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ABSTRACT 

 
Background: The Indonesian Medical Association reported in January 2023 that cases of diabetes 
among adolescents had increased 70-fold. Efforts are made to increase knowledge through game-
based learning media. The learning media used is Word Square "PENA". 
Objective: To analyse the effect of Word Square "PENA" on diabetes mellitus knowledge among 
students of SMK N 4 Yogyakarta. 
Methods: This research is a quasi-experimental research using an equivalent control group design. 
The sampling technique used was simple random sampling. The samples used were students of SMK 
N 4 Yogyakarta, totalling 98 respondents, consisting of experimental and control groups. Statistical tests 
using the Wilcoxon signed rank test and the Mann-Whitney.  
Results: This study shows that 59.2% of respondents were in the poor knowledge category of diabetes 
mellitus based on the pre-test results. After being given education using the Word Square "PENA", their 
knowledge increased by 71.4%, moving to the high category. Statistical test results show p-value = 
0.000 (P< 0.05). To determine the effect of the Word Square "PENA" on the knowledge of diabetes 
mellitus among students of SMK N 4 Yogyakarta. 
Conclusion: The interactive learning media Word Square "PENA" is recommended as a strategic 
innovation in diabetes prevention education in schools, especially for the digital generation, which needs 
adaptive and fun learning methods. 
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INTRODUCTION 

Diabetes mellitus is a chronic metabolic disorder characterised by hyperglycemia, 

contributing to a significant global mortality rate with 41 million annual deaths from 

non-communicable diseases 2. The International Diabetes Federation (2021) reports 

536.6 million cases worldwide, with Indonesia ranking fifth highest at 19.5 million, 

projected to reach 48.6 million by 2045 3. Yogyakarta City saw a rise in cases from 

13,676 (2022) to 15,595 (2023), indicating a significant expansion of the epidemic 4. 

A noteworthy phenomenon is the epidemiologic shift to younger age groups. The 

Indonesian Medical Association (2023) reported that the number of cases among 

adolescents increased 70-fold over the past two decades. 

This condition is exacerbated by low levels of DM knowledge; based on 

preliminary studies conducted at SMK N 4 Yogyakarta, 85.7% of adolescents do not 
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know about diabetes mellitus. This is in line with the research by Fajrin et al. (2024), 

who reported that around 43.2% of adolescents have insufficient knowledge of 

diabetes mellitus and its risk factors (5). In fact, health knowledge is a key determinant 

in the formation of prevention 6. Possible long-term complications include 

cardiovascular disorders (41%), retinopathy (35.4%), and renal dysfunction (33%), 

which can significantly reduce quality of life 7. 

In the context of health education for Generation Z, conventional approaches are 

considered less effective because they do not match the learning characteristics of the 

digital generation 8. Game-based interactive learning media, such as Word Square 

"PENA" (Prevention and Education), offers a potential solution by disguising answers 

in a letter matrix, thereby increasing learning engagement 9. Previous studies have 

demonstrated the effectiveness of this medium in improving learning outcomes10, but 

its application specifically for diabetes mellitus education among adolescents in 

Indonesia has not been widely explored, making this study of important novelty value. 
 
MATERIAL AND METHOD 
This research is a quantitative study with a quasi-experimental design using an 

equivalent group design. The research was conducted at SMK N 4 in February – 

March 2025. The study population comprises all students of SMK N 4 Yogyakarta, 

totalling 1904 respondents. The total sample consisted of 98 respondents, divided into 

two groups: 49 in the experimental group and 49 in the control group. The experimental 

group received instruction using a word square, and the control group received 

instruction using PowerPoint. Research conducted by (11) says that adolescents who 

are most at risk of diabetes mellitus are aged 16 and 17. SMK adolescents aged 16 

and 17 years are in class XI, so the sample in this study is class XI. 
The research instrument used the DKQ-18 standardised questionnaire, which was 

translated into Indonesian using a sworn translator. The intervention was carried out 

within 1 day, and then the post-test was given 7 days after the pre-test. This was done 

to provide a clear picture of the intervention’s effectiveness in increasing respondents' 

knowledge12. Data were analysed by the Wilcoxon and Mann-Whitney tests using 

SPSS 21. This study was approved by the Health Research Ethics Committee of the 

Poltekkes Kemenkes Yogyakarta (No. DP.04.03/e- KPK.1/142/2025). All respondents 

received informed written consent. Data were kept anonymous as they were coded 

and all respondents received education on diabetes mellitus. 



 

 33 

 

RESULTS AND DISCUSSION  
Cross-tabulation of Knowledge Level Pre test and Post test in Experimental 
Group and Control Group   
Table 1 Cross-tabulation of Knowledge Levels in the Intervention and Control 
Groups 

Category  Pretest  Posttest  
 High Medium Less Total High Medium Less Total 

Experiment Group 
Age 

16 Total 0 5 16 21 15 6 0 21 
% 0 42.8 57.2 100 71.4 28.6 0 100 

17 Total 0 15 13 28 20 8 0 28 
% 0 39.3 60.7 100 71.4 28.6 0 100 

Gender  

Male Total 0 1 7 8 2 6 0 8 
% 0 12.5 87.5 100 25 75 0 100 

Female Total 0 18 23 41 11 27 3 41 
% 0 43.9 56.1 100 26.8 65.9 7.3 100 

Family History of DM 

There is Total 0 10 5 15 12 3 0 15 
% 0 66.7 33.3 100 80 20 0 100 

None Total 0 10 24 34 23 11 0 34 
% 0 29.4 70.6 100 67.6 32.4 0 100 

IMT 

Less Total 0 6 4 10 5 5 0 10 
% 0 60 40 100 50 50 0 100 

Normal Total 0 14 14 28 8 20 0 28 
% 0 50 50 100 28.6 71.4 0 100 

Pros 
 
(Overweight
) 

Total 0 2 4 6 0 6 0 6 

% 0 33.3 66.4 100 0 100 0 100 

Obesity Total 0 2 3 5 1 4 0 5 
% 0 40 60 100 20 80 0 100 

Obesity II Total 0 0 0 0 0 0 0 0 
% 0 0 0 0 0 0 0 0 

Control 
Group          

Age          

16 Total 0 10 9 19 0 12 7 19 
% 0 52.6 47.4 100 0 63.2 36.8 100 

17 Total 0 13 17 30 0 18 12 30 
% 0 43.3 56.7 100 0 60 40 100 

Gender          

Male  Total 0 2 10 12 0 5 7 12 
% 0 16.7 83.3 100 0 41.7 58.3 100 
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Female Total 0 20 17 37 0 26 11 37 
% 0 54.1 45.9 100 0 70.3 29.7 100 

Family History of DM 

There is Total 0 6 4 10 0 7 3 10 
% 0 60 40 100 0 70 30 100 

None Total 0 9 30 39 0 20 19 39 
% 0 23.1 76.9 100 0 51.3 48.7 100 

Pros 
(Overweight) 

Total 0 2 1 3 0 2 1 3 
% 0 66.7 33.3 100 0 66.7 33.3 100 

Obesity Total 0 4 2 6 0 5 1 6 
 % 0 66.7 33.3 100 0 83.3 16.7 100 
Obesity II Total 0 0 0 0 0 0 0 0 
 % 0 0 0 0 0 0 0 0 

 

In the experimental group, an analysis by respondent characteristics showed that 

the intervention significantly improved knowledge. By age, the proportion of high-

knowledge categories increased from 57.2% to 71.4% in the 16-year-old group and 

from 60.7% to 71.4% in the 17-year-old group. In terms of gender, males increased 

from 87.5% in the poor category to 75% in the moderate category, while females 

increased from 56.1% in the poor category to 65.9% in the moderate category. 

Respondents with a family history of DM showed an increase from 66.7% in the 

moderate category to 80% in the high category, while those without a family history of 

DM increased from 70.6% in the less category to 67.6% in the high category. Based 

on BMI, the overweight group experienced the most significant increase, from 66.4% 

in the underweight category to 100% in the moderate category, followed by the obese 

group, which increased from 60% in the underweight category to 80% in the moderate 

category. 

In the control group, the analysis of respondent characteristics showed that the 

intervention increased knowledge across groups. By age, respondents aged 16 years 

increased from 52.6% in the moderate category to 63.2% in the high category, while 

the 17-year-old group increased from 56.7% in the low category to 70.6% in the high 

category. In terms of gender, males remained dominant in the moderate category 

(54.1% to 58.3%), while females showed an increase from 56.1% in the less category 

to 70.3% in the moderate category. Respondents with a history of DM experienced an 

increase from 60% to 70% in the moderate category, while those without a family 

history of DM experienced a decrease in the proportion of the moderate category from 

70.6% to 51.3%. 
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Based on BMI, the underweight group increased from 60% to 72.7% in the 

moderate category, the normal BMI group increased from 58.6% in the underweight 

category to 51.7% in the moderate category, the overweight group remained stable at 

66.7% in the moderate category, and the obese group increased from 66.7% to 83.3% 

in the moderate category. 

The majority of respondents were 16-17 years old, belonging to the middle-

adolescent group, which is vulnerable to environmental influences and unhealthy 

lifestyles but also responsive to educational interventions. This study showed an 

increase in diabetes mellitus knowledge in the intervention group at that age, from 

moderate to high category, in line with the findings of Putri and Suryanto (2022), which 

stated that DM education can increase knowledge by 60%13. This increase in 

knowledge is significant because it can influence healthier dietary behaviour and 

physical activity, thereby reducing the risk of DM in adulthood. In addition to age, 

gender also has an effect; women tend to be more concerned and open to health 

education, so they experience a more significant increase than men14. However, male 

involvement is still important given the same risk of DM if unhealthy lifestyles continue. 

Other factors that influence DM knowledge are family history and BMI. Of the 15 

respondents with a family history of DM, 12 experienced an increase in knowledge 

from moderate to high due to exposure to information and direct experience related to 

this disease 15. BMI is also an important risk factor; in this study, there were 

respondents with overweight, obesity, and underweight who tended to have lower DM 

knowledge compared to those with a normal BMI. This is in line with the study by 

Alzahrani et al. (2022), which reported lower DM knowledge among the obese group 
16. Lack of knowledge in the abnormal BMI group may exacerbate the increasing trend 

of DM cases. Therefore, the Global Diabetes Prevention Group (2024) recommends 

specific educational interventions for adolescents with high BMI and family history of 

DM to reduce the risk of developing diabetes by 58% within three years16,17. 

Level of Diabetes Mellitus Knowledge Before and After Intervention in 
Experimental and Control Groups  
Table 2 Diabetes Mellitus Knowledge Before and After Intervention in Experimental 
and Control Groups 

Group Category F % Mean Rank Sum Rank P 
Value 

Intervention Post test< Pre 
Test 

1 2 37.50 37.50  
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Post test> Pre 
Test 

48 98 24.74 1187.50 0.000 

Post test= Pre 
Test 

0 0 0.00 0.00  

Control Post test< Pre 
Test 

7 14.3 12.86 90.00  

Post test> Pre 
Test 

28 57.1 19.29 540.00 0.000 

Post test= Pre 
Test 

14 28.6 0.00 0.00  

 

The results of the Wilcoxon test showed that in the experimental group, there 

was a significant effect of word square learning media "PENA" on increasing the 

knowledge of diabetes mellitus students of SMK N 4 Yogyakarta with a significance 

value of 0.05.0.000 (p< 0.05), characterised by a change in knowledge category from 

pre-test to post-test. Meanwhile, in the control group that used PowerPoint media, 

there was also an increase in knowledge, with a significance value of 0.000 (p < 0.05), 

but knowledge remained in the moderate category, and as many as 14 respondents 

(14.3%) did not experience an increase in knowledge. 

The word square learning media intervention "PENA" significantly increased 

diabetes mellitus knowledge in the experimental group, with a p-value = 0.000 

(p<0.05). A total of 98% of respondents experienced an increase in post-test scores, 

which supports the findings of Khotari (2021) and Chan et al. (2023) that interactive 

learning media and educational games are effective in improving understanding and 

retention of health knowledge, especially in complex diseases such as diabetes 

mellitus 17, 18. On the other hand, the control group using PowerPoint media also 

showed a significant increase in knowledge (p = 0.000; p < 0.05), but only 57.1% of 

respondents experienced an increase, and the increase was still in the moderate 

category. Some respondents experienced no change or a decrease in score, 

indicating that the effectiveness of PowerPoint depends on the suitability of the 

respondent's characteristics 19,20.  

Differences in Post-Test Knowledge Levels Between the Intervention and 
Control Groups 
Table 3 Differences in Diabetes Mellitus Knowledge in the Experimental Group and 
Control Group 

Category F % Mean 
Rank 

Sum 
Rank 

Z P 
Value 
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Experiment 49 50 62.26 3050.50   

Control 49 50 36.74 1800.50 -4.505 0.000 

Total 98 100 0.00 0.00   

 

There was a significant difference between the experimental and control groups 

in terms of knowledge improvement, with the experimental group showing a 

significantly higher mean rank (62.26) than the control group (36.74). The Mann-

Whitney test results reinforced this finding, with a p-value of 0.000 (<0.05), indicating 

a statistically significant difference between the two independent groups. Thus, it can 

be concluded that the intervention provided to the experimental group had a more 

effective impact on increasing knowledge than that of the control group. 

This finding is in line with the research by Rintamaki et al. (2021), which 

demonstrates that interactive media, such as word squares, are more effective at 

increasing health knowledge than conventional methods 21. The consistency of these 

results is reinforced by Hakim's study (2020), which states that a participatory 

approach in health education can increase memory retention by 40% compared to the 

lecture method 22. This data suggests that the "PENA" word square not only delivers 

strong results but also encourages sustainable health behaviour change. 

The advantage of the "PENA" word square lies in its fun, participatory learning 

design, in which participants actively develop concepts related to diabetes mellitus 

through word and visual associations. This is different from one-way methods that tend 

to be passive. Bharath Kumar & Udaya Kumar's research (2023) explains that visual 

stimulation, such as a word square, can increase long-term memory activation in the 

hippocampus, which is key to knowledge retention 23. 

In addition, Rochman et al. (2022) found that game-based learning increased 

cognitive engagement by 2.3-fold in diabetes education 24. The combination of visual 

and kinesthetic elements in the word square "PENA" proved effective in facilitating 

understanding of the complexity of diabetes mellitus. Education using the word square 

"PENA" not only improves knowledge but also builds critical awareness about diabetes 

mellitus management. The study of Alex et al. (2023) revealed that educational 

interventions with an active recall component (such as composing words) reduced 

misinterpretation of health information by 28%23. This finding was reinforced by Arora 

et al. (2024), who stated that problem-solving-based learning models, such as word 

square, significantly improved participants' analytical skills in the context of chronic 
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diseases 24. Thus, the word square "PENA" can be adopted as an innovative 

educational strategy for diabetes prevention programs, especially in schools.  

 

CONCLUSION 
This study showed that the use of interactive word square “PENA” learning media 

significantly improved knowledge about diabetes mellitus among adolescents of SMK N 4 

Yogyakarta, with the experimental group receiving this intervention experiencing an increase 

in knowledge category from moderate to high compared to the control group, who only used 

PowerPoint media. Knowledge improvement was most pronounced among 16-17-year-olds, 

females, respondents with a family history of diabetes, and those with overweight or obesity, 

confirming the importance of educational approaches responsive to learner characteristics and 

individual risk factors. The advantage of the word square “PENA” lies in its participatory 

design and visual elements, which can improve memory retention and cognitive engagement, 

and build critical awareness and analytical skills in participants. 
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