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 This study aimed to test the validity, reliability, and difficulty level of items 

developed based on the Frayer model and detect conceptual understanding of 

high school students in biology evolution. The test method evaluated 35 

multiple-choice questions on evolution for 55 high school students. Rasch 

analysis was performed to assess the validity, reliability, difficulty level of 

items, and students’ ability level. Two experts empirically tested and analyzed 

the validity of the items. The assessment developed was discovered to be valid 

based on expert and empirical analyses. Furthermore, the construct validity 

test indicated that only two of the 35 questions were deemed invalid. The 

assessment exhibited reliability with an item reliability score of 0.92. The item 

difficulty levels were equally spread across the normal curve, encompassing 

questions ranging from very difficult to very easy categories, as depicted in 

the variable map. After analyzing the map, it was observed that variations in 

students’ proficiency levels at answering questions were evident, indicating 

diverse levels of ability. Students performed well in handling formal and 

superordinate-subordinate level questions. However, their performance 

differed when dealing with identity and principle-level concepts. 
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1. INTRODUCTION  

Conceptual understanding is essential for students to excel because it lays the groundwork for 

developing more advanced cognitive skills, such as analytical thinking and problem-solving abilities [1]–[6]. 

Furthermore, it is often perceived to improve as a person gains more knowledge than before. The development 

of conceptual understanding is partially influenced by the amount of knowledge gained, as well as the cognitive 

processes of an individual. As growth takes place, cognitive processes will also develop, leading to differences 

in information processing. This progression contributes to an elevated degree of conceptual understanding [7]. 

According to previous studies [7], [8], at least seven levels of conceptual understanding are concrete, identity, 

classificatory, formal, superordinate-subordinate, contingency, and principle. Mastering the concept at the 

concrete level involves recognizing and naming objects, and development occurs from an early age. Due to 

progression in cognitive abilities, individuals start distinguishing between objects, a phenomenon commonly 

called the concept of identity. After being able to differentiate, the object was classified into its group based 

on shared characteristics, known as the classificatory concept. These three concepts are generally possessed 

from a young age or during cognitive development before adulthood. 

An increase in age leads to advancement in the ability to process information. Initially, the focus was 

on acquiring recognition, differentiation, and classification skills. However, as time goes on, these skills will 

evolve to encompass a deeper comprehension of the definition and description of the objects being studied. 

https://creativecommons.org/licenses/by-sa/4.0/
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This marks the transition to a more advanced level of formal conceptual understanding. After achieving this, 

conceptual understanding can expand further, enabling the understanding of the position of a concept relative 

to another (superordinate-subordinate), the cause-and-effect relationships between concepts (contingency), and 

the application of concepts to solve everyday problems (principle) [7], [8]. Students should master these seven 

conceptual stages to comprehend better concepts, specifically those closely related to natural and observable 

objects. 

As a branch of biology, evolution delves into living organisms historical and developmental processes. 

It closely connects with tangible elements, including directly observable entities like fossils. Moreover, 

evolution explores the distinctions among various species [9]. To comprehensively and accurately understand 

the concept of evolution, students need to grasp it progressively, starting from recognizing the concrete 

manifestations, identifying differences between objects or species (identity), and classification into respective 

groups based on shared characteristics (classificatory). Furthermore, understanding formal terminologies' 

meanings and definitions is essential. Equally important is grasping the interconnections between concepts, 

acknowledging migration as subservient to evolutionary mechanisms (superordinate-subordinate), and 

realizing how environmental alterations can impact variations among coexisting species (contingency). 

Additionally, developing familiarity with evolution-related ideas, like the Hardy-Weinberg law, is crucial. All 

this knowledge can be used to estimate the number of people with albinism in a population (principle). 

Students can only comprehend the concept up to its basic level if they reach a higher level or 

implement it to solve scientific problems in daily life [10]–[12]. This limited understanding can present 

challenges, specifically in the case of evolution. When the assessment tools employed by educators are 

inadequate for detecting students' conceptual understanding, it becomes challenging to accurately evaluate the 

extent of their mastery of the taught material. There is a need to devise appropriate strategies to help improve 

knowledge and conceptual understanding to the desired level [13]. Therefore, it is crucial to develop suitable 

assessments to detect students' conceptual understanding. 

Several studies have been conducted to detect the conceptual understanding of students [14]–[19]. 

However, the investigations conducted by several researchers [14]–[17] primarily focused on identifying 

misconceptions among students. The methods applied were the certainty of response index (CRI), diagnostic 

question cluster [20], and three-tier assessments with criteria for student misconceptions [21]. These studies 

could detect and differentiate students who understood the concepts from those with misconceptions. However, 

the reports were unable to pinpoint the exact concepts with which students struggled and the depth of their 

comprehension of these concepts. 

Similarly, the investigations conducted by other researchers [18], [19] did not specifically identify the 

concepts that posed challenges and the extent of achievement in conceptual understanding. Determining the 

specific complex concepts and the extent of the level of conceptual understanding of evolutionary material is 

essential for teachers to decide on appropriate strategies. This helps students maintain their current conceptual 

understanding and enhances their ability to comprehend concepts, enabling them to achieve higher levels. The 

goal is to ensure that students possess conceptual understanding and apply it to explain scientific phenomena 

and solve scientific problems in their surroundings [7], [8]. 

The level of conceptual understanding was extensively discussed in the Frayer model [7], [8]. A study 

on the use of this model in teaching and assessing scientific materials has been conducted [22], [23]. However, 

these studies utilized the 1969 Frayer model. This model was presented diagrammatically to aid students in 

defining concepts, identifying their characteristics, and providing examples and non-examples for better 

understanding [24]. The Frayer model enhanced the scientific vocabulary skills of high school students, 

particularly in understanding earth processes (internal and external processes) [22]. Meanwhile, in previous 

study [23], it was found to improve the scientific vocabulary skills of 4th-grade elementary school students in 

biology topics, covering concepts related to stamen, pistil, plant reproduction, plant fertilization, pollination, 

seed dispersal, nymph, metamorphosis, animal characteristics, heredity, dormancy, migration, food chains, and 

predators. 

The mastery of scientific vocabulary among students aligns with their understanding of scientific 

concepts. A broader vocabulary repertoire enhances their ability to comprehend these concepts more 

effectively. This is because the knowledge of scientific vocabulary forms the foundation for students to build 

conceptual understanding [25], [26]. The Frayer Model has been proven to enhance scientific vocabulary. 

However, it does not explicitly explain students' achievement in conceptual understanding from concrete to 

principle levels [24]. Therefore, the model was further developed to make it applicable for addressing this 

limitation. Using the Frayer Model [8] in assessments to detect the conceptual understanding skills of students 

is suitable for implementation in science learning. More investigations on developing assessments based on 

the Frayer Model [8] need to be conducted. This study aimed to develop a Frayer Model-based assessment to 

detect the conceptual understanding of students in the field of evolution. The research questions taken into 

account were: i) Is the developed assessment valid, reliable, and suitable for use? ii) What is the profile of 

conceptual understanding regarding evolution among 12th-grade high school students? 
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2. METHOD 

2.1.  Respondents 

This study included 55 randomly chosen 12th-grade high school students from two classes within the 

same school, comprising 43 females and 12 males. Although the sample size in this study is small, the 

researchers have ensured that the sample is sufficient for the analysis of validity, reliability, and the quality of 

test items, as well as students' abilities, using dichotomous Rasch analysis. That statement is based on [27], 

which states that when utilizing Rasch analysis and a dichotomous question form, a minimum of 30 items and 

a sample size of 30 are required to achieve a 95% confidence rate.  

Additionally, the researchers have ensured that, with a sample size of 55 and 35 items, these numbers 

have produced mean square values that meet the accepted critical points in Rasch dichotomous analysis for 

small samples (0.5 to1.5). Specifically, the values are 0.99 for the infit mean square and 0.98 for the outfit 

mean square [28], [29]. Furthermore, the previous study's results [30] indicated no significant influence 

between a small sample size and the students' ability analysis results using dichotomous Rasch analysis. 

On February 20, 2023, 35 students participated in the test, while the remaining 20 took the test on 

February 28 of the same year. The average completion time was 1.5 hours. Finally, it was ensured that students 

involved in the first study did not exchange related information with respondents in the second study.  

 

2.2.  Assessment 

The assessment used in the study consisted of 35 multiple-choice questions distributed across different 

cognitive levels. Specifically, there were 5, 6, 5, 5, 5, 4, and 5 questions at the concrete, identity, classificatory, 

formal, superordinate-subordinate, contingency, and principle levels. The tested material covered evidence of 

evolution, evolutionary mechanisms, the theory of life's origin, and the Hardy-Weinberg Law's application. 

Additionally, some of the questions included material related to biodiversity and evolutionary mechanisms. 

The formulation of questions in this study follows a framework based on previous study [8], which 

involves indicators corresponding to different levels of students' conceptual understanding, ranging from 

concrete concepts to principles. An indicator at the concrete level was "Students can recognize dogs that can 

survive in an environment with a specific temperature based on the fur thickness." This was based on the 

concrete cognitive operation of "recognizing stimuli that can be sensed by the organs, differentiating between 

stimulus, and remembering their differences." 

The cognitive operation at the identity level includes “recognizing stimuli that can be sensed by the 

organs, differentiating between stimuli, remembering the differences in stimuli, and understanding that two or 

more stimuli represent different forms of the same thing.” An illustrative example of this cognitive ability is 

when students discern the dissimilarities between living organisms belonging to the same genus but having 

undergone adaptations specific to each species. Therefore, at this level, students need skills to concretely 

recognize evolutionary objects and distinguish the characteristics between the two objects.  

The cognitive operations continue to increase up to the highest level of conceptual understanding. At 

this level, the cognitive operation encompassed a range of abilities, such as "recognizing stimuli that the senses 

can sense, differentiating between stimuli, remembering the differences in stimuli, generalizing two or more 

stimuli to represent different forms of the same thing, generalizing that two or more stimuli have some common 

characteristics, differentiating concept attributes, hypothesizing relevant attributes, remembering hypotheses, 

evaluating hypotheses using positive and negative examples or recognizing common attributes of positive 

examples, concluding concepts, recognizing the position of concepts (superordinate, subordinate, or parallel), 

understanding relationships involving causes and effects, correlations, and other possibilities, as well as 

applying concepts to solve problems." An example of the indicator was "Students can use the Hardy-Weinberg 

Law to calculate the percentage of color-blind women and those who were carriers of this visual impairment." 

 

2.3.  Data analysis 

The validity analysis was conducted in two ways, namely expert and empirical validity. The expert 

test involved providing the instrument to two experts, one specialized in evolutionary material and the other in 

educational assessment development. Furthermore, they were asked to evaluate the content and structure of the 

developed questions using a Likert scale questionnaire ranging from 1 to 4. 

The empirical test assessed the instrument on 55 samples of 12th-grade students. This aimed to assess 

the items' validity and determine the tested questions' reliability and difficulty level. The analysis was 

conducted using Winsteps version 3.73 with Rasch dichotomous analysis. 

The validity of the items was determined based on the criteria of outfit mean square (MNSQ), outfit 

Z-standard (ZSTD), and point measure correlation (Pt. Measure Corr), within accepted ranges of 0.5 < MNSQ 

< 1.5, -2.0 < ZSTD < 2.0, and 0.4 < Pt Measure Corr < 0.85, respectively [31]. Meanwhile, the reliability of 

the items was assessed based on the values available in the summary statistics menu. The item difficulty level 

was evaluated based on the measured score values, and their distribution was observed on the variable map. 
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Students' ability level was assessed based on the number of correctly answered questions. Scores of 1 

and 0 indicated correct and incorrect answers, respectively. These scores were then input into the Winsteps 

version 3.73 application to analyze their person-measure values using Rasch analysis. In addition to obtaining 

the person-measure values, the distribution of students' ability levels was examined through the variable map. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Validity and reliability of items 

An instrument was considered valid when it successfully measured the intended ability and concept 

[32], [33]. In this study, validity was assessed through expert and empirical methods. The expert test was 

conducted to ensure that the assessment aligned with the predetermined objectives and evaluated the accuracy 

and clarity of the content construction. This included the content of evolutionary material in the questions, the 

wording of the questions, and the answer options in the assessment [34], [35]. The results showed that the 

developed assessment was suitable for study purposes. The points evaluated were material relevance, depth, 

and clarity, with average scores of 3.5, 4, and 4, respectively. 

Regarding the validity assessment by experts, the evaluated items included the clarity of questions, 

the arrangement of questions and distractors, as well as the linguistic aspects used within the questions. Each 

of these categories received an average score of 4. The experts deemed the assessment developed as valid based 

on the validity analysis. However, two items, namely questions number 1 and 2, had to be replaced because 

the material was no longer relevant to current evolutionary biology. The material in questions 1 and 2 was 

related to the variation of finch beaks according to their various types of food (seeds, insects, and cacti). In the 

present day, it is no longer relevant as finches eat seeds, and the variation in beaks was primarily due to 

different-sized seeds consumed. The differences, which were attributed to both the type/size of food and the 

climatic conditions of the habitat, were documented by De León et al. [36]. As a result, these questions 

underwent revision. While their structure was retained, the finch-related content was substituted with 

information related to fur adaptation in dogs residing in both cold and normal climates. 

Empirical validity analysis examined the construct validity of item questions. This was conducted by 

observing the distribution of the difficulty level analyzed on the variable map to determine when they were 

evenly spread with reasonable gaps between questions. In addition to the difficulty level distribution, construct 

validity was further evaluated using outfit MNSQ and ZSTD values. These values helped assess whether the 

analyzed item questions fit and functioned normally for measurement [37]. An item was considered to measure 

normally when it had an outfit MNSQ value greater than 0.5 and less than 1.5 and an outfit ZSTD value greater 

than -2.0 and less than 2.0 [31]. In addition to the difficulty level and item fit analysis, a crucial aspect of the 

assessment was the point measure correlation (Pt Measure Corr) value, which facilitates the evaluation of the 

item polarity. Items were considered suitable for assessment and capable of measuring the intended skills when 

they exhibited a positive Pt Measure Corr value [38].  

The results of 35 items showed that questions 3 and 8 did not meet the required fit values. Out of the 

two items, it was evident from the variable map in Figure 1 that question number 3 exhibited a significant 

disparity in the analysis of its difficulty level. 

According to the assertion by Gyll and Ragland [39], very easy items are ineffective because they fail 

to differentiate between students with high and low levels of ability. Consequently, question number 3 was 

removed. Concurrently, item 8 displayed an unfavorable Pt Measure Corr value of -0.15. Negative point-

measure correlation values were also identified in research analyzing the validity of question items using Rasch 

[40]. This study reduced question items with negative point-measure correlation values, as they could not 

measure the intended abilities. However, in this investigation, item number 8 was not reduced; instead, the 

answer options were revised. Question number 8 was revised based on the statement in previous study [41], 

which asserts that multiple-choice questions with negative point-measure correlation values indicate errors in 

the answer choices. Therefore, a revision was made to option ‘d,’ initially stating ‘remnants of ancestral 

evolution,’ which changed to ‘analogous vestigial organ.’ This alteration was prompted by the perception that 

the original wording of option ‘d’ might mislead students into choosing it as the correct answer instead of the 

correct option ‘e,’ which reads ‘vestigial organ.’ 

A comprehensive assessment is not only valid but also reliable [42]. In line with that statement, this 

study also analyzed item reliability using the Rasch method. This was conducted by examining the reliability 

values in the summary statistics. From Rasch analysis, the reliability value obtained was 0.92. According to 

Bond [38], values above 0.8 indicate high item reliability. Item reliability measures how consistent and stable 

an instrument produced consistent results when tested on the same respondents at different times. Higher 

values, as emphasized by Cooper and Schindler [43], indicate more accurate data collection. 
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Figure 1. Constructs validity of items 

 

 

The research by Estacioa [22] also demonstrates that the questions used to assess students' scientific 

vocabulary exhibit high reliability. The elevated reliability value in both studies can likely be attributed to the 

multiple—choice questions comprising one question sentence and several answer choices, with only one 

correct answer. The single correct answer in this testing format facilitates consensus among proofreaders when 

determining the correct response [44]. This characteristic is why multiple-choice questions are deemed more 

reliable than other formats. It aligns with previous study [45] that items with good reliability yield consistent 

scores when evaluated by different assessors at various times. Furthermore, the high-reliability value resulted 

from having enough respondents for item analysis using the Rasch dichotomous model [27]–[29]. It is in line 

with other research [46] that the number of respondents, score distribution, and objectivity of assessment 

influenced item reliability. 

 

3.2.  Difficulty level of test items and student ability level 

Item difficulty level measures how challenging the items are for respondents, such as students. 

Furthermore, it was determined by the proportion of students who answered the items correctly. In Rasch 

analysis, the difficulty level was observed through the logit value. Based on these logit values, items can be 
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classified into different categories, namely highly difficult (logit>1), difficult (0< logit ≤1), easy (-1< logit ≤0), 

and very easy (logit ≤-1). The analysis indicated diverse difficulty levels among the 35 items, with 8 being 

highly difficult, 9 classified as difficult, 11 deemed easy, and 7 categorized as very easy. The variation was 

indicated by a separation value of 3.45, which exceeded the recommended threshold of 3.0 [47]. Additionally, 

the test information function graph, as depicted in Figure 2, indicates that the distribution of item difficulty 

levels aligns well with the distribution of students’ ability levels. 

The graph's peak was situated precisely at the center (at a value of 0 on the x-axis), indicating that 

students with a moderate ability level could mainly answer the created item. Previous research [45] conducted 

on 37 educators revealed that good questions should be structured with moderate difficulty—not too 

challenging, yet not too easy. This balance allows students to perform well and facilitates differentiation 

between those with a high level of intelligence and those with a low level. This perspective aligns with the 

previous research [48], who defines good questions as challenging students while providing opportunities for 

them to excel. 

The distribution of item difficulty levels can be observed in more detail on the variable map in Figure 3. 

This distribution was compared to the student ability levels at each conceptual understanding level. By 

employing a variable map, one can simultaneously map the difficulty levels of questions, ranging from very 

difficult to very easy, and the student's abilities in answering questions, from high to low levels of ability. 

 

 

 
 

Figure 2. Test information function graph 

 

 

The points on the S+ to M+ axis of the graph indicate a concentration of student ability levels along 

this line. The graph showed that the difficulty levels for test items positioned between, above, and below the 

line were moderate, high, and low, respectively. An intriguing observation derived from the graph is the 

presence of items situated above the S+ point for the concepts of concrete, identity, and classificatory levels. 

However, items at formal and superordinate-subordinate levels were not situated above the S+ point. This 

suggests that students could effectively manage formal and superordinate-subordinate level items but failed to 

manage concrete, identity, and classificatory items. 

The most challenging question at the concrete level is question 1, which pertains to the finch's beak 

adaptation material. Meanwhile, questions classified as difficult at the identity level are numbers 12 and 13, 

requiring students to identify differences between apes and monkeys and whether they can still be classified 

into the same genus. The students' difficulty answering question 1 may attributed to their incomplete 

understanding of finch adaptation mechanisms. This statement is reinforced by students' struggles with 

questions 20 and 21 at the classification level, which also relate to that concept. 

Additionally, students' inability to answer questions 12 and 13 could be due to a lack of understanding 

of the term "genus" in the question sentences. Therefore, the primary focus was on evolutionary terminology 

and definitions, emphasizing the importance of students mastering key concepts to enhance their understanding 
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of evolutionary material, which aligns with previous research [49]. Moreover, students' challenges with 

questions 12 and 13 may also stem from their unfamiliarity with questions about evolutionary objects related 

to evolutionary mechanisms and biodiversity. This finding indicates that, aside from the need for students to 

improve their scientific vocabulary, as suggested by several researchers [22], [23], [49], they also need to 

engage in contextual learning when studying evolution. It aligns with previous research [50], [51], emphasizing 

that contextual learning can significantly improve students' comprehension of variations, heredity, and 

evolution concepts. 

For contingency-level items, S34 was located above the S+ point, while for principle-level items, S28 

and S30 were situated above students with the highest ability level. These three items consisted of case-based 

questions that explored the concept of geographical isolation in two rabbits living within the same habitat 

(S34), along with the application of the Hardy-Weinberg Law to ascertain the number of individuals with a 

particular blood type (S28), and the count of albino individuals in a population (S30). The inability of students 

to answer case-based questions arises when teachers fail to adequately pass instructions on how to utilize 

scientific concepts in solving everyday problems, especially those related to evolutionary concepts [2], [52]–

[54]. Therefore, besides connecting the material taught with concrete objects, teachers should also apply these 

concepts to explain scientific phenomena that occur in daily life. 

 

 

 
 

Figure 3. Variable map 
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What types of concepts students mastered cannot be obtained if the research only focuses on 

determining whether students understand the concept, do not understand the concept, and have misconceptions, 

as done by previous researchers [14]–[19]. This point necessitates attention from researchers or practitioners 

in the field of education to start considering the use of the Frayer Model in research to detect students' 

conceptual understanding. Additionally, by considering the cognitive operations present at each level of 

conceptual understanding [8], teachers can develop questions to measure students' conceptual understanding. 

This process is guided by clear indicators, ranging from the basic to the complex level. Such an approach 

proves highly useful in gathering information about the types of concepts students have not mastered, thereby 

enabling teachers to enhance the effectiveness of the teaching and learning activities that have been carried 

out. 

 

 

4. CONCLUSION 

This study aimed to provide insights for teachers and education practitioners on the effective use of 

Frayer Model-based assessments in classroom learning. The primary goal was to gain more in-depth 

information about the levels of concepts achieved by students and the types that remain to be mastered. The 

results indicated that the developed assessment was valid and reliable, with a range of item difficulty levels 

spanning from very difficult to very easy, the majority falling within the moderate category. The analysis results 

indicate strong performance in tasks involving recalling and comprehending term definitions at both formal 

and superordinate-subordinate levels. However, challenges were encountered in handling items that demand 

insight into the concrete forms of an object or species and the application of concepts to answer evolution-

related scientific phenomena. These challenging levels include concrete, identity, classificatory, contingency, 

and principle. There are items with difficulty levels above those expected for students at the highest ability 

level for identity and principle levels. 

The findings suggest that the Frayer Model effectively evaluates students’ understanding of evolution. 

With this model, teachers can assess students’ conceptual understanding and develop appropriate teaching 

methods to assist students in overcoming challenges, enabling them to achieve the expected level. Therefore, 

teachers should integrate this model into learning activities to evaluate students’ conceptual comprehension. 
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