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Introduction

To provide a learning environment in which all students can succeed, it can be helpful for
instructors to understand how the motivational climate in a course is affecting students’ motivation
and learning. Motivational climate has been defined as “the aspects of the psychological
environment that affect students’ motivation and engagement within a course” (Jones, Miyazaki,
et al., 2022, p. 1). Students’ perceptions of the motivational climate are important because these
perceptions have been shown to affect their engagement (Jones, Khajavy, et al., 2023), their
ratings of the course and instructor (Wilkins et al., 2021), their identity (Jones et al., 2016), and
their major and career goals (Jones et al., 2016).

Researchers have found that students’ perceptions of the motivational climate can vary across
students (Jones, Fenerci-Soysal, & Wilkins, 2022); therefore, it could be important for instructors
to consider whether the motivational climate is having disproportionately negative effects on some
groups of students over others. In the present study, we investigated this phenomenon within a
large introductory computer science course because research has identified some differences
between groups within computer science. Specifically, researchers have noted some gender
differences (e.g., Pirttinen et al., 2020) and differences by prior computer science experience
(e.g., Alvarado et al., 2018).

The purpose of this study was to examine the extent to which university students’ perceptions of
the motivational climate varied during a computer science course. In addition to documenting
overall patterns, we investigated whether these changes differed by gender or students’ high
school computer science experience. We also examined how students’ perceptions of
motivational climate related to their course performance to document how these perceptions were
associated with tangible academic outcomes. This study is important because identifying how
and when motivational climates disadvantage particular groups of students can help teachers to
identify and implement instructional strategies that foster the motivation and engagement of all
students.

Because student motivation in computer science can decline across the semester, strategies are
needed for sustaining it (Peteranetz et al. 2021). Examining the student experience throughout a
course, instead of only with pre- and post-course surveys, can provide additional insight
(Lishinski, 2023). The aim of this study was to investigate whether students’ perceptions of the
motivational climate varied during a computer science course and whether these changes were
moderated by student gender or previous high school computer science experience. Our research
questions were:

Research Question 1. To what extent do students’ perceptions of the motivational climate
vary during an introductory computer science course?

Research Question 2. To what extent do women’s perceptions of motivational climate
vary relative to men’s during an introductory computer science course?

Research Question 3. To what extent do the perceptions of motivational climate of
students without high school computer science experience vary during an introductory
computer science course relative to those with high school computer science experience?

Research Question 4. Are the students’ course grades in an introductory computer
science course moderated by gender or high school computer science experience?



Research Question 5. What aspects of an introductory computer science course may
affect changes in students’ perceptions of the motivational climate?

Literature

Motivational Climate

The motivational climate has been assessed in courses using the five components of the MUSIC
Model of Motivation (Jones, 2009, 2018): eMpowerment, Usefulness, Success, Interest, and
Caring (MUSIC is an acronym). When students are empowered, they perceive that they are in
control over some aspects of the course, often by having choices in the course. Students perceive
courses to be useful when the learning activities relate to their short- or long-term goals. In the
MUSIC model, success refers to the extent to which students believe that they can succeed at
the activities within the course. Interest refers to the extent to which students pay attention to, are
interested in, and enjoy the instructional activities. Finally, students perceive high levels of caring
when others in the course (the instructor and/or other students) care about their learning and well-
being.

The MUSIC components have most often been assessed using the MUSIC Model of Academic
Motivation Inventory (Jones, 2012/2024), which measures the motivational climate in a learning
environment with an assessment scale for each MUSIC perception. There are several versions
of the MUSIC Inventories and validation evidence is cited in Jones (2012/2024). For example, the
college student version of the MUSIC Inventory has been used to assess students’ perceptions
of the motivational climate in college courses (Ang & Ng, 2022; Reash & Larwin, 2021; Zwanch
& Cribbs, 2021). It has also been shown to produce valid scores with college and university
students in a variety of different types of courses and contexts (Gladman et al., 2020; Jones &
Wilkins, 2023; Vaziri et al., 2022; Wilkins et al., 2021) and in countries with different cultures (e.qg.,
Iran, Mexico, China, Egypt, Colombia; Jones et al., 2023; Jones et al., 2017).

In the MUSIC model, students’ MUSIC perceptions are influenced by variables external to
students (e.g., teaching strategies, family, culture, society) and internal to students (e.g.,
cognition, emotions, needs, identity beliefs, abilities). Students’ MUSIC perceptions then affect
their motivation and engagement in a course, which can affect their learning and performance,
which cycles back to affect the external and internal variables through feedback loops. Teachers
play an important role in students’ motivations because they can influence students’ MUSIC
perceptions with the types of teaching strategies that they employ (Anderson, 2020; McGinley &
Jones, 2014). Therefore, if teachers can identify which MUSIC perceptions are lowest, it is
possible for teachers to address their lowest scores on the MUSIC Inventory (see Jones, 2018)
and create a more positive motivational climate for students.

Student Motivation in Computer Science Courses

To improve student motivation in introductory computer science courses, some computer science
educators have implemented course improvements (Bellino et al., 2021; Nikula et al., 2011).
Researchers have found that students’ success beliefs (a.k.a., self-efficacy) can predict their
achievement and persistence in computer science and other STEM domains (Beyer et al., 2003;
Hutchinson et al., 2006; Lent et al., 1986). However, women and men can differ in how they
perceive the motivational climate in a course. Women’s self-efficacy beliefs in STEM domains,



university-level computer science, engineering, and math courses are often lower than those of
men (Ojha et al., 2024; Pirttinen et al., 2020; Zeldin & Pajares, 2000). Several studies also found
that although female students’ self-efficacy in engineering, math activities, perceived engineering
skills, and problem-solving abilities are much lower than male students, their course grades,
GPAs, or skill levels were equal to or higher than those of male students (Pirttinen et al., 2020;
Rayman & Brett, 1995).

Students come to university computer science courses with a broad range of computing
experience outside of class and from high school (Ellis et al., 2020), which can also affect their
performance in computer science courses. For example, Alvarado et al. (2018) found that
students with AP (Advanced Placement) credits tended to have higher grades across computer
science courses. In addition, prior computing experience such as internships, co-curricular
activities, or high school programming courses can significantly impact a student’s experience in
a computer science course (Peters et al., 2014).

Method

Participants

The computer science course was a 3-credit, introductory, 2000-level intensive computer
programming course offered through the computer science department, which was within the
College of Engineering. Of the 426 students enrolled in the course, approximately 58% were
either computer science or Engineering majors, and 209 students (49.1%) were included in the
analysis. Some of the students were not included because they did not consent to participate in
the study or did not complete all four surveys (n = 143), they responded rapidly (n = 26), or they
reported a gender other than male or female (n = 3; which did not allow us to include them in the
gender analysis). Students self-identified their race/ethnicity as 42.1 % Asian or Pacific Islander,
41.4% White or Caucasian, 6.2% more than one race/ethnicity, 4.3% Black of African American,
2.4% Hispanic, 1.0% as a race/ethnicity not provided on the survey, and 0.4% Native American.
Of the 209 students, 74.1% self-reported as male and 25.8% self-reported as female. Many
students (72.3%) indicated that they had high school computer science experience, with 63% of
women and 75% of men reporting that they had high school computer science experience.

Computer Science Course

Many first-year, transfer, and non-major students are enrolled in this course, and this course is
considered the gateway to ongoing computer science enroliment. This course was taught in java
with three lecture sections and 14 lab sections. It was taught in a flipped format using one shared
learning management system (Canvas) with ungraded checkpoint questions integrated within
instructional content and graded section quizzes. The course also contained graded learning
activities for small programming practice, ethics discussion questions, and object-oriented design
activities. There were tests in Weeks 5 and 12, and a final exam.

Students had 10 lab assignments and five programming projects, with the fifth one being a team
project introduced in Week 11. The four individual projects were distinct, and each was worth the
same percentage of the course grade but increased in size and complexity. The course content
was cumulative with the first two weeks serving as a review of computer science Java topics
before introducing data structures and working through bags, stacks, queues, lists, and trees.



Additional topics such as generics, efficiency, and recursion were introduced throughout the
semester.

Procedure

The study was approved by the IRB at our institution (IRB #17-057 and #22-808) and students
provided consent to participate in the study. Students were surveyed in Weeks 5, 8, 12 and 15 of
the 15-week semester. The survey consisted of closed- and open-ended items related to their
perceptions of the motivational climate in the course.

Instruments

We measured students’ perceptions of the motivational climate using the MUSIC® Model of
Academic Motivation Inventory (20-item College Student version; available at Jones, 2012/2024,
which includes 20 items that form five MUSIC scales with four items each: an empowerment scale
(e.g., “I have control over how | learn the course content”), a usefulness scale (e.g., “In general,
the coursework is useful to me”), a success scale (e.g., “l| am confident that | can succeed in the
coursework”, an interest scale (“The coursework is interesting to me”), and a caring scale (“The
instructor cares about how well | do in this course”). Students responded to all items on a six-
point Likert-format scale ranging from 1 (Strongly disagree) to 6 (Strongly agree) labeled at each
point.

On the Week 15 survey, students were asked one open-ended question for each of the five
MUSIC model components: “What aspects of this course give you control/choices and/or no
control/choices within this course?” (eMpowerment), “What do you find useful and/or not useful
about this course?” (Usefulness), “What makes you feel successful and/or that you cannot be
successful in this course?” (Success), “What do you find interesting/enjoyable and/or boring about
this course?” (Interest), and “What do the instructors do and/or not do to make you feel that they
care about your learning and well-being?” (Caring).

Analyses

SAS version 9.4 was used to conduct all quantitative analyses. All dependent variables were
assessed for normality by examining normal quantile plots and skewness and kurtosis values for
each time point assessed. Boxplots were also used to assess the distributions of dependent
variables by week and gender and high school computer science experience. The five MUSIC
variables were found to be somewhat negatively skewed with a few outliers at the lower end of
the scale. Prior to conducting the main analyses, these variables were winsorized by setting more
extreme values to the fifth percentile value based on week and gender, and on week and high
school computer science experience. The maximum number of observations with winsorized
values for any time point was 28 out of 209.

To examine the effect of gender and previous high school computer science course experience
on final course grade, the GLM procedure was used to conduct a two-way ANOVA. To assess
whether students’ perceptions changed over time and whether these changes were moderated
by student gender or previous high school computer science course, the MIXED procedure using
a repeated statement was implemented. Two separate analyses were conducted for the MUSIC
variables, one for gender and week, and another for high school computer science course and
week. Course section was included as a covariate in all models. For those effects found to be



statistically significant, appropriate pairwise comparisons were conducted. We set the alpha value
at .05.

We conducted a content analysis (Strauss & Corbin, 1998) of the responses to the five open-
ended items by creating coding categories. Codes were developed inductively by one researcher
who documented analytic memos during the coding process. A codebook was iteratively refined
to ensure clarity and consistency. After coding 200 responses, it was determined that “saturation”
was reached in that no new codes were being identified; therefore, it was unnecessary to code
more responses to meet the goals of the study (Strauss & Corbin, 1998). Because the purpose
of the content analysis was simply to identify aspects of the course that could affect the
motivational climate, it was not necessary to code the remainder of the responses once we
reached saturation. The codes and results were spot-checked by a second researcher and then
reviewed by the course leader.

Delimitations

One of the delimitations of this study is that the statistical findings may not be generalizable to
other courses. The sample of students is a non-probability sample from a course at a single
university. However, the aim of the study was not to be able to generalize to all courses. Students’
perceptions of the motivational climate can vary across courses (Jones et al., 2023; Wilkins et al.,
2021); therefore, we do not expect the findings from this one course to necessarily generalize to
other courses taught by different instructors. Instead, the aim was to provide an initial examination
of how students’ MUSIC perceptions can vary over time in one course. Hopefully, other instructors
will add to this literature by conducting similar studies, and a corpus of studies can be examined
for patterns. Finally, we included course section as a covariate, but we did not account for the
many other factors at the class or student level that could impact students’ MUSIC perceptions.

Results

Week by Gender Results

Our first research question was to determine the extent to which students’ perceptions of the
motivational climate varied during the computer science course, and the second question was to
examine these variations by gender. We answered these questions by comparing the means for
each MUSIC component by week and gender, as shown in Figure 1. In this section, we report
statistically significant results for each MUSIC component.



Figure 1
Means by Week and Gender for Each MUSIC Variable
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For the main effect, students’ empowerment perceptions decreased by week (F[3, 615] = 5.96, p
= .001). The means for Week 12 (t = 2.97, p = .003) and 15 (t = 4.04, p < .001) were lower than
the mean at Week 5. The mean at Week 15 (t = 2.19, p = .029) was lower than the mean at Week
8. There were no interaction effects for week by gender. For students’ perceptions of usefulness
across the semester, there was an interaction effect for week by gender (F[3, 615] = 5.17, p =
.002). The means differed by week for women but not for males. For women, the means for Week
12 (t=2.09, p =.037) and 15 (t = 2.82, p = .005) were lower than the means for Week 5, and the
mean at Week 15 (t = 2.58, p = .010) was also lower than the mean at Week 8.

For students’ success perceptions, there was a main effect for both weeks (F[3,615] = 5.13, p =
.002) and gender (F(1, 205) = 33.91, p <.001). The means for Week 12 (t = 2.59, p = .001) and
15 (t = 3.49, p = .001) were lower than mean at Week 5. The mean at Week 15 was also lower
than the mean at Week 8 (t = 2.7, p = .007). For the main effect for gender, the overall mean for



women (4.58) was lower than the overall mean for men (5.11). For Interest, there was an
interaction effect for week by gender (F[3,615] = 3.48, p = .016). For women, there was a
difference in means for Week 8 and 15 (p = .031) and for Week 8 and 12 (p = .051). Tests of
effect slices by week indicated that the means for women (4.19) were lower than those for men
(4.51) at Week 15 (F[1, 615] =4.90, p = .027). For Caring, there was an interaction effect for week
(F(3,615) = 7.88, p < .001) and for week by gender (F[3,615] = 5.05, p = .002). There was an
effect of week for women (F[3, 615] = 9.17, p < .001) but not for men (F[3, 615] = 1.93, p = .124),
whereby the means for women for Week 12 (t = 3.32, p = .001) and 15 (t = 4.66, p < .001) were
lower than the mean for Week 5. The means for Week 12 (t=2.39, p=.017)and 15 (t=3.73, p
<.001) were also lower than the means at Week 8 for women. These results address the first and
second research questions and demonstrate that students’ perceptions of empowerment and
success decreased throughout the semester for all students. A summary of the key findings is
presented in Table 1.

Table 1

Summary of Key Findings
MUSIC perception Key findings
Empowerment e Decreased during the course for all students
Usefulness e Decreased during the course for women only
Success e Decreased during the course for all students

e Success was lower for women than men
regardless of time point

e Success was lower for those without high school
computer science experience regardless of time

point
Interest e Decreased during the course for women only
o Was lower for women than men in Week 15
Caring e Decreased during the course for women only

Week by High School Computer Science Experience

The third research question examined the extent to which the perceptions of motivational climate
of students without high school computer science experience vary across weeks in the course
relative to those with high school computer science experience. There were no statistically
significant effects based on week or high school computer science experience for students’
perceptions of usefulness or interest. However, there was a main effect for week for
empowerment, success, and caring, such that overall average perceptions were highest at Week
5 and lowest at Week 15.

For students’ perceptions of success, there was a main effect for week (F[3,615] = 3.23, p = .022)
and a main effect for high school computer science experience (F[1, 205] = 4.34, p = .039). The
success means for Week 12 (t = 2.28, p = .023) and 15 (t = 2.7, p = .007) were lower than the
means at Week 5. The adjusted means for Weeks 5, 8, 12, and 15 were 5.02, 4.98, 4.89, and
4.87, respectively. The adjusted mean for those without high school computer science experience
(4.84) was lower than the adjusted mean for those with high school computer science experience



(5.04). Success was the only MUSIC component that was affected by students’ high school
computer science experience.

Grades by Gender and High School Computer Science Experience

The fourth research question was: Are the students’ grades in an introductory computer science
course moderated by gender or high school computer science experience? The association
between gender and having high school computer science experience was not statistically
significant (x’[1] = 3.13, p = 0.077). The mean final course grade for all students (n = 209) was
90.4 (SD = 5.97). The main effects for gender (F[1,203] = 5.58, p = .019) and high school
computer science experience (F[1,203] = 8.98, p = 0.003) were found to be statistically significant.
The interaction effect was not statistically significant. The adjusted mean grade for women was
88.9 (SE = 0.84), with a mean grade of 91.2 (SE = 0.62) for men. The adjusted mean grade for
students who did not have a high school computer science course was 88.5 (SE = 0.81), and for
those who did, the mean was 91.6 (SE = 0.69) (see Figure 2). Therefore, gender and high school
computer science experience each had a distinct effect on final course performance.

Figure 2
Mean Course Grade by Gender and High School Computer Science Experience
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Qualitative Analysis

Research Question 5 asked: What aspects of an introductory computer science course may affect
changes in students’ perceptions of the motivational climate? The codes and themes identified
for each open-ended question are presented in Table 2.

Table 2
Percentage and Number of Responses for Each Code

Codes No. %
Empowerment: What aspects of this course give you control/choices?
Specific assignments 42 21%
The modality/instructional methods 32 16%
Flexibility in the pace of the course 27 14%
Flexibility in how to code and complete assignments 23 12%
Instructor/TA support 4 2%
The overall course gave control/choices (no specifics provided) 2 1%
Empowerment: What aspects of this course did not give you control/choices?
Specific assignments 38 19%
No or not as much flexibility in how to code and complete assignments 27 14%
The overall course gave no significant control/choices (no specifics
. 13 7%
provided)
The modality/instructional methods 12 6%
The timing/pace of the course 10 5%
Usefulness: What do you find useful about this course?
Specific course content 51 26%
Specific assignments 48 24%
The modality/instructional methods 36 18%
Support opportunities (e.g., office hours, class discussion, discussion
20 10%
boards)
The course is generally useful (no specifics provided) 7 4%
Freedom to solve problems in various ways 1 1%
Usefulness: What do you find not useful about this course?
Specific assignments 32 16%
The modality/instructional methods 26 13%
The timing/pace of the course 6 3%
Not enough freedom in how to solve problems 5 3%
The course is generally not useful (no specifics provided) 3 2%
The quality of instructional/TA support 2 1%
Specific course content 1 1%
Success: What makes you feel successful in this course?
Successful performance (e.g., good grades and ability to complete
. 48 24%
assignments)
Personal characteristics (e.g., perseverance, hard-working, likes
. 25 13%
learning, understands the content)
Specific assignments 20 10%
Instructor/TA support 18 9%
Course resources (e.g., videos, software) 12 6%
Course policies 11 6%

Ability to manage the coursework and keep up with the pace 7 4%



Generally feels can be successful (no specifics provided) 2 1%
Success: What makes you feel you cannot be successful in this course?

The coursework (e.g., difficulty, amount, and lectures not helpful) 18 9%
Trouble keeping up/managing time 13 7%
Specific assignments 11 6%
Insufficient support from instructors/TAs 7 4%
Lack of resources 4 2%
Don’t feel confident with the content/lack prior experience 2 1%
Poor grades 1 1%
Interest: What do you find interesting/enjoyable about this course?
Specific assignments 88 44%
Specific content from the course 57 29%
Course resources (e.g., videos, class sessions) 8 4%
Getting code to work/solving problems 8 4%
The course is overall interesting/enjoyable (no specifics provided) 5 3%
Interest: What do you find boring about this course?
Course resources (e.g., videos, lectures, readings) 30 15%
Specific assignments 25 13%
The course is overall uninteresting/unenjoyable (no specifics provided) 4 2%
The course content 2 1%
Caring: What do the instructors do to make you feel that they care about your learning and well-being?
Provide support (e.g., answer questions, hold office hours, etc.) 117 59%
Exhibit caring attributes (e.g., good communication, warmth,
. ) 15 8%
friendliness, etc.)
Teach well 15 8%
Has course policies that support success (e.g., organizes the course
well, provides numerous ways to be successful, offers leniency 11 6%
on assignments/attendance)
Overall feel like the instructor cares (no specifics given) 8 4%
Caring: What do the instructors do to make you feel that they do not care about your learning and well-
being?
Do not offer sufficient support 18 9%
Do not teach well 10 5%
Do not exhibit caring attributes 6 3%
Did not interact with students 6 3%
Do not offer leniency on assignments/attendance 5 3%

For empowerment, the most frequent code was “specific assignments,” both for the aspects of
the course that provided students with control/choices and for those that did not. This finding
clearly demonstrated that students who experience the same course can have different
empowerment perceptions. For example, one student reported that “the projects and labs gave
me full control,” whereas another student wrote, “I mean the only control | really had was WHEN
| would read the course material. No real freedom other than that.” Although not all students were
as extreme as these two, they show the range of perceptions that students held. The other
empowerment codes in Table 2 also demonstrate that some students perceived there to be
flexibility in the course (e.g., pace of instruction, how to code and complete assignments) and
others did not (e.g., not much flexibility in how to code and complete assignments, no significant
control/choices). Some students perceived certain parts of the course as providing more



empowerment than others, as illustrated by one student, “The labs did not give me very much
control but the projects were more free for me to code how | wanted to.”

Students gave more responses indicating that the course was useful than not useful, although a
variety of responses were provided in both cases. Some students cited specific aspects of the
course that were useful or not (e.g., “I did not find the section quizzes useful at all,” “the online
resources were very useful”’) and others were more general in their response (e.g., “| thought the
content was useful.”). The code titled “Not enough freedom in how to solve problems”
demonstrates how empowerment can affect usefulness. That is, by not having enough
empowerment/autonomy in how to solve problems, some students found the course less useful.

Students reported that they felt successful in the course when they were able to complete the
assignments and receive good grades. They also pointed to other aspects of the course as
helping them to feel successful, such as instructor/TA support, course resources and policies, the
timing and pace of the course, and specific assignments. Some noted that they felt successful
due to personal characteristics such as their general ability to persevere and work hard, or that
they enjoyed it, factors which were less within the control of the instructors and more related to
their abilities and dispositions. One student explained, “I feel like when | am presented with a
problem | am always able to solve it if | put in enough work.” Other students had trouble keeping
up with the coursework or completing specific assignments and found there was a lack of
resources and insufficient support from the instructors/TAs.

Students listed more aspects of the course that were interesting/enjoyable than boring, yet there
were some of each. Some students found specific assignments and content interesting, as well
as the course more generally. Others reported the opposite and that these aspects of the course
were uninteresting. A few students reported some of each: “Algorithms and efficiency are
interesting. Watching slow videos can be boring. Needs energy.” The projects and labs were
frequently praised, especially larger programming projects because they were challenging and
practical. Here we see how students’ perceptions of usefulness can affect how
interesting/enjoyable students perceive the course. The lecture videos were often seen as boring
if they were too long or too slow.

Students provided many more comments related to how the instructors cared about them than
about how they did not care about them. Students felt supported during the course when teachers
answered questions, provided good communication, were friendly, taught well, had supportive
course policies, among other things. As one student summarized, “they are quick to respond to
questions and are very helpful and kind.” Although few in number, some students had complaints
such as “Not answer any of my emails, like any of them or failing to show up to their own office
hours.”

Discussion

Motivational Climate During the Course

Ouir first research question asked broadly about the stability of the motivational climate during a
computer science course: To what extent do students’ perceptions of the motivational climate
vary during an introductory computer science course? We found that all five MUSIC perceptions
changed throughout the course for at least one subgroup (e.g., females) of students. This finding
indicates that motivational climate is not a stable characteristic of the course, at least for some



students. The fact that it can change during a course is consistent with findings from other
researchers (e.g., Jones, Fenerci-Soysal, & Wilkins, 2022). Nonetheless, the changes in the
class-level means were rather minimal. For example, empowerment and success were the only
two MUSIC components that decreased for the entire class and decreases were in the range of
0.2 to 0.3 on a 6-point scale. These changes were statistically significant, but we wondered
whether they were practically significant. In other words, do these small decreases significantly
affect students’ motivation and engagement in the course? Future research should seek to
understand the extent to which small changes in students’ MUSIC perceptions affect their
motivation and engagement.

Motivational Climate by Gender

Our second research question asked about differences in motivational climate perceptions by
gender: To what extent do women’s perceptions of motivational climate vary relative to men’s
during an introductory computer science course? One of the main findings of this study was that
motivational climate perceptions decreased more for women than for men. Women’s perceptions
decreased for all of the MUSIC components over time, while men only reported decreases in
empowerment and success. This finding indicates that, on average, women experience a different
microclimate than men. Here, microclimate refers to the perceptions of the motivational climate
held by a subgroup that differ from the perceptions of the entire group (Robinson, 2023). This
result is important because women remain underrepresented in computer science majors and
professions (Meiksins & Layne, 2022; National Center for Science & Engineering Statistics, 2021).
This finding suggests that the motivational climate may contribute to women’s lower persistence
in computer science majors. Specifically, if women’s MUSIC perceptions continue to decrease
over time, particularly across multiple courses, it could increase the likelihood that they leave the
major.

Motivational Climate by High School Computer Science Experience

Because high school computer science experience can affect students’ experiences in college
courses, our third research question was: To what extent do the perceptions of motivational
climate of students without high school computer science experience vary during an introductory
computer science course relative to those with high school computer science experience? We
found that prior high school experience only affected students’ success perceptions, not their
other motivational climate perceptions. As anticipated, success perceptions were lower for
students who did not have high school computer science experience. This finding is logical
because based on self-efficacy theory (Bandura, 1997) successful past experiences in computer
science (e.g., during high school) should increase students’ success perceptions in the current
computer science course.

Despite their lower success perceptions, we consider it a positive finding that students without
prior high school computer science experience did not report lower empowerment, usefulness,
interest, or caring perceptions than the other students. The main negative effect of the lower
success perceptions was lower grades, as explained in the next section.



Grades Moderated by Gender and High School Computer Science Experience

The answer to our fourth research question was yes, students’ course grades in an introductory
computer science course were moderated by gender and high school computer science
experience. Women earned a significantly lower final grade in the course than men (88.9% vs.
91.2%). This difference of about 2% could have some practical implications for students’ overall
GPA, as it is the difference between a B+ final grade for the women and an A- grade for the men.
A similar result was obtained when comparing the statistically significant difference between
students with no high school computer science experience and those with experience (88.5% vs.
91.6%).

This study was not designed to determine why women and students with no high school computer
science experience earned lower grades than men and those with high school computer science
experience; therefore, this is a question for future research. A plausible explanation is that both
of the lower-scoring groups had less computer science knowledge and skills at the beginning of
the course, which kept them behind their peers in terms of their computer science knowledge and
skills. Future studies should assess students’ computer science abilities at the beginning of the
course to determine its effects on their motivational climate perceptions and grades. Another
possible explanation is that the motivational climate had a negative effect on their motivation,
engagement, and learning during the course. Future research could investigate how women and
students with no high school computer science preparation experience the course.

Course Features that Affect Changes in Motivational Climate

Our final research question was: What aspects of an introductory computer science course may
affect changes in students’ perceptions of the motivational climate? We addressed this question
by analyzing students’ responses to the open-ended items and identified many different possible
aspects of the course that affected students’ perceptions (as summarized in Table 2). Specific
assignments and course content were cited by students most often as aspects of the course that
affected their perceptions of the motivational climate. Assignments and course content affected
their perceptions of how much empowerment/autonomy they had, how useful they perceived the
course to be, whether or not they could be successful, and whether they were interested in and
enjoyed the course. The role of the instructor and TAs influenced students’ caring perceptions,
but the instructor and TAs also affected students’ perceptions of empowerment (control/choices),
usefulness, and success.

What we found striking was the extent to which students’ perceptions of the same aspects of the
course could differ. For example, some students perceived that they were empowered with control
over projects and labs, while other students reported that they had no control in the class. We
found a similar pattern in the responses to the other MUSIC components, with disagreements
about how different assignments were perceived. Such results can be frustrating for instructors,
as they suggest that no matter what instructional strategies are used, some students will report
lower MUSIC perceptions. Similar differences among students have also been documented by
other researchers (e.g., Jones, Fenerci-Soysal, & Wilkins, 2022). Yet, the only way to address
these concerns is to listen to students to determine why they have both positive and negative
perceptions and try to address them. Other ways to minimize the negative perceptions are to vary
assignment types throughout the semester. Doing so can alleviate some concerns that students



have about specific assignments. It may not be possible to satisfy all students all the time, but
instructors can try to satisfy most students at least some of the time.

Another interesting finding was that aspects of the course that affected one MUSIC component
could have effects on other MUSIC components as well. For example, a lack of empowerment in
solving problems led to lower usefulness perceptions. Another example was that increased
perceptions of usefulness could lead to increased interest/enjoyment. These examples are
consistent with the MUSIC model, which states that although the MUSIC perceptions are distinct,
they can influence one another (Jones, 2018). These examples demonstrate that by addressing
one of the MUSIC components, instructors may also enhance students’ perceptions of other
components, thereby positively influencing the overall motivational climate.

Practical Implications

Students’ success perceptions decreased across the semester for both male and female
students. In addition, success perceptions were significantly lower for both female students and
students without high school computer science experience. Consequently, success perceptions
is an obvious target for improvement in this course. These findings also align with previous studies
on self-efficacy in computer science that have documented lower self-efficacy perceptions for
women (Beyer, 2014; Krause-Levy et al., 2021; Nguyen & Lewis, 2020).

The correlation between students’ self-efficacy and their achievement in a course is well
documented in computer science education (Wilson & Shrock, 2001). According to Bandura
(1997), students’ self-efficacy perceptions (i.e. Success expectancies) are affected by four
factors: past performance, observing others, feedback from others or social persuasion, and
physical and emotional states. The computer science course has many aspects that address
these four factors, and these could lead to higher self-efficacy. For example, the responses to the
open-ended success question indicate that students found that their ability to complete
assignments bolstered their success expectancies (self-efficacy) perceptions, which is consistent
with Bandura’s “past performance” factor. Students also noted that instructor/TA support helped
make them feel successful, which could be considered “feedback from others” in Bandura’s
model.

However, some students also responded that some aspects of the course made them feel that
they could not be successful, such as the difficulty and amount of coursework/assignments and
their ability to keep up with the pace of the course and manage their time. Although the course
included small practice, scaffolding, milestones, and a flexible pace of work, it may be possible to
improve these aspects of the course design. For example, allowing students to redo assignments
may have an impact on their perceptions of their past performances by providing them with the
opportunity to overcome perceived failures. To address the “observing others” factor in Bandura’s
(1997) model, students could be provided with more opportunities to work together in structured
teams, and thus, observe others’ successes and strategies to achieve success. Providing more
project milestones may also help to improve success perceptions. All these considerations for
improving the course may be especially important for female students because they reported
lower success perceptions than the male students.

It is unclear why women reported slightly lower usefulness and interest over time, and the men
did not report changes in these variables. The responses to the open-ended items suggest that



specific assignments, course resources, and instructional methods made students perceive the
course to be less useful and interesting. Yet, students also reported that some assignments were
useful and interesting. Future studies could examine which assignments were deemed to be less
useful and interesting, and the instructor could attempt to modify these assignments and their
presentation to make them more useful and interesting. Most students’ responses to the open-
ended item were not detailed enough to identify specific assignments that could be improved.
Future research could ask more detailed questions about specific aspects of the course in open-
ended survey items or during interviews of students.

To increase usefulness perceptions, some students may prefer more concrete examples of how
a skill is useful in future careers (Peteranetz et al., 2021). On average, however, students agreed
that the course content was useful and rated their interest between “somewhat agree” and
“agree.” These findings indicate that, overall, the course is perceived as rather useful and
interesting, but that the instructor could consider some minor changes to improve it even further.

Another possible reason for female students’ decreased usefulness perceptions over time could
be associated with their decreased success perceptions over time. If women begin to feel less
successful, they may not believe that they will pursue a career in computer science, which could
then lead to a decreased sense of usefulness for the coursework. Future research could examine
this speculation. Furthermore, researchers could attempt to improve the success perceptions of
women and students without high school experience in order to increase their course engagement
and grades, which could lead to higher perceptions of usefulness.

Perceptions of caring also decreased slightly across the weeks for women. Students reported in
the open-ended caring question that they did not feel cared for when the instructors did not offer
sufficient support or did not teach well, and conversely, that they did feel cared for when they
were supported, taught well, were caring (e.g., communicated well, were warm and friendly), and
the course policies supported success. Based on suggestions by others (see Jones, 2018), it may
be possible to increase students’ perceptions of caring by making the entire teaching staff
(instructors and TAs) more accessible and approachable, by communicating with students
frequently, by sending prompt email responses to student inquiries, encouraging students to ask
questions, checking on students or reminding them of deadlines, and accommodating students’
needs. Ensuring that students feel cared for is important because researchers have noted the
association between caring relationships/belonging and student success in computer science
(Krause-Levy et al., 2021; Lewis & Conrad, 2020).

Conclusion

This study demonstrates that students’ perceptions of the motivational climate of a course can
shift during a semester, which can have important implications for students. We found that while
perceptions of empowerment and success decreased for all students, women reported declines
across every component of the MUSIC model. Women and students without prior high school
computer science experience reported lower success perceptions and earned lower final grades
in the course. These differences matter because they signal that some groups of students
experience microclimates that are disproportionally affected by course design in ways that can
decrease motivation and widen performance gaps.



From a practical standpoint, the results provide instructors with evidence that they should
regularly monitor motivational climate to identify how different groups of students are experiencing
the course as a means to identify negative microclimates. By doing so, they can intervene by
strengthening students’ perceptions of empowerment, usefulness, success, interest, and caring.
For example, course design elements that increase students’ success perceptions or caring may
not only improve students’ experiences in the course, but they may also contribute to longer-term
retention in computer science.

More broadly, this study demonstrates the value of treating motivational climate as an essential
part of course quality across higher education. Although our results were based on a single
computer science course, the patterns we observed are relevant to many STEM (Science,
Technology, Engineering, and Mathematics) disciplines and introductory and gateway courses.
Ultimately, fostering a positive motivational climate is not only about making improvements to a
single class, but also about creating learning environments across courses and students’ higher
education experiences so that students are motivated to engage deeply in their learning.
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