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Abstract: Developing tools to identify students’ misconceptions 
about basic biology concepts is necessary. Therefore, a two-tier 

diagnostic test was developed to determine such misconceptions in 

primary school (3rd-4th Grade) students. The test content includes 
two-tiered multiple-choice questions addressing common 

misconceptions found in the literature on biology subjects in 
science education at the primary school level. The test’s validation 

and reliability pieces of evidence are described through 

quantitative and qualitative data analysis of data obtained via the 
survey method. Data was collected from two samples in two stages, 

including 74 and 363 primary school students, respectively. The 

first stage has collected qualitative data by two-tier true-false items 
based on these common misconceptions. This data was analyzed 

per qualitative content analysis. Based on these findings, two-tier 
multiple-choice items were developed, and a two-tier diagnostic test 

was formed. In the second stage, data obtained was used to 

quantitative analyze the construct validity, internal consistency, and 
item parameters of the test. The study’s results provided evidence of 

the validity and reliability of the primary school biology 
misconceptions diagnostic test (PBMDT), which consists of eight 

two-tier multiple-choice items. 
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Introduction 

HE CONSTRUCTIVIST approach provides a theoretical framework 

focusing on prior knowledge, experience, and meaning-making in 

learning (Fox, 2001). This approach has significantly impacted 

teaching processes, including field education. As a result, the idea that 

learners build their concepts related to natural phenomena has become more 

assertive, particularly in science education (Driver, 1989). Accordingly, 

Mintzes et al. (2001) reported that meaningful learning occurs when 

knowledge is structured with appropriately associated concepts to understand 

natural phenomena. However, in this process, students can also form 

thoughts unrelated to the scientific meaning of the concepts, resulting in 

misconceptions (Fisher & Moody, 2002). Although there are different names 

for misconceptions in the literature, such as preconceptions, naive 

conceptions, or alternative conceptions, the literature commonly highlights 

that they occur when learners construct natural phenomena differently from 

expert opinions or scientific understanding (Coley & Tanner, 2015; Fisher, 

1985; Munson, 1994). Various studies tried to identify the sources of 

misconceptions (Coley & Tanner, 2015, 2012; Hershey, 2004; Yip, 1998).  

Sadler et al. (2013) suggest that teachers’ field knowledge is essential. Yip 

(1998) points out that teacher characteristic, students’ misunderstandings and 

incomplete understanding of lessons, daily life experiences, and daily 

language use contribute to forming misconceptions. Hershey (2004) suggests 

five categories of sources of misconceptions, including “oversimplifications, 

overgeneralizations, obsolete concepts and terms, misidentifications, and 

flawed research.” Similarly, Tan et al. (2008) emphasize that some rules 

used in field teaching may become overgeneralizations and lead to 

misconceptions. Another piece of literature on misconceptions is textbook 

review studies. Barrass (1984) highlights “misleading terms” in biology 

textbooks that may create misconceptions. Fisher (1985) highlights the 

difficulties in changing incorrect textbook information. Based on the 

literature on the sources of misconceptions, the formation of these 

misconceptions through course teaching and teaching practices is called 

“didactic-based misconceptions” (Güngör & Özgür, 2009; Özcan & Bakır, 

2023). In addition, Coley & Tanner (2015, 2012)  propose a “cognitive 

construals” framework, analyzing the source of misconceptions with a 

cognitive psychological approach, and argue that flawed thoughts emerge 

when learners informally make sense of the world and have identified three 

categories of thought structures: “teleological, essentialist, and 

anthropocentric.” Researchers expressed this as an effort to create common 

origins that effectively form different misconceptions in biology. Sadler et al. 

(2013) reported that studies using qualitative and quantitative techniques to 

identify misconceptions. In similar studies, researchers have employed 

T 
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various data collection tools such as interviews, drawings, concept maps, 

concept inventories, and tier diagnostic tests (Gurel et al., 2015; Sesli & 

Kara, 2012; Tekkaya, 2002; Yip, 1998). Tier tests, one of the diagnostic tests, 

based on the framework proposed by Treagust (1988), are frequently used in 

biology education, as in other fields, to investigate misconceptions about 

different concepts. These tools have been developed with multiple-choice 

questions in two-tier (Chandrasegaran et al., 2007; Chu et al., 2009; Griffard 

& Wandersee, 2001; Tsui & Treagust, 2010) in three-tier (Arslan et al., 2012; 

Caleon & Subramaniam, 2012), and in four-tier (Özden & Yenice, 2017) 

formats. Every tier of test can have a different number of options. In scoring 

tier multiple-choice items, it is seen that 0-1 scoring is used for each tier and 

their combinations (Arslan et al., 2012; Gurel et al., 2015; Ozden & Yenice, 

2017; Sesli & Kara, 2012). However, answering multiple-choice items with 

guessing can be a limitation, which can be reduced by using two-tier tests, 

although it is essential to consider the potential impact of “diagonal response” 

when designing these types of tests (Loh et al., 2014). Loh et al. (2014) 

described “diagonal response” as a situation in which the connections 

between test tiers affect student responses. 

Several studies have identified various biology-related mis-

conceptions in many sub-fields of biology, such as cell biology, ecology, 

evolution, physiology, biochemistry, and heredity. The participants of these 

studies were university students, high school students, and secondary school 

and primary school students (Andrews et al., 2012; Butler et al., 2015; Fisher, 

1985; Fisher & Moody, 2002; Kalas et al., 2013; Krall et al., 2009; Meir et 

al., 2005; Ozay & Haydar, 2003; Öztap et al., 2003; Parker et al., 2012; Sesli 

& Kara, 2012; Storey, 1992; Tekkaya, 2002; Yip, 1998). In addition, several 

studies examine the common misconceptions of the textbooks (Gündüz et al., 

2016; Storey, 1989, 1990, 1992; Yilmaz et al., 2017). Various studies carried 

out, especially in science education at the primary school level, reported that 

misconceptions exist around concepts such as the water cycle, 

photosynthesis, light and shadows, the concept of living and non-living 

things, plants, animals, roots, nutrition, and nutrients (Allen, 2014; Asoko, 

2002; Dimec & Strgar, 2017; Karpudewan et al., 2017; Lin, 2004; Pine et al., 

2001; Topsakal, 2009; Uyanık, 2019). The literature mentioned above 

emphasizes that educators should identify misconceptions, explain their 

origins, and eliminate them. The primary school introduces the students to 

basic terms and factual information, a foundation for scientific concepts. 

Although primary school science classes do not focus on conceptual 

knowledge, they are crucial in structuring scientific concepts by providing 

essential factual information and terms. Misconceptions can significantly 

hinder scientific understanding, and it is essential to identify and address 

them early on. Based on this, the study aimed to develop a diagnostic test to 

determine students’ misconceptions regarding biology concepts included in 
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the primary school curriculum. Considering the various terms in the 

literature expressing misconceptions, it has become challenging to name 

misconceptions. However, in literature, it is recommended that educators 

avoid limiting students’ understanding of natural concepts and instead 

approach their views on concepts flexibly (Maskiewicz & Lineback, 2013; 

Leonard et al., 2014). Accordingly, the study aimed to identify thoughts that 

tend to be misconceptions incompatible with scientific understanding in 

primary school students for different reasons. The current study uses 

misconceptions for false beliefs, naive concepts, conceptual confusion, 

alternative concepts, and incorrect conceptualizations that arise in students. 

Method 

Study Groups 

The study involved third- and fourth-grade students from primary school and 

fifth-grade students from middle school. The students selected per 

convenience sampling participated voluntarily in the research. The first study 

sample consists of a total of 74 students. Of these students, 52.7 % (f = 39) 

are male and 47.3 % (f = 35) are female. The students consist of third-grade 

(f = 4), fourth-grade (f = 47), and fifth-grade (f = 23) primary school 

students. The second stage included 362 fourth-grade primary school 

students, 43.8 % (f = 159) boys and 56.2 % (f = 204) girls. 

Development of Data Collection Tools 

The stages suggested by Treagust (1988) for developing diagnostic tests 

were applied in developing the diagnostic test. The primary stages of this 

process include determining the content, identifying students’ 

misconceptions, and developing the diagnostic test. In this study, the process 

involved reviewing relevant literature to identify common misconceptions, 

examining these misconceptions in the first study group, and based on this, 

developing a two-tier test, which applied to the second study group. The 

conceptual framework of the test contains the concepts reached by analyzing 

biology topics in the science curriculum and science textbooks for third and 

fourth graders. The literature reports common misconceptions about 

nutrition, foods, living things, the environment, and sensory organs across 

different education levels (Allen, 2014; Asoko, 2002; Dimec & Strgar, 2017; 

Karpudewan et al., 2017; Lin, 2004; Pine et al., 2001; Topsakal, 2009; 

Uyanık, 2019). So, the data collection tool for the first phase included thirty-

two-tier true-false items forming from propositions to measure 

misconceptions first. These true-false items formed in the second tier by the 

statement “because…,” asking students to explain their answers. 
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Table 1. Distribution of Identified Misconceptions* Across Questions and 
Tiers. 

  First Tier Second Tier 

Misconceptions Question No I II Options 

Sunlight is necessary for germination. 1   + A 

The seed is a non-living thing. 1 + 
 

D E 

Soil is a living thing. 1 + 
 

B A 

Nutrition and sleep produce our energy. a  2 
 

+ A B C E 

Foods consist of a single nutritional ingredient. 3 + 
 

A B C E 

Foods consist of a single nutritional ingredient. 4 
  

E 

Carbohydrates provide immunity. 4 + 
 

C 

Proteins do not provide energy. 4 + 
 

B 

Only carbohydrates provide energy. 4 
  

A 

Vitamins protect our bodies from diseases. b 4 
  

D 

A balanced diet is getting nutrients rich in protein. c 5 + 
 

A B C E 

Plants receive food from the soil. d 6 + 
 

E 

The plant gets energy for life from soil, water, and the sun. i 6 
  

B 

The flowers are related to growth. e 6 
  

C 

Sunlight is necessary for germination. 6 
  

D 

If a plant has no visible flowers, it is a flowerless plant f  7 
  

D 

All plants have flowers. g 7 + 
  

The flowers are related to growth.  7 
  

B 

If a plant has no flowers visible, it is a flowerless plant. 7 
  

A C 

The sensory organ is a source of stimulation. 8 
  

E 

Between sensory organs and the brain, there is no connection. 8 
 

+ A B 

A sensory organ perceives all things. h 8 
  

C 

Natural resources are unlimited. 9 
  

A 

Recycling produces natural resources. 9 + 
 

B C 

Recycling is the matter cycle.  9 
  

E 

Humans can create a natural environment. 10 + 
 

A B C D 

The life cycle is not associated with reproduction. 11 
  

D 

The life cycle is the life process. 11 
  

C 

The life cycle occurs in some animals 11 
 

+ B 

The life cycle occurs in plants 11     A 

+, A, B, C, D, E: It has the expression containing the relevant misconception. 
*: Explanations regarding the identified misconceptions were made based on the first study's findings. 
a: They state that our energy is produced by eating and digesting food. This situation points to students' confusion about the 
concept of nutrition-respiration. 
b: Students state that protection from diseases is the duty of vitamins, and growth is the duty of protein. 
c: Students consider consuming only or large amounts of protein necessary for a balanced diet. 
d: Since they do not know the difference between organic and inorganic matter, they state that the soil nourishes the plant. 
e: They state that all plants have flowers and that if they do not have flowers, they cannot grow. This situation points to students' 
Growth-Reproduction Concept Confusion. 
f: Misunderstanding of terms due to lack of knowledge regarding the classification of plants. 
g: The students call plants with distinct flowers, such as daisies and roses, “flowers,” and these express the confusion between 
plant and flower concepts. 
h: Inability to understand the limitations of sensory organs. 
i: Misunderstanding of “life energy” due to lack of knowledge of cellular respiration and photosynthesis. 

 

 

 

 



Tasci. (Turkey). Assessment of Misconceptions about Biology in Primary School. 

SIEF, Vol.25, No.2, 2024 4105 

By analyzing these items (see Data analysis), participant statements 

regarding literature-based misconceptions were revealed, and created a list of 

misconceptions (Table 1). The two-tier items developed include these 

misconceptions under appropriate item roots. The first tier of these items 

contains two options. In the second tier, there are five options, one correct 

and four distractors (misconceptions), to explain the reason for the option 

marked in the first tier. This way, a draft diagnostic test of 11 two-tier 

multiple-choice items was reached. Table 1 shows the distribution of the 

misconceptions measured according to the draft items.  

Some items address the same misconception for all options, while 

others contain different misconceptions regarding the same situation.  The 

study examined draft items for “diagonal response,” which revealed that 

some choices were related to one or both options in the first tier. Some 

options incorporated student concepts that could be used in both selections in 

the first tier. However, it identified that some items of the second tier’s 

options are related to one of the first tier’s options. Therefore, to strengthen 

the connection between both options and the items in the second tier, some 

terms in options were removed for specific items (items 1, 4, 9, and 10). 

However, this was partially achieved in items 2, 3, 5, 6, 7 and 8. Thus, all 

second-tier items were used with five options to minimize guessing or 

chance. 

Data Collection 

The first data collection stage involved administering a 40-minute session of 

two-tier true-false type 30 items. In the second study, the diagnostic test, 

consisting of 11 items and Two-tier multiple-choice items, was administered 

in a 40-minute session. Both scales include an introductory text at the 

beginning that introduces the test to the participants. In the second stage, in 

the two-tier multiple-choice diagnostic test, participants were informed to 

mark the options they were sure were correct in both tiers. The students’ 

classroom teachers carried out the data collection process. 

Data Analysis 

Qualitative Analysis Process 

Textual data obtained in the study’s first phase was subjected to content 

analysis. The incorrect statements in the first batch of answers were initially 

identified and analyzed for misconceptions. These misconceptions were then 

compared to the literature for supporting evidence. The situations were then 

coded based on the expressions used by the students, using in vivo coding. 

The coding process was conducted similarly to the example given. The 
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explanations given by three participants who marked the “True” option for 

the statement “Soil is alive” have been presented. 

 

“Because if it were not alive, trees and plants would not be able to 

produce vitamins and minerals” (Participant 35, Male, 4
th

 Grade). 

“Because it grows flowers, trees, and grass in it.” (Participant 52, 

Male, 4
th

 Grade). 

“Because then the grass would not grow and the trees would not 

grow.” (Participant 52, Male, 4
th

 Grade). 

 

These statements indicate that the participants “true” answered that 

“soil is alive” because they believed that the soil produces food and sustains 

other living things. From this, it can be concluded that these students 

perceive the ecological relationships of the soil as an abiotic component with 

other living things as the “vitality of the soil.” This article has identified the 

participants’ misconceptions about living - and non-living things, and a part 

of these coded” soil is a living thing” as a code. As another example, the 

explanations of some participants who chose the wrong option for the 

statement “A seed is a living thing” are as follows. 

 

“Because soil is lifeless unless it comes into contact with water and 

sunlight.” (Participant 1, Female, 4th Grade). 

“Because it became not plant.” (Participant 6, Male, 4th Grade). 

“Because they do not do things like nutrition, respiration, 

movement, and reaction.” (Participant 15, Female, 4th Grade). 

“Because it is inanimate, but it comes to life when combined with 

soil, water and sun.” (Participant 52, Male, 4th Grade). 

“Because it can grow and become alive after you plant it.” 

(Participant 60, Male, 4th Grade). 

 

These statements supported the participants’ belief that the seed is 

alive when it turns into a plant. Another explanation for this misconception 

emphasizes the necessity of soil, water and sun for germination. At the same 

time, the idea that the seed is non-living has emerged based on the idea that 

the seed cannot perform some life events such as nutrition and respiration. 

These situations revealed that these students perceived the dormant seed as 

an “inanimate thing.” In this article, this misconception is coded as “A seed 

is a non-living thing.” The process was carried out for all items, and Table 1 

presents the identified misconceptions from the student statements and their 

corresponding codes. 
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Table 2. Two-Tier Multiple-Choice Item Scoring Example. 

  Scoring 

Item Misconception 
First 
Tier 

Second 
Tier 

Both 
Tiers 

Living being… 
I. is soil.   

Soil is a living thing. 0   

Because: 
A. It feeds on water and the sun. 

Soil is a living thing.  0 0 

B. Creatures such as plants and worms live on the 
soil. 

Soil is a living thing.  0 0 

C. The seed is dormant*. +  1 0 

D. The seed becomes alive after germination. 
The seed is a non-living 
thing. 

 0 0 

E. When the seed turns into a plant, it becomes alive. 
The seed is a non-living 
thing. 

 0 0 

Other:     

II. is the seed. + 1   

Because: 
A. It feeds on water and the sun. 

Sunlight is necessary for 
germination. 

 0 0 

B. Creatures such as plants and worms live on the 
soil. 

The seed is a non-living 
thing. 

 0 0 

C. The seed is dormant*. Proper conceptualization  1 1 

D. The seed becomes alive after germination. 
The seed is a non-living 
thing. 

 0 0 

E. When the seed turns into a plant, it becomes alive. 
The seed is a non-living 
thing. 

 0 0 

Other:     

*: In the original version, “sleep statement” was used instead of the term “dormant.” 

 

 

 

Table 3. Creating Item Scores. 

Levels First Tier Second Tier Both Tiers 

Scientific conceptualization 1 1 1 

Partial information 0 1 0 

Partial information 1 0 0 

Lack of knowledge 0 0 0 

1: True, 0: False 

 

 

 

Scoring Rule for Two-Tier Testing 

The response combinations to the two-tiered multiple-choice items were 

considered separate and combined propositions. Table 2 displays two sets of 

options - one correct and one incorrect - for the first tier of the items 

developed for the diagnostic test.  

 

 



Tasci. (Turkey). Assessment of Misconceptions about Biology in Primary School. 

SIEF, Vol.25, No.2, 2024 4108 

Table 3 presents a summary of the scoring rules. The first and 

second tiers give a point for selecting the correct option, while selecting the 

wrong option results in zero points.  

Additionally, combining both tiers creates twelve different answer 

combinations for each question with the “other” option. If both tiers are 

correct, a cognitive state suited for scientific conceptualization is achieved. 

For instance, in the example provided in the table, “Living being II is the 

seed. Because: C. The seed is in a dormant state.” This combination of 

responses represents the “scientific (proper) conceptualization” level. Apart 

from this, there are two different combinations. One is to mark the correct 

option on one tier and the wrong option on the other and mismark both tiers. 

Correct answer combinations in one tier and incorrect answers in the other 

were considered a “partial information” situation. Incorrect marking of both 

tiers was considered the “lack of knowledge” level.  

Validity and Reliability 

Quantitative and qualitative analyses were used to assess the psychometric 

properties of the PBMDT. Experts provided feedback on codes created 

during data coding for the test’s item development phase. This feedback 

helped ensure that the test accurately covered the misconceptions and 

content presented in Table 1.  

Construct validity, reliability, and item parameters of the diagnostic 

test were assessed using test scores from a large sample group. The study 

aimed to establish validity and reliability evidence for the first, second, and 

both tiers of diagnostic test scores using the framework proposed by Adams 

and Wieman (2011). Construct validity was determined using factor analysis, 

which involved exploratory factor analysis, minimum residual estimation 

method, and Promax, one of the oblique rotation techniques. And eigenvalue 

and parallel analysis graphs were used to determine the dimensions (Adams 

& Wieman, 2011; Floyd & Widaman, 1995; Ramlo, 2008). The JASP 

program was utilized to conduct all analyses. 

Reliability analysis was conducted after assessing the 

unidimensionality of the diagnostic test in terms of its measured structure. 

This process involved calculating several criteria such as McDonald’s ω, 

Cronbach’s α, Guttman’s λ6, KR-20 internal consistency, and the Greatest 

Lower Bound index, all with a 95 % confidence interval. Additionally, the 

test’s psychometric properties were evaluated by examining the item 

difficulty index, item discrimination indices, and Point Biserial Correlation 

values. Criteria recommended by Fisseni (1997; cited in Bühner 2006, p. 

140), George and Mallery (2022), and Haladyna and Rodriguez (2013) were 

taken into account during this process. Lastly, the qualitative findings of the 

test were quantified using frequency and rate (%) based on the general total. 
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Findings 

Findings Regarding Psychometric Properties 

Results Regarding Construct Validity 

The Kaiser-Meyer-Olkin test and Bartlett’s test results were first examined 

among the factor analysis results of the diagnostic test. The KMO values 

obtained with the KMO test for the data set at this stage (KMO = 0.727 for 

the first tier; KMO = 0.779 for the second tier; KMO = 0.784 for both tiers) 

are close to the desired value of 0.80. Bartlett’s test results were statistically 

significant (Chi-square (55) = 921.985 for the first tier; Chi-square (55) = 

1227.522 for the second tier; Chi-square (55) = 1568.360 for both tiers). 

Accordingly, the data set was suitable for factor analysis regarding sample 

size and correlation. According to the rotated analysis results, the first tier 

showed a single-factor structure, but the second and both tiers showed a two-

dimensional structure. When the factor loadings for the rotated analysis were 

examined, it was seen that the sixth (0.364), second (0.334), and eleventh 

(0.23) questions in the first tier did not have the desired factor loadings. In 

the two-factor structure formed in the other tiers, compatible dimensions that 

can be considered in line with theoretical expectations regarding subject 

areas, concepts, or misconceptions did not form. In this context, DY6 (0.364), 

DY2 (0.334), and DY11 (0.231), because their factor loadings were below 

0.40, were removed from the analysis, and the analyses were repeated. It was 

observed that the KMO values obtained by the KMO test for the data set at 

this stage (KMO = 0.822 for the first tier; KMO = 0.810 for the second tier; 

KMO = 0.824 for both tiers) provided the desired value of 0.80 recalculated 

Bartlett’s test results were found to be statistically significant (Chi-square 

(28) = 653.021 for the first tier; Chi-square (28) = 801.279 for the second 

tier; Chi-square (28) = 892.179 for both tiers). Table 4 shows the factor 

loadings and factor characteristics calculated at this stage. Table 4 shows a 

one-dimensional structure for all tiers with the eight items in the analysis. 

Factor loadings of the items vary between the lowest 0.495 and 0.801. 

It is seen that the eigenvalues for each tier are higher than one, and 

the highest is (3.031) for both tiers. It can be seen that the variances 

explained by the tiers are above 0.30, and both tiers explain the highest 

variance (0.379). 

Reliability and Item Analysis Findings 

Reliability indices were calculated for eight diagnostic test items based on 

each tier’s data. Table 5 presents the results.  
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Table 4. Factor loadings and Rotated Solution Factor Characteristics. 

First Tier Second Tier Both Tiers 

items Factor 1 items Factor 1 items Factor 1 

DY5 0.698 CS3 0.801 T3 0.755 

DY8 0.606 CS7 0.664 T7 0.747 

DY7 0.572 CS10 0.599 T10 0.613 

DY9 0.548 CS5 0.569 T5 0.609 

DY3 0.535 CS9 0.533 T9 0.588 

DY1 0.529 CS4 0.521 T4 0.528 

DY4 0.517 CS8 0.502 T1 0.525 

DY10 0.513 CS1 0.495 T8 0.507 

Sum Sq. Loadings 2,579  2,817  3,031 

Proportion var. 0.322  0.352  0.379 

 

 

 

 

Table 5. Statistics on Diagnostic Test. 

 Estimate 

First Tier Second Tier Both Tiers 

Point 
estimate 

95 % CI  Point 
estimate 

95 % CI  Point 
estimate 

95 % CI  

LL UL LL UL LL UL 

McDonald's ω 0.658 0.605 0.711 0.658 0.605 0.711 0.677 0.627 0.728 

Cronbach's α 0.658 0.601 0.708 0.666 0.611 0.715 0.686 0.634 0.732 

Guttman's λ6 0.637 0.576 0.697 0.647 0.589 0.706 0.668 0.606 0.729 

Greatest Lower Bound 0.716 0.679 0.780 0.723 0.686 0.786 0.744 0.703 0.806 

Average interitem correlation 0.194 0.153 0.234 0.199 0.157 0.241 0.215 0.168 0.260 

means 4.601 4.391 4.811 2.865 2.661 3.069 2.664 2.459 2.868 

 

 

 

 

 

The first tier has the highest test mean (4.601) but is the lowest for 

both tiers (2.664). The average correlation value between the items is 0.215 

for both tiers. Three reliability estimate methods based on internal 

consistency yielded values in the 0.60-0.70 range. However, reliability 

estimates above 0.70 occur in the upper band within confidence intervals. 

The test showed internal consistency at a rate higher than 0.70 in all three 

data sets. In addition, the KR20 reliability index calculated for both tiers 

scores as 0.661. Item difficulty indices for the first tier varied from 0.366 to 

0.738, with an average of 0.575, indicating medium difficulty (0.20-0.80; 

Bühner, 2006). Difficulty indices for the second tier ranged from 0.176 to 

0.603, with an average of 0.358. The difficulty level increased to 0.20 for the  
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Table 6. Item and Options Analysis Findings. 

  
FT 

ST 
  

    

Q A % B % C% D% E% Other% Total% Empty% DI ID PBC sd. 

1 I 10.8 8.9 0.3 1.4 1.7 0.3 23.3 
 

0.320 0.438 0.53 0.497 

 
II 6.1 0.6 17.7 24.9 24.4 0.6 74.2 2.5     

3 I 28.9 22.6 8.0 1.7 0.8 0.6 62.5 
 

0.439 0.174 0.58 0.379 

 
II 6.1 7.7 5.0 13.5 1.1 1.1 34.4 3.0     

4 I 9.6 6.2 5.1 2.3 0.8 0.8 23.9 
 

0.343 0.333 0.54 0.472 

 
II 6.8 9.6 33.5 16.1 4.8 1.7 72.7 3.4     

5 I 9.2 2.9 2.3 3.4 - 6.3 24.1 
 

0.398 0.567 0.60 0.496 

 
II 4.0 6.0 1.4 58.2 2,3 0.9 72.8 2.9     

7 I 2.6 6.1 1.4 9.6 4.3 0.3 24.3 
 

0.450 0.198 0.59 0.399 

 
II 26.4 1.4 21.2 4.3 18.0 1.4 72.8 2.9     

8 I 4.0 1.2 2.6 53.9 1.2 1.2 64.0 
 

0.321 0.521 0.54 0.500 

 
II 16.1 4.6 6.6 2.0 3.2 0.3 32.9 3.2     

9 I 5.7 12.2 21.2 2.8 17.3 0.6 59.8 
 

0.350 0.229 0.48 0.421 

 
II 1.4 3.1 9.3 13.9 7.6 1.7 37.1 3.1     

10 I 30.4 3.9 3.9 18.3 1.1 0.8 58.6 
 

0.364 0.204 0.53 0.403 

 
II 5.4 7.0 2.0 5.1 17.5 1.4 38.3 3.1     

mean 0.579 0.330 0.548  

Q: Question; FT: First Tier; ST: Second Tier; DI: Discrimination Index; ID: Item Difficulty; PBC: Point Biserial Correlation; 

 

 

 

second tier. Similar values occurred in both tiers, and the average difficulty 

changed to 0.333. The difficulty indices of items 3, 7, 9, and 10 in these tiers 

are high (< 0.229). Accordingly, although these levels are still at the average 

difficulty level, it can be seen that the difficulty level has increased; that is, 

they have approached the value of 0.20. Table 6 gives the option analysis 

results from these results according to the ticking percentages of the options 

for the items and the item parameters calculated for both tiers.  

It is seen that the distractors worked for the correct answer in the first 

tier for items 1, 4, 5, 7, and 8. The rate of correct answer combinations in 

these items seems to follow the item difficulty indices. The correct answer 

combination for the 5th item is 58.2 %, the item difficulty index is 0.567, the 

correct answer combination for the 8th item is 53.9 %, and the item 

difficulty index is 0.521, indicating that the items are of average difficulty. 

The findings showed that items 3, 9, and 10 had lower rates of correct 

answer combinations (13.5 %, 13.9 %, and 17.5 %, respectively). Also, 

certain option combinations led to strong distractors: item 3 (I - A, 28.9 %), 

item 9 (I - C, 21.2 %), and item 10 (I - A, 30.4 %). These items appear 

difficult and discriminative based on their discrimination (0.439; 0.350; 

0.364) and item difficulty indices (0.174; 0.229; 0.204). Upon examining the 

scoring patterns of the multiple-choice items within the second tier of the test  
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Table 7. Comprehension Distribution by Item and Subject Areas. 

    Scientific Conceptualization Lack of Knowledge Partial Information Total 

Q Concept f % f % f % f % 

1 Plant 82 2.82 92 3.17 189 6.51 363 12.50 

3 Foods ingredients 58 2.00 232 7.99 73 2.51 363 12.50 

4 Functions of foods 121 4.17 86 2.96 156 5.38 363 12.50 

5 Balanced diet 206 7.09 92 3.17 65 2.24 363 12.50 

7 Plant 72 2.48 95 3.27 196 6.75 363 12.50 

8 Sensory organs 190 6.54 133 4.58 40 1.38 363 12.50 

9 Natural Resource 79 2.72 220 7.58 64 2.20 363 12.50 

10 
Natural and Artificial  
Environment 

67 2.31 222 7.64 74 2.55 363 12.50 

  Total 875 30,13 1172 40.36 857 29.51 2904 100 

Q: Question;  

 

 

 

items, it has been determined that the distractor options included with each 

item are marked at a rate that varies between 1.9 % and 9.5 %. This finding 

suggests that these specific options have been chosen less frequently than 

other options. Furthermore, Table 6 highlights an additional finding 

regarding the blanking rates, which indicate that these rates fall below 3.4 %. 

The response rates regarding the “Other” option offered in the items range 

between 0.3 % and 1.7 %. 

Findings Regarding Comprehension Status 

Table 7 presents the distribution of participants’ responses by subject area in 

the PBMDT.  

According to the table, participants responded to the fifth item about 

balanced nutrition (f = 206; 7.09 %), the eighth item about sensory organs (f 

= 190; 6.54 %), and the fourth item about the functions of foods (f = 121; 4, 

17 %) are items with a high level of scientific conceptualization. Scientific 

conceptualization rates for other substances vary between 2 % and 2.82 %. 

When examined in terms of all participants, the level of scientific 

conceptualization is 30.13 %, while the level of partial knowledge and lack 

of knowledge is approximately 70 %. 

Table 8 presents the distribution of misconceptions regarding subject 

areas.  

Based on the table, the participants have higher rates of 

misconceptions regarding nutritional content than others. Specifically, they 

have the following misconceptions: “Foods consist of a single nutritional 

ingredient.” (f = 325, 12 %), “Proteins do not provide energy” (f = 97, 3 %), 

and “A balanced diet is getting nutrients rich in protein.” (f = 139, 5 %).  
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Table 8. Distribution of Misconceptions Determined by the PBMDT. 

    SC LoK PI Total 

Subject area Misconceptions f % f % f % f % 

Foods  
Ingredients 

Foods consist of a single nutritional ingredient. 
  

235 8.4 90 3.2 325 12 

Proper Conceptualization 58 2.1 
    

58 2 

Functions of  
Food  
Ingredients 

Proper Conceptualization 121 4.3 
    

121 4 

Proteins do not provide energy. 
  

60 2.1 37 1.3 97 3 

Vitamins protect our bodies from diseases. 
  

11 
 

57 2.0 68 2 

Only carbohydrates provide energy. 
    

24 0.9 24 1 

Carbohydrates provide immunity. 
    

18 0.6 18 1 

Balanced 
Diet 

Proper Conceptualization 206 7.4 
    

206 7 

A balanced diet is getting nutrients rich in protein. 
  

77 2.8 62 2.2 139 5 

Plant 

If a plant has no flowers visible, it is a flowerless 
plant.   

52 1.9 189 6.8 241 9 

The seed is a non-living thing. 
  

10 0.4 178 6 188 7 

Proper Conceptualization 154 5.5 
    

154 6 

Soil is a living thing. 
  

79 2.8 4 0.1 83 3 

The flowers are related to growth. 
  

21 0.8 5 0.2 26 1 

Sunlight is necessary for germination. 
    

5 0.2 5 0.2 

Natural  
resource 

Recycling produces natural resources. 
  

126 4.5 32 1 158 6 

Recycling is the matter cycle. 
  

62 2.2 26 1 88 3 

Proper Conceptualization 79 2.8 
    

79 3 

Natural resources are unlimited. 
  

20 0.7 5 0.2 25 1 

Natural and 
Artificial  
Environment 

Humans can create a natural environment 
  

215 7.7 72 3 287 10 

Proper Conceptualization 67 2.4 
    

67 2 

Sensory 
Organs 

Proper Conceptualization 190 6.8 
    

190 7 

Between sensory organs and the brain, there is no 
connection.   

76 2.7 22 1 98 4 

A sensory organ perceives all things. 
  

25 0.9 9 0.3 34 1 

The sensory organ is a source of stimulation. 
  

12 0.4 4 0.1 16 1 

  Total 875 31 1081 39 839 30 2795 100 

SC: Scientific Conceptualization; LoK: Lack of Knowledge; PI: Partial Information; 

 

 

 

Regarding the misconception that foods consist of a single nutritional 

content, the participants presented as reasons “oranges consist of vitamin C” 

(28.9 %), and “oranges are a source of vitamins” (22.6 %) (Table 6, Item 3). 

However, regarding the functions of nutritional contents, students give the 

option that proteins do not provide energy, as well as the reasons that protein 
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is only related to growth and development and carbohydrates are only related 

to providing energy. Many misconceptions were identified in the two 

questions numbered one and seven within the subject area of vitality, 

especially regarding the concept of plants. Plant and flower conceptual 

confusion was coded 241 times at a rate of 9 % at the levels of partial 

knowledge and lack of knowledge. In this question, the reasons given by the 

learners that some plants consist of only leaves and branches were marked 

26 % in option A and 21.2 % in option C. However, between 0.2 % and 7 % 

of misconceptions arise regarding seeds, germination, reproduction - growth, 

and plant physiology. The misconception that “the seed is non-living” (f = 

188, 7 %) was mainly explained by the distractor that “the seed becomes 

alive when it turns into a plant.” The participants explained that “seeds and 

soil are alive” by nourishing them with water and sun. This misconception 

means defining vitality for the soil option. In terms of seeds, it shows that 

students have developed the wrong idea that sunlight is necessary for 

germination. Regarding natural resources, some students believe that 

recycling produces these resources. For example, they think that natural 

resources are regenerated when paper is recycled (21.2 %) and that recycling 

is the cycle of natural resources (17.3 %). Regarding the natural and artificial 

environment, some students believe that humans can create a natural 

environment by building parks and gardens (30.4 %). Finally, some students 

fail to understand that the sense organs are connected to the brain (4 %). 

Discussion 

PBMDT Psychometric Properties 

The study evaluated the PBMDT’s validity and reliability using qualitative 

and quantitative methods. As per Tregaust’s (1988) diagnostic test 

development stages, the first step is to define misconceptions mentioned in 

the literature (Allen, 2014; Asoko, 2002; Dimec & Strgar, 2017; Fisher & 

Moody, 2002; Krall et al., 2009; Karpudewan et al., 2017; Topsakal, 2009; 

Uyanık, 2019).  After testing these misconceptions in the first group’s 

participants, the findings were used to draft items for the PBMDT. The 

following two steps ensured the face validity of the PBMDT. Firstly, we 

created the questions based on the guidelines for writing multiple-choice 

questions by Haladyna and Rodriguez (2013). Secondly, we had a field 

expert and a teacher examine the questions. Thus, the suitability of the items 

in terms of the understandability of their contents was examined through 

interviews. However, within the scope of the options analysis, the low 

blanking rate was considered a positive finding regarding the clarity and 

level of suitability. The low rate of use of the “other” option indicates the 

adequacy of the distractor pool in the second tier for this sample. In the 
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development of diagnostic tests, applications for the readability of the tests 

have been included (Arslan et al., 2012). In this study, relatedly, primary 

school teachers consulted their opinions. However, the items were examined 

regarding the “diagonal response” situation suggested by Loh et al. (2014). 

In this context, while the risk of logical clues between tiers can be reduced in 

some items, this situation has been partially eliminated in some items.  

The misconceptions presented in Table 1 were initially formed by the 

literature. These misconceptions were verified in the first sample of the study. 

In addition, the specification table, one of the recommended ways to ensure 

content validity (Adams & Wieman, 2011; Crocker & Algina, 1986), was 

prepared based on this finding. In similar studies in the literature where tier 

tests were developed, it is seen that the misconceptions claimed to be 

measured by the tier test were examined with tables of specifications and 

propositions (Arslan et al., 2012; Liampa et al., 2019; Lin, 2004; Odom & 

Barrow, 1995). Expert opinions were evaluated regarding misconceptions of 

the content presented in Table 1, draft items to measure them, and the 

targeted structure. These applications have provided qualitative evidence for 

the construct and content validity of PBMDT. Additionally, in the study, a 

quantitative data set was reached with the scoring rule following the 

literature (Chandrasegaran et al., 2007; Kilic & Saglam, 2009; Tan et al., 

2002; Liampa et al., 2019; Sesli & Kara, 2012). With the data set created in 

this way, evidence regarding the construct validity of the PBMDT was 

obtained. Factor analysis is recommended to provide evidence regarding the 

construct validity of cognitive tests (Adams & Wieman, 2011; Ramlo, 2008). 

Although it is reported that there are different opinions regarding the size of 

factor loadings in the literature regarding the construct validity of cognitive 

tests, items with appropriate factor loadings (> 0.40) were selected (Floyd & 

Widaman, 1995; Kline, 2005). The PBMDT, which measures 

misconceptions regarding different biology subjects, showed a one-

dimensional structure. 

Attention is drawn to the measured structure model to find evidence 

regarding reliability, another desired criterion in measurement tools. 

Yurdugul (2005) emphasizes using different reliability indices according to 

internal consistency, depending on the characteristics of the measured 

structure. Reliability indices were calculated using four different methods for 

the PBMDT, which has items with different factor loadings. The KR20 

reliability index, calculated as 0.661 according to the scores of both tiers of 

the PBMDT, was accepted as the reliability index of the scale. These indices 

are at acceptable levels within the lower and upper bands of the 95 % 

confidence intervals determined in the literature (George & Mallery, 2022). 

In addition, it can be said that the reliability indices obtained for the PBMDT 

are compatible with tier-test development studies. According to Fisseni 

(1997; cited in Bühner 2006, p. 140), the discrimination of the PBMDT’s 
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items is at appropriate levels (> 0.30) for all tiers. Based on the findings 

obtained in the study, options analysis was made based on marking 

frequencies. The literature indicates that the distractors marked less than 5 % 

are called “non-functioning distractors” (Gierl et al., 2017; Haladyna & 

Rodriguez, 2013). Tan et al. (2008) stated that the misconceptions that 

occurred at a 10 % higher rate were common misconceptions. Accordingly, 

an option with a rate lower than 10 % in the study may not be used in 

different studies. This study used a five-option structure to prevent “diagonal 

response.” However, the finding that the misconceptions identified for the 

distractors are working distractors is a favorable situation for the test’s 

psychometric properties. Based on these findings, it was concluded that the 

PBMDT has appropriate psychometric properties and appropriate validity 

and reliability evidence is provided. 

Misconceptions Identified 

The PBMDT showed that students, as misconceptions, believe that foods 

have only one kind of food ingredient and cannot understand the functions of 

nutrients and balanced nutrition. These misconceptions are similar to those 

reported by, who suggested that people believe that “we only eat to gain 

energy, fats are unhealthy, and only fats contain fat” (Allen (2014). The 

study confirms students’ misconceptions that foods have only one nutritional 

component and that fats are unhealthy.  Allen (2014) presented the 

misconception that proteins are used only to gain energy. In addition, the 

current study describes the misconception that protein is only adequate for 

growth and development. Accordingly, students have a misconception that 

essential food ingredients only serve one purpose. The idea that the food 

ingredients identified by the participants may have only one function can be 

seen as a result of the essentialist thinking in students suggested by Coley 

and Tanner (2012). The research shows that students often have 

misconceptions about seed, flower, germination, plant nutrition, and vitality 

concepts. Plant-related misconceptions were reported in several studies 

conducted at different education levels (Allen, 2014; Haslam & Treagust, 

1987; Hershey, 2004; Krall et al., 2009; Wynn et al., 2017). For example, 

Allen (2014) reports the misconceptions regarding the concept of vitality, 

such as that “fire is alive” and “seed is a non-living thing.” In this study, the 

misconceptions that “seed is inanimate” and “soil is alive” were determined. 

The misconception that the soil is alive, which emerged among the 

participants, is based on the misconception that the soil can be fed by water 

and sun and can create nutrients and other living things. This situation is 

compatible with attributing nutritional and reproductive characteristics to the 

soil within the scope of anthropocentric thought proposed by Coley and 

Tanner (2012). As for the seed, there is a misconception that it is alive when 
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it turns into a plant.  Allen (2014) explains these misconceptions, also 

identified by Topsakal (2009), with the basic common features of living 

things and proposes the concept of “dormancy” for scientific 

conceptualization. However, the students’ view that sunlight is necessary for 

germination and that the plant receives nutrients from the sun or the soil 

indicates inappropriate thoughts about plant physiology. Dimec & Strgar 

(2017) reported that several pieces of research on photosynthesis identified 

misconceptions such as “plants get their nutrients from their environment, 

especially from the soil; roots are nutritional organs; sunlight is food for 

plants; and confusion about respiration.” Krall et al. (2009) reported that 

sunlight is necessary for seed germination, and misconceptions that the plant 

obtains nutrients through its roots as non-scientific conceptualizations. 

Hershey (2004) stresses the impact of obsolete concepts and terms, 

oversimplification, and overgeneralization on the formation of 

misconceptions. Yip (1998) reported that one of the sources of learners’ 

misconceptions was the use of these terms in daily life and spoken language. 

For example, the fact that the term “flowers” is frequently used 

interchangeably with “plants” in everyday language makes it difficult to 

understand this concept in a biological context.  

Conclusions 

A comprehensive literature review is presented that identifies 

misconceptions and investigates their causes. The developed PBMDT has 

identified misconceptions that are in line with different opinions found in 

these literatures regarding the sources of such misconceptions. Similar 

misconceptions can be found in textbook reviews and among students at 

various education levels, including university students (Cakiroglu & Boone, 

2002; Dimec & Strgar, 2017; Griffard & Wandersee, 2001; Haslam & 

Treagust, 1987; Krall et al., 2009; Lin, 2004; Yip, 1998). Misleading terms 

used in textbooks or didactic teachings may encourage learners to fill in the 

knowledge gaps with thoughts incompatible with scientific understanding. 

Depending on the age and education level of the learner, these concepts may 

be simplified and their scope reduced. However, it is essential to distinguish 

between the daily usage of language and scientific terminology in our 

lessons and use terms according to scientific understanding. Therefore, it is 

crucial to avoid oversimplifying and overgeneralizing the knowledge and 

terminology of the field of biology when educating students. It is also crucial 

to fill knowledge gaps with scientifically appropriate ideas and to support 

students in thinking about biology and natural phenomena. However, 

teachers must pay attention to not supporting ideas that may lead to 

misconceptions.  Teachers’ determination of these tendencies in their 
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students through PBMDT in their classroom evaluations will positively 

affect concept teaching in advanced education levels.  
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