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Abstract

This study examines the common challenges and misconceptions pre-service
teachers face in understanding redox reactions within electrochemistry. It also
explores the effects of different instructional methods, comparing traditional
lecture-based approaches with innovative strategies like problem-based learn-
ing. The study utilized a mixed methods approach, incorporating both quali-
tative and quantitative data. This methodology is effective in improving infer-
ences and minimizing bias associated with single-method studies. The study
aimed to address pre-service teachers’ challenges in redox reactions by using
a mixed method sequential explanatory design. This design involved first col-
lecting and analyzing quantitative data, followed by qualitative data collection
and analysis. The purpose of this design was to use qualitative findings to clar-
ify and interpret quantitative results. In the quantitative phase, a diagnostic
test for reduction-oxidation reactions (RORDT) was administered to identify
and categorize challenges, followed by a questionnaire. The qualitative phase
involved one-on-one interviews to explore the reasons behind these chal-
lenges. This approach was specifically tailored to study and find solutions for
common redox reaction challenges among pre-service teachers in Ghana’s
Colleges of Education. After the quantitative analysis, students with various
performance levels were interviewed to gain deeper insights into their reason-
ing. This study identifies the common difficulties in writing chemical equa-
tions, comprehending half-reactions, and the functions of salt bridges. Con-
tributing factors to these misconceptions include language barriers, rote
learning, and inadequate foundational knowledge coupled with ineffective
teaching strategies. The findings underscore the importance of constructivist
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theories in addressing these educational challenges, emphasizing active learn-
ing, collaboration, and reflective thinking to enhance comprehension. This study
contributes to the development of pedagogical content knowledge among chem-
istry educators, aiming to improve teaching practices and student outcomes
in electrochemistry.

Keywords

Electrochemistry, Instructional Methods, Problem-Based Learning,
Pedagogical Content Knowledge

1. Introduction

Reports indicate consistent underperformance in redox reactions among stu-
dents. Pre-service teachers also show significant misunderstandings, impacting
their teaching effectiveness and, consequently, their students’ understanding.
The purpose of this study is to investigate the common challenges and miscon-
ceptions encountered by pre-service science teachers in learning redox reactions
within the broader context of electrochemistry. Additionally, the study aims to
evaluate the effectiveness of innovative instructional strategies, such as problem-
based learning, in addressing these challenges and improving overall comprehen-
sion and performance.

The study was guided by the following objectives.

Identify and classify common challenges in learning redox reactions and eval-
uate their impact on both teaching practices and students’ understanding of the
concept as well as determining strategies to address and mitigate the effects of
these challenges in teaching and learning redox reactions.

The significance of this study lies in its potential to enhance the quality of chem-
istry education by identifying and addressing the prevalent challenges and mis-
conceptions in redox reactions among pre-service science teachers. By exploring
effective instructional strategies, such as problem-based learning, the study aims
to improve teaching methods, foster deeper understanding, and ultimately elevate
student performance in electrochemistry. This study could contribute to the de-
velopment of more effective pedagogical approaches, thereby strengthening the
overall educational framework in chemistry and preparing future teachers to de-
liver higher-quality instruction.

Understanding electrochemistry, especially redox reactions, is challenging for
pre-service science teachers. Traditional teaching methods often fail to address
common challenges and misconceptions. This study explores these mistakes and
examines the effectiveness of innovative strategies, such as problem-based learn-
ing, to improve comprehension and performance in electrochemistry through the
following questions:

What are the most prevalent challenges and misconceptions among pre-service
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science teachers in understanding and balancing redox reactions in electrochem-
istry?

Which innovative teaching strategies, such as problem-based learning, are most
effective in addressing and mitigating these challenges and misconceptions in the

learning of electrochemistry?

1.1. Common Challenges and Misconceptions

Research has identified several areas of difficulty for students learning redox re-
actions. These include writing chemical equations, understanding oxidation and
reduction half-reactions, the role of salt bridges, and balancing redox processes
involving H,O, H*, and OH' ions.

Factors Contributing to Misconceptions

Misconceptions in electrochemistry can stem from language barriers, rote
learning approaches, a lack of foundational knowledge, and ineffective instruc-

tional strategies.

1.1.1. Teaching Methods and Their Impact

Traditional lecture-based methods have predominantly been used but have
proven insufficient. Innovative instructional approaches such as problem-based
learning (PBL), which emphasize critical thinking and problem-solving, show

promise for enhancing comprehension.

2. Constructivism Theory

Constructivism, despite its varied interpretations, serves as the core learning the-
ory for this study. It emerged as a response to the limitations of the stage model
of cognitive development, stressing the importance of enabling students to con-
struct and comprehend concepts rather than simply receiving transmitted infor-
mation (Allen et al., 2002; Osborne, 1996). According to Hein (1991), individuals
actively generate knowledge, perceiving learning as a student-centered process
where learners make sense of concepts through engagement and experience (Tetz-
laff, 2009). This perspective encourages learners to use their personal experiences
and perspectives to interpret concepts, moving away from rote memorization and
teacher-centered approaches (Tan, 2017).

Constructivism highlights the importance of active participation, constructive
and complex learning processes, contextual understanding, collaborative learning
environments, and reflective thinking (Tetzlaff, 2009). Knowledge is constructed
through interactions with the environment and the meaningful processing of new
information (Hein, 1991; Taber, 2011). Jones and Brader-Araje (2002) assert that
constructivism fosters student ownership of learning, positioning teaching as a
facilitative process that supports the construction and reconstruction of knowledge.
This approach emphasizes the significance of learners’ cognitive structures and
their active role in making sense of new experiences (Taber, 2011).

In summary, constructivist learning theories are valued for their focus on
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students’ active roles in constructing meaning, the importance of meaningful
learning experiences, and active learner engagement (Jones & Brader-Araje, 2002).
Luong & Kim (2022) characterize constructivism by key elements such as active
meaning-making through interaction, cognitive engagement through challenges,
collaboration to construct meaning, and reflection to refine understanding in au-

thentic contexts as shown in Figure 1.

Figure 1. Students Active roles in constructing meaning (Luong & Kim, 2022).

2.1. The Concept of Reduction-Oxidation Reactions

Redox reactions have been historically explained through four models: the oxygen
model, the hydrogen model, the electron model, and the oxidation number model,
which are essential for contemporary chemistry education (Adu-Gyamfi et al.,
2019).

1) Oxygen Model: Initially proposed by Stahl’s phlogiston theory and later re-
fined by Lavoisier, this model describes oxidation as the combination of oxygen
with other elements.

2) Hydrogen Model: Defined by Liebig, this model describes oxidation as the
loss of hydrogen atoms.

3) Electron Model: Based on Faraday’s ion theory, this model explains oxidation
as the loss of electrons and reduction as the gain of electrons.

4) Oxidation Number Model: Introduced by Lewis, this model uses shared elec-
tron pairs in covalent bonds to determine oxidation states, with oxidation involv-
ing an increase in oxidation number.

Balancing redox reactions can be achieved using the half-reaction method or
the oxidation number method as illustrated in Figure 2. In acidic media, oxygen
atoms are balanced with H,O, and hydrogen atoms with H*. In basic media, OH"

ions neutralize H* ions to form H,O molecules (Qiang et al., 2003).
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Energy released by spontaneous redox Electrical energy is used to drive
reaction is converted to electrical energy. nonspontaneous redox reaction.
Oxidation half-reaction: Oxidation half-reaction:
Y—-Y+e 17" —>7Z+e
Reduction half-reaction: Reduction half-reaction:
7" +e — 7 Y'te—Y

Overall cell reaction:
Y+Z — Y'+Z (G <0)

Overall cell reaction:
Y'+Z — Y+Z (G > 0)

Figure 2. Oxidation-reduction cell. (Qiang et al., 2003).

2.1.1. Pedagogical Content Knowledge (PCK) in Chemistry
Shulman (1986) introduced the concept of Pedagogical Content Knowledge
(PCK), which integrates subject matter expertise and teaching skills, enabling
teachers to effectively convey content to students. PCK involves understanding
the best ways to present content, catering to diverse student needs and abilities
(Padilla & Van Driel, 2011).
Components of PCK
e Pedagogical Knowledge: This involves teaching processes and practices, such
as classroom management, lesson planning, and student evaluation (Mishra
& Koehler, 2006).
e Content Knowledge: This encompasses the subject matter to be taught.
Wongsopawiro et al. (2017). PCK evolves from teaching experience, knowledge
of specific issues, and familiarity with curriculum materials (Padilla & Van Driel,
2011).
Effective Teaching with PCK
PCK helps teachers adapt content for diverse students, aiding meaningful
knowledge construction (Mishra & Koehler, 2006). Effective teachers possess
strong PCK, enabling them to analyze students’ understanding, create exploratory

activities, and facilitate discussions (Adu-Gyamfi et al., 2018).

2.2. Challenges in Teaching and Learning Redox Reactions

Numerous studies have highlighted the conceptual challenges students face in

learning redox reactions (Adu-Gyamfi et al., 2018, 2019). Sensory learners
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particularly struggle with theoretical and equation-based explanations in chemis-
try (Felder, 1993). Students often find it difficult to transition between macro-
scopic and microscopic understandings of chemical concepts and to grasp that
oxidation and reduction reactions occur simultaneously (Osterlund & Ekborg,
2009).

The sequence in which topics are presented in textbooks can also contribute to
these difficulties, as some concepts do not build sufficiently on each other (Ali,
2012). Additionally, while students can identify reducing agents easily, they often
struggle to recognize oxidizing agents, sometimes incorrectly identifying com-
pounds like water as the oxidizing agent (Osterlund & Ekborg, 2009).

2.2.1. Teaching and Learning Strategies

Learning involves cognitive, physical, and affective processes, with depth referring
to understanding, manipulating, applying, and communicating knowledge (Ma-
torevhu, 2022). Constructivist theories emphasize active student involvement in
building meaning through interaction with texts, the environment, and social
contexts (Wilson & Peterson, 2006).

Constructivist instructional strategies that emphasize interactivity and engage-
ment are most effective for facilitating behavior change (Allen et al., 2002). Teach-
ing strategies should be diverse, including guided conversation, group work, and
problem-based learning, to support effective learning. Adapting teaching tactics
to fit students’ learning strategies can reduce difficulties and improve understand-
ing (Adu-Gyamlfi, 2016).

2.2.2. Participatory Learning

The participatory approach involves participants in planning, executing, reflect-
ing on activities, and evaluating outcomes, fostering local content inclusion in les-
sons (Greenwood, Whyte, & Harkavy, 1993). Participatory learning emphasizes
teamwork and group involvement, enhancing pedagogical knowledge and assess-
ment expertise (Adu-Gyamfi et al., 2019).

Participatory learning bridges theory and practice through practicality, collab-
oration, reflection, and intentionality (Trauth-Nare & Buck, 2011). It values all
opinions, promotes collaboration, and prevents instructional planning from being
solely developer-driven (Johnson, 2013). This method fosters peer learning, en-
hances understanding, and generates new ideas for lesson plans, leading to higher

satisfaction and effective concept learning (Ainscow, 2005; Chan, 2010)

2.3. Recent Newman'’s Data

Since the early 1980s, the Newman approach to challenge analysis has gained pop-
ularity. This method involves interviewing individual students and categorizing
their challenges based on the Newman hierarchy. In Malaysia, the Newman method
found that over 90% of challenges by Grade 7 students were related to understand-
ing or transformation (Faulkner & Kent, 2001).

Participatory learning, emphasizing the selection of strategies and reflection for
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effective instruction, aligns with constructivist learning theory, which posits that
knowledge is constructed through interaction with concepts, reflection, and the
environment (Pain et al., 2011; Hein, 1991; Lowenthal & Muth, 2008). Effective
instruction combines student-centered and teacher-directed approaches, with so-
cial interactions playing a crucial role in enhancing learning (Taber, 2011; Tetzlaff,
2009). Understanding and preventing challenges is vital, with Newman identify-
ing five types: reading, comprehension, transformation, process skills, and encod-
ing challenges (White, 2010). The Newman procedure aids teachers in identifying
and correcting these challenges (Sumule et al., 2018). Electrochemistry, a critical
topic in high school chemistry, includes oxidation-reduction processes, redox ti-
trations, electrochemical cells, and corrosion, posing significant challenges for
pre-service science teachers. Common challenges and misconceptions include dif-
ficulties in writing chemical equations, understanding oxidation and reduction
half-reactions, and balancing redox reactions involving H,O, H*, and OH, often
due to language barriers, rote learning, and ineffective instructional strategies.
While traditional lecture-based methods predominate, innovative approaches like
problem-based learning (PBL) show promise for enhancing comprehension and

retention of electrochemical concepts.

2.3.1. Population

The study focused on six Colleges of Education in Ghana, categorized into five
zones: AshBa, CentWest, EaGa, Volta Region, and Northern Region. These col-
leges, designated as science colleges, include General Chemistry in their curricu-
lum, which covers topics such as redox reactions. The participants of the study
were Level 200 students, as redox reactions are taught during the second semester
of their second year.

The accessible population consisted of 1211 pre-service teachers who were
studying Chemistry as an elective. These students were also majoring in various
subjects, including Primary Education, JHS Education, Early Grade Education,
and Home Economics Education. Enrolment figures were obtained from the Ac-

ademic Affairs offices of the selected colleges and confirmed by chemistry tutors.

2.3.2. Sample and Sampling Techniques
The entire accessible group of 1211 pre-service teachers were selected as the sam-
ple through the stages below:

Stage One: Purposive sampling selected six colleges from the 46 Colleges of
Education in Ghana, affiliated with the University A and offering chemistry as an
elective.

Stage Two: Purposive sampling selected specific levels from the chosen col-
leges, focusing on those studying the mole concept and redox reactions.

Stage Three: Purposive sampling selected two respondents from each college,
for interviews based on test results, choosing those who scored extremely high or
low marks (Garbo et al., 2023).

The results are shown in Table 1 below:
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Table 1. The number of science colleges that were selected and the number of students

sampled.
ZONE NAME OF SELECTED NUMBER OF STUDENTS
COLLEGEOF EDUCATION  OFFERING GENERAL CHEMISTRY
A 288
ASHBA
B 123
C 269
CENT WEST
D 302
EGA E 217
VOLTA F 12
Total 1211

Source: Colleges’ Academic Affairs Offices (2023).

2.4. Instrumentation Overview

Primary research instruments: tests, questionnaires, and interviews.

Reduction-Oxidation Reaction Diagnostic Test (RORDT)

The Reduction-Oxidation Reaction Diagnostic Test (RORDT) is a standardized
assessment designed to identify and address difficulties in understanding redox
reactions. This test evaluates participants’ struggles with the concept and suggests
potential remedies. The scoring of the RORDT is consistent with the method used
for end-of-semester exams at the Institute of Education, University A.

The development of the RORDT involved a thorough process, including plan-
ning, preparation, review, revision, and validation to ensure alignment with the
chemistry curriculum at the Colleges of Education (Kubiszyn & Borich, 2024). To
guarantee its consistency and effectiveness in measuring the intended constructs,

the test was piloted with a sample of pre-service teachers.

2.4.1. Questionnaire (Adapted Newman Hierarchical Challenge Model)
The questionnaire, adapted from the Newman Hierarchical Challenge Model, was
designed for data collection during the quantitative phase of the study. It included
both open-ended and closed-ended questions to measure specific variables, as
outlined by Baburajan et al. (2020). The model was tailored to fit the context of
Ghanaian Colleges of Education.

The questionnaire was divided into three sections: the first gathered demo-
graphic information, the second focused on items related to redox reactions, and
the third sought pre-service teachers’ suggestions on effective teaching methods
as shown in Table 2. A 5-point Likert scale was utilized for its proven reliability
and validity in analysis, as supported by de Rezende and de Medeiros (2022) and
Sullivan & Artino (2013). The increased number of points on the scale enhances
its reliability and validity.

Organization of the Research Instrument
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Table 2. Research questionnaire.

SECTION CONTENT NUMBER OF ITEMS
A Demographic data of respondents 4
B Questions on redox reactions 14

Suggestions from pre-service teachers on how tutors
should teach the concepts of mole and redox reaction

2.4.2. Interview Protocols

Semi-structured interviews were conducted to gather detailed and in-depth re-
sponses from pre-service teachers. These interviews, lasting between 15 and 20
minutes, focused on predetermined questions aligned with the study’s research
questions (Lapan et al., 2011). The sessions were designed to be flexible and inter-
active, allowing for the capture of rich, contextually relevant data (Adams, 2015).
The data collected were manually transcribed and subsequently verified with the

respondents to ensure accuracy.

2.5. Validity and Reliability

Test Validity and Reliability: The KR-20 coefficient was used to assess reliability,
with a value of 0.70 indicating strong internal consistency (Pallant, 2020). Tests
were reviewed by experts and piloted to ensure validity.

Questionnaire Reliability: Cronbach’s alpha coefficient for the questionnaire
was 0.808, indicating good reliability (Jayaraman & Ghazali, 2023; Merriam &
Tisdell, 2009).

2.5.1. Pre-Testing of Questionnaire and Test
Administered to a sample of 30 pre-service teachers to identify and assess chal-
lenges, with reliability checked using Cronbach’s alpha coefficients of 0.808 and
0.871 for the questionnaire and test, respectively.

2.5.2. Data Collection Procedures
Data were collected from 1200 pre-service teachers at six colleges. Procedures in-
cluded obtaining consent, briefing participants, and ensuring accurate data col-

lection through tests, questionnaires, and interviews.

2.6. Qualitative Data Transcription

Data from interviews were transcribed and coded for accuracy. Respondent vali-
dation ensured data authenticity (Creswell & Miller, 2000).

Quantitative Data Collection and Analysis
Quantitative data were gathered and analyzed using SPSS. Various statistical tech-
niques (mean, standard deviation, factor analysis, regression) addressed research

questions and tested hypotheses regarding challenges in learning redox reactions.

2.7. Ethical Considerations

Ethical integrity was maintained by obtaining permissions, ensuring voluntary
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participation, and safeguarding anonymity and confidentiality (Sharma et al.,
2022).

3. Results and Discussion

The study focused on understanding and improving pre-service teachers’ grasp of
redox reactions. It aimed to identify common challenges, categorize these chal-

lenges, assess their impact on learning, and suggest remedies.

Presentation of Results and Interpretation

Research Question One: Prevalent Challenges and Misconceptions Among Pre-
service Science Teachers in Understanding and Balancing Redox Reactions
Objective 1:
e The study identified challenges through responses to items designed based on
existing literature on redox reaction challenges.
e Responses were analyzed using mean and standard deviation on a five-point
Likert scale (1 = strongly disagree to 5 = strongly agree).
e A mean score above 3.0 indicated agreement with the statements regarding
challenges, while below 3.0 indicated disagreement or neutrality.
The results, summarized in Table 3, provided insights into common student

challenges in learning redox reactions based on the collected data.

Table 3. Students’ challenges in learning redox reactions.

Challenges Mean Std. Deviation
Difficulties in solving problems without the use of formulae 3.17 1.412
Difficulty reading problems involving oxygen, hydrogen,

electron, and oxidation number models 3.33 1.324

Don’t know that reduction and oxidation reactions happen
. 3.27 1.241

concurrently, I thought they are mutually exclusive

Difficulty in understanding what the question is asking for,

whether loss or gain of hydrogen, loss or gains of oxygen, loss or  3.20 1.288
gain of electron and decrease or increase of oxidation number
I have the notion that oxygen always plays a role in
reduction—oxi}(liition rea};tir())ny 331 1.363
I have no problem recognizing reducing agents but struggle to 2.92 1303
recognize oxidation agents
I have no problem recognizing oxidation agents but struggle to 2.97 1.293
recognize reducing agents
I believe that an oxygen atom in a molecule or a complex like
water causes oxidation, hence, I refer to the molecule as the 3.21 1.318
oxidizing agent
Difficulty in identifying what to be used in solving the question 376 1193
involving the four oxidation-reduction models
Difficulty in showing working steps in writing half-reaction for 3.5 1320
the equations
Difficulty in writing the overall balanced equations 2.89 1.547
Field survey, Michael Owusu (2023).
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Summary of Findings from Table 3.
Students’ Agreement on Challenges:
Students reported difficulties with several aspects of redox reactions:
¢ Difficulty in reading problems involving oxygen, hydrogen, electrons, and ox-
idation number models (M = 3.33, SD = 1.324).
e Misunderstanding that reduction and oxidation reactions occur simultane-
ously, not mutually exclusively (M = 3.27, SD = 1.241).
e Difficulty in interpreting questions about the loss or gain of hydrogen, oxygen,
electrons, and changes in oxidation numbers (M = 3.20, SD = 1.288).
o Belief that oxygen always plays a role in redox reactions (M = 3.31, SD = 1.363).
e Misconception that oxygen causes oxidation and refers to the molecule as the
oxidizing agent (M = 3.21, SD = 1.318).
e Challenges in identifying the appropriate model for solving redox questions
(M =3.76, SD = 1.193).
o Difficulty in showing working steps for writing half-reactions (M = 3.52, SD =
1.320).
Students’ Disagreement on Challenges:

Students disagreed with statements about:

Problems recognizing reducing agents but not oxidation agents (M = 2.92, SD
=1.303).

Problems recognizing oxidation agents but not reducing agents (M = 2.97, SD
=1.293).

Difficulty in writing overall balanced equations (M = 2.89, SD = 1.547).

Common challenges included challenges with reading and interpreting redox
reactions, misconceptions about the role of oxygen, and difficulty in identifying
the correct models and showing working steps.

Interviews further elaborated on these challenges.

S1 In redox reactions, I struggle to understand what the question is asking, par-
ticularly whether it s about the loss or gain of hydrogen, oxygen, electrons, or the
Increase or decrease in oxidation number. Aside from that, I think I m okay.

S2 I know the four models of redox, but I have difficulty identifying which to
use when solving questions involving these models, which I think is my biggest
problem with redox.

S$3 When a question asks for a half-reaction equation in redox, I always have
difficulty showing the working steps for writing the half reaction. Sometimes I
guess correctly, but I car’'t explain how I arrived at it.

S4 Regarding redox reactions, I don’ t remember what the teachers taught us in
high school or what the topic entails, especially about oxidizing and reducing
agents.

S5 I have difficulty figuring out what to use when solving questions involving
the four oxidation-reduction models. It s not my fault, we didi’ t have a chemistry
teacher in high school until a National Service Person taught us in our final year,
but not in detail.

S6 I wasn't taught redox reactions in high school, so I relied on my own
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readings. I first heard about the four redox models here in college. Therefore, I
struggle with identifying which model to use for solving questions.

87 I believe oxygen is always present in redox reactions. Whenever I read a
question and don't see oxygen, I don’t recognize it as a redox reaction question.

S8 Some challenges I make in redox reactions include difficulty showing the
working steps for writing half reactions and trouble reading the problem to un-
derstand what the question demands.

S9 My only challenge in redox is showing the step-by-step process for writing
half reactions.

S10 The challenges I make in redox reactions stem from difficulties reading the
problem and understanding what the question demands. I don't really grasp the
meaning when I read the question.

S11 For me, redox is a very complicated topic in chemistry because I didn’t
know that reduction and oxidation reactions happen simultaneously; I thought
they occurred at different times.

S12 Reading the redox question for understanding isn't a problem for me. The
issue is identifying what s needed to solve the problem, which is my biggest chal-
lenge.

Summary of Interview Responses and Categorizations

Interview Responses:

Pre-service teachers reported:

e Struggles in systematically writing redox half-equations and overall equations.

¢ Difficulty understanding whether questions involve the loss or gain of oxygen,
hydrogen, or electrons.

e Challenges in identifying the appropriate oxidation-reduction model to use for
solving questions.

These findings are consistent with the quantitative data results.

Categorizations of Challenges

Objective 2: Identify possible categorizations of challenge in learning redox re-
actions.

Method: Responses were analyzed using exploratory factor analysis (EFA), suit-
able for identifying structural patterns in challenge categorizations.

Approach: Principal axis factor analysis with Oblimin (oblique rotation) was
used for examining the component correlation matrix.

Data Analysis: EFA was conducted on 14 items assessing challenge made by

students in understanding redox reactions.

Table 4. KMO and Bartlett’s Test for possible categorizations of challenge of students in
learning redox reactions.

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.715
Approx. Chi-Square 3078.566
Bartlett’s Test of Sphericity Df 45
Sig. 0.000
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Table 5. Total Variance Explained for possible categorizations of challenge of students in learning redox reactions.

Total Variance Explained

Component

N U W N

. . Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues . .
Loadings Loadings
% of  Cumulative % of  Cumulative % of Cumulative

Total . Total . Total .

Variance % Variance % Variance %
3.334  33.342 58.342 3.334  33.342 58.342 2.274  22.739 22.739
1.447  14.467 72.808 1.447  14.467 72.808 1.956 19.563 42.302
1.163 11.628 84.436 1.163 11.628 84.436 1.713 17.134 59.436
1.001  10.013 93.448 1.001 10.013 93.448 1.114 11.645 93.448
0.781 7.806 96.254
0.682 6.824 98.078
0.312 3.122 100.000

Extraction Method: Principal Component Analysis.

Summary of Exploratory Factor Analysis and Challenge Impact Analysis
Exploratory Factor Analysis (EFA):
Kaiser-Meyer-Olkin Measure: KMO = 0.715, indicating adequate sampling for
factor analysis (Beavers et al., 2019).
Bartlett’s Test: Significant (0.000), confirming that the assumption of spheric-
ity was met. Eigenvalues: Four challenge categorizations had eigenvalues above
1, explaining 93.448% of the variance.
Variance Explained: First categorization = 33.342%, Second = 14.467%, Third
= 11.628%, Fourth = 10.013%.
Monte Carlo PCA for Parallel Analysis: Confirmed the four-challenge catego-
rization solution with the same accumulated variance, validating the structure.
Challenge Impact Analysis
Objective 3:
Objective: Identify which challenges significantly contribute to difficulties in

learning redox reactions.

Method: Responses on challenge impact were analyzed using multiple regres-

sion, which assessed the influence of various predictor challenges (comprehen-

sion, transformation, process skills, encoding) on the criterion variable (redox re-

actions).

Assumptions Checked: Normality and linearity assumptions were verified prior

to regression analysis (see Figure 3).

Summary of Regression Analysis Preparation
Linearity and Normality: A straight normal probability plot, as described by
Pallant (2020), indicates that the data meet the assumptions of linearity and
normality.
Regression Analysis: Since the assumptions were satisfied, performing a mul-

tiple regression test was appropriate.
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e Results: Tables 4-9 present the results identifying the challenges that most sig-

nificantly contribute to students’ difficulties in learning redox reactions.

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: predictors

1.0

0.8

0.6

0.4

Expected Cum Prob

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Observed Cum Prob

Figure 3. Diagnostic Test of Normality and Linearity.

Table 6. Correlations analysis of redox reaction challenges.

REDOX REDOXCOM REDOXTRANS REDOXE REDOXP

REDOX 1.000 0.604 0.429 0.550 0.720
REDOXCOM  0.604 1.000 0.187 0.167 0.428
Pearson
" REDOXTRANS 0.429 0.187 1.000 0.427 0.245
Correlation
REDOXE  0.550 0.167 0.427 1.000 0.744
REDOXP  0.720 0.428 0.245 0.744 1.000
REDOX . 0.000 0.001 0.000 0.000
REDOXCOM  0.000 . 0.097 0.123 0.001
Sig.
'8 REDOXTRANS 0.001 0.097 . 0.001 0.043
(1-tailed)
REDOXE  0.000 0.123 0.001 . 0.000
REDOXP  0.000 0.001 0.043 0.000

Table 7. Model summary of multiple regression analysis.

Model Summary®

Change Statistics

R Adjusted Std. Challenge

Model R i
¢ Square R Square of the Estimate R Square F Change dfl df2 Sig. F
Change Change
1 0.824* 0.679  0.650 4.68874 0.679 23.758 4 1195 0.000

a. Predictors: (Constant), REDOXP, REDOXTRANS, REDOXCOM, REDOXE; b. Depend-
ent Variable: REDOX.
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Table 8. ANOVA table for multiple regression analysis.

ANOVA*
Model Sum of Squares Df Mean Square F Sig.
Regression 2089.207 4 522.302 23758  0.000°
1 Residual 989.293 1195 21.984
Total 3078.500 1199

a. Dependent Variable: REDOX; b. Predictors: (Constant), REDOXP, REDOXTRANS, RE-
DOXCOM, REDOXE.

Table 9. Coefficients table for multiple regression analysis.

Coefficients®
Unstandardized Standardized .
) ) Correlations
Coefficients Coefficients .

Model std T  Sig.

) Beta Zero-order Partial Part
Challenge

(Constant) 19489  2.755 7.073 0.000
REDOXCOM 1.232 0.355 0.343 3.470 0.001 0.604 0.459 0.293
1 REDOXTRANS 1.179 0.487 0.233 2.423 0.019 0.429 0.340 0.205
REDOXE 0.133 0.858 0.022 0.155 0.878 0.550 0.023 0.013
REDOXP 1.404 0.410 0.499 3.424 0.001 0.720 0.455 0.289

a. Dependent Variable: REDOX. Redox = 19.489 + 0.343 (REDOXCOM) + 0.233 (REDOX-
TRANS) + 0.022 (REDOXE) + 0.499 (REDOXP)

Summary of Regression Analysis Results

e Opverall Model Significance: The regression model is significant (F = 23.758, p
< 0.05), showing that the independent variables (comprehension, transfor-
mation, process skills, and encoding) are influential in predicting challenge in
redox reactions.

e Model Explanation: The model explains 67.9% of the variance in redox reac-
tions (R* = 0.679), with a correlation of 0.824 between the challenges and redox
reactions.

e Significant Predictors: Comprehension challenges (p = 0.001), transformation
challenges (p = 0.019), and process skills challenges (p = 0.001) are statistically
significant predictors. Process skills challenges have the highest impact (8 =
0.499), followed by comprehension challenges (= 0.343) and transformation
challenges (5 = 0.233).

Influence of Challenges: Process skills challenges are identified as the most sig-
nificant predictor of difficulties in learning redox reactions.
According to Table 10, the challenges have a weak negative and statistically

insignificant effect on learning redox reactions (r = —0.026, p > 0.05).

Responses from the oral interviews regarding the extent to which challenges
affect pre-service teachers’ learning of redox reactions were gathered through dis-

cussions with them. The summarised responses are as follows:
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Table 10. Students’ challenge influencing learning of redox reaction.

Correlations

TOTALSCORE REDOX
Pearson Correlation 1 -0.026

Challenge Sig. (2-tailed) 0.360

N 1200 1200

Pearson Correlation -0.026 1
REDOX Sig. (2-tailed) 0.360
N 1200 1200

S1 I consistently make mistakes with my final calculations and the overall bal-
anced equation because I struggle to understand what the question is asking, es-
pecially regarding the loss or gain of hydrogen, oxygen, electrons, and changes in
oxidation numbers.

S2 Although I am familiar with the four redox models, I have difficulty identi-
tying which one to use when solving problems involving these models.

83 I frequently get the overall balanced equations incorrect. I also face chal-
lenges in demonstrating the working steps needed to write half-reactions for re-
dox equations.

S4 I lack interest in redox reactions and don’t recall anything about oxidizing
and reducing agents.

S5 1 rarely practice redox exercises independently because I have trouble deter-
mining which methods to use for solving questions related to the four redox mod-
els.

S6 I rely on my limited knowledge to solve redox questions, as I struggle to
Iidentity the correct approach for the four redox models.

S7 I don't believe challenges negatively impact my learning of redox reactions.
Although I understand that oxygen is typically present in redox reactions, I disre-
gard questions without oxygen as not being related to redox reactions.

S8 I often make challenges with the overall balanced equations due to difficul-
ties in showing the working steps for writing half-reactions.

S9 My difficulty in demonstrating step- by-step working for half-reactions leads
to incorrect overall balanced equations.

$10 My results are often incorrect because I have trouble understanding what
the problem is asking.

S11 I struggle to identify both oxidation and reduction agents in a single reac-
tion because I mistakenly thought reduction and oxidation occur at different
times.

S12 Although my final equations might be correct, they are often unbalanced
due to my general inability to balance chemical equations.

Summary of Interview Findings and Remedies

Interview Findings: Most pre-service teachers struggled with identifying appro-

priate methods for solving redox reaction questions and showing working steps
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for half-reactions. These challenges affected their ability to write final balanced
equations. This contrasts with quantitative data, which did not show a significant
impact of these challenges on learning.

Research Question Two: Innovative Teaching Strategies to Address and Miti-
gate Challenges and Misconceptions in Learning Electrochemistry.

Remedies:

Objective: To gather suggestions on how to improve the teaching of redox re-
actions.

Method: An open-ended and closed-ended questionnaire was distributed to
1200 students, with 1197 responding.

Analysis: Responses were categorized and analyzed for frequency and percent-
age to identify common suggestions for improving redox reaction teaching.

Findings: Detailed in Table 11.

Table 11. Redox reaction.

Opinions Number of Percentage
students
Redox must be taught using real life explanations rather than
book knowledge. o 76
I think doing laboratory work will foster better understanding
- . . 301 25.1
rather than just theory which always do not yield good results
Students should be made to do peer collaborative work when it
comes to learning of redox reaction. This leads to sharing of 143 11.9
ideas among students, and I think it will produce better
understanding.
Students must be made aware of the usefulness of redox
reaction. I think this will make us do our best to learn and never 17 1.4
forget.
Tutors must help teach the Redox reaction in terms of oxygen
model, hydrogen model, electron model, and oxidation number o1 76
model. This is because, we students find it extremely difficult
understanding Redox in terms of these four models.
Students must be motivated to learn the concept of redox. 17 14

Tutors should not assume that topics like ‘balancing of chemical

equation’ is already taught in other areas in chemistry and that is

. . 104 8.7

enough for redox reaction. It must be taught as if we don’t know
anything about it at all.

Tutors must encourage small groups to corporately work
together, this commands respect among friends and to enhance
their understanding in the topic. We did that in SHS, and it
really helped us.

Tutors must acquire pedagogical content knowledge to be able
to teach the redox very well. From the way most of our SHS
chemistry tutors teach the Redox, it looks like they do not have a
good background of the pedagogical content knowledge. This is 275 23.0
normally seen when students ask them questions during the
teaching of Redox reaction. They will be seen diverting from the
question and saying different things all together.
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Continued

Most of the tutors think students do not know anything about
Redox reaction, hence, they do not allow the students to
participate in the teaching and learning of the topic. I suggest

17 1.4
that students can also be made to also participate during the
teaching and learning of redox reaction to enhance
understanding.
Total 1197 100

Field survey, Michael Owusu (2023).

Summary of Remedies

Remedies for Challenge in Learning Redox Reactions (Table 11).

Laboratory Work: Recommended by 301 respondents (25%) as it enhances un-
derstanding more effectively than theoretical instruction alone.

Pedagogical Content Knowledge: Suggested by 275 students (23%) to ensure
tutors have a strong grasp of teaching methods, addressing the observed lack of
expertise among SHS chemistry teachers.

Peer Collaborative Work: Recommended by 143 students (11.9%) to facilitate
learning through idea sharing and better comprehension.

Small Group Work: Suggested by 141 students (11.8%) to foster respect and
improve understanding based on positive experiences.

Comprehensive Teaching: Advised by 104 students (8.4%) to ensure that topics
like ‘balancing chemical equations’ are thoroughly taught, rather than assuming

prior coverage.

4. Discussion

The results are systematically discussed according to the sequence of the research
questions, as outlined in the following subheadings.

Research Question One: Prevalent Challenges and Misconceptions Among Pre-
service Science Teachers in Understanding and Balancing Redox Reactions

The study identified several prevalent challenges and misconceptions among
pre-service science teachers regarding redox reactions. One significant issue is
their difficulty in translating word problems into chemical equations, which hin-
ders their ability to effectively solve these problems. Many students struggle with
this conversion process, resulting in a disconnect between the descriptive ele-
ments of a problem and the corresponding chemical representation. Additionally,
there is a common misunderstanding regarding the simultaneity of reduction and
oxidation; students often fail to grasp that these processes occur simultaneously
in redox reactions. This lack of understanding contributes to confusion about the
nature of redox processes, particularly regarding whether a problem involves the
loss or gain of hydrogen, oxygen, or electrons. Furthermore, misconceptions
about the role of oxygen are prevalent, as students mistakenly believe that oxygen
is always involved in redox reactions and that oxygen-containing molecules are

invariably oxidizing agents. Lastly, many pre-service teachers encounter difficulties

DOI: 10.4236/ce.2024.1510134

2204 Creative Education


https://doi.org/10.4236/ce.2024.1510134

M. Owusu et al.

with problem-solving approaches, particularly in identifying the appropriate
methods for solving redox questions and writing half-reaction equations. These
challenges highlight the need for targeted instructional strategies to enhance stu-
dents’ comprehension and application of redox concepts.

Pre-service teachers often experience difficulties when it comes to identifying
appropriate methods for solving redox reaction questions and presenting the
working steps for half-reactions. These challenges, which are closely related to
their conceptual understanding, impact their ability to write final balanced equa-
tions accurately. According to studies using observational methods, these strug-
gles are frequently observed in practical classroom settings, where many pre-ser-
vice teachers fail to demonstrate a systematic approach to problem-solving in re-
dox chemistry (Gongalves Costa et al., 2024). Third-party assessments further
support this finding, as independent evaluators have noted consistent issues with
the teachers’ ability to connect theoretical knowledge with practical application
(Baier et al., 2021).

Interestingly, despite these observed difficulties, quantitative data from stand-
ardized tests and other formal assessments often show no significant impact on
overall learning outcomes (McConlogue, 2020). This discrepancy suggests that
while conceptual struggles exist, they may not always translate into lower test
scores, possibly due to the compensatory strategies students employ during as-
sessments or the nature of test design that emphasizes memorization over deep
understanding. Therefore, while the observational methods highlight clear learn-
ing challenges in redox chemistry, these issues may not be as readily apparent
through traditional quantitative measures.

Research Question Two: Innovative Teaching Strategies to Address and Miti-
gate Challenges and Misconceptions in Learning Electrochemistry

To address and mitigate the identified challenges and misconceptions, several
innovative teaching strategies have been explored. Problem-based learning (PBL)
emerges as one of the most effective approaches. Key strategies include:

Remedies for addressing the challenges in learning redox reactions can be un-
derstood through both observational methods and third-party assessments. La-
boratory work was identified by 301 respondents (25%) as a key method for en-
hancing understanding, as it provides hands-on experience that complements the-
oretical instruction (Agustian et al., 2022). Observations in classroom settings fur-
ther highlight that students who engage in lab-based learning demonstrate a
deeper comprehension of redox processes compared to those solely receiving the-
oretical instruction. Additionally, 275 students (23%) suggested the need for
stronger pedagogical content knowledge among teachers, emphasizing the im-
portance of tutors having both subject expertise and effective teaching strategies
(Cotronei-Baird et al., 2023).

Peer collaborative work and small group learning were also recommended by
students—143 (11.9%) and 141 (11.8%) respectively—as valuable approaches to

learning redox reactions. Observational studies show that these methods promote
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active learning through idea sharing and foster better comprehension (Adu-
Gyamfi et al., 2019). Finally, 104 students (8.4%) advocated comprehensive teach-
ing, particularly for foundational topics like balancing chemical equations, which
are often assumed to have been previously covered but remain challenging for
many students. Third-party assessments also support these remedies, highlighting
the effectiveness of collaborative and experiential learning in addressing gaps in
students’” understanding of redox reactions (Saraf et al., 2023).

Categorization and Impact of Challenges

The challenges students face in learning redox reactions can be categorized into
four main types, each with significant implications for their learning outcomes.
First, comprehension challenges arise from misunderstandings of the questions,
often because educators fail to emphasize the simplification of complex concepts
during instruction. This lack of clarity in foundational understanding makes it
difficult for students to grasp the essential principles needed for problem-solving
(Aaltola, 2022). Second, transformation challenges occur when students struggle
to determine the correct approach to solve a problem, often linked to computa-
tional difficulties and the inability to translate theoretical knowledge into practical
steps (St-Onge Carle, 2022). Third, process skills challenges involve difficulties in
systematically applying formulae and methods, usually due to insufficient under-
standing or practice with problem-solving techniques. Without adequate oppor-
tunities to develop these skills, students find it hard to execute the correct proce-
dures (Fazio et al., 2023). Lastly, encoding challenges happen when students fail
to present their solutions properly, even though they may have solved the problem
correctly. This suggests a gap in their ability to communicate their thought process
or accurately format their answers (Wilson, 2011). Addressing these categories of
challenges is essential to improving students’ overall comprehension and perfor-
mance in redox reactions.

Recommendations for Teaching Redox Reactions

To effectively address the challenges and misconceptions students face in learn-
ing redox reactions, several strategies are recommended. First, teachers should
balance the instruction of quantitative concepts with practical skills, allowing stu-
dents to apply theoretical knowledge in real-world scenarios, which is critical for
deep learning (Fazio et al., 2023). Improved instructional strategies, such as prob-
lem-based learning and constructivist approaches, should emphasize comprehen-
sion and process skills over rote memorization, promoting a more thorough un-
derstanding of the subject (Baier et al., 2021). Providing historical and evolution-
ary contexts where appropriate can also enhance engagement and improve con-
ceptual clarity by helping students connect the abstract principles of redox chem-
istry with their development and applications over time (Cole, 2020).

Additionally, the creation of active learning environments—student-centered,
knowledge-centered, assessment-centered, and community-centered—fosters
greater participation and deeper understanding (Aaltola, 2022). Tailoring teach-

ing methods to align with students’ preferred learning styles can significantly
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enhance comprehension and retention, as it personalizes the learning experience
(Wilson, 2011). Despite resource limitations, educators should strive to utilize
available teaching aids and resources to help students better visualize and concep-
tualize complex chemistry concepts (St-Onge Carle, 2022). Finally, teachers must
build on students’ prior knowledge and experiences, using these as a foundation
to facilitate better learning outcomes and to bridge gaps in understanding (Burner
& Svendsen, 2020). By adopting these strategies, educators can significantly im-
prove students’ grasp of redox reactions, reducing challenges and misconceptions

while fostering a more engaging and effective learning environment.

5. Conclusions and Suggestions for Further Studies

The study revealed that students faced significant challenges in understanding
questions and demonstrating systematic problem-solving steps. This struggle was
closely linked to a lack of conceptual understanding, particularly when using for-
mulae without comprehending the underlying principles. Furthermore, tutors
frequently lacked adequate pedagogical content knowledge and often assumed
that students had a prior understanding of key concepts, which contributed to the
learning gaps. To address these issues, it is recommended that small group learn-
ing and cooperative approaches be encouraged to foster deeper understanding
and collaborative. Future research could explore redox reactions and other chem-
istry concepts in different institutions and settings to address gaps identified in
this study.

6. Recommendations

To enhance students’ grasp of redox concepts, it is important to design assess-
ments that specifically evaluate their conceptual understanding and their ability
to comprehend the language used in redox reactions. Instruction should empha-
size the principles behind redox processes, moving away from rote memorization
and fostering a deeper understanding. Clear and thorough explanations of models
involving oxygen, hydrogen, electrons, and oxidation numbers are essential. Ad-
ditionally, teaching the concurrent nature of oxidation and reduction reactions
will help students grasp the interdependent aspects of these processes. Miscon-
ceptions, especially those regarding oxygen’s role in redox reactions, should be
addressed by ensuring students fully understand what is being asked in questions.
Finally, a focus on improving students’ skills in writing and interpreting half-re-

actions will solidify their understanding of redox reactions.
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