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ABSTRACT

Science self-efficacy, a student’s confidence in being able to perform scientific practic-
es, interacts with science identity and outcomes expectations, leading to improved per-
formance in science courses, persistence in science majors, and ultimately, the pursuit of
advanced training in the sciences. Inquiry-based laboratory courses have been shown to
improve undergraduate student self-efficacy, but the mechanisms involved and specific
components of instructional practices that lead to improved self-efficacy are not clear. In
the current study, we determined whether student and faculty perceptions of laboratory
instructional practices (scientific synthesis, science process skills, and instructor-directed
teaching) were related to postsemester self-efficacy across 19 guided-inquiry laboratory
courses from 11 different institutions. Self-efficacy related to science literacy increased
significantly from the beginning of the semester to the end of the semester. Variation in
individual student perceptions of instructional practices within a course were significantly
related to differences in student self-efficacy at the end of the semester, but not average
student perceptions or faculty perceptions of their own practices across courses. The im-
portance of individual student perceptions suggests that faculty should engage with stu-
dents during curricular development. Furthermore, faculty need to use noncontent talk to
reinforce the science practices students are engaging in during inquiry-based laboratory
courses.

INTRODUCTION

Self-efficacy (specifically science self-efficacy or research self-efficacy) is an individu-
al’s confidence in their ability to perform tasks, scientific activities, and work like a
scientist successfully (Byars-Winston et al., 2016). Research self-efficacy (Bandura,
1986; Usher and Pajares, 2008; Trujillo and Tanner, 2014) develops as a result of four
factors: performance accomplishments (past successes or mastery), vicarious learning
(e.g., observing the behavior of role models), social persuasion (encouragement by
others), and affective/emotional arousal (minimal anxiety when performing research
tasks). Self-efficacy is viewed as a central component in models of social cognitive
career theory (SCCT; Lent et al., 1994), in which the development and maintenance
of long-term interest in an activity results when an individual views themself as capa-
ble of performing the activity (positive self-efficacy), and the activity leads to valued
outcomes. In addition to playing a central role in career outcomes, self-efficacy may be
related to science identity and outcomes expectations, which in turn may influence
career outcomes (Eccles, 2009; Byars-Winston et al., 2016). Self-efficacy, science iden-
tity, and outcomes expectations are suggested to interact and to mediate either directly
or indirectly the ultimate outcomes of science interests, career goals, and actions (see
Figure 1 in Byars-Winston et al., 2016). Importantly, in Byars-Winston and colleagues’
(2016) modified SCCT model, research self-efficacy, science identity, and outcome
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Response Predictor Variable: Outcome:
A Faculty Perceptions of Instructional Practices (IP) Individual Student Self Efficacy
® Student
IP Source: Faculty
RQ1
IP Source: Average Class
RQ2
IP Source: Individual Student

FIGURE 1. Schematic diagram of the experimental design used in this study. The potential
influence of perceptions of instructional practices (IP) on postsemester student self-effi-
cacy was evaluated in three separate models (faculty perceptions, average student
perceptions, and individual student perceptions). In this schematic representation, the
boxes on the right and left sides represent the same pool of participating laboratory
courses (N =19, with only 4 depicted for clarity), with squares representing independent
courses. Faculty and student perceptions of IP were assessed in each laboratory course. In
addition, individual student self-efficacy was assessed at the end of each of these
laboratory courses (outcome variable, small circles representing each individual student
on right side of diagram). We developed three statistical models using perceptions of IP to
predict student self-efficacy outcomes. In the first model, faculty IP perceptions (repre-
sented by the one large triangle per course) were the predictor variable. In the second
model, the average student IP perceptions in each course (represented by the one large
circle per course) were the predictor variable. In the third model, individual student IP
perceptions within each course (represented by multiple small circles per course) that
were course-mean centered were the predictor variable. Research question 1 (RQ1)
explored whether faculty or student perceptions of IPs better predicted student self-effi-
cacy. Research question 2 (RQ2) explored whether student self-efficacy was better
predicted by differences among courses (average student perception) or variation among

Mentored and course-based undergrad-
uate research experiences (CUREs) also
can lead to increased student self-efficacy
(Seymour et al., 2004; Corwin et al.,
2015a). For instance, in a mentored
research program across science, technol-
ogy, engineering, and mathematics
(STEM) disciplines, student self-efficacy
related to research skills increased and was
positively related to students’ intentions of
pursuing a career in research (Adedokun
et al., 2013). These structured mentored
research programs positively impact
self-efficacy for students who are tradition-
ally underrepresented in STEM (Hurtado
et al., 2009; Carpi et al., 2017). CUREs
also can result in increases in student
self-efficacy, especially compared with
non-CURE laboratory courses (e.g.,
Olimpo et al., 2016; Hanauer et al., 2017,
2018; Esparza et al., 2020).

Although inquiry-based laboratory
courses, CUREs, and mentored research
influence student self-efficacy, what
aspects of these experiences or how these
experiences lead to increases in self-effi-
cacy is less clear (Beck et al., 2014; Corwin
et al., 2015a; Dolan, 2015). For example,
Frantz et al. (2017) found similar increases
in self-efficacy related to scientific research
when comparing students in a mentored
research program with those in a collabo-
rative research program similar to a CURE,
suggesting that differences between these
types of experiences are unimportant in

students within a course (individual student perception).

expectations are affected by learning experiences, which sug-
gests that instructional practices in courses have the potential
to influence changes in self-efficacy. Although many factors can
influence student learning experiences, focusing on instruc-
tional practices, the part of the learning experience that is most
closely controlled by instructors, is appropriate, because it also
is the component of learning experiences that instructors can
most readily modify to improve student outcomes.

Inquiry-based laboratory courses are known to lead to
improved student outcomes relative to traditional laboratory
courses (reviewed by Beck et al., 2014). In particular, increases in
student self-efficacy have been documented in laboratory courses
across a range of disciplines in the context of inquiry-based ped-
agogy. For example, Dohn et al. (2016) showed increases in
self-efficacy in an inquiry-based physiology laboratory course.
Similarly, we found increases in student self-efficacy in scientific
inquiry skills in inquiry-based upper-level ecology laboratory
courses across multiple semesters at two different institutions (a
private research university and a historically black, all-male, lib-
eral arts college; Beck and Blumer, 2012). Inquiry-based chemis-
try laboratory courses also result in increased student self-effi-
cacy (e.g., Winkelmann et al., 2015; Heider et al., 2018).
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fostering the development of self-efficacy.

Similarly, when comparing self-efficacy of

students who are not biology majors in
laboratory courses with differing degrees of discovery and rele-
vance, which are often considered essential components of a
CURE (Auchincloss et al., 2014), Ballen et al. (2018) found no
differences in self-efficacy (but see Corwin et al, 2018a).
Because approaches to inquiry and authentic research in labo-
ratory courses can vary (Auchincloss et al., 2014; Beck et al.,
2014; Spell et al., 2014; Staub et al., 2016), understanding
what components of these courses contribute to improved stu-
dent outcomes is essential. For example, in a study of 49 CUREs
at seven institutions, Mader et al. (2017) reported greater gains
in courses in which students and faculty did not know the
results of the research in advance and in which students had
greater autonomy in asking the research question or designing
the experiment. Similarly, in an analysis of several CUREs and
the Freshman Research Initiative at the University of Texas, Aus-
tin, Corwin et al. (2018b) found that discovery, collaboration,
and iteration all positively influenced students’ perceptions of
ownership, with iteration having the largest effect. More
recently, Esparza et al. (2020) showed that different instructor
and student behaviors were related to different student affec-
tive outcomes in CURE and non-CURE classes. Student self-effi-
cacy was positively related to instructor interactive behaviors
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(such as questioning and one-on-one dialogue) and instructor
typical behaviors with a negative interaction between these two
factors. In contrast, student intrinsic motivation was negatively
related to both instructor and student interactive behaviors
with a positive interaction between the two factors.

The specific instructional practices in inquiry-based labora-
tory courses that influence students’ self-efficacy or how these
courses lead to increases in self-efficacy is unclear. Therefore, in
this study, we investigated whether the degree to which science
practices were emphasized by faculty influenced student self-ef-
ficacy. Here, we focused on self-efficacy as related to science
literacy (ability to pose questions, design experiments, evaluate
evidence, and apply scientific information) in the context of
guided-inquiry courses across a range of institutions and course
levels. Previous research suggests that science literacy increases
due to participation in inquiry-based laboratory courses (Geh-
ring and Eastman, 2008; Gormally et al., 2009). As a result, we
predicted that student self-efficacy related to science literacy
would increase for individual students from the beginning to
the end of the semester in the guided-inquiry laboratory courses
in our study. Furthermore, we predicted that increases in self-ef-
ficacy would be greater in those courses that emphasized sci-
ence practices to a greater degree, because these courses would
provide mastery experiences known to increase self-efficacy
(Usher and Pajares, 2008; Trujillo and Tanner, 2014; Flowers
and Banda, 2016).

To explore the relationship between instructional practices
in guided-inquiry laboratory courses and student self-efficacy,
we needed to examine instructional practices across a range of
courses. A variety of instruments have been developed to exam-
ine teaching in laboratory courses (Campbell et al., 2010; Cor-
win et al., 2015b; Beck and Blumer, 2016; Velasco et al., 2016).
As student self-efficacy is mediated by student experiences
(Bandura, 1986; Usher and Pajares, 2008; Trujillo and Tanner,
2014), we wanted to use an instrument that captured students’
perceptions of instructional practices (Campbell et al., 2010;
Corwin et al., 2015b; Beck and Blumer, 2016), rather than an
observational protocol (Velasco et al., 2016). In addition, the
instrument needed to capture the range of instructional prac-
tices that can occur in a guided-inquiry laboratory course. Our
previously published survey of instructional practices (Beck and
Blumer, 2016) was designed to align with the different aspects
of inquiry-based learning defined in the National Science Edu-
cation Standards (National Research Council, 1996). In addi-
tion, it included items integral to some types of inquiry-based
learning in laboratory courses (D’Avanzo and McNeal, 1997;
Flora and Cooper, 2005; Weaver et al., 2008), such as whether
students generate their own experimental designs and whether
the outcomes of experiments were determined in advance. In
contrast, the survey developed by Corwin et al. (2015b) deter-
mines the degree to which aspects that are unique to CUREs
occur in laboratory courses.

We examined the relationship between instructional prac-
tices and student self-efficacy in 19 courses across 11 institu-
tions. Because instructional practices in a course can be viewed
from the perspective of an instructor and the perspective of
their students, we specifically wanted to examine whether fac-
ulty or student perceptions of instructional practices better pre-
dicted student self-efficacy across courses (research question 1;
Figure 1). Previous studies indicate that faculty and student
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perceptions of instructional practices do not always align (e.g.,
Jaskyte et al., 2009; Beck and Blumer, 2016), suggesting that
faculty and student perceptions might differ in their relation-
ships with student self-efficacy.

In a scale-up study with data from multiple courses across a
range of institutions, variation in student perceptions of instruc-
tional practices can be due to differences among courses, varia-
tion among students in the same course, or both. Therefore, to
examine the relationship between student perceptions of
instructional practices and self-efficacy in more detail, we
explored whether student self-efficacy was better predicted by
differences among courses (average student perception) or
variation among students within a course (individual student
perception; research question 2; Figure 1).

METHODS

The students in the current study took laboratory courses in
which a guided-inquiry module using the bean beetle (Calloso-
bruchus maculatus) model system was implemented. Details
on the professional development of faculty who taught the lab-
oratory courses and a general description of the laboratory
courses taken by the students in the current study are described
in Beck and Blumer (2019) and Blumer and Beck (2019),
respectively.

To examine student self-efficacy related to science literacy,
we used a standard pretest/posttest approach. Students com-
pleted the pretest and posttest on paper during the first and
last weeks of the semester, respectively. The survey included
12 Likert-scale items from an instrument developed by Cham-
pagne (1989) that probes students’ confidence in their ability
to pose questions, design experiments, evaluate evidence,
and apply scientific information (see Supplemental Mate-
rial). The five-point Likert scale ranged from 1, not confident,
to 5, very confident. The 12 items represent a single construct
with high reliability based on pretest scores (Cronbach’s
alpha = 0.94).

To determine the instructional practices in the laboratory
courses, we surveyed both faculty and students using a labora-
tory instructional practices survey (Beck and Blumer, 2016).
The data on instructional practices in the current study were a
subset of those previously described in Beck and Blumer (2016).
In the current study, we focused on those constructs most
closely related to science practices (scientific synthesis, science
process skills, and instructor-directed teaching; see Supplemen-
tal Table S1 for the items in each construct).

A total of 479 students from 35 courses at 15 different insti-
tutions were initially included in the study. Our sample included
students from a broad range of institution types, including one
minority-serving institution, and all course levels (nonmajors,
introductory biology majors, and upper-level biology majors;
Table 1). Students included those self-identifying as male (35%)
and female (65%), as well as underrepresented minorities
(URM; students self-identifying a racial or ethnic group other
than Asian or white; 20%) and non-URMs (80%; Table 1). URM
status was based on students selecting a race/ethnicity category
(Asian, Black/African American, Hispanic, Native American/
Alaskan Native, white, multiracial, prefer not to answer, other).
Students of different URM status and different genders were
not evenly distributed across courses. As a result, we did not
include student demographics in our analyses to avoid
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TABLE 1. Distribution of institutions, courses and students completing the self-efficacy and instructional practices assessments?

Regional comprehensive

Number of institution types Liberal arts colleges university Community college
6 3 2
Number of course types at each institution type
Non-biology majors 1 0 2
Introductory biology 6 3 1
Upper-level biology 2 4 0
Minority-serving institution 0 1 0
Primarily white institution 6 2 2
Non-biology majors Introductory biology Upper-level biology
Total number of each course type 3 10 6
Students in each course type 43 192 95
Number of students Males Females Not reported
112 208 10
URMP Non-URM Not reported
64 255 11

nstitution types were defined as liberal arts colleges (4-yr undergraduate but no graduate programs), regional comprehensive university (4-yr undergraduate and

graduate degree programs), and community college (2-yr undergraduate programs).

PURM, self-reported identification as an underrepresented minority

confounding demographic effects with course effects. This
study was approved by the institutional review boards at Emory
University (IRB no. 00010542) and Morehouse College (IRB
no. 025), as well the participating institutions, when required.

Statistical Analyses

To examine whether student self-efficacy changed during a
one-semester course, we compared presemester and postsemes-
ter scores with a paired t test for the entire sample. Effect size
was calculated as Cohen’s d for paired samples. We examined
the relationship between instructional practices and end-of-se-
mester student self-efficacy (postsemester self-efficacy) to
determine whether faculty perceptions or student perceptions
were better predictors of self-efficacy. Absolute change in stu-
dent self-efficacy (postsemester minus presemester self-effi-
cacy) also was calculated, but the relationships between percep-
tions of instructional practices and student self-efficacy were
the same whether evaluating absolute change in self-efficacy or
simply the postsemester self-efficacy (see Supplemental Table
S3). Consequently, we focus on end-of-semester student
self-efficacy in the analysis that follows.

Because we were interested in differences among courses as
well as variation within courses, we used a series of hierarchical
linear mixed-effects models to control for the fact that students
within a course and courses within an institution are not inde-
pendent of one another (Theobald, 2018). To determine the
most appropriate random effects to include in our models, we
constructed a series of null models that only included random
effects. As some instructors within an institution taught multi-
ple courses in our sample, we started with a three-level null
model with instructor nested within institution and course
nested within instructor as random effects. However, the model
fit was singular, indicating that the model was overparameter-
ized. This overparameterization was likely due to the fact that
most instructors in our sample taught only one course (10 of 14
instructors) and therefore course and instructor were largely
redundant. Consequently, we compared two two-level null
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models (instructor nested within institution and course nested
within institution as random effects) to determine whether
course or instructor explained more of the variation in self-effi-
cacy. Instructor nested within institution explained 3% of the
variation in self-efficacy, whereas course nested within institu-
tion explained 4.3% of the variation in self-efficacy. Therefore,
we used course nested within institution as a random effect in
our subsequent models to control for the non-independence of
students within a course.

Any student outcome measure at the end of the semester is
often influenced by student scores on that measure at the
beginning of the semester (Theobald and Freeman, 2014). For
example, students with high self-efficacy at the beginning of
the semester are likely to show higher self-efficacy at the end
of the semester compared with students with low self-efficacy
at the beginning of the semester. Therefore, we included
presemester self-efficacy as a covariate in all of our models
(Theobald and Freeman, 2014). Our sample included stu-
dents in courses at multiple different levels, and course level
has the potential to influence postsemester self-efficacy for
many reasons, including differences in presemester self-effi-
cacy among students at different course levels or the nature of
the courses at different levels. To determine the effect of
course level on postsemester self-efficacy and whether course
level should be included as a covariate in subsequent analy-
ses, we compared a model with just presemester self-efficacy
as an explanatory variable against a model with presemester
self-efficacy and course level as explanatory variables. The
second model was originally fit with an interaction effect
between presemester self-efficacy and course level (Beck and
Bliwise, 2014), but the interaction was removed from the final
model because it was not significant (X? = 2.11, df =2, p =
0.35). The simpler model with just presemester self-efficacy
as a covariate was a better model than a model that included
course level, based on minimizing Akaike information crite-
rion (AIC; Table 2), so course level was excluded from subse-
quent models.
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TABLE 2. Hierarchical linear models to explain postsemester student self-efficacy related to science literacy?

Model name Model AIC

Null Postsemester_self efficacy ~ (1 |institution/course) 807.1
Single covariate Postsemester_self efficacy ~ presemester self efficacy + (1|institution/course) 713.9
Two covariates Postsemester_self _efficacy ~ presemester self _efficacy + level + (1|institution/course) 717.4

Faculty perceptions

Average student
perceptions
Individual student
perceptions

Postsemester_self efficacy ~ presemester self_efficacy + s_scientific synthesis + s_science
process skills + s_instructor-directed teaching + (1 |institution/course)

Postsemester_self _efficacy ~ presemester self efficacy + f_scientific synthesis + f_science process skills + f_instruc- 719.7
tor-directed teaching + (1 |institution/course)

Postsemester_self efficacy ~ presemester self efficacy + as_scientific synthesis + as_science process skills +
as_instructor-directed teaching + (1 |institution/course)

718.5

629.9

#The last three models include faculty, average student, or individual student perceptions of instructional practices, respectively. The faculty perceptions model examined
differences in faculty perceptions of instructional practices among courses and their relationship with postsemester self-efficacy. The average student perceptions model
examined differences in student perceptions of instructional practices among courses and their relationship with postsemester self-efficacy. The individual student per-
ceptions model examined differences in student perceptions of instructional practices within courses and their relationship with postsemester self-efficacy. The best
model is indicated in bold. Note that, based on AIC, the single covariate model is a better model than both the faculty perceptions and average student perceptions

models. N = 330 for all models.

We determined the effect of faculty and student perceptions
of instructional practices on postsemester student self-efficacy
related to science literacy by comparing three separate statisti-
cal models (Figure 1, Table 2). The faculty perceptions and
average student perceptions models examined differences in
faculty or student perceptions of instructional practices among
courses, respectively, and their relationship with postsemester
self-efficacy. In contrast, the individual student perceptions
model examined differences in student perceptions of instruc-
tional practices within courses and their relationship with
postsemester self-efficacy. To construct the individual student
perceptions model, we determined the deviation of individual
students’ perceptions of the three instructional practices by sub-
tracting the course mean value from the individual student val-
ues for each instructional practice (i.e., calculated course-mean
centered values). Course-mean centered values maintain the
variation among individual students within a course but shift
the distribution such that the mean is zero for all courses, allow-
ing for exploration of the effect of within-course variation inde-
pendent of differences among courses. These course-mean cen-
tered values for individual students were used as the independent
predictor variables in the individual student perceptions model.
To address whether faculty or student perceptions of instruc-
tional practices better predicted student self-efficacy across
courses (research question 1), we compared the faculty percep-
tions and average student perceptions models. To determine
whether student self-efficacy was better predicted by differ-
ences among courses (average student perceptions) or variation
among students within a course (individual student percep-
tions; research question 2), we compared the average student
perceptions and individual student perceptions models.

All hierarchical linear models were fit using maximum likeli-
hood implemented with the Ime4 package in R (Bates et al.,
2015). We compared all models using AIC (Table 2). The model
that minimized AIC was considered the best model. We exam-
ined the effect of the different aspects of instructional practices
on postsemester self-efficacy by estimating p values for the fixed
effects using the car package in R (Fox and Weisberg, 2019).

RESULTS

Across all courses, student self-efficacy related to science liter-
acy increased significantly from the beginning of the semester
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to the end of the semester in the context of participating in a
guided-inquiry laboratory (t = 12.23, df = 329, p < 0.0001, d =
0.67; Figure 2). Average values increased from 3.16 (i.e., just
above a level of “confident”) to 3.72 (i.e., just below the inter-
mediate value between “confident” and “very confident”). The
presemester level of self-efficacy was positively related to
postsemester self-efficacy (Table 3), and significant increases in
self-efficacy occurred for all students, except those whose prese-
mester self-efficacy was in the highest quartile (Supplemental
Figure S1 and Supplemental Table S2).

When comparing the faculty perceptions and average stu-
dent perceptions models (research question 1), the models were
similar based on AIC, and neither was the best model (Table 2).
Both models were no better (indeed worse) than the model
with only presemester self-efficacy as a covariate (one covariate
model) based on AIC (Table 2). As a result, none of the instruc-
tional practices were significantly related to self-efficacy for
these models (Table 3). When comparing the average student
perceptions and individual student perceptions models
(research question 2), the best model was the individual stu-
dent perceptions model (Table 2). In fact, the individual student
perceptions model was the best model overall (Table 2). In the
individual student perceptions model, scientific synthesis and
science process skills had significant positive effects on self-effi-
cacy (Table 3). In other words, within a course, students who

very confident 5 A

confident 3

Self-efficacy

not confident 1 .

Pre-semester Post-semester

FIGURE 2. Increase in student self-efficacy from beginning to the
end of the semester in guided-inquiry laboratory courses.
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TABLE 3. Parameter estimates for the relationships between perceptions of instructional practices and postsemester student self-efficacy®

Estimate SE t value p value
Faculty perceptions
Intercept 2.37 0.58 4.04 <0.01
Presemester self-efficacy 0.48 0.05 9.58 <0.001
Scientific synthesis 0.04 0.26 0.16 0.88
Science process skills -0.05 0.22 -0.21 0.84
Instructor-directed teaching -0.07 0.15 —0.46 0.65
Average student perceptions
Intercept 1.15 1.26 0.92 0.37
Presemester self-efficacy 0.47 0.05 9.50 <0.001
Scientific synthesis 0.67 0.58 1.16 0.27
Science process skills —-0.25 0.48 -0.53 0.6
Instructor-directed teaching -0.13 0.31 -0.41 0.69
Individual student perceptions
Intercept 2.29 0.15 15.55 <0.001
Presemester self-efficacy 0.45 0.04 10.35 <0.001
Scientific synthesis 0.49 0.10 4.75 <0.001
Science process skills 0.23 0.09 2.50 0.01
Instructor-directed teaching 0.13 0.07 1.83 0.07

“The best model based on AIC is the individual student perceptions model (see Table 2). Significant effects are indicated in bold. N = 330 for all models.

perceived that they participated more often in scientific synthe-
sis and science process skills than the average student in the
same course exhibited significantly greater end-of-semester
self-efficacy. The effect was greatest for scientific synthesis.
Instructor-directed teaching had no significant effect on student
self-efficacy (Table 3).

Differences in the predictive ability of the three models that
examined the effects of instructional practices on student
self-efficacy might have been due to differences in the degree of
variation in perceptions of instructional practices among courses
versus within courses. To test this hypothesis, we calculated the
coefficient of variation across courses for each of the instruc-
tional practices as appropriate for the different models (faculty,
average student, individual student). The degree of variation
was similar for faculty and individual student perceptions, but
substantially lower for average student perceptions (Supple-
mental Figure S2), suggesting that differences in the predictive
ability of the different models was unrelated to the degree of
variation in the perceptions of instructional practices.

DISCUSSION

Mentored research experiences, CUREs, and inquiry-based lab-
oratory courses influence student self-efficacy (e.g., Beck and
Blumer, 2012; Adedokun et al., 2013; Dohn et al., 2016; Olimpo
et al., 2016; Hanauer et al., 2017, 2018). Similarly, in the cur-
rent study, we found significant increases in student self-efficacy
related to science literacy in guided-inquiry laboratory courses
across a range of institutions and course levels. Student self-ef-
ficacy or confidence in their science literacy increased from
“confident” at the beginning of the semester to between “confi-
dent” and “very confident” at the end of the semester.

Previous studies have examined the effect of instructional
practices on student outcomes in biology laboratory courses
(Mader et al., 2017; Corwin et al., 2018b; Esparza et al., 2020).
In these studies, instructional practices were determined based
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on student surveys (Corwin et al, 2018b), faculty surveys
(Mader et al., 2017), or expert observation (Esparza et al.,
2020). In the current study, we examined whether faculty per-
ceptions, average student perceptions, or individual student
perceptions were the best predictors of student self-efficacy. We
found that differences in faculty and student perceptions of
instructional practices across courses were not significantly
related to student self-efficacy. In contrast, individual student
perceptions of instructional practices related to scientific syn-
thesis and science process skills within a course were the most
predictive of student self-efficacy. Ultimately, learning is an indi-
vidual process, so not surprisingly, individual perceptions mat-
ter. We speculate that individual perceptions of science process
skills may be linked to individual variation in vicarious experi-
ences, which is known to influence self-efficacy (Usher and
Pajares, 2008; Trujillo and Tanner, 2014; Flowers and Banda,
2016). Vicarious experiences such as observing fellow students
engaging the initial steps of science practices (posing a ques-
tion, developing testable hypotheses, stating unambiguous pre-
dictions, and designing an experiment to test hypotheses) are
the activities that differentiate inquiry-based laboratory peda-
gogy from traditional laboratory teaching and learning.

Variation between students in their individual perceptions of
science practices also may be an indicator of the level of engage-
ment of individuals in their laboratory work. Less engagement
would mean less direct contribution to the scientific study being
conducted, and therefore a lower level of mastery experiences
in the context of the laboratory course. These differences
among students in engagement in mastery experiences might
result in lower individual perceptions of science practices,
which in turn could lead to lower gains in self-efficacy. Engage-
ment may be diminished when students are working in groups
that are too large or in cases in which laboratory partners are
not equally sharing responsibilities for conducting their labora-
tory work.
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In our study, not all instructional practices contributed
equally to postsemester self-efficacy. Individual students’
perceptions of scientific synthesis had greater effects on self-ef-
ficacy than their perceptions of science process skills, but both
were significant. Similarly, Corwin et al. (2018b) found differ-
ent impacts among aspects of CURE pedagogy on students’
sense of ownership. In particular, iteration had the greatest
effect on ownership. The difference we found in the effects of
scientific synthesis and science process skills on self-efficacy
may be a consequence of the specific questions in the self-effi-
cacy instrument we used (see Supplemental Material), as more
items addressed scientific synthesis rather than science process
skills. Using a different self-efficacy instrument with items that
more closely related to science process skills (posing questions,
developing hypotheses, and experimental design) might have
yielded the opposite relationship. In short, which components
of inquiry-based laboratory courses or CUREs are most import-
ant in affecting student outcomes likely depends on the out-
comes measured and how they are measured. In fact, Esparza
et al. (2020) found that the effect of faculty and student behav-
iors in CUREs varied for different student affective outcomes.
Additional studies that examine multiple outcomes simultane-
ously would be helpful in exploring how the relationship
between instructional practices and student outcomes differs
based on what outcomes are measured.

Our experimental design did not allow us to determine
whether differences in individual student perceptions of instruc-
tional practices caused the differences in self-efficacy. However,
we suggest that student perceptions of instructional practices
likely lead either directly or indirectly to changes in self-efficacy.
This view is consistent with the theory that self-efficacy devel-
ops as a result of student experiences (Bandura, 1986; Usher
and Pajares, 2008; Trujillo and Tanner, 2014). In addition, the
directionality from instructional practices to self-efficacy is con-
sistent with models of student outcomes in CUREs (Corwin
etal., 2015a), as well as empirical studies on the effects of CURE
components on student outcomes (Corwin et al., 2018b).

In the current study, individual students’ perceptions of
instructional practices influenced postsemester self-efficacy
related to science literacy. In contrast, average student percep-
tions of instructional practices across courses were not signifi-
cantly related to postsemester self-efficacy. This suggests that
variation in perceptions among students within a course are
more important than between-course differences in explaining
student self-efficacy in our sample. Variation across courses was
substantially lower than variation within courses (Supplemental
Figure S2), which might have led to this result. Future studies
that examine courses that implement a broader range of instruc-
tional practices would allow us to further explore the relative
importance for student outcomes of within- and between-course
variation in student perceptions of instructional practices.

Although the lack of a significant relationship between aver-
age student perceptions of instructional practices and self-effi-
cacy could be due to low levels of variation across courses,
faculty perceptions of the instructional practices that they used
in their laboratory courses also were unrelated to student
self-efficacy, despite substantially higher variation in percep-
tions of instructional practices at the faculty level (Supplemen-
tal Figure S2). The disconnect between faculty perceptions of
instructional practices and student self-efficacy suggests that
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the intentions of the faculty have little or no influence on stu-
dent outcomes. As a result, effective learning interventions
must focus on student perceptions and changing student per-
ceptions. Making laboratory pedagogy transparent and inten-
tional may be key to student perceptions of science practices.
We suggest that faculty should actively engage students in their
laboratory classes in the curricular development and assess-
ment process. Students should be told when a course activity is
new or under development and that they will be helping to
improve learning by engaging in the proposed activity. The
learning process should become transparent to students
through faculty discussing the intended purpose of specific
activities, the specific science practices that will be developed,
and the real-world value of those practices. Such non-science
discussion of the learning process may be important for influ-
encing student outcomes (Silverthorn, 2006; Seidel et al.,
2015). The mediator of these positive effects is a change in
student perceptions of faculty intentions. By explicitly discuss-
ing the learning process with students and potentially chang-
ing student perceptions of faculty intentions, variation in stu-
dent perceptions of instructional practices among students
within a class would likely decrease, leading to similar gains in
self-efficacy for all students.

While we found that individual student perceptions of
instructional practices influence student self-efficacy, whether
instructional practices are related to medium- and long-term
outcomes is less clear. Self-efficacy has been shown to be cor-
related with science identity, retention in STEM majors, and
science career goals in some studies (Hurtado et al., 2009;
Chemers et al., 2011; Estrada et al., 2011; Adedokun et al.,
2012; Findley-Van Nostrand and Pollenz, 2017). Yet, self-effi-
cacy was unrelated to postbaccalaureate persistence in STEM in
other studies (e.g., Estrada et al., 2018). Future research that
examines what aspects of inquiry-based laboratory courses and
CURESs increase medium- and long-term outcomes and whether
those outcomes are mediated by short-term outcomes, such as
self-efficacy, will allow us to further clarify the important com-
ponents of laboratory courses for improving student outcomes.
Such research also might consider student outcomes over a
series of courses to understand whether multiple exposures of
inquiry-based laboratory courses lead to greater gains in stu-
dent outcomes at all timescales.
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