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Traditional Lectures in General Chemistry Courses at the University of Wyoming
Introduction

“At times [ would be encouraged by a little unhoped-for success, at others I would be in

the deepest despair because of accidents and failures resulting from my inexperience. I

was taught that the way of progress was neither swift nor easy.”

As quoted my Marie Curie in her biography published in 1937, Curie highlights the
difficulties in science and chemical research. People devote their lives to single concepts in their
field, sometimes hopelessly devoted to their research, unsure if their findings will even be
significant. While people devote their lives to science, others devote their lives to teaching
science. Moreover, higher education combines the two—most times not by choice—usually
creating a dilemma in professors. The internal debate between a scientist’s research and teaching
the next generation of scientists usually requires a few sacrifices.

Chemistry is typically a course that college students dread taking. Its combination of
mathematical foundations and understandings of concepts that cannot be seen by the naked eye
create a course with one of the highest drop/withdrawal rates in any university [1]. One of the
other topics of discussion in chemical education comes from the dissonance between student
engagement and traditional lecturing values. Where does this dissonance come from, and how
can we address it moving forward?

In this research project, I sampled general chemistry lectures at the University of

Wyoming (UW), and students were able to answer questions in regards to lecture engagement.



The survey aims to highlight student opinions on the effectiveness of student learning and
engagement via traditional lecturing methods at UW.
Procedure

The survey was designed by adopting and adapting existing surveys (all published in the
American Chemical Society Journal of Chemical Education) that were used to explore student
engagement [2,3]. Surveys were be administered using Qualtrics and participants received the
link via an announcement in their respective WyoCourses course page. Participant responses
were downloaded from Qualtrics and stored as anonymous responses that could not be traced
back to the user. No identifying information was collected on the survey and responses were
analyzed and shared only in aggregate.

Survey participants are those who volunteer to take the survey and are enrolled in a
general chemistry course for the spring 2025 semester. Any participants under the age of 18 were
to be excluded from the survey study. Participants were selected based on their participation in
general chemistry courses at UW during the spring 2025 semester. Within an announcement that
would be distributed across all general chemistry sections of CHEM 1000, CHEM 1020, and
CHEM 1030, participants followed the secure link to the Qualtrics survey. Participants in the
survey were further determined by their voluntary deciding to follow the link and take the
survey, and to check the informed consent and take the survey. The survey is all multiple-choice
falling on a Likert scale. Within the informed consent, participants are informed that they do not
have to answer any question they do not want, especially ones that cause negative emotions. The
risk of participants being identified from this study is extremely low, as there are no self-

identifying questions in the survey.



Questions:
The following topics were investigated through a series of questions based on a Likert scale:

1. course engagement and motivation

2. perceived learning and confidence in their problem-solving ability

3. the influence of instructors and their teaching methods

4. student’s future intentions in chemistry
Results

For the survey, 94 individuals completed the survey and were included in the aggregate

data set. After data collection, the count of participants from each section was identified and
shown in table 1:

Table 1. Survey Participation Rates by Course and Section

) Number of C . 1
Course Section .. Participation rate
participants
General chemistry I 01 — Bandy 11 9%
(CHEM 1020) 02 — Dutta 3 4%
01 —Zhou 20 24%
1 chemistry II

Ge‘(’gr;‘IE‘l’v[eilg or)y 02 — Hulley 53 52%
03 — Hill 7 18%

It is noted that the average participation rate of general chemistry II students is significantly
higher than that of general chemistry I sections. Additionally, the survey was sent out to the
CHEM 1000 section, but there was no response from the professor, and no participants were
collected from this section.

Upon data collection, the Likert scale awarded specific points for each answer—1 for

strongly disagree, 2 for disagree, so on and so forth, up to 7 points for strongly agree. The null

! The participation rate was found by dividing the number of participants by the enrollment total in that section as
seen in the registration directory. This does not correct for students that have withdrawn from the course.



hypothesis (Ho) assumes that there is no true opinion on the question at stake—which would
correlate to an average of neutral—or a value of 4 on the Likert scale. Comparing the average of
the participants to the null hypothesis generates a p-value using a one-tailed t-test, in which a
significance level of a = 0.05 is used (95% confidence). Due to the high number of options in the
survey (7), we can assume that the distribution can be transformed from a discrete distribution to
a continuous distribution. The addition of more options would have made the choices to complex
and difficult for participants to select the choice that most closely aligns with their own thoughts
[4].

In tandem to the t-test being used, a Cohen’s d-value is also used to evaluate a skew or
shift of the distribution in comparison to the null hypothesis. A d-value may be both positive or
negative, indicating a positive or negative deviation, respectively. An interpretation of d-values is
shown below:

Table 2. Interpretation of Cohen’s d-values

d-value (abs) 0-0.2 02-0.5 0.5-0.8 >0.8
interpretation small shift mild shift medium shift large shift

By using both a significance test and a Cohen’s d-test, the distribution can both identify a
statistically different opinion compared to the null hypothesis, as well as an identification of a
positive or negative shift in the distribution.
Course engagement and motivation

The following questions were asked to evaluate the course engagement and motivation

from the participants:



Table 3. Aggregate data collection for course engagement and motivation

uestion average standard value Cohen’s
d verag deviation p-val d-value
1. I regularly attended general chemistry
lectures/labs because I found them 5.36 1.85 8 x 101 0.74
valuable.
2. T activel rtici i i i
actively pa 1c1pated 1n' class discussions 4.30 504 4 % 10 0.39
or problem-solving sessions.
3. The course materials were engaging and 434 173 0.07 0.20
helpful.
4. 1 felt motivated to st |
clt motivated to study genera 428 226 0.3 0.12
chemistry outside of class.
5. Th kload bl
e course workload was manageable 5.60 157 5 % 1015 LO2

alongside my other responsibilities.

From table 3, we can say with confidence that the participants feel like they regularly attend

lectures, participate frequently, and manage their coursework well. However, we fail to reject the

hypothesis that participants feel neutral about the engagement of the course materials and their

motivation to study outside of class. While students feel like they are actively participating in

class discussions, there is only a mild shift of the dataset (d = 0.39).

Perceived learning and problem-solving ability

The following questions were asked to evaluate the perceived learning and confidence in

the problem-solving ability from the participants:



Table 4. Aggregate data collection for perceived learning and problem-solving ability

sestion average standard value Cohen’s
d verag deviation p-val d-value
. I feel confident i ili
6 eel con 1de¥1 in my ability to solve 4.99 181 2 % 10°6 0.55
general chemistry problems.
| t the k ts t i
7 l.mders ood the key concepts taught in 4.99 178 1 % 10°6 0.56
this course.
8. Istruggled with applying chemistry 445 178 2 % 102 0.25
concepts to real-world problems.
9. Ib'eliehve I'improved my critical thinking 456 1.86 5 % 107 0.30
skills in this course.
10. I often felt lost or confused during 501 1.92 4 % 10 0.53
lectures.
11. When solving problems, I can understand 476 153 9 % 10 0.50

what is happening conceptually.

From table 4, we can say with confidence that the participants are confident in their ability to
solve general chemistry problems, and that participants understand key concepts taught in this
course. Moreover, participants agree that their critical thinking skills have improved over the
span of the course, and that participants can understand questions at a conceptual level.

While the above statements might indicate that the traditional lecture format is
convenient and effective, we can also say with very high confidence that participants often feel
lost or confused during lectures (p = 0.00004, d = 0.53). Additionally, participants struggle with
applying chemistry to real-world problems (p = 0.02, d = 0.25) to a lesser extent. Table 4
highlights a key dissonance usually seen in most general chemistry lectures: students feel like
they understand what is happening at a conceptual, molecular level—but fail to understand what
is going on in lecture, and how the content being taught applies to the real world. If chemistry
makes up our entire existence, students should be able to connect key concepts to real-world
applications. It has been proven that classroom environments with most connections and

relevancy to real-world applications increase student engagement and comprehension [5,6].



While this poses a potential solution to this dissonance, further studies must be conducted to
extrapolate the data to the student population at UW.
The influence of instructors and their teaching methods

The following questions were asked to evaluate the influence of instructors and their
teaching methods from the participants:

Table 5. Aggregate data collection for influence of instructors and teaching methods

tion vera standard alue Cohen’s
-V
questo verage deviation prvatt d-value
12. The instruct t t
e instructor encouraged studen 516 177 2 % 10°8 0.65

questions and participation.
13. I felt engaged during lectures. 4.30 2.00 0.2 0.15
14. The instructor seemed approachable and

. 1. 1x101° .
willing to help students. 539 80 0 0.77
15. My TA was helpful during lab and/or 6.12 1,50 5 % 10 L4
office hours.
16. My.SI lead.er (if applicable) was helpful 5.60 143 3 % 10°13 L18
during sessions and office hours.
17. The lab portion of the course paired well 511 1.86 5 % 107 0.60

with the content discussed in lecture.

From table 5, we can say with confidence that participants believe instructors are encouraging
student participation, and that instructors were approachable and willing to help students.
However, we fail to reject the null hypothesis that students do not agree or disagree with feeling
engaged during lectures (p = 0.2, d = 0.15). While the data is ever so slightly skewed positive
(towards the agree side), this dissonance is usually the causation of content comprehension, as
previous studies have shown that increasing the engagement of a lecture leads to higher retention
rates [7].

While people are lost during the lecture component of the course, we can say with

confidence that TA’s and SI leaders are a helpful resource throughout the semester. However—



from my observation as both a TA and an SI leader—I find that very little students utilize SI, and
even less students utilize office hours as a resource.
Student’s future intentions in chemistry

The following questions were asked to evaluate the future intentions in chemistry from
the participants:

Table 6. Aggregate data collection for student future intentions in chemistry

uestion average standard alue Cohen’s
-V
d verag deviation p-valu d-value
18. Thi i interest i
8 1s‘001.1rse 1ncr§ased my interest in 378 1.99 03 011
continuing chemistry or related fields.
19. 1 1 thi
[ would recommend this 447 2.07 0.03 0.23
instructor/course to other students.
20. Because of this course, I ‘feel more 413 501 0.6 0.06
prepared for future chemistry classes.
21. 1 i ing thi
considered dropping this course at any 581 )14 9 % 107 0.55

point.

From table 6, we can confidently assume that participants are not likely to drop their current
course, and that participants are likely to recommend their respective instructor or course to other
students. While students are staying in general chemistry courses, participants did not agree that
they are more interested in the chemical field. Additionally, participants are neutral in the aspect
that their course further prepared them for future chemistry classes.
Discussion

While many of the questions led into the direction that instructors are teaching
effectively, a discussion of the demographics of participants must be explored. For context, the

fail rate of general chemistry II students by semester is shown below:



Table 7. Fail rates of chemistry II courses by semester

Term Fail rate Term Fail rate
Fall 2024 29% Spring 2024 6%
Fall 2023 10% Spring 2023 14%
Fall 2022 17% Spring 2022 10%
Fall 2021 21% Spring 2021 8%

average 19% average 9%

It is noted that the fail rate of CHEM 1030 sections is significantly higher in the fall term than in
the spring term (n = 1420, p = 0.000004). In fact, the fail rate is more than twice as high in the
fall semester than the spring semester. Since 85 percent of survey participants were enrolled in a
CHEM 1030 section—and not a CHEM 1020 or 100 section—most participants were general
chemistry II students who were going to pass. Additionally, the survey was administered 2 weeks
after the course withdraw deadline, indicating that students who had to withdraw from the course
were excluded from the survey. The scope of the survey is diminished by the lack of participation
from students in CHEM 1000 and 1020. It must be noted that the outcome of the survey itself is
merely representative of the spring 2025 CHEM 1030 sections. Because of reasons outlined
above, we are finding statistically significant results that could indicate that students are doing
well in a traditional lecture style.

The results outlined in tables 3-6 indicate that the participants struggle with
understanding what is occurring in lecture, and there is sufficient evidence to believe that
participants are not confident or prepared in their future chemistry courses. Extrapolating this to
the demographics of general chemistry I students, it is almost certain that the results of this
survey would trend to a consensus that students are not learning effectively via a traditional

lecture method.



Potential improvements

While the survey had a relatively high number of participants (n = 94), there are some
potential improvements that would make the survey more significant. The first source of
improvement would be to administer the survey before the withdraw date, as the students who
withdrew from the course were not able to participate in the survey. They hold a unique
perspective that is not represented in the survey—and as a result, the findings cannot be
extrapolated to that population.

The second source of improvement would be increasing student participation. From table
1, there are three sections of general chemistry courses in which less than 20% of the students
completed the survey. Moreover, two sections had less than 10% participation. A source of this
dissonance lies within student engagement. As the survey was administered during the last week
of classes, students might not have the time to complete the survey. Additionally, sharing the
survey was quite difficult, as each professor had to be contacted to deliver the survey link to the
students in their course. While some professors were very involved in this process, multiple
professors did not pass along the survey link, or even respond to emails outlining the process.
The solution to this is more difficult. Participants did not feel like they were engaged during
lecture, and this apathy could carry over to participating in external surveys. Self-selection bias is
introduced, as this survey is voluntary. This indicates that students might be more compelled to
respond to the survey if they feel their opinion is less neutral. However, the scope of the self-
selection bias must be explored more carefully and profoundly.

Finally, the survey is cross-sectional and not longitudinal. As outlined above, most of the
participants are in sections of chemistry that have a very low fail rate in the spring. If the survey

was administered over the course of more than two semesters, students who are in a course with
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a higher fail rate will be able to provide feedback as well. This could very well change the
influence of the study. Additionally, the survey does not compare sections that have a traditional
lecture style to alternative methods. We cannot say that the results of this study show that active
learning is more effective—we can only say that the participants felt like the current lecture style
is making students confused and seek external resources.

Conclusion

The survey aims to highlight student opinions on the effectiveness of student learning and
engagement via traditional lecturing methods at UW. Participants were assessed using 21
questions that are all answered on a Likert scale. Out of the 94 recorded participants, 85% of the
participants were from a CHEM 1030 section, and 15% of the participants were from a CHEM
1020 section. No CHEM 1000 participants were identified or recorded. Additionally, there was a
significantly higher participation rate among CHEM 1030 students in comparison to CHEM
1020 students.

While students report high levels of confidence in problem-solving and conceptual
understanding, they also feel lost or confused during lectures and struggle to connect course
material to real-world applications. This implies that the traditional lecturing method might not
be as effective as perceived. Moreover, students value instructor approachability, TA support, and
supplemental instruction (SI)—reinforcing the value of accessible academic resources. However,
the lack of engagement during lectures—in tandem with neutral attitudes toward future
chemistry interest—indicates room for lecturing improvement.

The survey’s limitations, including self-selection bias (favoring successful CHEM 1030
students) and timing (post-withdrawal deadline), likely skew results toward a more positive

outlook than reality for struggling students who might not be fairly represented in. this study.
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To address these challenges, future studies should utilize the following improvements:
1. Expand participation by administering surveys earlier in the semester and including
withdrawn students.
2. Compare teaching methods (active learning vs. traditional lectures) to assess impacts on
engagement and retention.
3. Incorporate longitudinal data across semesters, particularly in high-fail-rate courses, to
better represent diverse student experiences.
Ultimately, this study highlights the need for innovative, student-centered approaches in
chemical education—whether through enhanced real-world applications, interactive lecture
formats, or stronger bridges between lecture and lab content. As Marie Curie’s words remind us,
progress in science—and science education—is neither swift nor easy, but educational
introspection is paramount to student success. After all, education is for the future scientists of

the world, not for the educators themselves.

12



References

1.

Posey, L. A., Bieda, K. N., Mosley, P. L., Fessler, C. J., & Kuechle, V. A. Mathematical
knowledge for teaching in chemistry: Identifying opportunities to advance instruction.
ACS Symposium Series. 2019, 135-155. https://doi.org/10.1021/bk-2019-1316.ch009
Galloway, K., Lowery-Bretz, S. Measuring Meaningful Learning in the Undergraduate
General Chemistry and Organic Chemistry Laboratories: A Longitudinal Study. Journal
of Chemical Education. 2015, 92 (12), 2019-2030. DOI: 10.1021/acs.jchemed.5b00754
Galloway, K. R.; Bretz, S. L. Using Cluster Analysis to Characterize Meaningful
Learning in a First-Year University Chemistry Laboratory Course Chem. Educ. Res.
Pract. 2015, 16, 879— 892 DOI:10.1039/C5RP00077G

Bishop, A., Herron, R. Use and Misuse of the Likert I[tem Responses and Other Ordinal
Measures. International Journal of Exercise Science. 2015, 297-302 DOI:
10.70252/LANZ1453

Musengimana, J., et. al. Factors Affecting Secondary Schools Students’ Attitudes toward
Learning Chemistry: A Review of Literature. EURASIA Journal of Mathematics, Science
and Technology Education. 2021, 17(1) DOI: 10.29333/ejmste/9379

Ngila, W. M., & Makewa, L. N. Learner attitude towards chemistry, study skills and
examination preparedness: A Case of a public school in eastern, Kenya. American
Journal of Educational Research. 2014 2(11A), 8-15. DOI: 10.12691/education2-11a-2
Yunus, F. W., & Ali, Z. M. Attitude towards learning chemistry among secondary school
students in Malaysia. Asian Journal of Behavioral Studies. 2018 3(9), 63. DOI:
10.21834/ajbes.v319.61

13



Acknowledgements

I would first like to thank Dr. Rachel Watson for her help in designing my entire research project.

She was the person I could rely on for all my advice and questions. Without her help, this entire
project would have never been able to get off the ground. She was always there for me when I
felt frustrated with this entire process, and she showed me the importance of educational
research—and I have so much more respect for education research after this process. Her
perspective is so unique and incredible, and I think that the chemistry department at UW should
really listen to her educational perspective.

I would also like to thank all my students who have been a part of this process. They have all
been so receptive of my research—and without them, there would be no data to collect.

I would also like to thank Dr. David Anderson for his time and flexibility. He has been such an
inspiration to me throughout my undergraduate career, as he was the first professor I ever taught
under. Without his compassion and understanding of this entire process, I would have never
gotten to this place.

- T hope that you are just as proud of this semester as [ am, Dr. A.

14



