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Enhancing Chemistry Undergraduates’ Peer Learning and Collaboration

and Curiosity Through Hands on Pedagogy

Abstract

This abstract presents a study that explores the utilization of hands-on pedagogy as a means to
enhance peer learning collaboration and curiosity among chemistry undergraduate students. The
research seeks to instill confidence and competence in students' grasp of fundamental chemical
principles, collaborative skills, and problem-solving abilities, while also nurturing their curiosity
through the integration of active learning techniques, laboratory experiments, and interactive
teaching methodologies. The study discusses an examination of the impact of hands-on
pedagogy on students' peer learning collaboration and curiosity. The study was carried out
among undergraduate students taking foundations in chemistry, which includes engineering and
other STEM majors. The study adopted a pre-post-test design method where data on curiosity,
peer learning and collaboration were collected via the use of the Motivated Strategies for
Learning Questionnaire (MSLQ) and the Litman and Spielberger curiosity scale. A descriptive
quantitative data analysis was conducted using SPSS v25.0, and the confidence interval for
inferential statistics to compare pre-and post-test scores was set at 95.0%. The average difference
between the pre and post test scores of the subscales ranged from 0.12 — 0.57, and there was a
significant increase in peer learning, and collaboration (p<0.05). There was also a significant
increase in one of the curiosity scales that was adopted (p<0.050). There was also a major
difference in the grades of students who took courses where hands-on pedagogy was
implemented compared to courses where the pedagogy was not implemented. The results
indicate an increase in curiosity as a result of active engagement in hands-on activities, as well as
the enhancement of peer learning and collaboration and the academic performance of chemistry
undergraduates. These findings provide substantial implications for educators, curriculum
developers, and educational institutions striving to enhance the educational journey of
foundational chemistry STEM undergraduates. Recognizing the value of hands-on pedagogy in
fostering collaboration, educators can better prepare students for academic success and
prosperous careers in chemistry-related fields. Ultimately, this research underscores the
significance of innovative teaching methods in nurturing the curiosity of chemistry

undergraduates, thus advancing scientific knowledge, and fostering innovation in the field.



Introduction

In higher education, creating a productive learning environment for chemistry undergraduates
still stands as a major challenge [1]. It is impossible to overestimate the value of curiosity and
collaboration in the academic and professional development of students in this field [2], [3]. The
traditional learning method, which is based mainly on the instructors transferring knowledge to
students, often falls short of fully engaging students and fostering critical abilities like
collaboration, peer learning, and curiosity [4]. An exciting new area in educational research is
the meeting point of these educational needs and the innovative field of experiment-centric
pedagogy (ECP) which utilizes inexpensive mobile devices. This study explores the growing
field and shows how chemistry undergraduates' educational journeys can be transformed through
visual, interactive learning experiences, particularly when it comes to historically black colleges
and universities (HBCUSs).

Over the past 20 years, one of the major trends in higher education has been the emphasis on
students learning with and from each other [5]. Peer learning and collaborative learning are both
based on the idea that in undergraduate education, there is significant educational benefit in
students working together, often independently of teachers, to teach and learn from one another
[6]. Multiple empirical studies [7], [8] conducted over several decades have shown that student

achievement and motivation have a positive relationship with collaborative learning.

Cognitive scientist Elizabeth Bonawitz [9] posits that curiosity is a natural response to
information, acting as a filter that helps the mind decide what information to attend to. Curiosity
plays an important role in higher education, acting as a driving force for learning and academic
achievement [10]. Inquiry-based learning, which involves posing a problem or setting up an
experiment, can stimulate a student’s curiosity. Experimental learning, which can include hands-
on laboratory experiments, is an essential element of higher education, allowing students to put
theoretical knowledge into practice in real-life scenarios [11]. Higher education institutions are
increasingly adopting experimental learning methods, such as project-based learning and work-
integrated learning, to enhance the effectiveness of education both inside and outside the

classroom [12].



A deep learning approach is essential in STEM education to comprehend concepts and intricate
processes [13]. Linton et al. [14] in their study concluded that the process of conceptual change
required to understand these concepts is especially triggered by collaborative learning, in which
students engage by critically explaining and questioning one another. Although it may not be
feasible to cultivate curiosity as an inherent characteristic, educators have the ability to generate
circumstances that stimulate and direct a student's curiosity [15]. This process involves
highlighting unclear information, assisting students in identifying gaps in their existing
knowledge, and encouraging students to formulate predictions and challenge assumptions about
the world [16].

Conventional approaches often place an emphasis on memorization and individual achievement,
ignoring the advantages of peer learning and the innate curiosity that motivates study [17]. The
gap is especially noticeable in basic chemistry classes, where the intricacy of the material can
occasionally mask the growth of collaborative and curious abilities [18]. Therefore, this study is
using an instructional strategy that not only explains the fundamentals of chemistry to students

but also actively involves them in a way that encourages curiosity and peer interaction.

This study aims to answer the question: How does the incorporation of hands-on pedagogy in
foundational chemistry courses at HBCUs affect the peer learning and collaboration, as well as
the curiosity, of undergraduate students? It seeks to measure how these interactive teaching and
learning approaches affect students' capacity for peer collaboration, group problem-solving, and
sustaining curiosity throughout the learning process. This research aims to provide strong
evidence for educators and curriculum developers to improve the educational experience of
chemistry undergraduates by concentrating on the quantifiable results of such pedagogical

interventions.

Theoretical Framework

Using the Cognitive Load Theory (CLT) to build the work described can offer valuable insights
into optimizing learning experiences for students. Cognitive load refers to the quantity of
information that our working memory can handle simultaneously [19]. By ensuring that the



presented information is within their capacity to process and assimilate into schemas, cognitive
load theory in education helps prevent learners from feeling overwhelmed, thereby facilitating

long-term memory storage and subsequent recall [20].

The Cognitive Load Theory is based on the human information processing model shown below.
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Figure 1: Cognitive Load Framework

This model divides memory into three categories: sensory, working, and long-term. Sensory
memory works by filtering out the majority of surrounding sensory input and directing specific
information to our working memory for further processing [21]. Working memory can typically
process 5-9 pieces of information, or chunks, at any given time [22]. Working memory either
discards information or categorizes it for long-term memory storage [23]. Long-term memory
stores information in structures known as "schemas," which organize information based on how
people use it. The more these schemas are used, the more they develop and become easier to

recall [24].

Intrinsic cognitive load [25] addresses the material's inherent difficulty. Chemistry, particularly at
the undergraduate level, can be inherently difficult [26]. Hands-on pedagogy should aim to break
down complex concepts into more manageable parts while aligning with students' existing
knowledge and skills. This perfects the intrinsic load, allowing students to grasp fundamental

chemistry principles more effectively.

Extraneous cognitive load [27] comes in the form of an instructional design. The presentation of

information to students is a crucial aspect of CLT. Traditional lecture-based approaches may



inadvertently increase extraneous loads by presenting information in difficult-to-process formats
[28]. The study's emphasis on hands-on pedagogy, interactive teaching methodology, and
laboratory experiments has the potential to reduce extraneous cognitive load by providing more
engaging, clear, and contextually relevant learning methods. Students can process information

and engage with the material more easily without feeling overwhelmed.

Collaborative learning strategies can distribute the cognitive load among peers, allowing students
to benefit from each other’s strengths and perspectives [29]. This can potentially reduce the load

on individual students while enhancing understanding through discussion and collaboration.

Germane cognitive load refers to the mental resources required for schema processing,
construction, and automation [30]. This study aims to engage students in higher order thinking
and problem-solving through the study's hands-on activities and peer collaboration activities.
This active participation will encourage students to develop and solidify mental models of

chemistry concepts, which is our desired result of the relevant cognitive load.

This theory was used in designing the instructional modules for the course where experiment-

centric pedagogy was implemented, as shown in Figure 2.
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b. Placement within the b. Module objectives b. Procedures
curriculum
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c. Primary/ Secondary
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d. Standards e. Differentiated Instruction
e. Prerequisites f. Alternate plans.

f. Context

Figure 2: The ECP Module Instructional Design

Additionally, by incorporating active learning techniques that seek to develop student self-found
learning techniques, the pedagogy should pique students' interest, which can lead to deeper
engagement with the material. This increased learning capacity and engagement can promote

deeper cognitive processing, enhancing schema formation and automation.



Methodology

This study provides an overview of the investigation in the chemistry department a HBCU using
hands-on mobile devices consisting of an input and output board. The purpose of this approach is
to replace the traditional laboratory experiments in the chemistry laboratory by extracting data
through electronic measurements (voltmeters) from sensors attached to a board. This
quantitative descriptive study employed a pre- and post-test design. Purposively, two foundation
classes in the chemistry department were selected for the implementation of ECP to teach

chemistry concepts.
Chemistry Hands-on Experiment: pH Meter (Potentiometry)

The potentiometry experiment was conducted in general chemistry for engineering students
(CHEM 110) and organic chemistry (CHEM 203) classes. The aim of this laboratory experiment
is to estimate the pH value of an unknown solution (buffer) through the calibration curve. In this
experiment, a calibration curve was developed from standard pH buffer solutions (4, 7, and 10).
It was then used to determine the potential pH scales of other solutions. This module
implementation was introduced to the general chemistry laboratory courses, and this adaptation
will allow students to participate in hands-on laboratory work and carry out experiments outside
the laboratory. The complete laboratory setup consists of pH buffer solutions, the pH probe
(Gravity Analog pH sensor), which is used to measure the pH of the different solutions, and the
ADALM 1000 instrument. The ADALM 1000, an instrument with an embedded system, is easy
to use for students in the laboratory and is portable, allowing them to conduct experiments
anywhere, even in the comfort of their own homes. The ADALM 1000 consists of important
tools like a signal generator and a voltmeter, which the students can use to better understand

chemistry principles and may be adopted in other disciplines and at different levels of academia.



Figure 3: pH Meter

There is also an additional function in the ADALM 1000 board that uses an application to

transfer function equations to convert voltage and frequency readings from the device into the

desired measurement units.
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In this study, the experiment-centric pedagogy module was implemented between fall 2021 to

fall 2022 and the Motivated Strategies for Learning Questionnaire (MSLQ) was adopted, which



comprised of 1-7 Likert scales and has 8 subscales [26]. To measure the curiosity of the students,
this study adopted the Litman and Spielberg curiosity scales [27] consisting of 1-4 Likert scales.
In total, there were 54 students over the course of the three semesters. The students completed
and submitted the Motivated Strategies for Learning Questionnaire (MSLQ) both before and
after a laboratory experiment, and a comparative analysis between the pre-test and the post-test
was conducted. This study, examined the Peer Learning and Collaboration (PLC), as well as two
scales that assessed the learners curiosity: the Deprivation Epistemic Curiosity (DEC), and

Interest Epistemic Curiosity (IEC) [28]. The items in each subscale are shown in Table 1.



Table 1: PLC, IEC, and DEC items

Construct

Sample Questions

Peer Learning and
Collaboration (PLC)

When studying for this course, | often try to explain the material to a
classmate or a friend.

I try to work with other students from this class to complete the
course assignments.

When studying for this course, | often set aside time to discuss the
course materials with a group of students from the class

Interest Epistemic
Curiosity (IEC)

I enjoy exploring new ideas.

I enjoy learning about subjects that are unfamiliar to me.

| find it fascinating to learn new information.

When | learn something new, | would like to find out more about it.

I enjoy discussing abstract concepts.

Deprivation Epistemic
Curiosity (DEC)

Difficult conceptual problems can keep me awake all night thinking
about solutions.

I can spend hours on a single problem because | just can't rest
without knowing the answer.

| feel frustrated if | can't figure out the solution to a problem, so |
work even harder to solve it.

I brood for a long time in an attempt to solve some fundamental
problems.

I work like a fiend at problems that I feel must be solved.

Data was collected electronically and safely secured in multi-factor authentication storage. A

Wilcoxon signed-rank test was then used to compare the related items after matching them

because the MSLQ data failed a Kolmogoro-Smirnov normality test (p> 0.05). Descriptive

statistics were conducted to present the distribution of the scores obtained by the students in the

study. Comparing the pre-test and post-test data, this study examined the impact of the




experiment-centric pedagogy, and the differences were estimated and reported using Z-score.
The population mean rank difference was examined at a confidence level of 95.0%. All the
analysis was carried out using the Statistical Package for Social Scientists SPSS (IBM 25). In
addition, this study also obtained the students' institutional data to compare the academic
achievements of the students that enrolled in classes where ECP was implemented to those of the

students that didn’t enroll in ECP classes.

Results

Boxplots were made to visually depict and compare the distribution and variability of the data
for Pre and Post MSLQ scores of PLC, IEC, and DEC. This allows for a clear understanding of

any changes or trends in the data from the pre to the post.

The box is the range of values between the 25th and 75th percentiles, known as the interquartile
range (IQR). The box is of considerable size, suggesting a substantial dispersion of data within
the interquartile range. The median value within the box is approximately 10. The whiskers in
the box plot represent the data range that falls within 1.5 times the interquartile range (IQR). The
size of the PLCPost box is smaller than that of the PLCPre, suggesting a more compact
distribution of the middle 50% of the data. The median value, approximately 15, indicates an
increase in the PLC metric from the Pre-test to Post-test. To summarize, the box plot shows that
the PLC scores of the students have experienced an increase from the pre-test phase to the post-
test phase and that the data in the post phase exhibits less variability. In Figure 7, the box plot for
IECPost exhibits a greater height, suggesting that both the median and quartiles are higher in
comparison to IECPre. This shows a general rise in the IEC from the pre-to-the-post test. To
summarize, the boxplot indicates that the IEC metric has shown an increase from the pre to the
post test. The DECPost boxplot displays a higher vertical position, suggesting that both the
median and quartiles are higher in comparison to DECPre. This shows a general rise in the DEC

metric from the pre to the post.
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Figure 5: Box plot for Peer Learning and Figure 6: Box plot for Interest Epistemic
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Figure 7: Box plot for Deprivation Epistemic Curiosity

Table 2 is structured to present the findings on the changes in three different scales under
investigation: Peer Learning/Collaboration (PLC), Interest Epistemic Curiosity (IEC), and
Deprivation Epistemic Curiosity (DEC). For each of the scales, the table shows mean scores with

standard deviations (SD), the change in mean scores (A Mean), Z-scores, and p-values.



Table 2: Summary statistics for students’ peer learning and collaboration and curiosity pre and

post-test.
MLSQ | Maximu | Minim Mean Pre-test Post-test | Z- A p-
Scale m um Obtaina N=54 N=54 score| Mean | value
Obtaina Obtaina | ble
ble ble Score
Score Score
Mean + Mean +
SD SD
PLC 7 1 4 475+1.73 | 4.99+1.6 | 2.28| 0.25 | 0.048
8 *
IEC 5 1 25 2.61+0.94 | 3.17+0.6 | 3.65| 0.57 | 0.007
9 *
DEC 5 1 2.5 2.46+0.73 | 2.57+0.7 | 0.86] 0.12 | 0.906
3

* Significant difference at 0.05

For Peer learning & Collaboration, the pre-test mean score was 4.75 (+1.73) and the post-test
mean score was 4.99 (£1.68), indicating a slight improvement (0.25 increase in mean).The Z-
score of 2.28 indicates a significant increase, as supported by the p-value of 0.023 (less than
0.05), which confirms the statistical significance of the increase (p< 0.050).The aspect of the
Interest Epistemic Curiosity showed a notable increase from a pre-test mean of 2.61 (£0.94) to a
post-test mean of 3.17 (£0.69), with a change in mean of 0.57. The Z-score of 3.65 is quite high,
and the p-value is 0.000, indicating a statistically significant increase in Interest Epistemic
Curiosity as a result of the intervention (p< 0.050). For the Deprivation Epistemic Curiosity, the
change was minimal, from a pre-test mean of 2.46 (+0.73) to a post-test mean of 2.57 (£0.73),
resulting in a change of only 0.12. The Z-score of 0.86 and a p-value of 0.389 indicate that this
change is not statistically significant (p> 0.050).

This study compared the classes where ECP was implemented with the same class where ECP
wasn’t implemented and looked at the difference in the overall students’ class grades. Figure 8

shows the final grade distribution for ECP and non-ECP students in CHEM 110. The students



who enrolled in the chemistry classes where ECP was implemented, outperformed the non-ECP

students in the higher-grade categories.
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Figure 8: Final Grade Distribution for CHEM 110 ECP vs. Non-ECP Class

Figure 8 illustrates that ECP students exhibit a significantly greater proportion of A and B grades
(approximately 35%) compared to non-ECP students (approximately 15%). This suggests that
ECP students possess a more comprehensive understanding of the course concepts and skills,
resulting in superior performance on examinations. The graph illustrates a significant disparity in
the distribution of C and F grades between non-ECP students, who account for approximately
75%, and ECP students, who represent around 65%. This shows that non-ECP students face
greater difficulties in meeting the course requirements and expectations, resulting in a struggle to

attain higher grades.

Also, Figure 9 shows the final grade distribution for ECP and non-ECP students in CHEM 203.
Also, for this course, the students who enrolled in the chemistry classes where ECP was

implemented, outperformed the non-ECP students in every grade category.
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Figure 9 illustrates that non-ECP students exhibit a significantly higher proportion of C grades,
approximately 40%, compared to ECP students, who have a mere 10%. This implies that non-
ECP students encounter greater challenges in comprehending the course material and face

difficulties in attaining higher grades.

Discussion

The results of this study provide insight into the significant impact of hands-on pedagogy on
enhancing peer learning, collaboration, and curiosity among undergraduate chemistry students.
By integrating active learning techniques, laboratory experiments, and interactive teaching
methodologies, students exhibited significant enhancements in their engagement, capacity for

collaboration, and curiosity.

One of the key aspects illuminated by this study is the positive impact of active engagement in
hands-on activities and the enhancement of peer learning and collaboration. As evidenced by the
significant increase in scores related to peer learning and collaboration, students participating in
hands-on pedagogy not only developed a deeper understanding of fundamental chemical

principles, but also exhibited a greater tendency to work together, explain concepts to one



another, and engage in group problem-solving. This aligns with previous research by Litman [33]
which highlights the benefits of collaborative learning in fostering academic achievement and

motivation among students.

1

Furthermore, the study's findings emphasize the role of hands-on pedagogy in nurturing students
curiosity. The increase in scores related to interest epistemic curiosity indicates that students
became more eager to explore new ideas, learn about unfamiliar subjects, and engage in
discussions about abstract concepts. This is particularly noteworthy given the importance of
curiosity in driving scientific inquiry and innovation [34]. By providing students with interactive
learning experiences that stimulate their curiosity, educators can cultivate a lifelong passion for

learning and discovery among chemistry undergraduates.

Lastly, the comparison of academic performance between classes where experiment-centric
pedagogy was implemented and those where it was not, underscores the positive impact of
hands-on pedagogy on students' overall achievement. The higher proportion of A and B grades
achieved by ECP students compared to non-ECP students reflects a more comprehensive
understanding of course concepts and skills among the former. This not only highlights the
effectiveness of hands-on pedagogy in enhancing learning outcomes but also suggests its

potential to address disparities in academic achievement among students.

Conclusion

The experiment-centric pedagogy project, which ran in the chemistry department from fall 2021
to fall 2022, was evaluated to determine its impact on undergraduate students' curiosity, peer
learning, and collaboration. This study used the Motivated Strategies for Learning Questionnaire
(MSLQ) to assess students both before and after the course. The results show a positive shift in
students' attitudes and behaviors in the target areas. The Interest Epistemic Curiosity scale
demonstrated a notable increase, this suggests a significant boost in students’ intrinsic drive and
eagerness to delve into new concepts and learn about unknown topics. This finding is critical
because it demonstrates the efficacy of experiment-centric pedagogy in creating an intellectually

stimulating environment that fosters curiosity.



The Peer Learning and Collaboration scale exhibited a statistically significant, albeit modest,
enhancement. This demonstrates the efficacy of the experiment-centric pedagogy in fostering
student collaboration, an essential skill for academic and professional achievement. However, the
scores on the deprivation epistemic curiosity scale did not exhibit a significant improvement.
This implies that although the experiment-centric pedagogy is successful in fostering curiosity
that arises from interest, it may not have a substantial impact on students' inclination to persevere

in solving challenging questions.

The significant improvements in the Interest Epistemic Curiosity, Peer Learning, and
Collaboration constructs indicate that experiment-centric pedagogy is an effective pedagogical
approach for improving these important educational factors. However, the absence of a
significant change in the Deprivation Epistemic Curiosity Scale suggests that additional
refinements or strategies may be required to address all aspects of curiosity. Future research
could delve deeper into these areas, potentially leading to a better understanding and application

of experiment-centric teaching methods.
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