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Enhancing Conceptual Understanding in Data Science through Peer
Instruction: A Pilot Classroom Implementation Study Using Poll
Everywhere

Abstract

In the dynamic landscape of STEM education, active learning strategies have become central
to promoting student engagement, critical thinking, and long-term retention. This study
investigates the application of Peer Instruction (PI) in a data science classroom, specifically
within the module “Problems Faced When Handling Large Data & General Techniques for
Handling Large Volume of Data.” Sixteen third-year undergraduate students participated in a
structured activity using the digital response system Poll Everywhere, where they responded to
ten multiple-choice questions five targeting recall and five targeting conceptual understanding.
Each question followed a three-step PI cycle: initial individual vote, peer discussion in groups
of four, and a post-discussion vote. The learning gains were assessed using pre- and post-
discussion accuracy. The average gain for conceptual questions was 21.8%, with the highest
improvement seen in the CAP theorem question (+50%), followed by questions on
MapReduce, caching, and batch processing. Recall-based questions saw an average gain of
17.6%, with notable improvement in the question related to Parquet file format (+56%),
highlighting the effectiveness of PI even in knowledge recall under unfamiliar terminology.
Informal oral reflections from students suggested increase in conceptual clarity, boosted
confidence, and a clear preference for the collaborative approach. Students particularly valued
peer explanations and reported that discussion made abstract content easier to understand. They
expressed strong interest in adopting this model for future sessions. These findings suggest that
when integrated with real-time polling tools, Peer Instruction is a highly effective pedagogical
strategy for enhancing deep learning in data science education, especially for cognitively
demanding topics. As a small-scale classroom pilot involving a single cohort (n = 16), the
findings should be interpreted as preliminary evidence supporting the feasibility and potential
effectiveness of Peer Instruction in data science education.

Introduction

The explosion of data in the modern digital era has revolutionized industries and transformed
how we think about information. [1] To prepare students for real-world data challenges, data
science education must evolve beyond rote memorization and superficial familiarity with tools
[2]. It must enable learners to grasp complex, often abstract concepts such as distributed
computing, consistency trade-offs, data scalability, and the mechanics of data pipelines. While
lectures remain a foundational component of instructional delivery, they often fail to
sufficiently engage students in meaningful learning processes [3]. A truly promising method of
introducing deep learning and involvement in technical courses is that of Peer Instruction (PI).
Based at initial in-services in physics teaching, PI has become a structured peer-to-peer
discussion affair aimed at promoting conceptual thinking. The students are initially introduced
to a question and ordered to vote as individuals, then they are asked to justify their choices to
other students and finally they are requested to vote once again. This strategy does not only
contribute to the emergence of misconceptions but also enables students to express their
thinking mode which results in a greater understanding of knowledge.

This work will use the PI model to observe the effect it has on the learning process of
complicated subjects in the field of data handling in a data science classroom. In particular, we



discuss how it influences three kinds of learning outcomes, that is, factual recall, conceptual
comprehension, and procedural application. Poll Everywhere is a real-time polling application
which was employed to collect and analyze responses of students prior to peer discussion and
after it.

Research Questions

The research questions that are primary that will be answered by the study are:

RQ1: How does Peer Instruction impact student learning performance for recall and conceptual
questions?

RQ2: Which type of question (recall or conceptual) is perceived as more difficult by students?

RQ3: What are the pedagogical implications of using PI with digital polling tools in a data
science context?

Literature Review

Active Learning in STEM Classrooms

STEM education is undergoing a pedagogical change, shifting from passive lectures to active
learning techniques that emphasise student participation and interaction. STEM education
highlights active learning and it decreases achievement gaps in exam division by 33 percent
and decreases passing gap by 45 percent, particularly at high-intensity classes [4]. The more
active learning within STEM education, the more learning of important 21st century skills and
the more general satisfaction is linked to it [5].

Peer Instruction: A Proven Strategy

Peer Instruction (PI) has repeatedly proved to have beneficial effects on student learning since
it enhances has improved their accuracy and confidence after the discussion with peers [6].
This methodology has been well researched and has proved to be relevant and applicable in
many fields of study in the sphere of science, technology, engineering, and mathematics
(STEM) [7]. Outside the remit of the technology-oriented fields, PI has been found to be useful
too in the acquirement of writing skills in students with learning disabilities, developing their
linguistic and collective skills as com-pared to control groups [8]. Being considered a known
active learning technique, PI gives a chance to students to share ideas and work on them by
improving their own knowledge, and at that, sometime can be left to instructor feedback and
instruction [9].

In particular, in the undergraduate courses in software engineering, the use of PI has been
associated with enhancement of student performance in the unit testing, integration testing, and
continuous integrations [10]. In addition, this approach promotes meaningful learning, which
gives students skills to solve new problems and use their knowledge in new and diverse areas

[11].
Digital Polling and Classroom Technology



Slido is an online polling platform containing many advantages, as it substantially improves
student engagement on difficult engineering modules, providing better learning results and a
more pleasant learning experience [12]. Both low-tech and high-tech in-class polling systems
are typically viewed by the students as a positive experience, and the advantages and
disadvantages of each system will differ according to the implemented platform [13].
Participation and comfort in communicating in different contexts can be boosted by using the
web-based polling sites such as Poll Everywhere, which would increase classroom
participation and improve the outcomes of learning [14]. Poll Every-where is innovative and
cheap enabling technology that improves the learning and the classroom environment of the
students as well as the effectiveness of the instructors as they are better able to deliver and test
course material [15].

Research Gaps and Study Motivation

Peer Instruction has been recognized to have its own positive aspect in the learning process of
the students, engagement and motivation. Nonetheless, there is a number of severe research
shortcomings especially with regard to the mechanism of motivation regulation, the context-
specific success of the technique and the effect of individual learner variations. Indeed, these
dimensions are still being researched as improvements on the outcomes of education are sought
through successful collaborative learning strategies as well as research gaps on Peer Instruction
being as indicated in Table 1. It has been demonstrated consistently that PI enhances accuracy
and confidence as a result of experiencing peer discussions, and the social learning processes
and the coherence of peer explanations have become major factors in the determination of these
improvements [16]. Research experiments are currently being conducted to decipher the
influence of peer relationships and classroom atmosphere in assisting or strangling motivation
and development of ideas and concepts [17]. Moreover, researchers pay more and more
attention to the way of defining specific strategies to accommodate different student profiles
and maximize the usage of PI in different areas of education and various learning conditions
[18].

Table 1. Research Gaps in Peer Instruction Learning

Identified Gaps Description

Limited evidence on how students actively regulate each

Mechanisms of Motivation . . . . .
other's motivation during peer instruction and

Regulati
egulation collaborative learning

Need for more research on how peer instruction impacts
Context-Specific Dynamics | motivation in different disciplines, educational levels, and
cultural contexts

Few studies use longitudinal or experimental designs to
Longitudinal and Causal W studies u giu Xp g

) establish causality between peer instruction, motivation,
Evidence

and achievement




More research needed on how personality, prior
Individual Differences achievement, and motivation influence who benefits most
from peer instruction

Methodology

Participants and Settings

The research was done in Undergraduate data science course of the third year of a private
Indian university. Voluntary participants in the activity were 16 in number. In order to stimulate
effective communication between the peers, the students were split into four groups four
students each. These teams were balanced regarding grades and the variety of opinions, which
encouraged equal participation in a discussion.

Instructional Design

The instructional intervention was designed around the topic "Problems Faced When
Handling Large Data & General Techniques for Handling Large Volume of Data." A total of
10 multiple-choice questions (MCQs) were selected and classified based on cognitive
difficulty into two categories:

e Recall (Questions 1-5): Targeting basic factual knowledge (e.g., definitions,
terminology, and common tools), given in Table 2.

e Conceptual (Questions 6—10): Focused on understanding relationships, theoretical
trade-offs, and abstract models (e.g., CAP theorem, caching), given in Table 3.

Instructional Sequence

The Peer Instruction cycle was conducted as follows:

e Pre-discussion Vote: Students answered each question independently using Poll
Everywhere.

e Peer Discussion: Groups discussed the question for 5-7 minutes, exploring
reasoning and justifications.

e Post-discussion Vote: Students answered again individually.

Data Collection and Tools
All responses were recorded in Poll Everywhere and analysed to assess:

¢ Quantitative: Accuracy of pre- and post-discussion answers was logged.

e Perception Poll: A dedicated Poll Everywhere question asked: “Which type of question
was more difficult for answering?”

e Qualitative Feedback Collection: Informal oral feedback was collected at the end of
the session through open classroom discussion. No structured interview protocol or
thematic coding was applied; responses were recorded as observational reflections to
supplement quantitative findings.



Table 2. Recall Multiple-Choice Questions Used in Peer Instruction Session with
Correct Answers

Q.no | Question Options Correct Answer
a) Storage limitations
Which of the following is NOT a b) Slow processing
: : c¢)Increased
Q1 |common challenge in handling large speed ¢) Increased
accuracy
data? accuracy
d) Data inconsistency
a) Reduce storage
Q2 What is the primary purpose of data b) Improve accuracy a) Reduce
compression? ¢) Enhance redundancy | Storage
d) Increase corruption
a) Encryption
Q3 Which technique improves performance | ) Indexing b) Indexing
for large datasets? ¢) Replication
d) Duplication
a) Sharding
Q4 What is breakin{j down a large dataset | ) Mining 2) Sharding
into parts called? ¢) Encryption
d) Redundancy
a) CSV
Best file format for storing large b) JSON
Qs 0 d) Parquet
structured data? ¢) XML

d) Parquet




Table 3. Conceptual Multiple-Choice Questions Used in Peer Instruction Session

with Correct Answers

Question

Options

Correct Answer

Q1

How does distributed computing
help?

a) Use one machine
b) Distribute computation
¢) Reduce computations

d) Avoid indexing

b) Distribute
computation

Q2

What does the CAP theorem imply?

a) Get all three (C, A, P)
b) Choose 2 of 3
¢) Prioritize P

d) Use centralized DB

b) Choose 2 of 3

Q3

What is the role of caching?

a) Store data permanently

b) Fast access to frequent
data

c¢) Replace DB

d) Remove redundancy

b) Fast access to
frequent data

Q4

Advantage of batch processing?

a) Reduces latency

b) Efficient large
processing

¢) Immediate access

d) Removes redundancy

b) Efficient large
processing

Q5

Purpose of MapReduce?

a) Compress data

b) Parallel data
processing

¢)Transform structured
data

d) Avoid indexing

b) Parallel data
processing




Results

Student Perception of Difficulty

To complement the quantitative performance data, a key component of this study involved
capturing students’ subjective experiences regarding the perceived difficulty of different
question types. After completing all ten multiple-choice questions (five recall-based and five
conceptual), students were presented with a final poll via Poll Everywhere that asked:

“Which type of question was more difficult for answering?”
e Recall Questions
e Conceptual Questions

The responses to this question offer important insight into students’ cognitive engagement
and the instructional demands of each question type. The results are tabulated in Table 4.

Table 4. Student Perception on Question Difficulty

Percentage of Students Who Found It

Question Type More Difficult

Recall Questions 25 %

Conceptual

759
Questions o

‘Which type of question was more difficult for answering?

m Recall = Conceptual

Figure 1. Cognitive Load Awareness from Student Perceptions

This Figure reveal a clear and significant trend in how students experience different cognitive
tasks (see Fig). A majority of 75% indicated that conceptual questions were more challenging
to answer. This is consistent with the design of these questions, which required not just factual
recall but higher-order thinking such as reasoning, system understanding, and interpretation of
abstract principles. In contrast, only 25% of the students found recall-based questions difficult,
suggesting that these were either already well-known or easily deduced from prior knowledge
or coursework. These reflections underscore that conceptual questions introduced an element
of productive struggle, a vital component of deeper learning. Furthermore, the very act of
articulating one’s reasoning during peer discussion appears to have helped many students
resolve conceptual confusion. The Poll Everywhere perception poll thus served as a diagnostic



tool that helped instructors identify zones of difficulty and learning potential. These insights
inform instructional design by highlighting where peer instruction is not just useful but
essential.

In summary, this perception-based poll data confirms that:

e Students are aware of the cognitive demands of different question types.
o Conceptual questions require and benefit from deeper engagement.
o Peer discussions are especially valuable when confronting conceptual ambiguity.

These findings strongly justify the focused application of Peer Instruction to conceptual
learning targets in data science and other technical disciplines.

Learning Gain (Pre vs. Post Peer Discussion)

The resulting learning gains were measured with pre-and-post Poll Everywhere responses to
the peer instruction step. The Table 5 summarizes the student performance based on ten
questions of recall and conceptual types. The average gain by the recall questions was +17.6
and the conceptual questions displayed the higher average gain of +21.8. The extraordinary
increase in performance was observed in Q5 (Recall) with its 56% boost, which implies that
even simple question types, such as recall-based ones, can considerably thrive under the
discussion condition when the vocabulary of the questions is new (i.e., the term Parquet file
format will be new). Two conceptual questions registered the greatest gain (Q7: CAP theorem,
+50%) which suggests how arduous the task and influential the effect of resolving theoretical
models can be as a result of peer interaction. The overall positive trend in all items will support
the worth of the three-step PI model based on individual thinking, peer discussion, and solution.
High post-scores compared to low pre-scores in questions that had moderate pre-scoring (Q9,
Q10) indicate that most students did not have an initial clarity but conceptual clarity was found
by students through collaborative thinking process.

Importantly, the observed trend also aligns with cognitive learning theory students gain more
from discussions where there is conceptual disequilibrium, and this is more often the case in
conceptual questions. The findings support the adoption of Peer Instruction as an inclusive and
dialogic teaching strategy to enhance deep learning in data science, especially in courses
dealing with distributed systems, architecture constraints, and high-volume data processing
paradigms. The consistent improvement across all items supports the effectiveness of the
structured PI cycle. of the whole items reaffirm the worth of the three-step PI model of
independence thinking, peer discussion and closure. Questions with moderate pre-discussion
accuracy but high post-discussion gains (e.g., Q9, Q10) indicate that peer dialogue helped
resolve conceptual ambiguity. This pattern aligns with cognitive learning theory, which
suggests that conceptual conflict can stimulate deeper understanding. The results support the
use of Peer Instruct as a teaching methodology, which is inclusive and dialogic in nature, with
a view to facilitating deep learning in data science and particularly to those courses involving
distributed systems, architectural limitations, and paradigms of mass volume of data
processing.

Discussion and Pedagogical Implications

This Study highlights the pedagogical usefulness of Peer Instruction (PI) in fostering deep
learning in training data science. The gradual rise in post-discussion results confirms the idea
that in the conditions of regulated peer activities essential not only to correct the misconception



is developing but also to form the clarity of ideas and preferential cognitive rearrangements.
The prominent result was the substantial upsurge in the number of conceptual questions,
whereby an improvement of 50 percent was achieved concerning the CAP theorem (Q7). What
this indicates is that abstract questions that require thinking about systems and tradeoffs are
greatly aided by peer explanation and reiterative reasoning that is commonly constrained in
lectures-based styles. Teaching-wise, such findings make the need to incorporate PI clear, as
demonstrated by helping foster metacognition and involvement in active learning, especially
in complicated, abstract subjects where mere memorization and recall is not enough.
Integration of PI in the data science curriculum can help in long-term retentions and further
comprehension.

Table 5. Pre and Post Discussion Scores for Recall and Conceptual Questions with

Learning Gain

ti P Post | Gai
Q.no %‘::es on Question Focus | Correct Option Summary (o;oe ) (0;:) (02 1)n
Q1 |Recall Data challenges |Increased accuracy 86% |94% |+8%
02 |Recall Purpose qf data | To re?duce storage 3% |88% | +5%
compression requirements
Datab
Q3 |Recall p:r;r?z:nce Data indexing 88% |100% |+12%
Dataset .
Q4 |Recall partitioning Data sharding 89% |96% |+7%
Efficient fil
Q5 |Recall forlllizn He Parquet 19% |75% |+56%
Distributed Distributing data and
Q6 | Conceptual computation across multiple |86% | 100% |+14%
computing machines
You can only choose two out
Q7 |Conceptual |CAP theorem of consistency, availability, |50% |100% |+50%
and partition tolerance
trieval usi
Q8 | Conceptual |Role of caching rsniiiiiyup FEHIEVAtUSINg 19404 1100% | +6%
Batch vs. real- : .
Q9 | Conceptual tir?qg vS. Ted Batch improves efficiency 75% [ 100% |+25%
P f Paralleli d distribut
Q10 | Conceptual |. - PO © arafielize an@ AStvULe 1 g6os 1100% |+14%
MapReduce processing




The employment of Poll Everywhere also served two purposes as an engagement and formative
assessment tool. Its anonymity favoured the truth and participation, whereas real-time feedback
assisted teachers to promptly recognize and eliminate misconceptions. The anonymity of Poll
Everywhere appeared to encourage broader participation during voting phases. However, this
study did not formally measure participation equity or demographic differences. Future
research should examine how Peer Instruction influences engagement patterns across diverse
student populations. Self-efficacy was also supported and the students were less hesitant to
tackle the technical subjects as also other students talked about them. Teachers witnessed a
greater freedom of communication and respect and a collaborative culture of academic work.
To apply it in the future, it is possible to enlarge PI with problem-solving assignments, coding
exercises, or mini-design sprints that focus on higher-order thinking. The heterogeneous group
formation (by skill or experience) might also increase the peer learning out-comes.

Limitations of the Study

This study provides encouraging evidence for the effectiveness of Peer Instruction (PI) in
enhancing conceptual understanding in data science, several limitations must be
acknowledged:

e Limited Sample Size:
The study involved only 16 students from a single cohort, restricting the generalizability
of the results to broader populations.

o Topic-Specific Focus:

The intervention targeted a narrow topic “Problems Faced When Handling Large Data”
which may limit applicability across the wider data science curriculum, especially in
mathematically intensive areas.

e Assessment Constraints:

Reliance on multiple-choice questions, though structured across recall and conceptual
levels, may not capture higher-order thinking or long-term understanding. Alternative
formats like open-ended questions or coding tasks could provide deeper insights.

e Unstructured Peer Discussions:
Informal and unguided group interactions may have led to variability in discussion quality
and learning outcomes.

o Technology-Related Bias:
Use of Poll Everywhere, while effective for real-time engagement, may have posed
challenges for students less comfortable with digital tools.

These limitations highlight opportunities for future research, including larger and more diverse
samples, broader topic coverage, mixed-method assessments, and structured facilitation of peer
interactions. Given the exploratory nature of this pilot implementation, causal claims cannot be
established. The findings indicate trends rather than statistically generalizable effects.



Conclusion and Future Work

This study investigated the impact of Peer Instruction (PI) on student understanding in a data
science module, specifically comparing performance and perception across recall and
conceptual questions. The results provide preliminary evidence suggesting that PI may enhance
conceptual comprehension in small-group data science settings.

e In response to RQ1 (How does PI impact performance on recall vs. conceptual
questions?), findings showed that while both question types improved after peer
discussion, Conceptual questions exhibited a greater average learning gain (+21.8%)
compared to recall questions (+17.6%), calculated as absolute percentage-point
improvement between pre- and post-discussion responses. This suggests that PI is
particularly effective in supporting higher-order thinking.

e Regarding RQ2 (Which question type is perceived as more difficult?), the Poll
Everywhere perception poll clearly revealed that 75% of students found conceptual
questions more difficult, confirming the cognitive complexity of these tasks and the
necessity for collaborative reasoning to resolve them.

e Addressing RQ3 (What are the pedagogical implications of using Pl in data science?),
student reflections and performance gains underscore the value of integrating PI into
technical instruction. Students not only performed better post-discussion but also
demonstrated increased confidence, engagement, and conceptual clarity through peer
interaction.

This fact supports the finding that PI has the potential to fill this divide between recalling
information on a sur-face-level and a more conceptual level of learning. Future research will
seek to use the framework over diverse issues in data science, increase the sample size, and
review longer-term knowledge retention. Incorporating procedural and problem-solving
questions together with systematic peer feedback will improve on the instructional design and
learning further.
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