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Abstract 
It is important for elementary teachers to understand the content they are responsible for 

teaching their students, known as content knowledge. In the content area of science, ele-

mentary teacher preparation programs often expect preservice teachers to develop con-

tent knowledge in college science courses completed prior to entering the program. These 

college science courses are often general education courses, not specifically designed 

for preservice elementary teachers. General education courses may not be adequately 

serving preservice elementary teachers. The purpose of this study is to explore the impact 

of general education science courses on preservice elementary teachers, as compared 

to other students at the same institution. We collected student grades in six different 

general education courses across ten years of instruction, resulting in a data set with 

195860 grades. These data were analyzed using linear mixed modeling to predict course 

grades in each of the individual courses. Overall, these findings indicate that elementary 

education majors in general education courses are receiving grades similar to students 

in most other majors. Notably, elementary education majors received grades comparable 

to STEM majors in Biology, while scoring worse than STEM majors in Physical Science. 

These findings assuage some concerns about the impact of general education courses on 

elementary education majors and suggest that elementary education programs seeking to 

provide a specialized science course may want to prioritize a course in physical science.

Introduction
It is important for elementary teachers to understand the content they are responsible for 
teaching their students [1–3]. This knowledge, known as content knowledge or subject matter 
knowledge, includes having the skills (e.g., conventions of effective writing) [4] and under-
standings (e.g., understanding photosynthesis and transpiration) [5] students are expected 
to learn. Content knowledge involves the teacher being able to “do the work that they assign 
their students” [6]. Research has found that teachers’ content knowledge impacts teach-
ers’ self-efficacy [7], instructional practices [8,9], and students’ learning [10,11]. Of course, 
teachers must be knowledgeable and skillful in areas beyond the content (e.g., instructional 
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strategies, assessment). However, in this study we focus on content knowledge due to its foun-
dational role [2,9].

In the content area of science, elementary teacher preparation programs often expect 
preservice teachers to develop content knowledge in college science courses completed prior 
to entering the program (see Fig 1) [12, 13,14]. As noted by Rice [15], there is an assumption 
that preservice elementary teachers “entering teacher education [programs] have adequate sci-
ence subject matter knowledge” from their prior coursework (p. 1078). These college science 
courses are often general education courses, not specifically designed for preservice elemen-
tary teachers [7,16].

General education courses may not be adequately serving preservice elementary teachers. 
Since they are not designed for future elementary teachers, they often emphasize topics that 
are not aligned with topics taught in elementary schools [17]. For example, a general educa-
tion physical science course may spend a significant amount of time on nuclear physics and 
relativity, topics that go well beyond the scope of the elementary curriculum. This could lead 
to a sense that these courses are not relevant for preservice elementary teachers [18,19]. As a 
result, elementary education majors may not engage in these courses and learn the content 
they need.

Furthermore, studies have found that the number of, or success in, college science courses 
is not associated with other indicators of teacher content knowledge [20–26]. Nowicki,  
Sullivan-Watts [27], for example, found that the number of college science courses completed 
was not associated with the accuracy of science content presented in observed lessons. In a 
review of the research on teacher knowledge in science, van Driel, Hume [9] noted that college 
science coursework does not guarantee strong science content knowledge.

The purpose of this study is to explore the impact of general education science courses on 
preservice elementary teachers, as compared to other students at the same institution. To do 
this, we draw on data from a large sample of students spanning 10 years of enrollment in six 
different general education courses. Therefore, our research question is: How do the grades 
of elementary education majors compare to the grades of other students in general education 
courses?

Literature review
Science is an important part of the elementary school curriculum. Educational agencies across 
the world include science as a part of the elementary level curriculum [26]. This is, in part, 
because research has repeatedly found that children are natural scientists who are interested in 
and capable of learning science [28,29,30]. Additionally, learning science supports the devel-
opment of foundational knowledge and skills that are useful for other domains [31].

Despite its importance, science is often treated as less important than other content areas in 
the elementary school curriculum. Studies in the US find that less time is allocated for science 
instruction than subjects such as literacy and mathematics [7,32,33]. Teachers regularly report 
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Fig 1.  Model of content knowledge development in many teacher preparation programs.
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having less preparation in science than other content areas and, likely as a result, less confi-
dence in their ability to teach science [7,33]. Furthermore, within the content area of science, 
elementary teachers tend to be more prepared and more confident with the life sciences than 
with the physical sciences [33–35]. The mismatch between the importance of children learn-
ing science and the status of science in schools necessitates better understanding the prepara-
tion of elementary teachers to teach science.

With almost 90% of elementary teachers identifying as female [36–38], it is not surpris-
ing that this low prioritization of science and preference for biology over other physical 
science matches gender differences observed more broadly. It is well documented that 
female students are more likely to enroll in, and find belonging in, biology college courses 
as compared to courses in other STEM fields [39–42]. Further, studies have found that 
males tend to receive higher grades than females in STEM courses, though findings remain 
mixed [43–46].

An important part of elementary teachers’ preparation for teaching science includes col-
lege science courses, typically completed prior to coursework specifically related to teaching 
[7,13,26,30,47]. These courses are frequently general education courses, meaning that they 
include students from a variety of majors and are part of the university requirements to 
broaden students’ knowledge [7,16].

An ongoing concern with general education courses for students from all majors is stu-
dents’ perception of relevance [18,19,48,49]. Because general education courses are designed 
for a general audience, it is not immediately obvious how they are related to students’ inter-
ests or pursuits [50]. Researchers have explored ways to help general education courses be 
perceived as more relevant by students, including institution-wide strategies such as improv-
ing communication about the purposes of general education [51] or restructuring the general 
education program [52,53]. More course-specific strategies have also been implemented, like 
focusing on building community [19] and framing a course for elementary education majors 
within the context of pedagogy [54]. When students perceive course content as more relevant, 
they engage more and receive higher grades [55]. When a course is perceived as less relevant, 
students are less likely to retain the knowledge they learned [56].

Scholars have expressed concern that elementary education majors receive lower grades 
in general education courses than students in other majors [57,58]. These studies found that 
elementary education majors had lower grades in general education courses such as biology, 
English, and sociology. However, such evidence is from many years ago and the most recent 
research (still decades-old) indicates that elementary education majors did just as well in 
general education courses as students in other majors [59]. Additionally, these studies tend to 
rely on small samples.

Such differences, if they persist, could be because general education courses do not meet 
the needs of elementary education majors. Elementary education majors may not see general 
education courses as relevant for their personal interests or professional pursuits [18,19], 
though we are not aware of any research exploring perceptions of the relevance of general 
education coursework for preservice teachers. One of the leading drivers of perceived rele-
vance is the perceived usefulness of the course [18]. Considering the low status of science in 
schools, it is likely that elementary education majors do not see the importance of developing 
science content knowledge in general education courses or see how the content taught will be 
involved in their future work [54]. There could also be other reasons that general education 
courses may not meet the needs of elementary education majors, including poor pedagogy 
[60], conflicts arising from elementary teachers’ identities [61], or poor preparation from high 
school coursework [62]. Because of these concerns, many elementary education programs 
offer specialized science courses for future teachers as an alternative to general education 
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courses [16,63,64]. Such specialized courses may be a valuable solution, but they are challeng-
ing to implement and maintain.

While we focus on course grades in this study, we acknowledge that there are concerns 
about grades: they are highly idiosyncratic, based on the expectations and practices of the 
individual instructor [65–67]. Additionally, the meaning of a grade is unclear, possibly indi-
cating the extent to which content was mastered or the extent to which students displayed 
dispositions such as conscientiousness and timeliness [68–70]. In fact, there is both evidence 
supporting [71] and refuting [27] the connection between grades in science courses and other 
measures of science content knowledge. Thus, both the reliability and validity of grades have 
been questioned.

Nonetheless, grades are an accepted indicator of academic success. Canfield, Kivisalu 
[72] found that grades in college courses were good indicators of meeting intended course 
outcomes. Similarly, Allensworth and Clark [73] found that high school grade-point average 
(GPA), the result of years of grades, was a strong predictor of success in college, stronger than 
ACT scores (a college-entrance exam). As such, in this study we explore grades in general 
education courses from the stance that grades are valuable, but contested, indicators of 
success.

Methods

Research context
This research took place at a large, private university in the western United States. As is com-
mon at universities in the United States, undergraduate students pursue a major, which entails 
a required series of courses specialized in an area of study. For example, a student majoring in 
elementary education completes courses related to child development, learning theories, and 
planning and enacting instruction in elementary classrooms. These are courses that students 
not majoring in elementary education would not complete.

In addition to the requirements for the major, all undergraduate students are expected 
to complete general education requirements. These require students to complete courses in 
several different categories. There are often multiple courses in each category. Sometimes 
students complete a course that is designed for a wide variety of majors, known as a general 
education course, while others complete a course that meets the general education require-
ments but is a part of their major program.

At this institution, students are expected to complete one course to meet the biological sci-
ence requirement and another course to meet the physical science requirement. These are the 
only science content requirements for elementary education majors. Many choose to complete 
introductory biology and introductory physical science, which are general education courses, 
to meet these requirements. Students are also required to complete a general education course 
in American History. Most students at the university complete the same course because there 
are few other alternatives. Students must also complete courses in civilization, which includes 
a range of courses in the humanities, and many students select to complete course in western 
humanities. They must also complete a course in quantitative reasoning (many choose the 
general education course in statistics), and social sciences (many choose a human develop-
ment course). Elementary education majors complete one science methods course as a part of 
the program, which brings emphasizes science pedagogy.

Data source
Data for this study was drawn from the academic records housed in the university registrar's 
office. To gather these data, a request was placed with the academic records office. In this 
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request, we asked for data from students completing specific general education courses between 
2009 – 2019 (data accessed on 6 July 2023). We chose these years because many of the students 
who completed these courses will be graduated at this point (and their major at graduation is 
one of the variables of interest). These years also avoid the emergency remote instruction that 
occurred during 2020 and 2021. As such, the results are not influenced by unusual instruction 
occurring during that time. Informed consent was not obtained from participants because data 
was completely de-identified, as approved by our institutional review board.

We collected data from all sections of the following courses during these years: introduc-
tory biology (Biology), introductory physical science (Physical Science), introductory statis-
tics (Statistics), American history (History), western humanities (Humanities), and Human 
Development. Biology and Physical Science are among the most common science courses 
completed by elementary education majors at this university. Statistics is a mathematics- 
focused general education course completed by many elementary education majors. History 
and Humanities are non-science general education courses. Finally, Human Development is a 
social science course highly related to their future work as elementary teachers.

We gathered the final letter grades in each of these courses (GRADE). All grades are 
clustered by section (i.e., students who were taught by the same instructor at the same time) 
so that we can use SECTION as a variable in our analysis. We also received the major for 
each participant at the time of graduation. Because students may have changed their major, 
this may not have been their major at the time of completing the course. However, capturing 
major at graduation allows us to identify students who graduated with a license to teach ele-
mentary school and compare them with students who graduated with other majors.

The data set included 195860 grades from students in 230 different majors (See S1 for 
full data set). Because the data was archival and completely anonymous, obtaining con-
sent from participants was not possible or necessary. The research team is not aware of the 
identity of participants. This procedure was approved by Brigham Young University's IRB 
(IRB2023-201).

Data preparation
These data were prepared for analysis. First, GRADEs were converted from letter grades (e.g., 
A) to numerical values on a 4.0-scale, as depicted in Table 1. SECTION was used in our analy-
sis without modification.

Table 1.  Conversion from letter grade to values.

Letter Values
A 4
A- 3.666
B +  3.333
B 3
B- 2.666
C +  2.33
C 2
C- 1.666
D +  1.333
D 1
D- .666
E/W/IE/V 0

https://doi.org/10.1371/journal.pone.0320137.t001

https://doi.org/10.1371/journal.pone.0320137.t001
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Students’ majors were prepared for analysis by categorizing them into MAJOR TYPEs. 
These categories were created to cluster majors that include related coursework, ways of 
thinking, and professional pathways. Elementary Education (ELED) was included as its own 
MAJOR TYPE due to our interest in those students, and all majors other than ELED were 
clustered into broad fields, giving the following MAJOR TYPEs:

1.	 Arts and communications: Majors that focus on expressing human experience and ideas 
through media such as music, painting, video, and writing.

2.	 Business: Majors that focus on how organizations operate, make decisions, and manage 
resources.

3.	 Humanities: Majors in the humanities explore human society, culture, and thought, such 
as art history, languages, literature, and philosophy.

4.	 Social sciences: These majors focus on how people live together in groups and why they 
think or behave like they do.

5.	 Science, technology, engineering, and mathematics (STEM): These majors are about 
understanding and harnessing the natural and designed world.

6.	 Elementary Education (ELED): This category included early childhood education and 
elementary education majors. While there are important differences in the programs, both 
prepare students for teaching in elementary schools, and both have the same requirements 
for science content.

Secondary education majors were included with the majors of their disciplines (e.g., a 
student majoring in Physics Teaching was considered a STEM major) since the bulk of the 
coursework for secondary education programs are focused on disciplinary content and taught 
by disciplinary experts. Students (n =  2661, 1.4% of the total sample) who majored in “general 
studies” were excluded from these categories because the needed information was unspeci-
fied (i.e., general education majors pursue individualized programs of study). The number of 
students in each of these MAJOR TYPEs is captured in Table 2.

Analysis
All analyses were conducted using IBM® SPSS Statistics (version 29.0.1.0). We chose to use 
linear mixed modeling to predict course grades, so we could use SECTION as a random effect 
to account for the nested nature of the data. By allowing for a random intercept for each 
section, we were able to compare elementary education majors to their peers in their same 
section. This eliminates confounding variables (e.g., course structure, pedagogical choices) 
that would impact student performance. We used a separate model for each general education 
course, with final course grade (GRADE) in that course as our outcome and major (MAJOR 

Table 2.  Number of students in each MAJOR TYPE.

MAJOR TYPE Number of Students Percent
Arts and Communications 21,752 11.3
Business 28,132 14.6
Humanities 17,668 9.1
Social Sciences 53,258 23.7
STEM 72,389 37.5
ELED 7,461 3.9

https://doi.org/10.1371/journal.pone.0320137.t002

https://doi.org/10.1371/journal.pone.0320137.t002
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TYPE) as a possible fixed effect. Default settings for the MIXED command in SPSS were used 
unless otherwise noted. We followed the steps outlined by Theobald [74] for each course as 
follows.

First, we ran an empty model that included random intercepts for each section (i.e., 
GRADE ~  (1 | SECTION)) in order to calculate the intraclass correlation coefficient for the 
random effect. For all courses, the ICC for SECTION was less than 0.1, and it was often less 
than 0.05 (Biology: 0.074; Physical Science: 0.051; Statistics: 0.038; Humanities: 0.051; Human 
Development: 0.037; History: 0.015). Based on this step alone, we were not confident the ran-
dom effect was needed in our models.

To settle the question, we selected random effects by using the Akaike information crite-
rion (AIC) to compare full models that did and did not include SECTION as a random effect 
(i.e., GRADE ~  MAJOR TYPE +  (1 | SECTION) compared to GRADE ~  MAJOR TYPE). 
Restricted maximum likelihood was used when fitting these models. For all courses, including 
SECTION improved the model (decreased the AIC), so we proceeded with including random 
intercepts by SECTION when modeling GRADEs in each course.

Next, we selected fixed effects by using the AIC to compare models with and without 
grouping by MAJOR TYPE (i.e., GRADE ~  MAJOR TYPE +  (1 | SECTION) compared to 
GRADE ~  (1 | SECTION)). Maximum likelihood was used when fitting these models. For all 
courses, including MAJOR TYPE as a fixed effect improved the model (decreased the AIC), so 
we proceeded with including this in our final model for each course.

Finally, we reran the final model for each course (i.e., GRADE ~  MAJOR TYPE +  (1 | SEC-
TION)) using restricted maximum likelihood to get accurate parameter estimates. Because 
MAJOR TYPE had multiple categories (see above), the 95% confidence intervals of parameter 
estimates were used to determine which broad fields were statistically distinguishable from 
each other with ELED as the reference MAJOR TYPE. We also calculated estimated marginal 
means of the grades for each MAJOR TYPE to be used in data visualizations. The results of 
this final step are included in the Results section below.

Sample
To provide a clear understanding of our sample and facilitate comparisons with other popu-
lations, we also gathered ACT score and high school GPA data for the students in our data-
set. We used one-way ANOVAs to compare by MAJOR TYPE. For ACT score, there was a 
significant effect for MAJOR TYPE, F(5, 1183215) =  730.20, p <  0.001), and post-hoc Tukey 
comparisons between ELED and the other majors showed that the mean score for ELED 
majors (M =  26.56, SD =  3.26, N =  7296) was significantly lower than the mean score for 
Business (M =  27.47, SD =  3.49, N =  26631), Humanities (M =  27.63, SD =  3.48, N =  16669), 
and STEM majors (M =  27.66, SD =  3.71, N =  69238). For high school GPA, there was also 
a significant effect for MAJOR TYPE, F(5, 170121) =  340.01, p <  0.001, and post-hoc Tukey 
comparisons between ELED and the other majors showed that the mean GPA for ELED 
majors (M =  3.81, SD =  0.21, N =  6903) was significantly higher than all other major types 
(Arts and Communications: M =  3.72, SD =  0.28, N =  19297; Business: M =  3.77, SD =  0.27, 
N =  25286; Humanities: M =  3.72, SD =  0.28, N =  15508; Social Sciences: M =  3.72, SD =  
0.28, N =  38978; STEM: M =  3.77, SD =  0.26, N =  64155).

Because ELED majors differed from their peers in significant ways (based on ACT and 
high school GPA), we could have used these variables as covariates to account for the impacts 
of these differences on final grades before comparing by major type. However, we were not 
interested in whether general education courses served ELED majors after accounting for 
incoming differences. Rather, we wanted to investigate how ELED majors compared to other 
students regardless of background because we are interested in what knowledge ELED majors 
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are bringing with them to teaching. Thus, we do not use ACT and high school GPA as covari-
ates in our study.

Limitations
To capture such a large set of data, it was necessary that we accept some limitations. The 
primary limitation is that we know that grades are not necessarily an indicator of learning 
[75,76]. Grades capture a wide span of indicators, often including attendance, participation, 
and timeliness [77]. However, it is likely impossible to get more detailed data on student 
learning for such a large sample. Therefore, we confine our claims to the grades students 
received in these courses, carefully avoiding making claims about student learning.

Another important limitation is that we have no data about the specific sections of the 
courses or specific students. For example, there are differences in how sections were taught 
over the years. Furthermore, there may also be characteristics of individual students that influ-
enced their experience in these courses (e.g., perception of relevance). With a large, retrospec-
tive data set we were unable to gather such information. While we will speculate on potential 
causes, we do not have evidence of these causes.

Results
We begin with general descriptive statistics to provide an overview of the data set. We then 
present the results of the statistical models.

Sample characteristics
As we report the characteristics of participants in this sample, we should note that we do not 
have information about how many individuals are represented by this data set. Our data is 
associated with a grade in one of the six courses: an individual may have taken a course multi-
ple times and individuals likely completed more than one of the six courses.

Of the six courses in this sample, the largest portion of grades came from Biology, His-
tory, and Statistics, with each of these accounting to approximately a quarter of the grades 
(see Table 3). The remaining quarter of grades were drawn from the remaining three courses. 
Importantly, this difference is a result of differences in actual enrollment rather than sampling 
since all grades from these courses were collected.

Mean grades for each course are presented in Table 3. There is a statistically significant 
difference among the mean grades in these courses, F(5, 195859) =  1142, p < .001, h2 = .028. 
The lowest mean grades were in History and Statistics, whereas the highest mean grades were 
in Biology, Humanities, and Physical Science.

Table 3.  Students and GRADES in each course.

BIO PHYS STAT HUM HDEV HIST
Number of Grades Number 40,113 34,439 46,705 12,276 14,732 47,595

Percentage 20.5% 17.6% 23.8% 6.3% 7.5% 24.3%
GRADE Mean 3.16 3.17 2.80 3.16 3.03 2.77

Median 3.33 3.66 3.33 3.66 3.33 3.00
SD 1.01 0.98 1.24 1.02 1.02 1.04

Note: Abbreviations in the table are as follows: Biology (BIO), Physical Science (PHYS), Statistics (STAT), Humanities (HUM), Human Development (HDEV), and 
History (HIST).

https://doi.org/10.1371/journal.pone.0320137.t003

https://doi.org/10.1371/journal.pone.0320137.t003
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Model results
As outlined in the Methods, we used linear mixed models to model final course grades in each 
general education course separately. As indicated in the Methods, the final model for each 
course was GRADES ~  MAJOR TYPE +  (1 | SECTION) after selection of random and fixed 
effects. Fig 2 shows the estimated marginal means for each major in each course, and Table 4 
shows parameter estimates for fixed effects in the final models. We compared ELED majors 
to their peers from other disciplines based on overlap (or lack of overlap) between parameter 
estimates’ 95% confidence intervals.

As shown in Fig 2 and Table 4, ELED majors earned similar grades in Biology as STEM 
majors, but lower grades than business majors and higher grades than everyone else. In 
Physical Science, ELED majors earned lower grades than business and STEM majors, but 
they earned higher grades than everyone else. In Statistics, ELED majors earned lower grades 
than business and STEM majors, similar grades as humanities majors, and higher grades than 
arts & communications and other social science majors. In Humanities, ELED majors earned 
lower grades than business, humanities, and STEM majors, but they earned higher grades 
than arts & communications and other social science majors. In Human Development, ELED 
majors earned lower grades than business and STEM majors, but they earn higher grades than 
everyone else. Finally, in History, ELED majors earned lower grades than business, human-
ities, and STEM majors, but they earned higher grades than arts & communications and other 
social science majors.

Discussion
This is the first study in many years, of which we are aware, to explore the impact of general 
education courses on preservice teachers [57–59]. In addition to being more recent, this study 
draws on a larger sample of students over a longer time span than previous research.

Overall, these results indicate that elementary education majors are receiving grades in 
general education courses similar to students in most other majors, as found in [59]. This 
suggests that these general education courses are not differentially disadvantaging elementary 
education majors [61]. Furthermore, elementary education majors are doing quite well in 
general education courses, averaging in the range of an A or A- grade in most courses. These 
results assuage some concerns from past scholars about elementary education majors not 

Fig 2.  Final course grades of elementary education majors compared to other majors in each general educa-
tion course. The average course grades on the x axis were calculated as estimated marginal means following linear 
mixed modeling for each course. Major type was included as a fixed effect, and section as a random effect (GRADE 
~  MAJOR TYPE +  (1 | SECTION)). Error bars are 95% confidence intervals. The small letters indicate statistical 
equivalence or difference based on 95% confidence interval overlap of model parameter estimates. As each course was 
modeled separately, no conclusions can be drawn regarding differences across the dashed lines.

https://doi.org/10.1371/journal.pone.0320137.g002

https://doi.org/10.1371/journal.pone.0320137.g002
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being served by general education courses [57,58]. An implication is that these general educa-
tion courses seem to be serving elementary education majors, at least as indicated by grades, 
as well as students with other majors. Future research should explore other indicators of how 
well general education courses are preparing future elementary teachers, such as alignment 
with topics taught in elementary grades [17] or other measures of content knowledge [78].

It seems that elementary education majors do not find these general education courses 
irrelevant, at least not to the point of disengaging with general education courses more 
than students in other majors. This mitigates some concerns from past research [18,19]. 
Admittedly, this relevance could come from a low-level sense that the course is required for 

Table 4.  Fixed effects parameter estimates for each course’s final linear mixed model: GRADE ~  MAJOR TYPE +  (1 | SECTION).

Course Fixed Effect B SE t p 95%CI n
Biology Intercept

Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

3.265
-0.286
0.228
-0.245
-0.250
0.019

0.028
0.029
0.028
0.029
0.027
0.027

115.949
-9.826
7.994
-8.354
-9.100
0.701

<0.001
<0.001
<0.001
<0.001
<0.001
0.483

[3.210, 3.320]
[-0.343, -0.229]
[0.172, 0.283]
[-0.303, -0.188]
[-0.304, -0.196]
[-0.034, 0.072]

4830
6097
4479
9399
13473
1399

Physical Science Intercept
Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

3.233
-0.256
0.324
-0.198
-0.212
0.074

0.029
0.031
0.031
0.032
0.030
0.030

110.935
-8.147
10.545
-6.163
-7.041
2.455

<0.001
<0.001
<0.001
<0.001
<0.001
0.014

[3.176, 3.290]
[-0.318, -0.195]
[0.264, 0.385]
[-0.261, -0.135]
[-0.271, -0.153]
[0.015, 0.134]

4898
6550
4075
9244
8118
1084

Statistics Intercept
Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

2.556
-0.348
0.802
-0.011
-0.173
0.438

0.034
0.038
0.036
0.042
0.036
0.035

74.722
-9.082
22.212
-0.260
-4.851
12.663

<0.001
<0.001
<0.001
0.795
<0.001
<0.001

[2.489, 2.623]
[-0.423, -0.273]
[0.731, 0.873]
[-0.093, 0.071]
[-0.243, -0.103]
[0.371, 0.506]

4035
8008
2192
9791
20654
1204

Humanities Intercept
Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

3.056
-0.120
0.352
0.114
-0.112
0.207

0.050
0.057
0.054
0.056
0.053
0.051

60.598
-2.098
6.471
2.050
-2.113
4.045

<0.001
0.036
<0.001
0.040
0.035
<0.001

[2.958, 3.155]
[-0.233, -0.008]
[0.245, 0.458]
[0.005, 0.223]
[-0.216, -0.008]
[0.107, 0.307]

1095
1806
1385
2464
4899
404

Human Development Intercept
Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

3.134
-0.281
0.123
-0.256
-0.255
0.147

0.030
0.035
0.044
0.040
0.027
0.028

105.223
-8.059
2.810
-6.397
-9.624
5.331

<0.001
<0.001
0.005
<0.001
<0.001
<0.001

[3.076, 3.193]
[-0.349, -0.213]
[0.037, 0.209]
[-0.335, -0.178]
[-0.307, -0.203]
[0.093, 0.201]

1413
699
904
5506
4059
1889

History Intercept
Arts & Comms
Business
Humanities
Social Sciences
STEM
Elementary Eda

2.661
-0.119
0.406
-0.067
-0.112
0.226

0.027
0.030
0.030
0.030
0.029
0.027

99.845
-3.971
13.463
2.199
-3.929
8.256

<0.001
<0.001
<0.001
0.028
<0.001
<0.001

[2.608, 2.713]
[-0.177, -0.060]
[0.347, 0.466]
[0.007, 0.127]
[-0.168, -0.056]
[0.173, 0.280]

5481
4972
4633
9393
21186
1481

aFor MAJOR, Elementary Education was the reference category.

https://doi.org/10.1371/journal.pone.0320137.t004
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graduation and, even then, could simply be at the level of making the grade rather than deeply 
understanding [79]. Future research should more directly explore elementary education 
majors’ perception of relevance in general education courses.

Of primary interest is elementary education majors’ performance in science courses. It is 
notable that elementary education majors received grades comparable to STEM majors in 
Biology, while scoring worse than STEM majors in Physical Science. This difference suggests 
elementary education majors would benefit more from a specialized course in physical science 
than in biology. As such, elementary education programs seeking to provide a specialized 
science course [16,63,64] may want to prioritize a course in physical science.

This may result from, or contribute to, elementary education majors’ preferential confi-
dence in life sciences over physical sciences [33–35]. While not addressed with our data, it 
is possible that the differences we observed in Biology versus Physical Science could reflect 
broader trends in gender differences. Because most of the elementary education majors in our 
sample were surely female [36–38], it is reasonable to expect these data to reflect patterns from 
previous research. We do, in fact, observe this; past research has shown gender differences in 
STEM courses, with female students often receiving lower grades than male in STEM courses 
[43–46]. However, even with receiving lower grades than STEM majors in Physical Science, 
elementary education majors scored above the average grades for students majoring in arts 
and communications, humanities, and social sciences, all of which likely have higher pro-
portions of male students than elementary education majors. Thus, more research would be 
needed to clarify the relationships between elementary education major, gender, and perfor-
mance in different types of STEM courses. Finally, it should be noted that elementary educa-
tion majors only scored 0.074 grade points lower than STEM majors on average in Physical 
Science, which equates to less than a fourth of the difference between an A and A-. Thus, 
while statistically significant in our large dataset, it is not practically meaningful.

It is important to note two other contextual factors that may influence these differences 
among majors. The first of these contextual factors is that some STEM majors are unlikely to 
complete Biology or Physical Science courses. Rather than completing the general education ver-
sion of these courses, they are expected to complete the introductory course designed specifically 
for some majors (e.g., biology majors complete a majors-only introductory course instead of the 
general education Biology course). As such, STEM majors who completed Biology or Physical 
Science either were not majoring in the relevant STEM major or are students who changed 
majors after completing the general education course. The second contextual factor has to do 
with the admissions requirements for business majors. At this institution, business majors have 
some of the most stringent program admissions requirements. Many students who apply for a 
business major will have completed these general education courses. Those who did not receive 
high grades in general education courses are unlikely to be admitted to the program.

In addition to exploring elementary education majors’ perceptions of the relevance of gen-
eral education courses, future research should examine other indicators of elementary teacher 
content learning in general education courses. While this study relies on grades, we acknowl-
edge that other indicators of knowledge would provide additional evidence of the impact 
general education courses [22]. Further developing this knowledge would support efforts to 
better prepare elementary teachers with the science content knowledge they need for teaching 
children.

Supporting information
S1 File.  Data set. Full data set analyzed for this study.
(XLSX)

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0320137.s001


PLOS ONE | https://doi.org/10.1371/journal.pone.0320137  March 19, 2025 12 / 15

PLOS ONE Elementary Education Majors in General Education Science Courses

Author contributions
Conceptualization: Ryan S. Nixon, Elizabeth Gibbons Bailey.
Data curation: Ryan S. Nixon, Elizabeth Gibbons Bailey.
Formal analysis: Elizabeth Gibbons Bailey.
Methodology: Ryan S. Nixon, Elizabeth Gibbons Bailey.
Project administration: Ryan S. Nixon.
Visualization: Elizabeth Gibbons Bailey.
Writing – original draft: Ryan S. Nixon, Elizabeth Gibbons Bailey.
Writing – review & editing: Ryan S. Nixon, Elizabeth Gibbons Bailey.

References
	 1.	 Carlson J, Daehler KR. The refined consensus model of pedagogical content knowledge in science 

education. In: Hume A, Cooper R, Borowski A, editors. Repositioning pedagogical content knowledge 
in teachers’ knowledge for teaching science. Singapore: Springer; 2019. p. 77–92.

	 2.	 Chan KKH, Hume A. Towards a consensus model: Literature review of how science teachers’ peda-
gogical content knowledge is investigated in empirical studies. In: Hume A, Cooper R, Borowski A, 
editors. Repositioning pedagogical content knowledge in teachers’ knowledge for teaching science. 
Singapore: Springer; 2019. p. 3–76.

	 3.	 Shulman LS. Those who understand: Knowledge growth in teaching. Educ Res. 1986;15(2):4–14.

	 4.	 Pardo LS. The role of context in learning to teach writing: What teacher educators need to know to 
support beginning urban teachers. J Teach Educ. 2006;57(4):378–94.

	 5.	 Thompson S, Lotter C, Fann X, Taylor L. Enhancing elementary pre-service teachers’ plant processes 
conceptions. J Sci Teach Educ. 2016;27(4):439–63.

	 6.	 Ball D, Thames M, Phelps G. Content knowledge for teaching: What makes it special?. J Teach Educ. 
2008;59(5):389–407.

	 7.	 National Academies of Sciences E, and Medicine (NASEM),. Science teachers learning: Enhancing 
opportunities, creating supportive contexts. Washington, DC: The National Academies Press; 2015.

	 8.	 Sanders LR, Borko H, Lockard JD. Secondary science teachers’ knowledge base when teaching 
science courses in and out of their area of certification. J Res Sci Teach. 1993;30(7):723–36. https://
doi.org/10.1002/tea.3660300710

	 9.	 van Driel JH, Hume A, Berry A. Research on science teachers’ knowledge and its development. In: 
Lederman NG, Zeidler DL, Lederman JS, editors. Handbook of Research on Science Education. III. 
New York, NY: Routledge; 2023. p. 1123–61.

	10.	 Chen C, Sonnert G, Sadler PM, Sunbury S. The impact of high school life science teachers’ subject 
matter knowledge and knowledge of student misconceptions on students’ learning. CBE Life Sci 
Educ. 2020;19(1):ar9. https://doi.org/10.1187/cbe.19-08-0164 PMID: 32108561

	11.	 Baumert J, Kunter M, Blum W, Brunner M, Voss T, Jordan A. Teachers’ mathematical knowledge, 
cognitive activation in the classroom, and student progress. Am Educ Res J. 2010;47(1):133–80.

	12.	 Ogunniyi M, Rollnick M. Pre-service science teacher education in Africa: Prospects and challenges. J 
Sci Teach Educ. 2015;26(1):65–79.

	13.	 Evagorou M, Dillon J, Viiri J, Albe V. Pre-service science teacher preparation in Europe: Comparing 
pre-service teacher preparation programs in England, France, Finland and Cyprus. J Sci Teach Educ. 
2015;26(1):99–115.

	14.	 Grossman PL, Wilson SM, Shulman LS. Teachers of substance: Subject matter knowledge for teach-
ing. In: Reynolds MC, editor. Knowledge base for the beginning teacher. Oxford, England: Pergamon; 
1989. p. 22–36.

	15.	 Rice D. I didn’t know oxygen could boil! What preservice and inservice elementary teachers’ 
answers to ‘simple’ science questions reveals about their subject matter knowledge. Int J Sci Educ. 
2005;27(9):1059–82.

	16.	 Luera G, Otto C. Development and evaluation of an inquiry-based elementary science teacher educa-
tion program reflecting current reform movements. J Sci Teach Educ. 2005;16(3):241–58.

	17.	 Deng Z. The distinction between key ideas in teaching school physics and key ideas in the discipline 
of physics. Sci Educ. 2001;85(3):263–78.

https://doi.org/10.1002/tea.3660300710
https://doi.org/10.1002/tea.3660300710
https://doi.org/10.1187/cbe.19-08-0164
http://www.ncbi.nlm.nih.gov/pubmed/32108561


PLOS ONE | https://doi.org/10.1371/journal.pone.0320137  March 19, 2025 13 / 15

PLOS ONE Elementary Education Majors in General Education Science Courses

	18.	 Bittinger S-B. Perceptions of bachelor-degree graduates regarding general education program quality 
[Ed.D.]. United States -- Maryland: Frostburg State University; 2017.

	19.	 Cope M, Muirbrook K, Jackson J, Park P, Ward C, Child C. Experiences with general education: How 
sense of community shapes students’ perceptions. Sage Open. 2021;11(4):21582440211050399. 
https://doi.org/10.1177/21582440211050399

	20.	 Nixon RS, Smith LK, Sudweeks RR. Elementary teachers’ science subject matter knowledge across 
the teacher career cycle. J Res Sci Teach. 2019;56(6):707–31.

	21.	 Smith L, Nixon R, Sudweeks R, Larsen R. Elementary teacher characteristics, experiences, and sub-
ject matter knowledge: Understanding the relationships through structural equation modeling. Teach 
Teach Educ. 2022;113:103661.

	22.	 Diamond B, Maerten-Rivera J, Rohrer R, Lee O. Elementary teachers’ science content knowledge: 
Relationships among multiple measures. Florida J Educ Res. 2013.;51(1):1–20.

	23.	 Anderson C, Sheldon T, Dubay J. The effects of instruction on college nonmajors’ conceptions of 
respiration and photosynthesis. J Res Sci Teach. 1990;27(8):761–76.

	24.	 Stoddart T, Connell M, Stofflett R, Peck D. Reconstructing elementary teacher candidates’ under-
standing of mathematics and science content. Teach Teach Educ. 1993;9(3):229–41.

	25.	 Ball D. The mathematical understandings that prospective teachers bring to teacher education. The 
Elementary School Journal. 1990;90(4):449–66.

	26.	 Akerson VK, Bartels SL. Elementary science teaching: Toward the goal of scientific literacy. In: Leder-
man NG, Zeidler DL, Lederman JS, editors. Handbook of research on science education. III. New 
York: Routledge; 2023. p. 528–58.

	27.	 Nowicki BL, Sullivan-Watts B, Shim MK, Young B, Pockalny R. Factors influencing science content 
accuracy in elementary inquiry science lessons. Res Sci Educ. 2012;43(3):1135–54. https://doi.
org/10.1007/s11165-012-9303-4

	28.	 National Research Council (NRC). A framework for K-12 science education: Practices, crosscutting 
concepts, and core ideas. Washington, DC: Author; 2012.

	29.	 National Research Council (NRC). Taking science to school: Learning and teaching science in grades 
K-8. Duschl RA, Schweingruber HA, Shouse AW, editors. Washington, DC: National Academies 
Press; 2007.

	30.	 National Academies of Sciences, Engineering, and Medicine (NASEM). Science and engineering in 
preschool through elementary grades: The brilliance of children and strength of educators. Washing-
ton, DC: The National Academies Press; 2022.

	31.	 Michaels S, Shouse AW, Schweingruber HA. Ready, Set, Science!: Putting research to work in K-8 
science classrooms. Washington, DC: The National Academies Press; 2008.

	32.	 Blank RK. Science instructional time is declining in elementary schools: what are the implications 
for student achievement and closing the gap?. Sci Ed. 2013;97(6):830–47. https://doi.org/10.1002/
sce.21078

	33.	 Banilower ER. Understanding the big picture for science teacher education: the 2018 NSSME+. J Sci 
Teach Educ. 2019;30(3):201–8. https://doi.org/10.1080/1046560x.2019.1591920

	34.	 Harlen W, Holroyd C. Primary teachers’ understanding of concepts of science: Impact on confidence 
and teaching. Int J Sci Educ. 1997;19(1):93–105.

	35.	 Murphy AN, Luna MJ, Bernstein MB. Science as experience, exploration, and experiments: Elemen-
tary teachers’ notions of ‘doing science’. Int J Sci Edu. 2017;39(17):2283–303.

	36.	 Feistritzer CE. Profile of teachers in the U.S. 2011. Washington, DC: National Center for Education 
Information; 2011.

	37.	 Goldring R, Gray L, Bitterman A. Characteristics of public and private elementary and second-
ary school teachers in the United States: Results from the 2011–12 Schools and Staffing Survey. 
Washington, DC: National Center for Education Statistics; 2013. Contract No.: (NCES 2013-314). U.S. 
Department of Education.

	38.	 Schaeffer K. Key facts about public school teachers in the U.S.: Pew Research Center; 2024.

	39.	 Ingersoll R, Merrill E, Stuckey D, Collins G, Harrison B. The demographic transformation of the teach-
ing force in the United States. Educ Sci. 2021;11(5):234.

	40.	 Ceci SJ, Williams WM. Sex differences in math-intensive fields. Curr Dir Psychol Sci. 2010;19(5):275–
9. https://doi.org/10.1177/0963721410383241 PMID: 21152367

	41.	 Cheryan S, Ziegler SA, Montoya AK, Jiang L. Why are some STEM fields more gender balanced than 
others?. Psychol Bull. 2017;143(1):1–35. https://doi.org/10.1037/bul0000052 PMID: 27732018

https://doi.org/10.1177/21582440211050399
https://doi.org/10.1007/s11165-012-9303-4
https://doi.org/10.1007/s11165-012-9303-4
https://doi.org/10.1002/sce.21078
https://doi.org/10.1002/sce.21078
https://doi.org/10.1080/1046560x.2019.1591920
https://doi.org/10.1177/0963721410383241
http://www.ncbi.nlm.nih.gov/pubmed/21152367
https://doi.org/10.1037/bul0000052
http://www.ncbi.nlm.nih.gov/pubmed/27732018


PLOS ONE | https://doi.org/10.1371/journal.pone.0320137  March 19, 2025 14 / 15

PLOS ONE Elementary Education Majors in General Education Science Courses

	42.	 Goulden M, Mason M, Frasch K. Keeping women in the science pipeline. Annals of the Ame Academy 
of Political and Social Science. 2011;638(1):141–62.

	43.	 Malespina A, Singh C. Gender gaps in grades versus grade penalties: Why grade anomalies 
may be more detrimental for women aspiring for careers in biological sciences. Int J STEM Educ. 
2023;10(1):13.

	44.	 Willoughby S, Metz A. Exploring gender differences with different gain calculations in astronomy and 
biology. Am J Physics. 2009;77(7):651–7.

	45.	 Odom S, Boso H, Bowling S, Brownell S, Cotner S, Creech C, et al. Meta-analysis of gender perfor-
mance gaps in undergraduate natural science courses. CBE Life Sci Educ. 2021;20(3):ar40. https://
doi.org/10.1187/cbe.20-11-0260 PMID: 34283633

	46.	 Eddy S, Brownell S. Beneath the numbers: A review of gender disparities in undergraduate educa-
tion across science, technology, engineering, and math disciplines. Physical Rev Physics Educ Res. 
2016;12(2):020106.

	47.	 Zembal-Saul C. The role of teacher education in advancing reform in primary science education. In: 
Yew-Jin Lee JT, editor. Primary science education in East Asia: A critical comparison of systems and 
strategies. Contemporary Trends and Issues in Science Education. 47. Switzerland: Springer Nature; 
2018. p. 229–41.

	48.	 Thompson C, Eodice M, Tran P. Student perceptions of general education requirements at a large 
public university: No surprises?. J Gen Educ. 2015;64(4):278–93.

	49.	 Seeley EL, Goddard T, Mellado M. Ge-whiz! How students choose their general education classes. J 
Applied Res Higher Educ. 2018;10(3):322–32.

	50.	 Stuckey M, Hofstein A, Mamlok-Naaman R, Eilks I. The meaning of ‘relevance’ in science education 
and its implications for the science curriculum. Studies in Sci Educ 2013;49(1):1–34.

	51.	 Huber MJ. Unveiling blind spots: Assessing opportunities to improve general education requirement 
communications to Oregon State University students [Dissertation]: Oregon State University; 2024.

	52.	 Glanzer PL. General education sucks so teach the great identities. J Gen Educ. 2020;69(3/4):179–95.

	53.	 Watkins S. Making general education meaningful. 2023.

	54.	 McLoughlin AS, Dana TM. Making science relevant: the experiences of prospective elementary 
school teachers in an innovative science content course. J Sci Teach Educ. 1999;10(2):69–91. https://
doi.org/10.1023/a:1009410130218

	55.	 Harackiewicz JM, Canning EA, Tibbetts Y, Priniski SJ, Hyde JS. Closing achievement gaps with a 
utility-value intervention: Disentangling race and social class. J Pers Soc Psychol. 2016;111(5):745–65. 
https://doi.org/10.1037/pspp0000075 PMID: 26524001

	56.	 Malau-Aduli BS, Lee AY, Cooling N, Catchpole M, Jose M, Turner R. Retention of knowledge and 
perceived relevance of basic sciences in an integrated case-based learning (CBL) curriculum. BMC 
Med Educ. 2013;13:139. https://doi.org/10.1186/1472-6920-13-139 PMID: 24099045

	57.	 Cruickshank D, Kennedy J, Kapel D. A case history of differential grading: Do teacher education 
majors really receive higher grades?. J Teach Educ. n.d.;31(4):43–7.

	58.	 Prather J, Smith G, Kodras J. A longitudinal study of grades in 144 undergraduate courses. Res 
Higher Educ. 1979;10(1):11–24.

	59.	 Hawk PP. A comparison of education and non-education majors in general college courses. American 
Association of Colleges of Teacher Education National Meeting1999.

	60.	 Friedrichsen P. Moving from hands-on to inquiry-based: A biology course for prospective elementary 
teachers. Am Biology Teach. 2001;63(8):562–8.

	61.	 Naidoo K. Capturing the transformation and dynamic nature of an elementary teacher candidate’s 
identity development as a teacher of science. Res Sci Educ. 2016:1–25.

	62.	 Schwartz M, Sadler P, Sonnert G, Tai R. Depth versus breadth: How content coverage in high 
school science courses relates to later success in college science coursework. Sci Educ. 
2009;93(5):798–826.

	63.	 Sæleset J, Friedrichsen P. A case study of specialized science courses in teacher education and their 
impact on classroom teaching. J Sci Teach Educ. 2022;33(6):641–63.

	64.	 Harlow D, Swanson L, Otero V. Prospective elementary teachers’ analysis of children’s science talk in 
an undergraduate physics course. J Sci Teach Educ. 2014;25(1):97–117.

	65.	 Trumbull E. Why do we grade—and should we? In: Trumbull E, Farr B, editors. Grading and reporting 
student progress in an age of standards. Norwood, MA, USA: Christopher-Gordon Publishers, Inc.; 
2000. p. 23–43.

https://doi.org/10.1187/cbe.20-11-0260
https://doi.org/10.1187/cbe.20-11-0260
http://www.ncbi.nlm.nih.gov/pubmed/34283633
https://doi.org/10.1023/a:1009410130218
https://doi.org/10.1023/a:1009410130218
https://doi.org/10.1037/pspp0000075
http://www.ncbi.nlm.nih.gov/pubmed/26524001
https://doi.org/10.1186/1472-6920-13-139
http://www.ncbi.nlm.nih.gov/pubmed/24099045


PLOS ONE | https://doi.org/10.1371/journal.pone.0320137  March 19, 2025 15 / 15

PLOS ONE Elementary Education Majors in General Education Science Courses

	66.	 Farr B. Grading practices: An overview of the issues. In: Trumbull E, Farr B, editors. Grading and 
reporting student progress in an age of standards. Norwood, MA, USA: Christopher-Gordon Publish-
ers, Inc.; 2000. p. 1–21.

	67.	 Pattison E, Grodsky E, Muller C. Is the sky falling? grade inflation and the signaling power of grades. 
Educ Res. 2013;42(5):259–65. https://doi.org/10.3102/0013189X13481382 PMID: 25288826

	68.	 O’Connor K. Grades: When, why, what impact, and how?. Education Canada. 2010;50(2):38–41.

	69.	 Olsen B, Buchanan R. An investigation of teachers encouraged to reform grading practices in second-
ary schools. Am Educ Res J. 2019;56(5):2004–39.

	70.	 Carr J. Technical issues of grading methods. In: Trumbull E, Farr B, editors. Grading and reporting 
student progress in an age of standards. Norwood, MA, USA: Christopher-Gordon Publishers, Inc.; 
2000. p. 45–70.

	71.	 Sorge S, Kröger J, Petersen S, Neumann K. Structure and development of pre-service physics teach-
ers’ professional knowledge. Int J Sci Educ. 2017;41(7):862–89. https://doi.org/10.1080/09500693.201
7.1346326

	72.	 Canfield M, Kivisalu T, Van Der Karr C, King C, Phillips C. The use of course grades in the assess-
ment of student learning outcomes for general education. Sage Open. 2015;5(4):2158244015615921. 
https://doi.org/10.1177/2158244015615921

	73.	 Allensworth EM, Clark K. High school GPAs and ACT scores as predictors of college completion: 
Examining assumptions about consistency across high schools. Educ Res. 2020;49(3):198–211.

	74.	 Theobald E. Students are rarely independent: when, why, and how to use random effects in  
discipline-based education research. CBE Life Sci Educ. 2018;17(3):rm2. https://doi.org/10.1187/
cbe.17-12-0280 PMID: 30142053

	75.	 Marini J, Shaw E, Young L, Ewing M. Getting to know your criterion: Examining college course grades 
and GPAs over time. College Board; 2018. Contract No.: ED582569.

	76.	 Trumbull E, Farr B, editors. Grading and reporting student progress in an age of standards. Norwood, 
MA, USA: Christopher-Gordon Publishers, Inc.; 2000.

	77.	 Kohn A. From degrading to de-grading. What does it mean to be well educated? And other essays on 
standards, grading, and other follies. Boston, MA: Beacon Press; 2004.

	78.	 Nixon RS, Swain AD. Do college science courses help preservice elementary teachers learn the 
science they need to teach? J Sci Teach Edu. 2024;35(7):661–75.

	79.	 Twombly S. Student perspectives on general education in a research university: An exploratory study.  
J Genl Educ. 1992;41(4):238–72. https://doi.org/insert-doi-here-if-available

https://doi.org/10.3102/0013189X13481382
http://www.ncbi.nlm.nih.gov/pubmed/25288826
https://doi.org/10.1080/09500693.2017.1346326
https://doi.org/10.1080/09500693.2017.1346326
https://doi.org/10.1177/2158244015615921
https://doi.org/10.1187/cbe.17-12-0280
https://doi.org/10.1187/cbe.17-12-0280
http://www.ncbi.nlm.nih.gov/pubmed/30142053
https://doi.org/insert-doi-here-if-available
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

