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Abstract

Human anatomy and physiology are challenging courses for many undergraduate students often leading to low rates of
academic success and persistence. Implementation of growth mindset strategies has shown promise in improving academic
success in challenging courses; however, few studies have focused specifically on anatomy and physiology courses. To
investigate the impact of growth mindset interventions on academic success, lab sections of a human anatomy course were
randomly assigned to an intervention or control group. Five growth mindset interventions were integrated into course material
for the intervention group at multiple points over the course of the semester. Performance on quizzes and exams, and overall
academic success were compared between the groups. The intervention group increased scores in their growth mindsets

and performance on low-stake assessments. There was no difference between performance on high-stake assessments and
overall academic success. Potential future studies should focus on understanding the impacts this intervention has on specific
participant demographics. https://doi.org/10.21692/haps.2021.032
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Introduction

Retention and persistence of students at the college level
has become a concern nationwide. In fact, a staggering
40 percent of students who start at a four-year college fail
to earn a degree after six years (Hussar et al. 2020). Many
factors play into students persisting to graduation with an
emphasis in recent years being placed on non-cognitive
factors, such as student motivation and beliefs about
themselves, versus cognitive factors such as intelligence
(Dweck et al. 2014). The summation of non-cognitive factors
that lead to persistence is called academic integrity and it
can promote long-term learning and achievement.

One model of academic integrity that focuses on non-
cognitive factors is the Theory of Action model (Snipes et al.
2012). This model describes relationships between academic
mindsets, academic behaviors and learning strategies, and
learning and academic outcomes. Our current study focuses
on the mindset component of this theory, and specifically
utilizes Dweck’s growth mindset model (Dweck 2008).

This model originally categorized students’ mindset into

two categories: a fixed mindset or a growth mindset but

this dichotomy was later revised into a spectrum where
individuals can hold aspects of both types of mindset with
one being more prominent that the other (Dweck 2015). In
general, students who hold a fixed mindset view intelligence
as a fixed quantity they possess, while students who hold a
growth mindset view intelligence as a malleable quantity
that can be increased with effort.
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Research (Heikkila et al. 2011; Yeager and Walton 2011)
suggests that students who hold growth mindsets when
presented with a challenging course will succeed more
often when compared to students with a fixed mindset
because they incorporate the ideals of grit (Duckworth et

al. 2007) and hope (Snyder et al. 2002). Grit refers to the
determination of a student to stay focused and succeed
when faced with adversity. Hope or hopeful thinkers (Snyder
et al. 2003) are people who can establish clear goals, find
multiple paths to their desired outcome, and persevere
when faced with adversity. In summary, students who
exhibit grit, have a growth mindset, and are hopeful thinkers
will develop multiple pathways to success in the face of
adversity and will know that their effort is more important
than their intelligence since they will learn more from
concepts that are more challenging.

Much of the research utilizing growth mindset interventions
have focused on K-12 education with high degrees of
success (Andersen and Nielsen 2016; Blackwell et al. 2007;
Dweck 2008; Dweck et al. 2014). Sisk et al. (2018) conducted
a set of meta-analyses, one focused on pre-existing mindsets
and their effect on academic achievement, and the other
focused on mindset interventions and academic outcomes.
The meta-analysis that focused on interventions (n=29)
found that 12% of the studies showed a positive effect from
the mindset interventions while 86% showed no effect and
2% showed a negative effect.
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At the post-secondary level, growth mindset studies
demonstrated similar success rates as compared to K-12
education. There are varying degrees of success with

some studies showing positive effects of growth mindset
interventions (Cavanagh et al. 2018; Lisberg and Woods 2018;
Nallapothula et al. 2020) while other showed little to no effect
(Brez et al. 2020; Sisk et al. 2018). A recent study focusing
specifically on STEM disciplines, however, had promising
results. Hacisalihoglu and colleagues (2020) found that
freshmen STEM students enrolled in a course that introduced
the concept of a growth mindset had significantly higher
growth mindset scores and semester GPAs during their first
two semesters compared to students who were not enrolled in
the course.

The interventions used to facilitate changes in students’
growth mindset vary widely in the literature base with no
common implementation style. Blackwell et al. (2007) used an
eight-session workshop to introduce middle school students
to the notion of the brain being malleable and saw increases
in their math achievement. Aronson et al. (2002) implemented
a“pen pal” writing exercise where older students wrote to
middle school age children describing how intelligence is
malleable. At the end of the academic year, they found that
GPAs rose for student who received the letter compared to
students who did not.

One course sequence where college students can face
adversity is anatomy and physiology (Higgins-Opitz and Tufts
2014; Michael 2007; Vitali et al. 2020). The national average
failure rate for this course is over 50 percent for first-time
enrolled students (Hopper 2011). Students who do poorly in

a challenging course may subsequently change majors or fail
to enroll in successive semesters. Several studies have shown
that academic success in basic science courses, of which
human anatomy and physiology courses are part, is correlated
with several factors such as increased GPA and early success

in nursing programs (Anderton et al. 2016; Lewis and Lewis
2000; Wolkowitz and Kelley 2010; Wong and Wong 1999).
Interestingly, the literature base is lacking studies investigating
the use of growth mindset interventions and academic success
specifically in human anatomy and physiology courses.

The purpose of this study was to investigate the impact of
a semester long growth mindset intervention on students’
academic success in a large lecture human anatomy course.
Specifically, the research questions were:

1) Does involvement in the intervention cause a
change in the students’ mindset?

2) Does the involvement in a growth mindset
intervention cause a difference in student performance
compared to students who do
not participate?

3) How does involvement in growth mindset
interventions affect academic success between
students who participate and those who do not?
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For the purposes of this study, student performance was
defined as scoring higher on assessments while academic
success was defined as earning a C in Human Anatomy. This
threshold was used because multiple programs who utilize
this course in their degree program require at least C to
graduate.

Methods
Ethical Research Statement

The research protocol and its amendments were approved
by the Institutional Review Board of the University of Central
Missouri (UCM IRB 1253). The researchers involved in the
study were trained through the Collaborative Institutional
Training Initiative (CITI). Data collection and analysis
followed all guidelines of IRB and CITI.

Study Context and Data Collection

The study took place during the 2019 spring and fall
semesters of University of Central Missouri’'s human anatomy
course. This is a one semester course and consists of one
50-minute lecture and two 110-minute laboratory sessions
each week. The lab sections (n = 7) of the course were
randomly assigned to either a control group (n = 3) or an
intervention group (n = 4). All lab sections, regardless of
assignment, were taught by the same faculty member, used
all the same course materials, and were assessed in the same
way.

In general, the first lab of the week was an instructional lab
with the second lab being a recitation lab. The instructional
labs had an initial teaching period of 20-45 minutes. The
recitation labs provided students with student-centered
activities to reinforce the content introduced during the
prior instructional lab. The only difference between the
groups was that the intervention group took part in five
growth mindset focused interventions during the lab
periods over the course of the 16-week semester.

The assessments for the course included thirteen low-
stake weekly lecture quizzes, four practical exams, and a
comprehensive lecture final exam. Each practical exam
consisted of 100 short answer identification questions

over the course content for the unit. The lecture quizzes
consisted of multiple-choice questions answered through a
clicker student response system at the start of each lecture.
The total number of questions and point value varied per
quiz depending on the amount of material covered in the
previous lecture. The comprehensive lecture exam consisted
of 100 multiple choice questions worth 1.25 points each.

Growth Mindset Interventions

The five growth mindset interventions were delivered at
the beginning of one of the labs for the week. A timeline for
the implementation and corresponding assessments can be
found in Table 1.

continued on next page
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Intervention Approximate duration of

intervention (minutes)

Implementation

Assessments taken during
intervention

1 7-10 Week 1: First day of lab N/A

2 25 Week 1: Next lab period Quiz 1-3, Practical 1
3 5-10 Week 4: Lab following practical 1) Quiz 4-8, Practical 2
4 5-10 Week 9: Prior to last day to drop Quiz 9-13, Practical 3
5 5-15 Week 15: Last day of lab Practical 4, Lecture Final

Table 1. Intervention and assessment timeline.

The first intervention consisted of students taking an
adapted version of Dweck’s Mindset Instrument (DMI)

to identify their initial mindset, and a set of videos

and readings to introduce students to the concept of
neuroplasticity and academic success. The growth mindset
quiz (Diehl 2008) is based on the DMI which has a high
reliability (a = 0.94-0.98). It consists of a set of 20 questions
that places the student’s mindset into one of four categories:
a strong fixed mindset (0-20), a fixed mindset with some
growth ideas (21-33), a growth mindset with some fixed
ideas (34-44), and a strong growth mindset (45-60 points).
In general, a higher score indicates a tendency for a growth
mindset while a lower score indicates a more fixed mindset.

The second intervention began with a short lecture

to formally introduce them to the ideas of hope and

a growth mindset. Throughout this lecture, students
completed a worksheet with course goals and “I will”
statements (Appendix 1) to help them succeed in the
course. These goals and statements formed the basis for
implementing a plan to succeed in the course. Students
also identified course “accountability partners” that they
shared these statements with, in order to increase their own
accountability in the course. In most cases, students within
their lab group were identified as an accountability partner.

The third intervention charged the students with discussing
and reflecting on their progress towards their course goals
and “I will” statements. This was done in conjunction with
their accountability partner to increase their buy in and

to develop multiple pathways of success toward their

goals. During these discussions each student identified
study methods and course concepts where improvement
was being made as well as ineffective study methods or
particularly difficult course concepts. These discussions
culminated in developing a modified pathway for continuing
to meet their course goals.

The fourth intervention was similar to the third intervention
except students shared their progress with the entire class
instead of their accountability partner. This enabled a much
broader perspective on how they would reach their goals
and stay motived in the course. The final intervention had
students reflect on their progress during the semester
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and completing the DMI again. A worksheet with six open
ended questions was administered to facilitate reflection.
These questions focused on identifying their motivations
in the course, ways they overcame obstacles in the course,
and advice for future students in the course. For specific
intervention documents and detailed instructions see
https://tinyurl.com/2p9cfdxe.

Data Analysis

To assess if involvement in an intervention caused a change
in student growth mindset, DMI scores were evaluated
using a linear-mixed effect model. Fixed effects included
assessment period pre-intervention or post-intervention,
the treatment type (growth mindset or control), and the
interaction between assessment period and treatment type.
Since each student completed the DMI twice, a categorical
variable considering each participant was included as a
random effect within the model. Measures of variance

and covariance were estimated using restricted maximum
likelihood and degrees of freedom for each fixed effect were
calculated using Satterthwaite approximation.

To determine if the involvement in growth mindset
interventions caused a difference in student performance,
course assessments were evaluated using linear mixed-effect
models. Assessments were separated into low- (quiz) and
high-stake (practical and final exam) methods of evaluation.
Since growth mindset interventions were not distributed
evenly throughout the semester, some intervention periods
included multiple assessments that were worth varying
point values. To allow for comparability of assessment
scores across intervention periods, assessment totals were
converted into proportions ranging from 0 to 1 by summing
student scores and dividing by the total number of available
points, within an intervention period.

Both low- and high-stake assessments were negatively
skewed and were subsequently arcsine transformed to meet
the assumption of normality for further analyses. Treatment
type (growth mindset or control) and intervention period
were treated as categorical variables and considered as
additive fixed effects in each model. Participant number was

continued on next page
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considered as a random effect. Coefficient estimates for the
transformed data were subsequently back transformed and
estimates were considered as proportions of correct answers
provided by students at each intervention period.

To investigate if involvement in growth mindset
interventions influenced academic success, course passing
rates were evaluated using logistic regression. Student
success was treated as binomial variable (1 = achieved a C
or higher, 0 = achieved a D or lower) while treatment type
(growth mindset or control) was treated as a categorical
variable in the model. All data, within this study, were
analyzed in R version 4.0.5 using a confidence interval of
95% and a significance level of 0.05.

Results
Study Population

In total, 111 students completed human anatomy during the
spring and fall semesters of 2019. Individuals in the control
group (n = 63) and growth mindset treatment group (n =
48) were representative of the student body that typically
complete this course. Both control and treatment groups
were predominantly comprised of female students (n = 58,

n = 35, respectively) as compared to male students (n =5,
n = 13, respectively). Both groups were also predominantly
composed of Caucasian-American students (n =46, n =

36, respectively) as compared to other ethnicities and
nationalities (n = 17, n = 12, respectively). Disparity in total
number of students in each group are attributed to two
IRB guidelines: 1) the voluntary nature of the study; and

2) no compensation (i.e., extra credit) being offered for
participation.

Results for the DMI analysis demonstrated a marginally
significant interaction between treatment type and the
DMI testing period (tie0 = 1.96, P = 0.05). There was no
difference in DMI scores between the growth mindset and
control group during the pretest (average = 40.5 and 40.3,
respectively); however, there was a marginal difference
between the two treatments during the posttest (average
=42.7 and 40.3, respectively). The average value for each
group fell into Dweck’s “growth mindset with some fixed
ideas” category, however, an assessment of the 95%
confidence intervals demonstrated that the growth mindset
posttest DMI scores also fell into Dweck’s “strong growth
mindset” score range (see Fig 1.).

F~

Treatment

Modified DMI score

&= (Control

-8 Growth mindset

20

Figure 1. Predicted Dweck Mindset
Instrument (DMI) scores with 95%
confidence intervals for control
and growth mindset students
before (pretest) and after (posttest)
completing the Human Anatomy
course. Rectangular shadings
represent different levels of growth
mindsets with the lightest rectangle

T
Pre intervention

Modified DM testing period
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representing a strong fixed mindset
(bottom) and the darkest rectangle
representing a strong growth
mindset (top).
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For the low-stake assessments, quiz scores significantly
increased after each successive intervention period
regardless of whether a student was in the control or
treatment group (period 2 to 3, t2,0 = 8.81, P < 0.001; period
3to 4, tyo = 2.14, P=0.03). When holding the intervention
period constant, the growth mindset treatment significantly
increased quiz scores as compared to the control group

tioo = 2.15, P = 0.03. Back transformation of the predicted
values at each intervention period revealed that growth
mindset intervention significantly improved average quiz
scores by 5.1 points during intervention period 2 (66.8 and
61.7, respectively), by 4.5 points during intervention period
3 (78.5 and 74.0, respectively), and by 4.3 points during
intervention period 4 (81.1 and 76.8, respectively; Figure 2).
The marginal coefficient of determination demonstrated
that the intervention period and treatment alone explained
19% of the variation in quiz scores. The conditional
coefficient of determination demonstrated that inclusion
of the random effect increased the amount of variation
explained by the model to 59%.
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Figure 2. Predicted quiz

scores for control and growth
mindset students at three
intervals within a human
anatomy course. Bars
surrounding the dots represent
the 95% confidence interval for
quiz scores.
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For the high-stake assessments, average practical scores
increased significantly between intervention period 2 to 3
(exam 1 and 2), t;30 = 11.84, P < 0.001, with no significant
change in practical scores thereafter (period 3 to 4, t33
=1.28, P=0.20; period 3 to 5, t330 = 0.83, P=0.41). When
holding the intervention period constant, the growth
mindset treatment did not significantly increase practical
scores as compared to the control group tie = 0.77, P

= 0.44. Back transformation of the predicted values at
each intervention period revealed that growth mindset
intervention marginally improved average practical
scores by 2.4 points during intervention period 2 (65.2
and 62.8, respectively), by 2.1 points during intervention
period 3 (79.4 and 77.3, respectively), by 2.0 points during
intervention period 4 (80.7 and 78.7, respectively), and
by 2.1 points during intervention period 5 (80.2 and 78.2,
respectively, Fig 3.). When considering the fixed effects
treatment type and intervention period alone, 13% of
the variation in test scores were explained by the model.
Inclusion of the random effect increased the amount of
variation explained by the model to 76%.
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Figure 3. Predicted practical
scores for control and
growth mindset students

at four intervals within a
human anatomy course.
Bars surrounding the dots
represent the 95% confidence
interval for practical scores.
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The logistic regression assessing impacts of the growth
mindset intervention on academic success demonstrated
no significant difference between the growth mindset
and control group (z110 = 0.73, P = 0.47). Both groups had
a similar probability of achieving a C or higher in the class
(92% and 87%, respectively).

Discussion

The results of the current study support findings from
previous studies that growth mindset interventions have
varying levels of success at the college level (Sisk et al.
2018). The interventions in this study did show the ability
to increase the mindset of participants just as Hacisalihoglu
et al. (2020) found using the same instrument. However, the
participants in their study were enrolled in a semester long
course specifically designed to teach about growth mindset.
The current study utilized five, low time commitment
interventions to achieve comparable results. These findings
could be quite attractive to instructors who do not want

to create an entirely new course or use an exceedingly
large amount of instructional time to implement a learning
intervention. In total, a minimum of 45 minutes, with the
majority dedicated to intervention 2, would need to be
dedicated during the entire semester to modify mindsets.

Differences in students’ performance were seen between
the two groups on some assessments. The highest level

of success for the growth mindset treatment group was

seen in the low stakes assessments yet this success did not
translate to improved outcomes on high stakes assessments.
These results are consistent with work published by Reuter
and colleagues (2021) where students saw highest level of
success on low stakes assessments but not on high stakes
assessments when utilizing a mindfulness intervention
instead of a growth mindset intervention. It is promising
that the growth mindset group scored higher on low-stake
assessments than the control and showed a trend toward
improved outcomes on the high-stakes, recognizing that the
results were not statistically significant for the latter.

Additionally, regardless of group assignment, all students

in the study achieved increases in their quiz scores over

the duration of the semester. Anecdotally this could be
attributed to students not preparing adequately at the
beginning of the semester but developing better study
methods or increasing their study time to succeed in the
course as the semester progressed. Farkas et al. (2016) found
a significant correlation with the amount of time students
studied and their success in an anatomy and physiology
course.

Unfortunately, the increases in scores on the low-stake
assessments did not translate into differences in success
between groups in the course. There are two possible
explanations for this outcome. The scores on the low-stake
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assessments made up the minority of points (~25%) in

the overall course grade. If a student underperformed on
the high-stakes assessments, performance on low-stake
assessments could be overshadowed by total course points.
Secondly, most participants in the study succeeded in the
course. Only 8% of the growth mindset group and 13% of
the control group failed to succeed in the course. This is
contrary to extant literature reporting high failure rates in
anatomy and physiology (Hopper 2011). Indeed, the data
for this study only included individuals who completed the
course and does not represent individuals who withdrew
from the course or did not volunteer for the study.

The linear-mixed effects models demonstrated that much
of the variation within the dependent variables (assessment
scores) was attributable to the participants themselves.
Inclusion of the participant as a random effect increased the
explanation of variation by 40% for low-stake assessments
and by 63% for high-stake assessments. It is likely that some
of the variance explained by the random effect could be
attributed to measurable variables within each participant
(e.g., sex, gender, nationality, and socioeconomic status).
Future studies should focus on teasing out this variation to
identify if and how the intervention could impact students
based on demographic characteristics.

Within the experimental group, the study was limited to
students who volunteered to participate in the growth
mindset activities. The willingness to be part of extra
activities, could, unintentionally, select for individual
students who were seeking to achieve better scores within
the class. A larger sample size would allow for deeper
analysis of the data and the potential to investigate the
impacts of the interventions on different demographic
characteristics.

Conclusion

The implementation of the growth mindset intervention

is unique in that the intervention steps span the entire
semester and does not represent a one-shot introduction

at the beginning of the semester. The current study is one
of the only studies to utilize this type of growth mindset
intervention in a human anatomy course with the results
showing promise for modifying student mindset towards

a more growth mindset orientation and increasing student
performance on some assessments. The overall increases

in performance, ultimately, did not translate to a higher
academic success compared to students in the control since
there are other factors influencing academic success besides
involvement in the interventions.
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APPENDIX
My Goals /“l Will” Plan
Name Student ID Class Date

Goal Setting: Setting goals helps keep you on track and motivated. For this activity, think about your goals for this class;
anticipate obstacles blocking your goals; think about resources (both internal and external) to help you overcome the
obstacles; and list them in the spaces provided below. Then, use these goals to stay on track during the semester.

Growth Mindset Score

My Goal/Reason for Being in College:

At UCM, | will complete a degree/certificate in in months/years with at leasta __
Average. | will use the content | learn in college to help me

_ Grade Point

My Goals for this Class:

1. lwill earn atleasta____ gradein this class.
I will use the content and skills learned in class to prepare me for

I will spend at least _____ hours each week completing the work/studying for this class.
I will visit the learning commons at least ____ times this semester.

I will not miss more than _____ session(s) of this class this semester.

2. Inthis class I will use what | have learned from past successes when struggling with obstacles. The personal
qualities and external resources that have previously helped me succeed are:

1.
2.
3.

4.
5.

3. lwill use the resources listed below and/or visit with the individuals listed below for help, especially when
| see indicators that | am struggling or losing motivation:

1.
2.
3.

4.
5.

4. My class accountability partners are: and

My personal accountability partners are: and

5. *lI'will place this in my notebook or textbook and review it weekly.
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