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Abstract: The pedagogy of successive questions (PSQ) isachitey strategy designed to improve student
engagement in chemistry courses. It operates thrdhgee stages: interrogation, evaluation, and tijonc
This study explores the effectiveness of the PS&tegfy by applying it to undergraduate General Ghieyn
students enrolled in biomedical and pharmacy prograt the Lebanese International University (LITHe study
involved two sections of the General Chemistry seutOne section utilised the PSQ method, whileother
served as a control group with traditional teachireghods. A survey was conducted to assess stadgagement
levels. Moreover, the students’ academic achievémvas compared by analysing the average grades tiaim
sections. Statistical analysis was performed terd@he the significance of differences in engagenearels and
academic performance. The results showed signtficarovements in engagement levels and learningootes

in the section that followed the PSQ methodolodyose students scored an average of 11 % highettibaa in
the control group. The PSQ strategy was also faarkte comparable to other active learning techrdgeech as
the flipped classroom model, in terms of enhan@ngagement and academic performance. The PSQustiate
an effective teaching method for enhancing studamgagement and improving academic performance in
chemistry courses, particularly for students imfédical and pharmacy programs. The findings sugbastPSQ
promotes more interactive and engaging learninggepces, which can lead to better retention arimftion.

Keywords: pedagogy, engagement, student interactions, sigeegjuestions, active learning, chemistry
education

Introduction

Pedagogy, by definition, is the art and sciencéeathing, using wide concepts like
gamification and active involvement to further thlearning process [1]. Pedagogical
approaches are continually evolving to adapt torteeds of learners reflecting shifts in
theory, evidence, and context [2-4].

Traditional teaching methods, whereby students beagassively listening to a lecture
or even reading materials without engaging with ¢batent, usually result in infrequent
interactions within the classroom [5, 6]. There awenerous factors that could contribute to
the infrequency of student interactions in the sasm. One of the most prevalent factors
is the teaching style. When the teacher predominarhploys lecturing or delivering
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information without actively involving students discussions or activities, it can restrict
opportunities for student interaction [7, 8].

The educational approaches therefore are changindent-centered learning, active
participation, and collaborative activities havecémae more emphasised [9-13]. These
techniques allow for better teaching by engagirgggdtudents in activities that require the
critical thinking, analysis of information, solvingoblems, and application of knowledge
in useful ways [8, 14, 15]. Furthermore, they emage the learners to engage with the
learning material, their peers, and the instruft6r18].

Freeman et al. found that active learning enviramsién science courses increased
student performance compared to those in lectuseebaourses [19]. Students enrolled in
traditional course environments were 1.5 times mikely to fail than students in
active-learning classes. Subsequent individualigpaint meta-analysis shows that active
learning also narrows achievement gaps and rediadlese rates across STEM courses
[20]. In health-professions education, recent suppieviews report that active-learning
classrooms enhance interactions and participati]. [Within chemistry, large-scale
course analyses report sustained performance gaidtive-learning studio formats [22].
As a result, many educators are striving to createironments that encourage more
frequent and significant student interactions.

A meaningful learner is one who adeptly builds itleein understanding in their mind
[23]. Engaged learning enables this constructiombglving students in advanced thinking
skills and engaging activities [24-27]. Nonethelésaccuracies labelled as misconceptions
in scholarly works can hinder this learning journ&purses in biomedical sciences and
pharmacy are often seen as complex and abstradinte to misunderstandings and
difficulties in student comprehension, particulaily subjects like chemistry [28-30].
Thus, there is a demand for active learning stiaseghat foster the construction of
knowledge especially in chemistry courses. This alaaligns with constructivist theory,
which holds that build (construct) knowledge, rattiean just receiving it. New ideas stick
only when students connect them to what they ajr&adw.

One way of increasing instructor-student interactise through asking questions.
To ask a question opens up the opportunity to nbtaportant information that might have
been precluded [7]Researchers believe that question-asking (and aimgyeare very
central components in theories of learning, cognijtiand education [31-33]. Moreover,
there is empirical evidence that improvements ia tomprehension, and learning of
material can be achieved by training students to cqagestions. Effective questioning is
an art that empowers both educators and learnemsidak the hidden riches of knowledge.

Socratic seminar is a popular method of promotituglent engagement and building
more understanding through student-led, evidense¢bdiscussion. In a Socratic seminar,
students question and respond to open-ended questtmout a certain topic. The method
assists in developing disciplined questioning, megaitive awareness, shared
sense-making [34].

Therefore, in order to involve students in the mé@y process, and enhance their
participation in class, the Pedagogy of Successieestions (PSQ) is applied for
undergraduate general chemistry courses. The PS@ iwodified Socratic-seminar
approach, adapted to a typical undergraduate geokesnistry course at the Lebanese
International University. It is a general stratetyy enhance student engagement and
improve students’ grasp of science.
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In this paper, we will present the PSQ techniqueliring its key components and
implementation process. Subsequently, we will Wgsty assess its effectiveness through
empirical testing and analysis, providing evidebased insights into its efficacy and
potential impact.

Materials and methods

The stages of PSQ methodology

The PSQ method is an innovative teaching approasigded to enhance student
engagement. This strategy unfolds in three condeeted sequential stages. A brief
schematic of the stages is shown in Figure 1.

o Interrogatio@\
Insights into students knowledge o Eva | uati on H
Assessing the level of students' Ju nction
knowledge

Bridging the gap between
existing knowledge and new
concepts

Fig. 1. Schematic representation of the three stafjthe PSQ methodology

The PSQ method was applied at the Lebanese IniemahtUniversity during fall
2023-2024 semester. The following subsections pyitivide a practical demonstration of
the process in which the chapter of quantum mechbmiodel was explained using the
PSQ approach. This chapter was chosen since itigcal topic in the general chemistry
curriculum. For the sake of space, we chose tosfamu illustrating only one chapter.
However, it is important to note that this strategps applied throughout the entire general
chemistry course. By narrowing our demonstrationatsingle chapter, we can offer
a detailed and clear example of how the approacksiia practice.

Stage 1: Interrogation phase, Insights into studekmowledge

The first stage of the PSQ method is the interiogaphase where the instructor
introduces the topic by asking a series of questiBneaking the ice with familiar questions
can be a great way to engage students and sparktieeest in the subject.

The types of questions that should be asked musirmamental and straightforward
in order to decrease the tension and anxiety ofdhmers. Hence, they are motivated to
respond as most of them know the answers, thugasing instructor-student interaction.

Stage 2: Evaluation phase, assessing the levélidénsts’ knowledge

The second stage of the PSQ method involves asgesisidents’ levels. This critical
educational step helps instructors gauge studémsiwledge and skills. Understanding



114 Mohamad Nour Zeineddine, Joanna Hammoud, Lamiskkaral Samer Sakr

where students stand, in terms of knowledge, allesgcators to tailor their instruction to
meet the specific needs of all learners.

At this stage, the instructor conducts a diagnhassgessment, which serves as a form
of evaluation. This analysis is meant to give aarall perspective of students’ background
knowledge. The instructor reads through the stiedanswers and tries to identify patterns
or misunderstandings. Such detailed tracking isontgmt since it can help identifying
specific points of difficulty for students or comte that require additional review.

Stage 3: Junction: bridging the gap between exgskinowledge and new concepts

Following the assessment, it is the turn of thecathr to summarise all the data that
have been collected and to prepare the learnees&ive the new information to be seized,
initiating the final stage of the PSQ strategy. Ukgtion is made between the concept
reached and the new information to be revealedhexting the ideas with each other.

It is of high importance at this stage to encourthgestudents to ask questions. Asking
guestions grant an open discussion between theelesaand educators that allows them to
seek clarification and deepen their understandinthe subject matter. It helps them to
connect new information to their prior knowledgeh&¥ students ask questions, they learn
to analyse and evaluate information, which are iatugkills for academic and real-life
situations.

After answering students’ questions and clearin@iyp confusion, the instructor then
proceeds to explain the various aspects of thetehalp is important to ensure that any
information provided connects to what the studeali®ady know. This can create
a smoother transition and deeper understandingecfibject matter.

Employment of the PSQ method
Interrogation phase

The quantum mechanical model illustrates the atatniccture and subatomic systems
incorporating principles such as wave-particle,antainty and the probabilistic nature of
electron positions. Instead of introducing the emtof quantum model by delivering the
ideas directly to the students, similar to theitradal teaching techniques, the first stage of
the PSQ strategy is to initiate the topic by askirgget of questions.

The questions to be asked are familiar to the siisdend serve as a pre-stage for the
topic, helping them to activate their prior knowgedand set the foundation for deeper
exploration.

At this level of education (undergraduate), thedetis already have some insights
about the structure of the atom and its sub-padidHence, the instructor aimed his queries
towards these notions. The questions asked bytrictor are presented in Figure 2 such
as: “what is an atom; what is the structure ofdtmm; what is an electronic configuration”
these types of queries are simple and straighti@wahich allow the students to give
a clear reply displaying their knowledge and séfiertbackgrounds.

Questions are strategically drafted to take stiglexibng a step-by-step journey
through identifying how atoms are made. They begith the basic question as to how
atoms are formed, identifying the constituent st and determining their locations
within the atomic structure. Each question is eglab the other in such a way that students
can build up a proper understanding of atomic bielav Gradually, more and more
complex questions are posed to the audience tetjlfailed to give a clear response.
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Fig. 2. Schematic representation of the PSQ metpplied to the quantum model chapter, detailing
the three stages
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Approximately 60 % of the students participated answering the initial set of
guestions, demonstrating that the majority had lad doundation in their prerequisite
knowledge. This response rate indicates that theéests are engaged with the material at
the start of the lesson. For the remaining 40 %hefstudents, the instructor reached out to
them during class time and found that most of theere already familiar with the material
discussed so far. Through these student-instralismussions, it became clearer that their
hesitation to answer was not due to a lack of wtdading but rather a need for more
confidence in engaging with the content. At thisnpaalmost all the students were actively
engaged with the instructor and were able to ghlasgundamental concepts before moving
forward.

Evaluation phase

The answers of the students are collected andshlsan in Figure 2. The instructor
evaluates the replies to gain an understandinguafest's background knowledge. From
responses 1 through 5 (R1 to R5), it was inferfest mlmost all the students have
an explicit knowledge about the structure of themat From response 4 (R4), it was
interpreted that the students have some miscomceptielated to the location of the
electrons around the nucleus. However, after askjogstions 6 and 7, there was
a noticeable lack of engagement, as no studengomded. This silence indicates the
absence of knowledge about the quantum mechanicdéinin short, it was evaluated by
the instructor that the background knowledge ofghelents ends at the limitations of the
Bohr atomic model.

Junction phase

After evaluating the responses, the junction phease planned. The plan was to start
by reviewing the Bohr atomic model and highlightiitg key achievements. This phase
would emphasise the success of the model in exptathe structure of the hydrogen atom
and its spectral lines, particularly through theéeept of electrons moving in fixed orbits
with quantised energy levels [35]. The connectitvage then focused on discussing the
limitations of the Bohr model, especially its fa#duto accurately describe more complex
atoms and account for the finer details of atomahadviour. From this point, the plan
smoothly transitioned to the quantum model, helgiglents grasp its core principles, such
as electron probability clouds, wave-particle dyatnd the uncertainty principle [36, 37].

Participants

The PSQ method was applied at one section of theei@e Chemistry course for
students in biomedical and pharmacy programs ttuata its effectiveness in enhancing
student engagement and academic performance. T@acenthe results, an additional
section served as a control group, where traditid®@aching method was used. This
comparative approach allowed a clear analysis efrtbw teaching method’s impact on
student engagement, providing valuable insightsitstefficacy.

Participants in the section using the PSQ methoe wesignated as the group under
study (GUS), and those from the section employirggttaditional teaching approach were
classified as the control group (CG).

To ensure consistency and fairness in the compalistween the students of the GUS
and the CG, they were taught using the same swy|adnurse content, and as-assessment
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materials. Moreover, the instructional time all@chtand the learning objectives were
identical across both sections. This uniformity wed that any observed differences in
student engagement or academic performance couddtiifleuted primarily to the teaching
method employed, rather than variations in curtioubr content exposure.

Survey tool

In order to assess the level of engagement in tifiereht studied sections,
a questionnaire was designed and approved by tianese International University
Institutional Review Board (IRB Ref: LIUIRB-250518NZ-409). The questionnaire was
made using Google forms (https://docs.google.cam$) from scratch and not based on
any previous study. The English version of the tjopraire is available as Supplementary
File 1. Therefore, a pretesting phase was requitedas tested with a sample of first-year
undergraduate general chemistry students. Cronbaklgha was used to determine the
internal consistency of the questionnaire wherelaesof 0.826 was obtained, indicating
an acceptable level of internal consistency. TheliEm version of the questionnaire is
provided as Supplementary File 1. Following prétestthe survey was sent by email to
students in section where the PSQ method was ap@ie well as to students in section
using the traditional teaching approach. Of thes@@ents invited to participate in the
survey, 55 responded. Of these, 30 participantsrane the GUS where the PSQ method
was employed, and the other 25 are from the CG.

Ethics approval and consent to participate

This study received ethical approval from the ntibnal Review Board (IRB) at the
Lebanese International University (Ref: LIUIRB-29@5MNZ-409, dated 20 Nov 2023).
Participants in the research study were informetigave their consent, with a commitment
to ensuring the confidentiality and privacy of theformation. The study was conducted in
accordance with national regulations, including lec5294 (April 19, 2001), and adhered
to the ethical standards outlined in the DeclaratibHelsinki [38].

Statistical analysis

Data were analysed by using SPSS version 24.0riptge statistics were reported as
mean and standard deviation, while frequencies perdentages were reported for all
categorical characteristics. Normality was assessaty the Shapiro—Wilk test and visual
inspection of histograms, which indicated deviadidrom a normal distribution; therefore,
the Mann-Whitney U test was employed to comparegtbeip under study (GUS) with the
control group (CG). This non-parametric test isaldi®r analysing the contrasts between
two independent groups, especially when the data ma& follow a normal distribution.

It was used to examine the differences in the patars of the effectiveness of the PSQ
method. The test was conducted with a 95 % confiedavel, meaning the degree of
significance was set at 5 %. If thevalue obtained from the test is less than 0.05,
it indicates that the difference between the twougs is statistically significant. However,
if the p-value is greater than 0.05, it suggests that tleen® substantial variation between
the two groups.
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Results

Survey results

Figure 3 presents the results of the Likert scaleey conducted to assess student
engagement across the two different studied grdtigsh statement in the survey was rated
by respondents on a scale from 1 (Strongly Disagmeb (Strongly Agree), reflecting their
level of agreement with the various statements abmir classroom experience. Figure 3
organises the responses in percentages to highkeht trends and variations in
engagement, offering a clear visual representatfdmow students felt about participation,
and interaction during lessons.

Percentage [%]
0 20 40 60 80 100
1 I 1 I I 1
O Strongly agree
eus+ [] I | o Agreegy "
Statement 1. I think that the teaching strategy O Neutral
adoepted in your class involved active engagement { [ Disagree
cs l l ] I O Strongly disagree
GUS: Group Under Study
CG: Control Group
] cus | [ ]
Statement 2. I feel that I was engaged with the
instructor and my colleagues. (participating in class J’
by asking questions and involved in discussions) L e I ] | I l
e | | |
Statement 3. The discussions held in class helped me ~£r
understand the content of the course more clearly
s s |
s [ [ |
Statement 4. T was motivated to study this course
because of the used teaching technique
co-| [ [ 1 |
Statement 5. I noticed that the teaching strategy sus= I | ] | I
affected my studying period at home. (my studying J’
period was reduced because the information was well L
acquired in class) €G- i I l I l

Fig. 3. The statements used in the Likert scaleeyumwere conducted to assess student engagement
across the two different studied groups. Each st in the survey was rated by the respondents

The results of Likert scale survey provide a cotiipglcomparison between the two
teaching methods, clearly showing that the PSQ adetbstered significantly higher levels
of student engagement than traditional teachindhoaktFor almost all the statements used
in the survey, the PSQ method consistently receivigther ratings, with the majority
(around 90 %) of the responses clustered in theAdgreg) and 5 (Strongly Agree)
categories. The remaining responses were distdbbitween fair or disagree. This
suggests that the interactive nature of the PSChadesuccessfully captured students’
attention and kept them engaged throughout theilegaprocess.

In contrast, the control group section which folemlva more traditional lecture-based
approach, showed a more varied distribution ofaasps. A significant number of students
(around 40 % to 60 %) rated their engagement Biga@ree) or 3 (Neutral), especially for
statements like “l feel that | was engaged with ifstructor and my colleagues”. This
suggests that while the traditional method may hdelvered the content, it did not inspire
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the same level of active participation or enthusi@gnong students. Many likely felt more
passive in their learning experience, which led tower engagement overall.

The contradiction in responses between the two adstihighlights the importance of
the PSQ method, which is mainly a student-centézadhing strategy. The PSQ method
created a more dynamic and engaged classroom amemt, compared to the other section
where the traditional teaching approach may havatribmted to a less engaging
atmosphere.

Table 1 presents the results of the Mann-Whitnagdt used to compare the responses
of students exposed to the PSQ method (GUS) witlsethtaught using conventional
methods (CG). This analysis was conducted to etaludnether there were statistically
significant differences in engagement and percaptietween the two groups. The table
includes the U values and correspondimgalues for each survey statementp#alue less
than 0.05 indicates a significant difference, sstjgg that the observed variation is
unlikely to have occurred by chance.

Table 1
Survey statement Likert scale scores from strodigggree (1) to strongly agree (5) in both studjedips.
Mann-Whitney U test degree of significanbk;size of the population studie§D:. standard deviation;
p-value: degree of significance; GUS: group undedyst CG: control group; Significant finding

Survey statements used to evaluate engagemethG Population Staf‘d?fd
level roup size ) Mean | deviation |p-value
(SD)
Statement 1: | think that the teachstgategy adoptg GUS 30 4.64 0.86 0.0015
in my class involved active engagement CG 25 3.92 0.62 )
Statement 2: | feel that | was engaged with the GUS 30 4.60 1.06
instructor and my colleagues? (participating irssla 0.0010
by asking questions and involved in discussionsg) CG 25 3.72 0.49
Statement 3: The discussions held in class helped BUS 30 4.57 1.11 0.0339
understand the content of the course more clearly CG 25 3.92 0.50 )
Statement 4: | was motivated to study this course GUS 30 4.37 1.19 0.0217
because of the used teaching technique CG 25 3.64 0.72 )
Statement 5: | noticed that the teaching strategy GUS 30 4.40 1.23
affected my studying period at home? (my studying 0.0155
period was reduced because the information was|wellG 25 3.60 0.78 '
acquired in class)

Students background academic record

To compare the academic backgrounds of the studdms Grade Point Averages
(GPAs) were analysed. A GPA is a standardised nicaleneasure that reflects a student’s
average academic performance over a specifiedgerypically calculated on a scale from
0 to 4.0, this metric provides a consistent basisef/aluating prior academic achievement
across diverse educational settings.

An independent samples t-test was conducted to ammihe GPA of students in the
control group (CG) and the group under study (GUSgsults showed a statistically
significant difference in GPA between the two ge(p= —2.191p = 0.031). The negative
t-value indicates that students in the GUS had mifgigntly lower average GPA than those
in the CG group. A lower GPA generally reflects wera academic performance,
suggesting that students in the GUS have enteredctlurse with a lower academic
baseline.
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Students’ academic achievements

Student academic achievements were assessed lygiagahe overall grades of the
students. This included midterm exam, quizzes, #@ed final exam. These aggregated
scores served as indicators of the overall acadgraiformance and comprehension
achieved by the students throughout the course.oleeall grades for both groups are
shown in Figure 4.

100 —

80 —

@
el
|

Overall grade [%]
5
|

204

Fig. 4. Comparison between overall grades obtaineithe group under study (GUS) and the control
group (CG)

Discussions

Impact of the PSQ method on students’ engagementviels

To determine whether the students exposed to ti@ i&hod showed a statistically
significant difference compared to those taughtngisiconventional methods, the
Mann-Whitney U test was employed to compare theugrander study (GUS) with
the control group (CG). The results of the Mann-iny U test are shown in Table 1. For
each survey statement, tpevalue indicated a statistically significant difeice between
the two groups. Alp-values were below 0.05 (see Table 1), this patémesults shows
that students taught using the PSQ method expedeasignificantly different engagement
environment than those taught using traditionalhmés$. This suggests that the observed
improvements in GUS are unlikely to be due to randariation and can be attributed to
the effectiveness of the PSQ teaching approach.

Impact of the PSQ method on students’ academic pexfmance

A comparative analysis of student academic backgisuand course performance
provides evidence supporting the effectiveness bé tPSQ teaching strategy.
An independent samplédest revealed a statistically significant diffecerin GPA between
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the group under study (GUS) and the control gro@f)( This finding indicates that
students in the GUS entered the course with a leaeademic baseline. Despite this
difference, the PSQ method was associated with tableo improvement in student
academic outcomes. As shown in Figure 4, studenthe GUS taught using the PSQ
strategy achieved an average grade of 81.5 %, aeahga 70.5 % for those in the CG,
an 11 % difference. While this improvement may appmodest, it reflects enhanced
learning and comprehension facilitated by the PS&hod. Additionally, the PSQ
approach led to a 17.6 % difference in engagemehvden students and instructors,
supporting its interactive and student-centredneafliogether, these results suggest that the
PSQ strategy not only fosters greater academicopedance but also creates a more
engaging learning environment, making it a prongsimodel for active learning in
biomedical and pharmacy education.

Comparing the PSQ strategy to other active learningechniques

To enhance student performance and engagementeirclassroom, a variety of
modern and innovative active learning strategies iacreasingly incorporated [39-41].
These include the flipped classroom model [42, 43ke studies, group work, and other
interactive methods [44-46]. Such approaches hadetb a notable improvement in
students’ understanding and retention of infornmgtincreased engagement and motivation
in the classroom, and enhanced communication skills

One of the most adopted techniques is flipped adasss since it showed a significant
increase in student engagement, retention of irdtion and effectiveness in class time
[47-49]. This approach reverses the traditionath@sy by having students review pre-
recorded lectures at home, dedicating class timeprtiblem-solving and interactive
activities. The outcomes of this method showed owpments in test scores ranging from
10 % to 20 % and an increased student-student tadérg-instructor interaction of 20 %
due to the extra time in class [47]. Although thisdern strategy showed an increased
interest over the years, one of the most challengspects, is that it requires extra efforts
from instructors in preparing pre-recorded lecturedich are more time consuming
compared to traditional teaching strategies [50préddver, both students and educators
need access to advanced technologies and applisatiosimple comparison between the
PSQ approach and flipped classroom model showedasinesults in terms of student
engagement and grades enhancement. The PSQ me#madyed to reach a difference in
students’ test scores by 11 % (10 % to 20 % condperdlipped classroom) and 17.6 %
engagement difference (flipped classroom 20 %).es€hfindings indicate that without
extra class time and advanced applications anchtdapies, the PSQ method was able to
generate acceptable outcomes compared to thatipdefl classrooms, indicating its
efficiency as an active learning model.

Study limitations

This study has several limitations that should tiemawledged. First, the research was
conducted at a single institution (Lebanese Int&nal University) with one cohort of
undergraduate students in the biological and chardiepartments. This context specificity
may limit the generalisability of the findings, @sults may not readily extrapolate to other
universities, disciplines, or student populations.
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Second, the sample size was relatively small, witfotal of 55 student participants
(30 in the PSQ group and 25 in the control grodp)is modest number of participants
reduces the statistical power of the analyses amgy Iimit the robustness of the
conclusions. A larger sample would be needed teeage confidence in the effect sizes
observed and to ensure that the results are repatise of broader student populations.

Third, the implementation of the PSQ method wasrilesd in detail for only a single
chapter (the quantum mechanical model) in this egdthough the PSQ pedagogy was
applied throughout the entire general chemistryramufocusing the description on one
chapter provides only a narrow illustration of #pproach. As a result, readers gain insight
into the PSQ method’s use in that one context, that paper does not showcase its
application across multiple topics. This limitationay restrict understanding of the
method’s full scope and versatility.

Finally, the survey instrument used to measure estugngagement was a novel
qguestionnaire developed specifically for this studgther than an existing validated
instrument. While this custom survey demonstrat@geptable internal consistency
(Cronbach’sa = 0.826), the lack of prior external validationtrgduces uncertainty
regarding its overall validity and reliability. Tiedore, findings related to student
engagement should be interpreted with caution gitle invalidated nature of the
measurement tool.

Conclusion

This study demonstrates that the Pedagogy of Ssiseefuestions (PSQ) is an
effective active-learning strategy for General Clem students in biomedical and
pharmacy programs. Despite beginning the coursh wilower average GPA than the
control group, students in the PSQ section repasigaificantly higher engagement on all
survey items and achieved an 11 % higher overalisspaverage than peers taught using
traditional methods.

The structure of PSQ appears central to these meatso The interrogation phase
begins with simple, familiar questions that mosidsints can answer, lowering anxiety and
normalising participation. The evaluation phasevjgtes the instructor with real-time
evidence of students’ prior knowledge and miscotiogp, enabling targeted clarification
of challenging topics such as the quantum mechanicael. Finally, the junction phase
explicitly links existing conceptions (e.g. the Bahodel) to more abstract quantum ideas
and encourages further student questioning, supgateeper conceptual understanding.

Together, these three stages create a coheremstjaqudriven learning trajectory that
keeps students engaged, which likely underpin®biserved gains in both engagement and
academic achievement. The PSQ method thus offezasible, low-technology alternative
to other active-learning approaches while still darcing meaningful improvements in
chemistry learning.

Future directions

The pedagogy of successive questions will be implged across various sections at
the Lebanese International University (LIU) on@mpuses throughout Lebanon to assess
its efficiency on a larger scale. The aim is toleate its effectiveness in enhancing student
learning outcomes, engagement, and overall teachipglity. This large-scale
implementation will permit collecting extensive daand insights, enabling a thorough
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assessment of the pedagogy’s performance acrossisa@nvironments. The future work

will aid in refining the pedagogy based on the ectibd data, addressing any identified

limitations.
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