//""— _"'“\\_\I
- JPBI

*For correspondence:
basejohndarylcasul@gmail
.com

Article history:

Received: 28 September 2024
Revised: 4 November 2024
Accepted: 18 November 2024
Published: 30 November 2024

10.22219/jpbi.v10i3.36635

© Copyright Bace et al. This
article is distributed under the
terms of the Creative
Commons Attribution License

p-ISSN: 2442-3750
e-ISSN: 2537-6204

How to cite:

Bace, J.D.C., Guiral, S.D.,
Galicia, N.K.C., Reyes, M.J., &
Cortes, S. (2024). Concept
inventory test on cellular
respiration for senior high
school students: an
assessment of reliability and
validity. JPBI (Jurnal Pendidikan
Biologi Indonesia), 10(3), 1128-
1138.
https://doi.org/10.22219/jpbi.v10i
3.36635

Bace et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 3, 2024, 1128-1138

RESEARCH ARTICLE

Concept inventory test on cellular
respiration for senior high school students:
An assessment of reliability and validity

John Daryl C. Bace2'*, Shaina D. Guiral2?, Nichelle Karla C. Galicia?3, Mark
Jay Reyes2* Sylvester Cortesa®

aCebu Technological University, M.J. Cuenco Ave., Cor R Palma St., Cebu, Philippines

lbasejohndarylcasul@gmail.com*; 2shainaguiral@gmail.com; 3nikagaliciac@gmail.com;
4cybermaster.mjr@gmail.com; Ssylvester.cortes@ctu.edu.ph

Abstract: Given the complexity of cellular respiration, there is a significant need for effective
assessment tools that can accurately gauge students’ understanding, identify misconceptions, and
provide educators with actionable insights to improve instruction. Concept Inventory Test (CIT) has
emerged as a valuable instrument in science education for this purpose. The aim of this study is to
develop a Concept Inventory Test on cellular respiration and assess its reliability and validity. This
study employed a mixed-method sequential exploratory approach for each assessment. The study
was conducted in a private school in Cebu, targeting the senior high school students. The results of
the study showed that the developed Concept Inventory Test’s reliability and validity are made
apparent by the process used to gather supporting data, as well as by the findings and observations.
Furthermore, this Concept Inventory Test serves a significant instrument for classroom assessment,
promotes additional research on students’ critical comprehension, and shows how these diagnostic
inventories link to the students’ competencies. However, a greater number of respondents should
be taken to account to observe the consistency of the Concept Inventory Test results.

Keywords: assessment; cellular respiration; concept inventory test; science education; senior high
school

Introduction

Mastering complex biological topics is crucial not only for academic success but also for fostering a
deeper understanding of broader concepts in science education (Bybee, 2014). Cellular respiration has
been one of the most complex topics in biology. It is essential for understanding how organisms convert
biochemical energy from nutrients into adenosine triphosphate (ATP), which powers various cellular
processes (Voet, & Pratt, 2006). Despite its foundational role in biological education, cellular respiration
is often recognized as one of the most challenging topics for students to comprehend. The intricacies of
glycolysis, the Krebs cycle, and the electron transport chain, along with the abstract nature of energy
transformation and molecular interactions, contribute to widespread student misconceptions and
learning difficulties (Dauer & Long, 2015; DiBattista & Kurzawa, 2011). For senior high school students,
grasping this topic is crucial not only for academic success but also for fostering a deeper understanding
of broader biological concepts (Bybee, 2014).

Given the complexity of cellular respiration, there is a significant need for effective assessment tools that
can accurately gauge students' understanding, identify misconceptions, and provide educators with
actionable insights to improve instruction. Concept inventories have emerged as valuable instruments in
science education for this purpose. A concept inventory is a standardized assessment designed to
evaluate students' understanding of core concepts within a specific domain by focusing on common
misconceptions and alternative conceptions that students may hold (Adams & Wieman, 2010). These
tools have been widely used across various scientific disciplines, including physics, chemistry, and
biology, to assess student learning, guide curriculum development, and evaluate the effectiveness of
instructional interventions (Smith & Tanner, 2017).

However, the development of a concept inventory is not a trivial task. To be effective, a concept inventory
must demonstrate strong psychometric properties, particularly in terms of reliability and validity.
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Reliability refers to the consistency of the assessment results—whether the inventory consistently
measures what it intends to measure across different populations and over time (McNeish, 2017).
Validity, on the other hand, concerns the accuracy and appropriateness of the inferences drawn from
the assessment results. Content validity refers to the extent to which the test items represent the entire
domain of the concept being measured (Messick, 1989), —in this case, cellular respiration. Typically, if
a CIT passed the reliability and validity assessment, this would build confidence that the test measures
the intended concepts consistently, and that the CIT is meaningful reflected through the students’
understanding of the subject matter.

Research on CITs often overlooks the specific cognitive and pedagogical challenges that senior high
school students face when learning complex topics like cellular respiration (Liu, Lin, & Tsai, 2008).
Exploring how these factors influence the reliability and validity of concept inventory tests at this
educational level could provide valuable insights for improving test design and interpretation. Also, while
concept inventories exist for various biological topics, only few are specifically tailored to assess
understanding of cellular respiration at the senior high school level (Freeman et. al., 2014). Most existing
inventories either focus on broader biological concepts or are designed for higher education students,
leaving a gap in the availability of tools suited for senior high school students.

Particularly, this study aims to develop and validate a Concept Inventory Test on Cellular Respiration
specifically designed for senior high school students. The primary objectives of the research are to
rigorously assess the reliability of the inventory and to establish its validity within the context of senior
high school biology education. The inventory will be designed to target common misconceptions about
cellular respiration, providing a tool that not only evaluates student understanding but also informs
instructional practices. By providing a robust assessment tool, this study seeks to contribute to the
enhancement of biology education at the senior high school level, helping students to overcome the
challenges associated with learning about cellular respiration and, more broadly, to achieve a deeper
understanding of biological processes.

Method

Research Design

This study utilized a mixed-method sequential exploratory approach that focused on the development,
implementation, and assessment on the validity and reliability of a Concept Inventory Test (CIT) in
Cellular Respiration. For the qualitative part of the study, content validity was evaluated which involved
expert reviews and comments with the subject experts who provide feedback on whether the test items
accurately reflect the key concepts of cellular respiration. On the other hand, quantitative methods
involve the analysis for reliability and validity assessment. These methods provide objective, numerical
data on the consistency of the test. The use of this research design allows a thorough and well-rounded
assessment of the CIT. By integrating these methods, the research can address both the statistical
robustness and the practical and conceptual appropriateness of the test.

Research Environment and Participants

The participants in this study are composed of senior high school students from a private institution
known for its academic excellence internationally. These students were in grade 11 and 12 that differed
in their strand, which were HUMSS, ICT, and STEM. The test was administered by their respective
advisers to ensure accurate responses. Additionally, there were three experts who were chosen to
ensure the validity of the developed concept inventory test. They are composed of experts who are
currently teaching biological education in senior high school and college (Table 1).

Table 1. Profile of the respondents.
Male Female Total

119 81 200

Research Instruments

This study aimed to create and evaluate the reliability and validity of a concept inventory test on cellular
respiration. There were three research instruments employed in conducting the data collection approach;
various literature reviewers and science amplitude tests were used for the formulation of the test
questions based on the DepEd’s General Biology 1 and 2 Most Essential Learning Competencies
(MELC); Table of Specifications (TOS) was used to show items under bloom’s taxonomy cognitive
approach; and the checklist by Morales, 2003 was also used for the content validation assessed by the
validators.
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Data Collection Procedure

The development and the overall collection of data was created in four primary processes according to
the previous works of (Aligway et al, 2024; Moradas et al, 2024): (i) preparing the CIT design; (ii)
developing the CIT; (iii) validating the CIT; and (iv) administering of CIT to the selected participants.

Step 1: Preparation of CIT

The formulation of the CIT began with a careful selection and compilation of key topics in the field of
cellular respiration. The test questions were solely from various literature reviewers of the book,
“Exploring life through science” second edition (Ramos & Ramos, 2022). and science amplitude tests
that included DepEd’s General Biology 1 and 2 Most Essential Learning Competencies as the foundation
for the CIT.

Step 2: Development of CIT

Based on the topics from phase 1, a Table of Specifications (TOS) was developed using Bloom’s revised
taxonomy to guide the development of the CIT. The test questionnaire contains 20 question items with
60% Lower-Order Thinking Skills (LOTS), which highlights the ability to remember and understand key
concepts, and 40% Higher-Order Thinking Skills (HOTS), which focuses on the ability to apply, analyze,
evaluate, and create concepts according to their understanding. The percentages of each order thinking
skills were marginally based on the studies of (Winanda & Anwar, 2022). The choice of students or
respondents should have experience learning or taking the Cellular Respiration topic in general biology
as a subject course, hence, the choice of senior high school students. Revision of test questions were
also made after validation of the experts (Table 2).

Table 2. Table of Specifications (TOS) with their corresponding items.

TOPICS / LEARNING OBJECTIVES TOTAL
COMPETENCIES LOTS HOTS

Remember Understand Apply Analyze Evaluate Create

Cellular Respiration

*Explain the major Q1, Q6 Q11 3
features and sequence

the chemical events of

cellular respiration

*Distinguish major Q2,Q3,05 Q9 4
features of glycolysis,

Krebs cycle, electron

transport system

*Describe reactions that Q4 Q8, Q12 Q15 Q17 5
produce and consume

ATP

*Describe the role of Q7 Q14 Q16 Q19 4

oxygen in respiration

and describe the

pathways of electron

flow in the absence of

oxygen

*Explain the Q10 Q13 Q18 Q20 4
advantages and

disadvantages of

fermentation and

aerobic respiration

Total Number of 6 6 2 2 2 2 20
Items:
Percentage: 30% 30% 10% 10% 10% 10% 100%

Step 3: Validation of the CIT

Third phase of the methodology involves validation of CIT to determine the quality of the test. Test items
are rigorously evaluated and refined as part of the validation process for concept inventory tests. Three
experts with an extensive experience and expertise in analyzing test questions in Cellular Respiration
were to guarantee content validity, confirming that the items effectively cover the desired structures and
misconceptions. All of them are experts on the field of biological education which still currently practices
teaching for senior high school and college students. The 20-item multiple-choice conceptual test (v1)
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was revised based on the comments of the evaluators. The evaluators had the option to accept, modify,
or reject the items. Statistical studies, including item difficulty and discrimination indices, are used to
measure the performance of each question (Madsen, McKagan, & Sayre, 2017). The second version of
the conceptual test (v2) was subject for content validation, which uses 20 item-Content Validation
Checklist, and Aiken’s validity test.

Step 4: Administration of CIT

The fourth step is administering the CIT. The CIT was then performed and completed by two hundred
(200) selected participants that had previously studied the topic matter, Cellular Respiration under
General Science subject course. Respondents were represented from a private school in Cebu. There
were 119 males and 81 females, ranging in age from 17 to 18 years old. The selection process was
carefully executed to ensure that the participants are competent and suitable to perform the concept
inventory tests. The researchers have asked permission to the school to administer the exams through
face-to-face setup. After an hour, the tests were collected and were subject for data analysis.

Data Analysis

After the previous methods, all raw data collected then underwent data analysis. The content validation
was conducted using the aid of Table of Specifications, expert judgments, and Content Validity Index
scores calculation. After the administration of the CIT, the collected data were subject for assessment of
reliability, evaluating item difficulty, item discrimination, discrimination level, item classification, and
Cronbach’s alpha. Using appropriate statistical tests, the data were cross-sectioned to carry out any
significant variations in scores among the students.

Results and Discussion

The objective of the study is to develop, implement, and assess the validity and reliability of a multiple-
choice concept inventory test on Cellular Respiration. Twenty (20) items in total comprised the topics
under cellular respiration in this study. There were four choices for each question; one is a correct
response, while the other three serves as distractors.

Table 3illustrates the percentage distribution of items based on Bloom’s Taxonomy of Cognitive Domain.
About 40% of the test questions, consisting of eight (8) items, were created using Higher-Order Thinking
Skills. Furthermore, about 60% of the Lower-Order Thinking Skills test consists of twelve (12) items. The
percentage distribution of each item is displayed in the third column. It shows that remembering and
understanding items have equally distributed 30%. The four categories in HOTS items - applying,
analyzing, evaluating, and creating have equally share 10% (Table 3).

Table 3. Percentage Distribution of ltems Based on Bloom’s Taxonomy of Cognitive Domain (v.1)

Bloom's Taxonomy of No. of Items Percentage out of 100  Percentage of LOTS
Cognitive Domain and HOTS

LOTS

Remember 6 30%

Understand 6 30% 60%
HOTS

Apply 2 10%

Analyze 2 10%

Evaluate 2 10%

Create 2 10% 40%

Total 20 100

Content Validation

The CIT was assessed and verified by the three (3) biology experts who are professional educators. This
procedure provides a test of good quality. The test will be evaluated in both qualitative and quantitative
terms by the three professional evaluators. Every item on the checklist is rated by the evaluators, who
further provide feedback on each one. Table 4 presents a comparison of the overall mean of the content
validity of version 1 (v.1) and version 2 (v.2). In version 1, it has the overall mean of 3.75 out of 5. This
shows that the content validity is between Undecided to Agree (Appendix A). Furthermore, it also
displays the constructive comments of the three evaluators who recommended revisions to certain items.
Columns 2, 3, and 4 of version 1 (v.1) state the individual remarks from the evaluators for test
development.

The revised test (v.2) which consists of the same 20 number of items was restructured according to the
comments for improvement. The same three experts rated it with an overall mean of 4.72 out of 5 as
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shown in Table 3. The overall mean demonstrates that the content validity of version 2 is between Agree
to Strongly Agree (Appendix A). This indicates that the remarks have been applied into context which
denotes that there is an improvement from the first validation. This demonstrates a good quality in
construction and validity of the test items.

Table 4. Content Validity of Version 1 (v.1) and Version 2 (v.2)

v.1l v.2
Expert 1 Expert 2 Expert 3 Expert 1 Expert 2 Expert 3
Mean 3.7 3.85 3.75 4.65 4.9 4.6
Comments 1." There 1. "There 1. "Improve 1."The 1." The No
are certain are items the items have  questions comments
items that subject for structure of  been were
require revision. the organized presented
revision. The questions."  into clearly."
Some of questions categories
the items should be for
should be rephrased recalling,
formulated to provide a understandi
under the clear ng,
create understandi applying,
category." ng of the analyzing,
subject evaluating,
matter." and
creating.”
Over-all Mean 3.75 out of 5 4.72 out of 5

Moreover, the content validity coefficient has been determined for each checklist item to further assure
that each item qualifies as a content-valid test. This was done based on Aiken’s content validity
coefficient. The average content validity coefficient in version 1 is 0.69. However, in version 2 displays
an average content validity coefficient of 0.93, which is closer to 1 as shown in Table 5. In version 2,
every item on the checklist earned a rating that was closer to 1, indicating a high level of content validity.

Table 5. Content Validity Coefficient

Checklist Items Aiken's V (Content Validity Coefficient)
v.l v.2
1 0.58 0.92
2 0.50 0.92
3 0.67 0.92
4 0.50 0.92
5 0.50 0.92
6 0.75 1
7 0.75 0.92
8 0.75 0.92
9 0.75 0.92
10 0.67 0.92
11 0.75 0.92
12 0.75 1
13 0.58 0.92
14 0.67 0.92
15 0.75 0.92
16 0.75 0.92
17 0.67 0.92
18 0.75 1
19 0.75 0.92
20 0.92 0.92
Average 0.69 0.93

Iltem Analysis for Validation

Table 6 shows an effective item analysis that involves grouping items according to their difficulty and
discrimination to ensure that tests accurately reflect student learning. According to (Odukoya, Adekeye,
Igbinoba, & Afolabi, 2017), item analysis is essential for ensuring that assessments appropriately
represent students' comprehension and learning outcomes. Furthermore, item analysis assists
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educators in making informed judgments about which items to retain or adjust, thereby improving the
reliability and validity of tests used in educational contexts.

Table 6. Content Validity Coefficient

Item Item Item Difficulty Item Item Discrimination Decision
No. Difficult Remarks Discrimination Remarks
y Index Index
1 0.96 Very Easy 0.15 Moderately Reject
Discriminating

2 0.8 Very Easy 0.50 Discriminating Reject
3 0.71 Easy 0.63 Very Discriminating Needs Revision
4 0.61 Easy 0.39 Discriminating Needs Revision
5 0.73 Easy 0.46 Discriminating Needs Revision
6 0.67 Easy 0.59 Discriminating Needs Revision
7 0.65 Easy 0.70 Very Discriminating Needs Revision
8 0.45 Moderately 0.80 Very Discriminating Accept

Difficult
9 0.77 Easy 0.67 Very Discriminating Needs Revision
10 0.65 Easy 0.57 Discriminating Needs Revision
11 0.67 Easy 0.69 Very Discriminating Needs Revision
12 0.66 Easy 0.46 Discriminating Needs Revision
13 0.35 Difficult 0.33 Discriminating Accept
14 0.68 Easy 0.57 Discriminating Needs Revision
15 0.58 Moderately 0.61 Very Discriminating Accept

Difficult
16 0.79 Easy 0.46 Discriminating Needs Revision
17 0.77 Easy 0.59 Discriminating Needs Revision
18 0.62 Easy 0.65 Very Discriminating Needs Revision
19 0.57 Moderately 0.54 Discriminating Accept

Difficult
20 0.35 Difficult 0.39 Discriminating Accept

Item Difficulty

The test items’ level of difficulty was based on Ebel (1972), as shown in Table 6. Each item’s difficulty
index was determined, and it was divided into categories such as “very easy”, “easy”, “moderately
difficult”, “difficult”, and “very difficult”. The results in item difficulty shows a considerable tilt towards
easier items, as seen in Table 7, with 65% of the test items classified as Easy. The presence of 10%
Very Easy (VE) items adds to this pattern, demonstrating that a substantial portion of the test is
accessible to a diverse range of individuals. In contrast, just 15% of the questions were categorized as
Moderately Difficult (MD), and only 5% as Difficult (D). Notably, there were no Very Difficult (VD) items,
raising concerns about the assessment's comprehensiveness in addressing the highest levels of
participant ability. The average difficulty index of 0.61 is consistent with the observed distribution,
indicating that the test is primarily easy.

Table 7. Item Difficulty of Version 2 (v.2)

Item Difficulty Interpretation  Item Difficult Range Number of ltems Percentage
Very Easy (VE) 0-81 and above 2 10%
Easy (E) 0.61-0.81 13 65%
Moderately Difficult (MD) 0.41-0.06 3 155
Difficult (D) 0.21-0.4 2 10%
Very Difficult (VD) 0.00--.2 0 0%
Total 20 100%
Test Difficulty 0.61 61.76

Item Discrimination

Using the higher and lower groups of test-takers is one efficient way to obtain item discrimination based
on student responses. The researchers determine which group, the upper (27% of scores) and lower
(27% of scores) are the highest and lowest, respectively, out of all the responses. Then, the percentage
of right answers were compared for each evaluation item to evaluate how well these two groups
performed. The summary of the percentage of all item discrimination indexes were shown in Table 4.
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The item discrimination analysis in Table 8 demonstrates a favorable distribution of item effectiveness,
with a majority of items (60%) being classified as discriminating (D) and a significant proportion (35%)
as very discriminating (VD) and identified 5% as moderately discriminating. In addition to this, the item
discrimination analysis revealed no questionable or non-discriminating items.

Table 8. Item Discrimination of Version 2 (v.2)

Item Discrimination Interpretation Range Number of Items  Percentage

Questionable (Q) (-) 1.00 - (-) 0.60 0 0%

Not Discriminating (ND) (-) 0.59 - (-) 0.09 0 0%
Moderately Discriminating (MD) 0.10-0.20 1 5%
Discriminating (D) 0.10 - 0.60 12 60%
Very Discriminating (VD) 0.60 —-1.00 7 35%
Total 20 100%
Discriminating Level 0.54

Additionally, using the discrimination index and difficulty index determine whether Items are classified as
accepted, modified, or rejected. Table 9 shows the items classified based on the item analysis of v2. The
20-item multiple choice test's item analysis results showed that 50% are acceptable, 40% require
revision, and 10% ought to be rejected.

Table 9. Item Classified Based on Item Analysis of Version 2 (v.2)

Number of Items Percentage
Accept 10 50%
Revise 8 40%
Reject 2 10%
Total 20 100%

Reliability

A Cronbach's alpha of .377 indicates a low level of internal consistency among the items being
measured, suggesting that the items do not correlate well with one another (Willems et al., 2023). This
low alpha indicates that the items may not be reliable for assessing the intended construct, and
researchers may need to revise or replace items to enhance internal consistency (Taber, 2017).
Furthermore, while a low alpha implies reliability issues, it does not address the validity of the instrument,
implying that consistent responses do not guarantee that the items adequately measure the intended
concept (Table 10).

Table 10. Reliability Statistics Results
Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of ltems
377 .365 18

Distractor Analysis

Table 11 shown below is the sample used for the Distractor analysis. This table provides a clear sample
of the data collected for this study. In analyzing the performance of students on item, a majority of
students in the upper group selected letter D as their answer. Conversely, a significant portion of students
in the lower group opted for letter C, which was identified as a distractor. According to (DiBattista &
Kurzawa, 2011), well-constructed distractors can enhance the diagnostic power of assessments by
revealing the cognitive processes involved in answering questions incorrectly, particularly for lower-
performing students.

In item Figure 1, both the upper and lower groups predominantly selected answer B as the correct
response. However, a significant number of students in the lower group also chose answers C and D,
indicating potential confusion regarding the distractors. This pattern suggests that while the item was
correctly identified by the majority, the presence of misleading options may have contributed to the
incorrect selections among lower-performing students. Research indicates that well-constructed items
should have a larger proportion of right responses from higher-performing students, although lower-
performing students typically chose distractors (Bhat & Prasad, 2020).
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Table 11. Distractor Analysis Sample.

Item Upper (n=54) Lower (n=54) Remarks
No.
A B C D A B C D
1 *54 0 0 0 *46 1 3 **4 D poses a misconception
2 2 *52 0 0 12  *25 5 **12 A poses a misconception
3 0 0 *53 1 **21 5 *19 9 A poses a misconception
4 2 1 7 *44 8 9 **14  *23 C poses a misconception
5 0 *52 0 2 15  *27 6 6 A poses a misconception
6 0 1 *51 2 8 2 *19  **25 D poses a misconception
7 *51 0 0 3 *13 7 17 **17 D poses a misconception
8 1 *50) 3 0 14 *7 12 **1] D poses a misconception
9 *54 0 0 0 *18 7 **17 12 C poses a misconception
10 3 *51 0 0 11 *20 **15 8 C poses a misconception
11 1 *53 0 0 7 *16 6 **25 D poses a misconception
12 0 *46 8 0 11 *21 **11  *11 C poses a misconception
13 15 4 *28 7 10  **23 *10 11 B poses a misconception
14 2 *52 0 0 12 *21 8 **13 A poses a misconception
15 0 4 *49 1 **14 8 *16  **16 D poses a misconception
16 0 0 *54 0 **13 1 *29 11 A poses a misconception
17 *53 0 0 1 *21 5 **19 9 C poses a misconception
B 9 2 w2 0 =19 10 17 =18 A and D poses a
misconception

19 1 *47 0 6 7 *18 **14  **15 D poses a misconception
20 0 5 **19  *30 10 13 **DD *Q C poses a misconception

* correct answer
**portable source of misconception

19. Supposed you design a simple experiment to measure the rate of cellular respiration in yeast cells.
Which of the following could be used as an indicator of respiration rate?

I. Amount of glucose present

II. Amount of CO2 produced

IIl. Amount of oxygen consumed

a. 1&ll
b. &l
c. &l
d. d.1, 0,

Figure 1. Sample Item

In analyzing the results of item Figure 2 from the distractor analysis, we observe significant discrepancies
between the upper and lower groups of students, which reveal underlying misconceptions related to the
distractors presented (Shin, Guo, & Gierl, 2019). The upper group, consisting of 52 students,
predominantly selected the correct answer (C), while only 17 students from the lower group did so.
Notably, 19 students from the lower group chose distractor A, and 18 opted for distractor D. This pattern
suggests that distractors A and D may embody common misconceptions that mislead students who lack
a solid understanding of the material (Wind et al, 2019). The fact that both distractors A and D garnered
significant attention from the lower group implies that they were not only plausible but potentially
misleading, leading students to incorrect conclusions (Rezigalla et al., 2024). One reason students may
choose A is that they confuse the effects of increased respiration with those of impaired respiration.
Impaired respiration can lead to decreased ATP production, but increased respiration should enhance
ATP synthesis (Raimondi, Ciccarese, & Ciminale, 2020). The selection of D could stem from the
mistaken belief that increased respiration is linked to lactic acid accumulation, when in fact, lactic acid
builds up under anaerobic conditions (Zhao, Jiang, Zhang, & Yu, 2019).

18. Given that the electron transport chain produces reactive oxygen species (ROS), what might be a
potential downside of increased cellular respiration?

a. Decreased ATP production.

b. Increased glucose consumption.

c. Damage to cellular structures due to ROS.

d. Accumulation of lactic acid.

Figure 2. Sample Item
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The distractor analysis for item Figure 3, reveals that option C may have been constructed based on
common misunderstandings related to the content, which aligns with findings that effective distractors
often reflect frequent student misconceptions, thereby highlighting the need for careful item design to
address these errors (Testa, Toscano, & Rosato, 2018). On the contrary, item #16 shown, distractors
like option A can lead to misconceptions, as students may select it based on familiarity or incorrect
reasoning, which can detract from their overall performance and understanding of the material (Caldwell
& Pate, 2013).

17. Why is it more efficient for human cells to perform aerobic respiration rather than anaerobic
respiration?

a. It produces more ATP per glucose molecule.

b. It produces lactic acid.

c. Itdoes not produce carbon dioxide.

d. |Itis faster.

Figure 3. Sample Item

16. An organism is found to produce ATP through both aerobic and anaerobic pathways. What can
you infer about this organism's environment?

a. lItis always oxygen-rich.

b. Itis always oxygen-poor.

c. It can experience varying oxygen levels.

a. d. It does not need oxygen.

Figure 4. Sample Item

Interestingly, for item Figure 4, the presence of a significant number of students in the lower group opting
for option D highlights the need for careful item construction, as distractors that resonate with student
misconceptions can reduce the discriminative power of the assessment, making it less effective in
distinguishing between varying levels of student understanding (Testa, Toscano, & Rosato, 2018). The
choice of letter D as a distractor in this scenario likely stems from a misunderstanding of the metabolic
pathways involved in cellular respiration, particularly among lower-performing students who may confuse
fermentation with other processes. Students may incorrectly associate the lack of ATP production and
increased NADH with fermentation, which typically occurs when oxygen is absent and is characterized
by a different metabolic response than what is observed in the presence of oxygen during cellular
respiration (Nadanaciva et al., 2012). Therefore, misconceptions enhance the effectiveness of distractors
by reflecting common mistakes that students make, raising the plausibility of incorrect choices and
challenging their comprehension of the content.

Conclusion

The content validity and reliability test provide quality and effectiveness of the concept inventory test that
would help to assess the students’ understanding in the concept of cellular respiration. The test is
designed to measure students' misconceptions, which can assist educators to assess their knowledge
on the subject matter. The findings of the distractor analysis provided the educators with input on which
specific concepts to revisit or reassess with the students in addition to highlighting the prevalent
misconceptions represented by the specified number of students. The developed concept inventory
test's validity and reliability are made apparent by the process used to gather supporting data, as well as
by the findings and observations. Furthermore, the concept inventory test serves a significant instrument
for classroom assessment, promotes additional research on students' critical comprehension, and shows
how these diagnostic inventories link to the students’ competencies. However, a greater number of
respondents should be taken to account to observe the consistency of the concept inventory test results.

Recommendation

The researchers recommend future researchers to replicate the study in diverse educational settings,
including other regions, school types, and cultural contexts. This would help determine the
generalizability of the CIT and identify any necessary adaptations for different student populations. Also,
the researchers recommend conducting longitudinal studies to assess the stability of the CIT over time.
This would involve administering the test to the same group of students at different points in their
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academic journey to see how well the test maintains its reliability and validity across different stages of
learning.
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