e., gender or race). The CFA model has 
all constructs correlated with one another. SEM converts cor-
relations to regression coefficients to test theory-based hypoth-
eses. Finally, in the SEM, regression coefficients are tested for 
significance to determine the most parsimonious SEM model to 
represent the relationships in the data.

CFA Procedures
There are two different, two-group CFA models being conducted 
with all nine latent constructs: instructor behaviors, caring cli-
mate, task-involving climate, ego-involving climate, social 
self-esteem, performance self-esteem, shame, effort, and enjoy-
ment. One model was across race (i.e., White and non-White), 
and a second model was across gender (i.e., woman and man). 
All the steps are completed for the race model and then again for 
the gender model. For the race model, 541 of the 563 student 
respondents reported their race/ethnicity identity (White = 350; 
non-White = 191), and so were included in the two-group race 
model. The individual non-White ethnic groups were limited in 
sample size and prevented examination by each race/ethnicity. 
Specifically, students identified as East Asian/Asian Americans 
(n = 53), South Asian/Indian Asians (n = 27), Latino/Hispanic 
Americans (n = 36), Black (n = 16), and other (e.g., mixed race; 
n = 59) were in the non-White group. SEM is a large-sample 
analysis technique (Little, 2013); a power analysis supported 
having sufficient power (β = 0.81) to find a small effect (r = 
0.38) significant (α = 0.001) with a sample size of 190 for a 
model of our complexity. Thus, having our sample size of 190 
facilitates being powered to find small differences between 
groups (i.e., means, variances, correlations). These power anal-
yses support the subsample groupings used in our study. For 
gender, 546 of the 563 respondents identified their gender (men 
= 178; women = 368), and so were included in the two-group 
gender model. To account for the nested nature of the data (i.e., 
students in labs), the cluster option within lavaan was used to 
adjust the standard errors, as variance can be reduced due to the 
nonindependence of students within laboratory sections.

The fixed-factor method (i.e., latent variances fixed to 1.0, 
and latent means fixed to 0.0; standardized metric) was 
employed (Little, 2013). First, the item-level configural model 
was run so the item factor loadings could be used to calculate 
the composite reliability for the constructs. For constructs with-
out existing facets, three equally informative parcels were cal-
culated with the counterbalance method, which averages items 
with stronger and weaker loadings (Little, 2013). The items of 
the task-involving and ego-involving climate constructs were 
averaged into the three parcels based on published scale facets 
(Moore et al., 2015; Wineinger et al., 2021). Due to the low 
number of items for effort and enjoyment constructs, no parcel-
ing was done. The configural model acceptably fits the data 
based on comparative fit index (CFI) and Tucker-Lewis index 
(TLI) values of at least 0.90 and root-mean-square error of 
approximation (RMSEA) and standardized root-mean-square 
residual (SRMR) values of 0.08 or less (Little, 2013). The 
acceptability of the weak (i.e., factor loadings equated across 
groups) and strong (i.e., intercepts equated across groups) 
invariance models was based on a change in CFI of 0.01 or less, 
and the RMSEA of the more constrained model (e.g., weak 

invariance) fitting within the 90% confidence interval (CI) of 
the RMSEA for the less-constrained model (e.g., configural 
model; Little, 2013).

Once the CFA measurement invariance tests are passed, the 
homogeneity of the latent (i.e., construct) parameters (i.e., 
means, variances, correlations) across groups can be tested. For 
each of these homogeneity tests, a nested chi-square difference 
test is used to determine whether the constraints (e.g., means 
constrained to equality across groups) resulted in significant 
misfit to the data compared with the unconstrained model. 
Given the sample size, an alpha level of 0.001 was used for 
these and all subsequent nested model chi-square tests of latent 
parameters (Little, 2013).

SEM Procedures
Finally, to test the theory-based indirect effect hypotheses, cor-
relations were converted to regression paths. Then, the regres-
sion paths were sequentially tested for significance with the 
nested chi-square difference test (α ≤ 0.001). Nonsignificant 
nested chi-square difference tests support that the constraint 
(e.g., regression coefficient set to 0) is appropriate. Constraints 
resulting in significant misfit (i.e., significant chi-square differ-
ence) support that the regression path is significant and needed 
in the model. To reach the most parsimonious model, signifi-
cant paths were kept in the model and nonsignificant paths 
were pruned (i.e., kept out of the model). Then R2 values, indi-
rect effects, and 95% bias-corrected accelerated (BCa) CI values 
were calculated with the most parsimonious, final model.

RESULTS
Descriptive results are presented in Table 2. The composite reli-
ability values for each of the scales was above 0.60, as recom-
mended by Hair et al. (1998). On average, students perceived 
the instructor behaviors as engaging and supportive, although 
the students’ responses did range from nearly the lowest score 
possible (1.28) to the highest (5.0). Similarly, the students, on 
average, reported their laboratory course climate as moderately 
caring and task-involving and low ego-involving in nature. It 
should be noted that there was variability in students’ responses 
across all three climate scales (i.e., caring: 1.23–5.00; task-in-
volving: 2.00–5.00; ego-involving: 1.00–4.17). Additionally, 
most students reported experiencing low shame in their labora-
tory courses and modest levels of social and performance 
self-esteem, effort, and enjoyment throughout the semester.

Race Model
CFA (Race Measurement Model).  The two-group (i.e., White 
and non-White) item-level, configural model had somewhat 
poor fit ( 5476

2χ  = 11555.014, CFI = 0.81, TLI = 0.80, RMSEA = 
0.067, SRMR = 0.073), as expected. The parceled configural 
model had acceptable fit ( 738

2χ  = 1530.86; CFI = 0.94; TLI = 
0.93; RMSEA = 0.066, 95% CI [0.061, 0.071]; SRMR = 0.055). 
The model passed weak invariance (ΔCFI < 0.01; RMSEA = 
0.065) and strong invariance (ΔCFI < 0.01; RMSEA = 0.064; 
see Table 3a for all model fits). Therefore, the factor loadings 
and indicator intercepts for the constructs were equally good 
across groups (i.e., White and non-White). Passing the CFA 
measurement invariance tests and the good reliability values 
supported that the internal measurement structure of the con-
structs was acceptable and consistent across these racial groups.
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Next, the omnibus homogeneity tests of the latent parame-
ters (i.e., means, variances, and correlations) were conducted. 
The omnibus homogeneity tests were nonsignificant for the 
latent means (p = 0.24), variances (p = 0.88), and correlations 
(p = 0.04), meaning that the latent means, variances, and cor-
relations did not differ significantly by race. Thus, in the SEM, 
all of these constraints could be kept in the model, so it was 
essentially treated as a single-group rather than two-group (i.e., 
White and non-White) model.

SEM Race Results.  Finally, regression paths from teaching 
assistant behaviors to the three climates and from the three cli-
mates to the student outcomes were tested for significance. The 
final, most parsimonious regression model (Figure 1) was theo-
retically sound and accounted for 42% of ego-involving vari-
ance, 75% of task-involving variance, and 81% of caring vari-
ance, along with 11–44% of variance for the outcome variables. 
Two indirect effects through ego-involving climate were signifi-
cant: 1) behaviors → ego-involving climate → social self-esteem 

(β = 0.22, BCa 95% CI [0.19, 0.32]) and 2) behaviors → ego-in-
volving climate→ shame (β = −0.22, BCa 95% CI [−0.29, 
−0.21]). Three indirect effects through the task-involving cli-
mate were significant: 1) behaviors → task-involving climate → 
performance self-esteem (β = 0.33, BCa 95% CI [0.31, 0.47]); 
2) behaviors → task-involving climate → enjoyment (β = 0.57, 
BCa 95% CI [0.68, 0.86]); and 3) behaviors → task-involving 
climate → effort (β = 0.45, BCa 95% CI [0.40, 0.61]).

Gender Model
CFA (Gender Measurement Model).  The two-group (i.e., 
male and female) item-level configural model resulted in some-
what poor model fit ( 5476

2χ  = 11594.58, CFI = 0.81, TLI = 0.80, 
RMSEA = 0.067, SRMR = 0.072), as expected. The parceled, 
configural model had acceptable fit ( 738

2χ  = 1582.08; CFI = 
0.94; TLI = 0.92; RMSEA = 0.068, 95% CI [0.064, 0.073]; 
SRMR = 0.056), so the general pattern of relationships between 
the indicators and constructs was supported. Next, the model 
passed weak invariance (ΔCFI < 0.01, RMSEA = 0.067) and 

TABLE 2.  Means, standard deviations, minimum, maximum, composite reliability (CR), and correlations for all students

Item and parceled model-fit indices and nested chi-square testsa

Measure M SD Min Max CR 1 2 3 4 5 6 7 8
1. Instructor behaviors 4.13 0.66 1.28 5.00 0.97                
2. Caring climate 4.31 0.63 1.23 5.00 0.97 0.88*              
3. Task-involving climate 4.02 0.62 2.00 5.00 0.85 0.76* 0.74*            
4. Ego-involving climate 2.15 0.62 1.00 4.17 0.77 −0.50* −0.58* −0.52*          
5. Social self-esteem 4.24 0.79 1.00 5.00 0.90 0.17* 0.20* 0.22* −0.38*        
6. Performance self-esteem 4.15 0.65 1.44 5.00 0.85 0.28* 0.30* 0.33* −0.37* 0.75*      
7. Shame 0.48 0.70 0.00 4.00 0.94 −0.19* −0.22* −0.22* 0.37* −0.82* −0.70*    
8. Effort 4.03 0.64 1.50 5.00 0.79 0.39* 0.35* 0.42* −0.27* 0.05 0.15* −0.03  
9. Enjoyment 3.88 0.72 1.40 5.00 0.89 0.55* 0.50* 0.57* −0.41* 0.17* 0.27* −0.14* 0.56*

aAll measures used a 1 to 5 Likert scale, except for the measure for Shame, which was assessed on a 0 to 4 Likert scale.
*p < 0.01.

TABLE 3.  Item and parceled model fit indices and nested chi-square testsa

Table 3a. Race grouping
2χχ df CFI TLI SRMR RMSEA 90% CI

2∆∆χχ p value Pass

Configural (item level) 11,555.01 5476 0.809 0.801 0.073 0.067 [0.065; 0.068]     No
Configural (parceled) 1530.86 738 0.940 0.929 0.055 0.066 [0.061; 0.071]     Yes
Weak invariance 1541.64 759 0.940 0.931 0.057 0.065 [0.061; 0.070]     Yes
Strong invariance 1554.03 780 0.941 0.934 0.057 0.064 [0.059; 0.069] Yes
Mean homogeneity 1565.90 789 0.940 0.934 0.060 0.064 [0.059; 0.068] 11.87 0.22 Yes
Variance homogeneity 1558.43 789 0.941 0.934 0.072 0.064 [0.059; 0.068] 4.40 0.88 Yes
Correlation homogeneity 1609.98 825 0.939 0.936 0.074 0.063 [0.058; 0.068] 51.55 0.04 Yes

Pruned regression 1641.75 840 0.937 0.935 0.078 0.063 [0.059; 0.068] 31.77  

Table 3b. Gender grouping
2χχ df CFI TLI SRMR RMSEA 90% CI

2∆∆χχ p value Pass

Configural (item level) 11,594.58 5476 0.808 0.800 0.072 0.067 [0.065; 0.068]     No
Configural (parceled) 1582.08 738 0.936 0.924 0.056 0.068 [0.064; 0.073]     Yes
Weak invariance 1597.20 759 0.936 0.926 0.058 0.067 [0.063; 0.072]     Yes
Strong invariance 1633.95 780 0.935 0.927 0.058 0.067 [0.062; 0.071] Yes
Mean homogeneity 1646.62 789 0.934 0.927 0.059 0.067 [0.062; 0.071] 12.67 0.18 Yes
Variance homogeneity 1631.77 789 0.935 0.928 0.070 0.066 [0.062; 0.071] −2.18 1.00 Yes
Correlation homogeneity 1672.99 825 0.934 0.931 0.069 0.065 [0.061; 0.070] 39.04 0.33 Yes
Pruned regression 1695.83 840 0.933 0.931 0.073 0.065 [0.061; 0.070] 22.84  

aCFI (acceptable ≥ 0.90); (acceptable ≥ 0.90); SRMR (acceptable ≤ 0.08); RMSEA (acceptable ≤ 0.08.
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strong invariance (ΔCFI < 0.01, RMSEA = 0.067), supporting 
that the factor loadings and intercepts could be constrained to 
equality across gender groups (see Table 3b). Therefore, as in 
the race model, the evidence supported the measurement qual-
ity of the constructs was acceptable and consistent across men 
and women. Having evidence of consistent measurement qual-
ity across gender permitted testing of the homogeneity of the 
latent parameters (i.e., construct means, variances, correla-
tions) across gender. As in the race model, all three omnibus 
tests of homogeneity were passed: means (p = 0.18), variances 
(p = 1.00), and correlations (p = 0.34). Thus, these parameters 
were homogenous across genders, and the constraints were 
maintained for the SEM analyses.

SEM Gender Results.  Finally, the hypothesized regression 
paths were tested for significance, and all nonsignificant paths 
were kept out of the final model, resulting in the most parsimo-
nious version of the regression model (Figure 2). The relation-
ships in this final, parsimonious model were theoretically sound 
and accounted for 38% of ego-involving climate variance, 72% 
of task-involving climate variance, and 81% of caring climate 
variance, along with 16–45% of variance for the outcome vari-
ables. The three significant indirect effects through ego-involv-
ing climate were: 1) behaviors → ego-involving climate → 
social self-esteem (β = 0.26, BCa 95% CI [0.24, 0.34]); 2) 
behaviors → ego-involving climate → performance self-esteem 
(β = 0.18, BCa 95% CI [0.13, 0.31]); and 3) behaviors → 
ego-involving climate → shame (β = −0.25, BCa 95% CI [−0.34, 
−0.23]). The three significant indirect effects through task-in-

volving climate were: 1) behaviors → task-involving climate → 
performance self-esteem (β = 0.18, BCa 95% CI [0.13, 0.27]); 
2) behaviors → task-involving climate → enjoyment (β = 0.57, 
BCa 95% CI [0.72, 0.99]); and 3) behaviors → task-involving 
climate → effort (β = 0.46, BCa 95% CI [0.46, 0.59]).

DISCUSSION
The purpose of this study was to examine 1) the relationship 
between students’ perceptions of their teaching assistants’ behav-
iors and students’ perceptions of the motivational climate and 
2) the effects of the motivational climate on students’ experi-
ences within their laboratory courses. Results from this study pro-
vide partial support for the hypotheses, as the teaching assistants’ 
behaviors were shown to directly predict students’ perceptions of 
the motivational climates and indirectly predict students’ experi-
ences in their laboratory courses. Specifically, students who per-
ceived that their teaching assistants exhibited effective behaviors 
(e.g., makes eye contact, has a positive attitude) were more likely 
to report experiencing a caring and task-involving climate, as 
well as higher levels of effort, enjoyment, and self-esteem. In 
addition, perceptions of these instructor behaviors resulted in 
students being less likely to perceive an ego-involving climate 
and to experience less shame in their laboratory courses. These 
findings were consistent across gender and race. Furthermore, 
these findings align with Brown and Fry’s (2014) results and pro-
vide support that these effective instructor behaviors (e.g., 
friendly, supportive) are equally beneficial across achievement 
settings and are key for predicting and helping students perceive 
a caring and task-involving climate.

FIGURE 1.  Pruned regression path model for race. Model fit (SRMR = 0.08, CFI = 0.94, TLI = 0.94, RMSEA = 0.06). Significant (p ≤ 0.001) 
theory-driven regression paths are presented. Both unstandardized (top number) and standardized (bottom number) regression 
coefficients are presented for each significant path. Significant indirect effects were: Behaviors → EI → Social SE (b = 0.22, BCa 95% 
CI [0.19, 0.32]); Behaviors → EI → Shame (b = −0.22, BCa 95% CI [−0.29, −0.21]); Behaviors → TI → Performance SE (b = 0.33, BCa 95% 
CI [0.31, 0.47]); Behaviors → TI → Enjoyment (b = 0.57, BCa 95% CI [0.68, 0.86]); and Behaviors → TI → Effort (b = 0.45, BCa 95% CI [0.40, 
0.61]). EI, ego-involving climate; TI, task-involving climate; SE, self-esteem.
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Particularly noteworthy in the current study is the support 
for the validity and reliability of the adapted instructor behav-
iors’ measure for use in college biology laboratory courses. The 
CFA indicated a strong factor structure (i.e., passed measure-
ment invariance), item loadings (greater than 0.70), and high 
measurement reliability (composite reliability > 0.60). Though 
continued research will be necessary to further confirm the psy-
chometric properties of the instrument, initial results suggest 
the utility of the measure in the academic domain. In addition, 
the climate measures (i.e., caring, task-involving, ego-involv-
ing) demonstrated strong psychometric properties, consistent 
with Wineinger et al. (2021), who originally adapted the cli-
mate measures for biology laboratory courses. These validated 
behavior and climate measures may be helpful tools to research-
ers and practitioners interested in assessing students’ percep-
tions of their biology laboratory experiences.

It is important to note that limited research (Smith et al., 
2005; Brown and Fry, 2014) has examined the specific teaching 
behaviors that are linked to students’ perceiving a caring and 
task-involving climate, and this is the case for both the aca-
demic and physical domains. Unique to this study is the focus 
on the antecedents of students’ perceptions of a caring and 
task-involving climate, as it is clearly valuable to have students 
identify the extent to which their teaching assistants adaptively 
interact with their students. The strategies included in the 
instructor behaviors (e.g., notices improvements, is helpful) 
measure are primary and straightforward actions that any 
teaching assistant could strive to incorporate into pedagogical 

practices. Clearly not all laboratory teaching assistants are 
engaging in these behaviors, as demonstrated in the wide range 
of student responses and the moderate overall mean score (see 
Table 2). Together, these results suggest that training may be 
beneficial to provide opportunities to discuss and practice 
implementing these instructor behaviors to create or augment 
the caring and task-involving climate.

In addition to the significant link between the teaching assis-
tants’ behaviors and the climate variables, the SEM models also 
supported strong relationships between the climate scales and 
student outcomes. As expected, the ego-involving climate was 
associated with more maladaptive student responses, including 
greater shame and lower performance and social self-esteem. 
These results are concerning, as Tangney and colleagues (1996) 
assessed the influences of different maladaptive emotions (i.e., 
shame, guilt, embarrassment) on undergraduate students’ over-
all functioning in life and found that life experiences that elic-
ited shame were the most destructive and disruptive in their 
lives. In a like manner, Pekrun et  al. (2002) and Meyer and 
Turner (2002) found that shame and similar negative emotions 
undermine college and secondary students’ learning and over-
all experiences in the classroom. Although there were slight 
variations in the race and gender models, the maladaptive 
effects of fostering an ego-involving climate were demonstrated 
in both models. These results indicate that an ego-involving cli-
mate was fostered when students perceived their teaching assis-
tants did not demonstrate engaging and supportive behaviors, 
and this type of climate served as a significant predictor of 

FIGURE 2.  Pruned regression path model for gender. Model fit (SRMR = 0.07, CFI = 0.93, TLI = 0.93, RMSEA = 0.06). Significant theory-driv-
en regression paths (p ≤ 0.001) are presented. Both unstandardized (top number) and standardized (bottom number) regression coeffi-
cients are presented for each significant path. Significant indirect effects were: Behaviors → EI climate → Social SE (β = 0.26, BCa 95% CI 
[0.24, 0.34]); Behaviors → EI climate → Performance SE (β = 0.18, BCa 95% CI [0.13, 0.31]); Behaviors → EI climate → Shame (β = −0.25, BCa 
95% CI [−0.34, −0.23]); Behaviors → TI climate → Performance SE (β = 0.18, BCa 95% CI [0.13, 0.27]); Behaviors → TI climate → Enjoyment 
(β = 0.57, BCa 95% CI [0.72, 0.99]); and Behaviors → TI climate → Effort (β = 0.46, BCa 95% CI [0.46, 0.59]). EI, ego-involving climate; TI, 
task-involving climate; SE, self-esteem.
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outcomes unlikely to lead to sustained motivation and achieve-
ment over time.

Similarly, the features of an ego-involving climate appear to 
be detrimental to students building social and performance 
self-esteem during their laboratory course experiences. Social 
self-esteem is reflected in students feeling comfortable, adequate, 
and accepted by their peers regarding their public image, 
whereas performance self-esteem is a measure of the extent to 
which students feel academically competent and capable of com-
pleting rigorous course and program requirements (Heatherton 
and Polivy, 1991). Undergraduates’ social and performance 
self-esteem has been negatively associated with students’ 
reported levels of anxiety and depression and positively linked 
with their general self-esteem (Heatherton and Polivy, 1991). 
These findings are key, as students’ self-esteem predicts their per-
severance and anticipated grades (Weisskirch, 2018; Abdulghani 
et al., 2020). The range of students’ responses and the overall 
mean score of the ego-involving climate indicated that some stu-
dents were unfortunately experiencing an ego-involving climate 
in their laboratory courses. Given the maladaptive experiences 
associated with an ego-involving climate, fostering such an envi-
ronment in STEM laboratory courses may be one of the worst 
pedagogical practices teaching assistants can exhibit if the goal is 
to optimize the experience of every student.

Clearly, perceptions of an ego-involving climate are magni-
fied and maladaptive functioning is likely to occur when teach-
ing assistants fail to engage in effective behaviors (e.g., are 
friendly, provide encouragement). However, the current study 
highlights adaptive functioning and benefits for students who 
have laboratory teaching assistants who effectively foster a car-
ing and task-involving climate. Specifically, and with regard to 
both the gender and race models, perceptions of a task-involv-
ing climate were a significant positive predictor of effort, enjoy-
ment, and performance self-esteem. The features of a task-in-
volving climate (e.g., encouraging effort, improvement, and 
cooperation) appear to be paramount for enhancing students’ 
adaptive motivational responses in the college laboratory set-
ting. These findings align with those of previous climate 
researchers who have consistently linked task-involving cli-
mates to higher levels of effort and enjoyment across achieve-
ment settings (for a review, see Fry and Moore, 2019), as well 
as to individuals’ social and performance self-esteem and shame 
(Hogue et al., 2013, 2019; Fontana et al., 2017) in the physical 
domain. Although Weisskirch (2018) did not assess the influ-
ence of a task-involving climate, they did report that undergrad-
uate students’ self-esteem and perseverance of effort were pre-
dictors of estimated grades and that higher levels of self-esteem 
predicted consistency in academic interest. As such, STEM 
instructors may benefit from enhancing features of a task-in-
volving climate in the laboratory setting.

Previous climate research has established that perceptions of 
a caring and task-involving climate complement each other and 
are associated with multiple positive outcomes (Fry and Moore, 
2019). It should be noted, however, that the caring climate did 
not emerge as a significant contributor to the outcome variables 
when all three climate scales (i.e., caring, task-involving, 
ego-involving) were included as independent variables in the 
current SEM models. The high correlation between the caring 
and task-involving climate constructs in the regression models 
(i.e., resulting in high shared residual variance) may explain 

why one predictor variable (i.e., caring climate) did not appear 
to contribute to the model. Iwasaki and Fry (2016) experienced 
this phenomenon as well in their SEM analyses, as they reported 
a high correlation between the caring and task-involving cli-
mate constructs that may also have prevented the caring cli-
mate from making a unique contribution in predicting the out-
come variables in their study. As expected, and found by Iwasaki 
and Fry (2016) and in the current study, all bivariate correla-
tions were significant and in the theoretically predicted direc-
tions. From a practical standpoint, including all the features of 
a caring and task-involving climate is critical, regardless of the 
idiosyncrasies of the analyses.

Limitations and Future Research
While there are definite strengths to this study, limitations should 
be noted. First, the variables are captured at a single point in 
time, and it would be preferable to examine the relationships 
between instructor behaviors, climate scores, and student out-
comes at multiple points across a semester, as well as across 
semesters. This would allow researchers to examine the dynamic 
processes involved in these complex phenomena. Second, this 
study was conducted with one biology laboratory course (i.e., 
molecular and cellular biology) at one university, and it would 
be beneficial to expand data collection to include multiple biol-
ogy laboratory courses at a variety of institutions of higher edu-
cation to assess the generalizability of the findings. A third lim-
itation involves the categorization of students by race/ethnicity. 
In the present study, for the purpose of the SEM models, students 
were identified as White versus non-White. Although students of 
diverse race/ethnicity participated in the study, numbers were 
inadequate to look more specifically at each race/ethnic group. 
Race/ethnicity has been identified as an important demographic 
variable in STEM education (de Brey et  al., 2019; National 
Center for Education Statistics, 2019), because some groups are 
underrepresented in STEM fields (e.g., students who identified 
as being White were awarded higher percentages of STEM bach-
elor’s degrees than students identifying as being Hispanic, Pacific 
Islander, Black, and/or Native American/Alaskan Native). How-
ever, incorporating race/ethnicity into research designs is com-
plicated due to its intersectionality with accessibility, socioeco-
nomic status, and first-generation status (Bowleg, 2012).

With regard to future research directions, there are multiple 
avenues to pursue. First, the results provided support for the 
psychometric properties of the measures (instructor behaviors, 
climate, and student outcomes) in the college biology laboratory 
setting. These measures are inexpensive, readily available, and 
simple to administer within courses and across programs to 
assess student experiences. A fruitful direction for researchers to 
consider is conducting training sessions for STEM teaching assis-
tants. The newly adapted measures could then both assess and 
assist instructors in enhancing their usage of effective behaviors 
that engage and support student learning and assess the influ-
ence of the training on students’ perceptions of the caring and 
task-involving climates and their motivational and behavioral 
outcomes. It may be that such training would result in higher 
retention of students in STEM majors and, over time, would 
combat the current shortage of STEM professionals (Zilberman 
and Ice, 2021) across fields. Future research is needed to deter-
mine the efficacy of training teaching assistants on how to infuse 
these behaviors into their laboratory courses. Finally, examining 
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students’ perceptions of the climate in their STEM courses (e.g., 
physics, chemistry, engineering) longitudinally and across their 
academic programs would also be a valuable avenue for contin-
ued research. It may be that the benefits of a caring and task-in-
volving climate increase the longer students experience this type 
of psychosocial environment across their academic programs.

Other avenues for future research involve adding a quali-
tative component in which teaching assistants whose stu-
dents perceive they create a high caring and task-involving or 
low caring and task-involving climate are interviewed to 
examine their teaching experiences. Contrasting these teach-
ing assistants’ skill sets and views about creating positive lab-
oratory learning environments for students could provide 
insight on how to assist STEM laboratory teaching assistants 
in gaining the knowledge and ability to foster positive and 
optimal learning environments for all students. It would also 
be interesting to observe teaching assistants in the classroom 
and examine their natural behaviors and interactions with 
students. This approach would allow for consideration of 
behaviors that augment the ones already identified in this 
study, as well as detect behaviors that may be particularly 
problematic for students (e.g., making comments that lead 
students to feel self-conscious or question their ability). 
Another tactic would be to conduct focus groups with stu-
dents who rated their teaching assistants as either highly 
effective or ineffective at creating a caring and task-involving 
climate in their laboratory courses. Students would be able to 
give specific examples of teaching assistants’ behaviors that 
impacted their experiences across a course. There are also 
many student outcome variables that have not been included 
in the STEM climate research. For example, it follows that 
students who perceive a high caring and task-involving cli-
mate (e.g., are focused on their personal effort and improve-
ment) might have better relationships with teaching assis-
tants and peers in the programs, greater psychological 
well-being, and higher grades/GPAs and retention and grad-
uation rates. Researchers might consider including outcome 
variables such as these in future research.

In conclusion, the results of this study suggest that not only 
do teaching assistants have the ability to influence the climate 
their students perceive, but creating a caring and task-involving 
climate directly impacts students’ motivational and behavioral 
outcomes in the college laboratory setting. Facilitating students’ 
enjoyment, effort, and social and performance self-esteem in lab-
oratory classrooms can increase students’ engagement and aca-
demic performance as well as the likelihood they will complete 
their STEM degrees. This study has important pedagogical impli-
cations for administrators, policy makers, teaching assistants, 
and all seeking to optimize learning in college STEM courses.
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