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Abstract.  Students need meaningful learning to understand and internalize the knowledge 

they receive by relating what they know from their local environment with the new science 

concept they learn, in this study we call it Traditional Ecological Knowledge (TEK) 

integrated with case-based learning (CBL). However, the use of this integration needs to be 

measured by the correct instrument to make sure that it is measuring the correct target. Thus, 

this study was done to evaluate the validity and reliability of the 24-item questionnaire used in 

this study by using the Rasch Model analysis. The respondents were 73 students 

programming STEM courses and the data was collected by using a questionnaire in a Likert 

scale of 1 to 4. The results show that the percent agreement for each aspect is more than 90%, 

with the highest score in the structure of the instrument consisting of accuracy, clarity, and 

usefulness of the items and the overall percent agreement validity is 93.15%. Meanwhile, the 

validity of the instrument measured with Rasch analysis results on an acceptable validity 

(>20%) and the reliability of the instrument is considered as good (0.89) with the retained 

items as many as 12 items. The results imply that the questionnaire used in this study is valid 

and reliable to measure the implementation of integrated learning between case-based 

learning and traditional ecological knowledge. 

Keywords: Rasch analysis, validity, reliability, case-based learning, traditional ecological 

knowledge 

1 Introduction 

Science is a rapidly developing knowledge that supports the advancement of technology 

throughout the years. However, decades ago, science was then divided into two kinds: traditional 

and modern science as how it was mentioned by Schumacher et al [1], and it applies in Indonesia 

as well. This then affects how science is taught in Indonesia, as we seek to compete globally with 

developed countries, we refer to American education for our standards, from the curriculum to the 

ICWSDGs 2024, September 09-10, Banjarmasin, Indonesia
Copyright © 2026 EAI
DOI 10.4108/eai.9-9-2024.2359033

mailto:yasmine.khairunnisa@ulm.ac.id


learning strategy. Here was the beginning of the misconception. We strive to be up-to-date in 

science education and we start to leave the traditional science behind [2]. Focusing on modern 

science only and considering traditional knowledge as a total misconception is a way to remove 

sustainable knowledge. The point is that the students need meaningful learning to understand and 

internalize the knowledge they receive, thus they need to relate what they know from their local 

environment, family, religion, or anything they got their initial knowledge before coming to the 

class with the new science concept they learn. Some call it indigenous science, some will call it 

local wisdom-based science. In this study, we call it Traditional Ecological Knowledge (TEK) as 

we focus on the environmental science taught in STEM courses. The topic goes around the 

wetland environment where the students live to get the expected meaningful learning experience, 

as well as training their problem-solving and decision-making skills related to wetlands problems 

[3]. 

STEM, as it is known globally as Science, Technology, Engineering, and Mathematics, is 

currently a challenge to implement in Indonesia as there are some misconceptions about it [4]. 

Thus, the Science Education Department, where this study took place, inserts it into the curriculum 

and programs it as a compulsory subject. In this course, students were expected to make a solution 

to a real-life problem and pour it into a STEM worksheet designed for secondary school students. 

In this case, researchers used the case-based learning (CBL) strategy to facilitate students thinking 

critically while analyzing cases. The cases used were contemporary and actual cases related to 

students’ local environment that can be solved by using science knowledge. This strategy was 

proven able to support holistic and meaningful learning as students were trained to have complete 

science process skills by using real-life cases in their learning [5]. The CBL strategy used in this 

study follows these steps: (1) case presentation; lecturers explain cases to students, (2) students 

begin to analyze cases in groups, (3) group members collaborate to determine the approach to be 

used in solving cases, (4) formulate goals; the group determines the target of the solution to the 

problem to be given, (5) sorting; group members combine their initial knowledge of the 

environment (TEK) with what they have learned to design a problem solution project, (6) students 

present the results of the discussion in the form of problem solutions, and (7) students reflect on 

what the results and processes of the solutions provided are. This strategy was used because the 

CBL strategy consists of key aspects that support holistic and meaningful learning needed by 

students, thus researchers integrate this strategy with the TEK.  

As TEK enables students to sustain their traditional knowledge and integrate it with science, it 

is in line with one of the sustainable development goals pillars in education: quality education, 

which refers to equal education that supports life-span learning [6]. Lifelong learning means “the 

combined knowledge acquired during the three stages of education”[7], which are primary, 

secondary, and tertiary school. It refers to how the knowledge we derive from every stage of 

education should be the base of the new knowledge receive on the next level. Therefore, the 

integration of TEK in STEM is essential. Sumarni et al [8] also support the implementation of 

Indigenous knowledge in science teaching as they stated that the integration stimulates new and 

meaningful learning experiences, and it is effective for implementing the STEM approach in 

science learning. It is then strengthened by the use of the CBL strategy to reach holistic learning 

while training students to think critically resulting in an ideal way of learning STEM. 

According to ScienceDirect, since 2001, there have been around 208 studies regarding 

ecological knowledge in the social sciences field, but very few discussed traditional ecological 



knowledge in education specifically. Albeit this trend of research keeps evolving throughout the 

years, there is hardly a study that focuses on the TEK integrated with CBL strategy in science and 

or STEM learning. However, before we dive deeper into the integration of those elements, we 

must make sure that the instruments used to measure the implementation of the TEK-integrated 

CBL strategy are effective, valid, and reliable. Thus, there is a need for an analysis of the 

instrument's effectiveness. This study aims to analyze the questionnaire of students’ perception of 

the integration of TEK and CBL strategy in STEM learning by using Rasch model analysis. 

2 Methods 

The Rasch model analysis used in this study is to measure the questionnaire regarding the 

implementation of the CBL strategy that integrates with TEK. This questionnaire was adapted 

from Jamkar et al [9] and was originally constructed of four aspects: Behavioral engagement, 

Cognitive engagement, Emotional engagement, and Agentic engagement. This study modified it 

by inserting the TEK aspect on the questionnaire, thus this questionnaire needs to be analyzed by 

using the Rasch model to make sure that this instrument is valid and reliable. 

This questionnaire is presented on a Likert scale from 1 to 4: (1) disagree, (2) somewhat 

disagree, (3) agree, and (4) strongly agree. It consists of 24 items developed from the five aspects 

mentioned before and the constructs are shown in Table 1 below. 

Table 1. Constructs and Items in the Questionnaire 

Constructs Number of items 

Behavioral engagement 1, 2, 3, 4, 5 

Cognitive engagement 6, 7, 8, 9, 10 

Emotional engagement 11, 12, 13, 14, 15 

Agentic engagement 16, 17, 18, 19 

Traditional Ecological Knowledge 20, 21, 22, 23, 24 

 

Before it is given to the students, this questionnaire is validated by five experts for construct 

validity, and then the data generated from students’ answers on this questionnaire is analyzed by 

using SPSS software for the descriptive statistics of data and Ministep software for the item 

analysis. The next step is analyzing the data with 10 measurement properties of the Rasch model 

and it follows the properties set by Che et al [10] as seen in Table 2. 

Table 2. Measurement Properties of Rasch Model Analysis 

Rasch analysis Properties Acceptable values 

Person fit Person infit MNSQ 

Person infit ZSTD 

Person point measure correlation 

0.4 < x < 1.5 

-2 < x < +2 

Positive value 

Item fit Item infit MNSQ 

Item infit ZSTD 

Item point measure correlation 

0.4 < x < 1.5 

-2 < x < +2 

Positive value 



Item measure Item measure No same value in the same 

construct 

Standardized residual 

correlations 

Correlation x < 0.7 

Dimensionality Principal component analysis 

(PCA) 

x > 40%, unexplained first 

contrast of < 15% 

Summary statistic Summary statistics Item separation 

Item reliability 

Person Reliability 

Person separation 

Cronbach’s alpha 

 

The participants of this study were 73 students programming STEM courses. Based on Wright 

[11], the minimum number of samples for doing the Rasch model analysis depends on the standard 

errors. Christensen et al [12] proposed that the adequate sample for a 24-item measure with four 

response categories should be 10*24*3 = 720 respondents, yet that number is hard to fulfill in this 

study since the number of students programming STEM courses is limited and uncontrollable. 

However, relevant studies by Vogel and Engelhard [13] and Lah et al [10] used small-sized 

samples (less than 50 respondents), and even though may be less precise, it barely affects the 

person-ability estimation [14]. Thus, referring to Linacre [15] who stated that Rasch model 

analysis requires at least six respondents for one instrument, this study used 73 respondents. The 

respondents were chosen by using a purposive sampling technique in which the criteria are: (1) 

respondents were programming STEM course, (2) respondents attended at least two case 

discussion sessions in STEM course, and (3) respondents have done observations in their local 

environment assigned by the lecturer. 

3 Results and Discussion 

The construct validity of this questionnaire was done by five experts chosen based on their 

educational specialties: two experts in STEM education, two experts in learning strategies, and one 

science teacher as the user expert. The items in the expert validation sheet are 30 items constructed 

from five aspects: content, case relevance, display, evaluation, and structure. The results are 

provided in Table 3 below. 

Table 3. Expert Validation 

No Aspect Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Mean Percent 

agreement 

1 Content 3.85 4.00 3.71 3.28 3.28 3.62 90.50 

2 Case relevance 3.67 3.67 3.33 4.00 3.67 3.67 91.75 

3 Display 3.62 3.87 3.62 3.50 3.50 3.62 90.50 

4 Outcomes 4.00 4.00 3.83 3.50 3.67 3.80 95.00 

5 Structure 4.00 4.00 4.00 3.60 4.00 3.92 98.00 

 



Based on the results in Table 3, the percent agreement for each aspect is more than 90%, with 

the highest score in the structure of the instrument consisting of accuracy, clarity, and usefulness 

of the items (98%), followed by the outcomes (comprehensiveness, items difficulties, items 

proportion, clear learning outcomes, and basic competence goals) by 95%. Overall, the 

instrument’s percent agreement validity is 93.15%. 

Next, we evaluate the person infit MNSQ, ZSTD, and Person point measure correlation (Pt 

Measure Corr) as shown in Table 4 below. 

Table 4. Person infit MNSQ, ZSTD, Pt Measure Corr Summary 

Criteria Person 

Fit Infit 

0.4 < MNSQ < 1.5 

-2 < ZSTD < 2 

Positive Pt Measure Corr 

47 26 

Percentage 64.39% 35.61% 

 

From Table 4 we can see that 47 respondents were retained for the subsequent process as they 

yield the accepted range values. Then, the 47 respondents proceed to the item analysis, and the 

results are shown in Table 5 below. 

  Table 5. Item infit MNSQ, ZSTD, Pt Measure Corr Summary 

Criteria Person 

Fit Infit 

0.4 < MNSQ < 1.5 

 

-2 < ZSTD < 2 

 

Positive Pt Measure Corr 

1, 2, 3, 4, 5, 6, 7, 8, 9, 11,13, 

14, 15, 17, 18, 19, 20, 21, 22, 

23, 24  

1, 2, 3, 6, 11, 15, 17, 20, 22, 23 

 

1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 

12,13, 14, 15, 16, 17, 18, 19, 

20, 21, 22, 23, 24  

 

10,16, 12 

 

10, 16, 8, 13, 12, 

24, 4, 9, 18, 19, 7, 

14, 21, 5 

10 

Total 21 3 

Percentage 87.5% 12.5% 

 

 Based on Sari and Mahmudi [16], items fit the measurement if they meet at least two criteria, 

thus the retained items were 21 items which proceed to the item measure and standardized residual 

correlations. 



Table 6. Item Measure Value Summary 

No Construct Item Measure 

value 

Infit 

MNS

Q 

Infit 

ZST

D 

Result Total 

item 

droppe

d 

1 Behavioral 

engagement 

1 

2 

3 

4 

5 

0.25 

0.23 

0.26 

0.24 

0.26 

0.85 

1.07 

0.96 

0.66 

1.33 

-0.98 

0.43 

-0.18 

-2.04 

2.05 

Retained 

Retained 

Retained 

Retained 

Dropped  

1 

2 Cognitive 

engagement 

6 

7 

8 

9 

0.25 

0.25 

0.24 

0.24 

0.94 

0.66 

0.63 

0.60 

-0.31 

-2.27 

-2.10 

-2.48 

Dropped 

Retained 

Retained 

Dropped 

2 

3 Emotional 

engagement 

11 

13 

14 

15 

0.24 

0.24 

0.25 

0.25 

0.75 

0.62 

0.68 

0.70 

-1.48 

-2.24 

-2.09 

-1.98 

Dropped 

Retained 

Retained 

Dropped 

2 

4 Agentic 

engagement 

17 

18 

19 

0.25 

0.24 

0.24 

0.88 

0.51 

0.49 

-0.67 

-3.22 

-3.47 

Retained 

Dropped 

Retained 

1 

5 Traditional 

Ecological 

Knowledge 

20 

21 

22 

23 

24 

0.25 

0.25 

0.25 

0.25 

0.24 

0.73 

0.69 

1.09 

1.03 

0.49 

-1.72 

-2.07 

0.60 

0.24 

-3.27 

Dropped 

Retained 

Dropped 

Dropped 

Retained 

3 

Item measure values as shown in Table 6 show which items out of the 21 items were retained 

based on the item measure value. Refering to the properties in Table 2, item measure should be in 

different value in the same construct, thus the result is as following: for the first construct 

(behavioral engagement), item 3 and 5 have the same measure value, yet item 3 has higher point 

measure correlation so item 3 was retained and 5 was dropped; for the second construct (cognitive 

engagement), item 6 and 7 have the same value,  so do item 8 and 9, thus by refering to higher 

correlation, item 7 and 8 were retained; same case applied to emotional engagement construct 

where item 11 and 15 were dropped because of lower correlation compared to the items within the 

same measure values; on the other hand, the agentic engagement construct has only one item 

dropped (item 18) because it has the same value with item 19 but lower correlation; and the last 

one is the construct of traditional ecological knowledge with the most items dropped (3 items) 

because item 20, 21, 22, 23 have the same measure values, thus only one item can be retained 

which item 21 whose correlation is the highest. Briefly, in this step, 9 items were dropped, 

meaning that 12 items were retained. These 12 items were then analyzed to determine the 

standardized residual correlations and the results provided in Table 7 below. 

 



Table 7. Standardized Residual Correlations 

No Criteria No. of item 

1 x < 0.7 1, 2, 3, 4, 7, 8,13, 14, 17, 19, 21, 24 

2 x > 0.7 0 

 

Table 5 shows that all the 12 items retained from the previous analysis were all retained as the 

values were less than 0.7. As Linacre [17] suggested, the accepted value for the standardized 

residual correlations was < 0.7. In this step, 12 items were retained and proceeded to the next 

analysis which is the unidimensionality of the instrument. 

Table 8. Unidimensionality of Instrument 

No  Raw variance explained by measures Unexplained variance in 

first contrast 

1 Before items 

were deleted 

39.2% 7.3% 

2 After items 

were deleted 

37.7% 10.6% 

 

The result of unidimensionality of the instrument objects to the validity of the instrument in 

which Fischer [18] set the standard value of >40% for the raw variance indicating a good validity. 

Sumintono and Widhiarso [19] also detailed this value category as acceptable (>20%), good 

(>40%), and excellent (>60%). However, the instrument in this study both before and after items 

deleted was lower than 40% but more than 20%, meaning that this questionnaire has an acceptable 

validity [20]. Referring to the unexplained first variance, both values were below 15% which 

means that the questionnaire perfectly measures the integration between case-based learning and 

traditional ecological knowledge [21]. 

Table 9. Summary Statistics 

Summary statistics Value 

Item separation 1.80 

Item reliability 0.76 

Person reliability 0.80 

Person separation 2.01 

Cronbach’s alpha 0.89 

 

The Rasch analysis accurately demonstrates validity and reliability by examining how the 

person and item criteria interact as shown in the summary statistics [22]. Based on Table 7, we can 

see that the item reliability is 0.76 which indicates that it has sufficient reliability [23]. The results 

also show that the Cronbach’s alpha is 0.89. Referring to Batchelder et al [24], the value standard 



for a reliable instrument is more than 0.80, while Dahlgren et al [25] confirmed that a value of at 

least 0.7 is considered acceptable, which means that the questionnaire used in this study is reliable.  

4 Conclusion 

Based on construct validity, the percent agreement for each aspect is more than 90%, with the 

highest score in the structure of the instrument consisting of accuracy, clarity, and usefulness of 

the items and the overall percent agreement validity is 93.15%. Meanwhile, the validity of the 

instrument measured with Rasch analysis results on an acceptable validity (>20%) and the 

reliability of the instrument is considered as good (0.89) with the retained items as many as 12 

items. The results imply that the questionnaire used in this study is valid and reliable to measure 

the implementation of integrated learning between case-based learning and traditional ecological 

knowledge. 
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