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Abstract 

The purpose of this study is to develop student worksheets based on the NHT cooperative learning model 

to train students’ communication skills regarding reaction rates. This Research and Development project 

employs the 4-D model (Define, Design, Develop), omitting the Disseminate. A limited pilot test was 

conducted with twelve students from Class XI-1 at Ngoro State Senior High School, Jombang in the second 

semester of the 2025/2026 academic year using One Shot Case Study design. The feasibility of the 

worksheets was assessed in terms of validity, practicality, and effectiveness. Data were collected using 

validation sheets, student response questionnaires, activity and oral communication observation sheets, and 

cognitive learning outcome tests. Validation results showed that the worksheet met valid and highly valid 

criteria with mode values of 3 and 4 for content and construct validity. Practicality was demonstrated by 

85,71% of student response questionnaire items categorized as very positive, and 92,35% of student 

activities observed as very good. Effectiveness was reflected in improvements in oral communication skills; 

the quantity of opinion-giving increased from 50% to 58,3% and question-asking from 33,3% to 41,6%, 

both in the fairly good criterion. The quality of oral communication also improved, with opinion quality 

rising from 41,67% to 44% and question quality from 36,1% to 41,6%, both categorized as fairly good. 

Written communication quality across all groups reached ≥66,67%, categorized as good. All students 

achieved cognitive learning mastery with scores of ≥75. Thus, the developed NHT-based worksheets are 

suitable for training students’ communication skills on reaction rate material. 
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INTRODUCTION  

Chemistry education requires mastery of 

various 21st century skills relevant to the demands 

of the modern era, and among these skills, 

communication is one of the most fundamental [1]. 

This is inseparable from the nature of chemistry 

itself, which does not merely address abstract 

concepts, laws, and theories, but also real world 

phenomena that directly intersect with daily life 

[2]. The topic of reaction rates, taught in the first 

semester of 11th grade, is a specific area of 

chemistry that requires students to understand the 

concept of collision theory, calculate reaction rate 

constants, determine reaction orders, and analyze 

the various factors influencing them [2]. 

In efforts to understand this complex 

material, oral and written communication skills 

serve as a bridge connecting new knowledge with 

prior knowledge [3]. According to the study, the 

dominant activities in the learning process show 

that 1,02% of the first session was spent expressing 

opinions, while 4,67% of the second session was 

spent on this activity [4]. In the first session, the 

proportion of student questions was only 25% and 

increased to 55,56% in the third session, while the 

proportion of students expressing opinions was 

41,67% in the first session and rose to 75% in the 

third session [5].  

Before the cooperative learning model was 

implemented, student engagement in chemistry 

class was only 46,19%, which falls within the 

adequate category [6]. The contributing factors 

include students’ lack of familiarity with 

expressing opinions in public, a tendency to 

provide rambling and unstructured answers, and 

insufficient training in taking systematic discussion 

notes [6]. 
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Problems also arise regarding learning 

materials. The worksheets currently in use in 

schools generally consist only of summaries of the 

material and collections of practice questions 

adapted from various publishers, without any 

adjustments to meet the specific needs of students 

[7]. Most teachers have not yet developed 

worksheets that align with students’ needs and the 

requirements of the current curriculum [8], and 

even the existing worksheets have not been 

designed to support specific learning models aimed 

at fostering active communication and 

collaboration skills [9]. 

Given these conditions, a learning model 

supported by learning tools designed to meet 

specific needs is required. One such learning model 

is the NHT cooperative learning model, which is 

characterized by encouraging student interaction 

through heterogeneous group work in problem-

solving [10]. More specifically, the Numbered 

Heads Together (NHT) model developed by 

Spencer Kagan is considered highly suitable 

because it incorporates four syntaxes that directly 

stimulate communication activities, namely 

Numbering, Questioning, Heads Together, and 

Answering [11]. 

The application of the NHT type cooperative 

model can improve student learning outcomes in 

the reaction rate material [19]. Research shows the 

effectiveness of the cooperative learning model in 

developing oral communication skills, with 

positive student responses reaching 84% [15]. 

However, based on the literature review conducted, 

no studies have been found that specifically 

develop NHT-based worksheets to simultaneously 

train students’ skills in asking questions, 

expressing opinions, and writing about reaction 

rates. 

Based on this background, this study aims to 

develop a Student Worksheet (LKPD) using the 

Numbered Heads Together (NHT) cooperative 

learning model to develop students’ 

communication skills in the context of reaction 

rates. The feasibility of the developed worksheet 

was assessed in terms of validity, practicality, and 

effectiveness. 

 

METHOD  

This study falls under the category of 

research and development (R&D) based on the 4-

D model, which consists of four stages: Define, 

Design, Develop, and Disseminate. This study only 

covers up to the Develop stage, including a limited 

pilot test [14]. 

The Define stage aims to establish the 

foundation and direction for the development of the 

student worksheet through a series of analyses, 

namely the front end analysis, student analysis, 

task analysis, concept analysis, and learning 

objective analysis. The frontend analysis begins 

with a review of the Merdeka curriculum to 

identify relevant learning outcomes. Student 

analysis is conducted by considering the cognitive, 

affective, and psychomotor characteristics of 11th 

grade students. Concept analysis focuses on the 

material regarding factors affecting reaction rates, 

which includes the effects of concentration, surface 

area, temperature, and catalysts [23]. 

The design phase consists of two activities 

selecting the format of the student worksheet and 

developing a preliminary draft. The worksheet 

format was designed to include standard 

components, such as the title, learning outcomes, 

learning objectives, a summary of the material, and 

discussion tasks based on the NHT syntax. All 

activities in the worksheet were organized 

according to the learning phases, including 

introduction, numbering, questioning, heads 

together, and answering. From this stage, Draft 

Worksheet I was produced [23]. 

The Development phase consists of four 

sequential steps: (1) review of the student 

worksheet by a chemistry lecturer to obtain initial 

feedback; (2) revision based on the review results 

to produce Draft student worksheet II; (3) 

validation by three validators consisting of two 

chemistry lecturers and one high school chemistry 

teacher; and (4) a limited pilot test with twelve 

students from class XI-1 at Ngoro State Senior 

High School, Jombang conducted over two 

sessions during the second semester of the 

2025/2026 academic year. 
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 The experimental design used was a one-

shot case study, which involved using only one 

class without a control group: 

 

 

with details,  

X : The approach used was the NHT 

cooperative learning model for the core 

topic of factors affecting reaction rates, 

with the aim of developing students’ 

communication skills during the learning 

process 

O : Assessing students’ communication skills 

through observation and administering 

tests to determine cognitive learning 

achievement 

 [12] 

 

Data collection was conducted using four 

methods: (1) validity assessment using a 0–4 scale 

validation sheet completed by three validators, (2) 

observation of student activities using an 

observation sheet completed by three observers 

every five minutes, (3) a student response 

questionnaire, and (4) a learning outcome test in 

the form of multiple-choice questions that had been 

validated beforehand. 

The data analysis techniques used are as 

follows. Content and construct validity were 

analyzed using the mode statistic of the validation 

sheet scores. The worksheets were deemed valid if 

the mode value fell within the range of 3 (valid) or 

4 (highly valid), based on criteria as presented in 

Table 1.  

Table 1. Criteria for Interpreting Modal Results 

Range Mode     Category 

0 - 0,9 Invalid 

1,0 - 1,9 Somewhat invalid 

2 - 2,9 Fairly valid 

3,0 - 3,9 Valid 

4 Very valid 

[12] 

The practicality of the worksheets was 

assessed based on student responses analyzed 

using the Guttman scale. The questionnaire 

consisted of positive and negative questions with 

two response options: “Yes” and “No.” The 

percentage of student responses was calculated 

using the following formula:  

𝑆𝑡𝑢𝑑𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 (%) =  
∑ 𝑌

∑ 𝑃𝐷
 𝑥 100% 

With details,  

∑ 𝑌  : the number of correct answers. 

∑ 𝑃𝐷 : number of students. 

A worksheet is considered practical if ≥ 61% 

of the criteria receive a positive response. In 

addition to student responses, practicality is also 

assessed based on the results of observations of 

student activities, which are deemed satisfactory if 

the percentage of activities reaches ≥ 61%. 

The effectiveness of the worksheet is 

measured using three instruments: (1) an 

observation sheet for questioning communication 

skills, covering both quantity and quality; (2) an 

observation sheet for the skill of expressing 

opinions, covering the quantity and quality of 

logical analytical reasoning; and (3) an assessment 

sheet for written communication skills based on 

four aspects: accuracy of content, clarity of 

language and arguments, completeness of answers, 

and correctness of spelling and grammar. 

Table 2. Criteria for Asking Questions, Expressing 

Opinions, and the Quality of Written 

Communication 

Score (%) Criteria 

0-33,3 Poor 

33,4-66,66 Fairly Good 

66,67-100 Good 

[13] 

An analysis of learning achievement was 

conducted to determine students’ mastery of the 

material following instruction. Individually, a 

student is considered to have mastered the material 

if they achieve a minimum passing score (KKM) of 

≥ 75 [16], calculated as follows 

𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑔𝑟𝑎𝑑𝑒𝑠 =  
∑ 𝐵

𝑁
 𝑥 100 

With details: 

∑B = the number of questions answered correctly 

N    = the number of questions 

Student learning outcomes are considered 

met for the class as a whole if at least 75% of the 

students have achieved a score of 75 or higher. 

 

RESULTS AND DISCUSSION 

Validity of Student Worksheet 

The validation of the student worksheet was 

conducted by three validators two chemistry 

X → O 
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lecturers and one chemistry teacher from Ngoro 

State Senior High School, Jombang using a 

validation sheet with a scale of 0–4. The validation 

process took place from April 20 to May 6, 2026. 

The validation results were assessed in terms of 

content validity and construct validity. 

Content validity covers three main aspects. 

First, the alignment of the student worksheet with 

the curriculum including alignment with the 

Merdeka curriculum, learning outcomes (CP), 

learning objectives, and the questions within the 

student worksheet received a score of 4 from all 

three validators, meeting the criterion of “highly 

valid.” This indicates that the content included in 

the student worksheet aligns with the requirements 

of the current curriculum and the learning 

outcomes for Phase F of Grade 11. Second, the 

alignment of the material with communication 

skills components received a rating of valid to 

highly valid. Although one sub-aspect received a 

score of 3 from two validators, overall the material 

was deemed adequate to support the development 

of students’ communication skills. Third, the 

alignment of the student worksheet with the syntax 

of the NHT cooperative learning model covering 

the skills of expressing opinions, asking questions, 

and writing received ratings ranging from valid to 

highly valid, indicating that the student worksheet 

has been well-integrated into the learning phases of 

the NHT [11]. 

Construct validity was assessed from three 

aspects. In terms of language, all sub-aspects 

received a score of 4 from all three validators, 

meeting the “highly valid” criterion. Regarding 

presentation, most sub-aspects met the  highly 

valid criterion; however, the sub-aspects of 

sufficient answer space and cover appropriateness 

received a score of 3 from one validator, while the 

overall completeness of the worksheet components 

received a score of 4 from all three validators. In 

the graphic aspect, the illustrations were assessed 

as being consistent with the content, while the 

layout of text, images, and tables, as well as print 

quality, received a score of 4 under the “highly 

valid” criterion. Overall, the results of the content 

and construct validation of the NHT-type 

cooperative worksheet can be stated as meeting the 

valid and highly valid criteria with mode values of 

3 and 4, thus the worksheet is deemed suitable for 

use [12]. 

Practicality of Student Worksheet 

The practicality of the student worksheet 

was assessed using two data sources: a student 

response questionnaire and observations of student 

activities during two learning sessions. 

The results of the student response 

questionnaire, completed by twelve students using 

a Guttman scale, were very positive. Of the 

fourteen items, twelve (85,71%) met the criteria for 

a very positive response with a 100% rating, 

covering several aspects including readability, 

visual appeal, clarity of instructions, alignment of 

questions with the material, the usefulness of 

experimental activities, and the effectiveness of 

NHT syntax in fostering student engagement and a 

sense of responsibility toward learning. This 

indicates that the developed worksheets are 

capable of maximizing students’ relevant learning 

activities and cognitive understanding [21]. Based 

on Vygotsky’s constructivist theory, the high level 

of positive response to the NHT syntax and the 

willingness to collaborate reflect this theory, 

wherein each student actively assumes a sense of 

responsibility by having their number randomly 

called to represent their group [20]. 

Two survey items that require attention are 

item 11, anxiety caused by random calls, which 

scored only 66,67%, and item 14, adequacy of 

discussion time, which scored only 50%. These 

results are consistent with the weaknesses of NHT, 

namely potential issues during the “answering” 

phase and the relatively long time required for 

implementation [22]. Overall, twelve items which 

score 85,71% met the practicality criterion of 

≥61% [12]. This worksheet meets the practicality 

criteria, with a recommendation to adjust the time 

allocation in the lesson plan for the next session. 

Table 3. Student Response Questionnare Results 

N 
Type of 

Statement 

Percentage  

(%) Criteria 

Yes No 

1. Positive 100%  RVP 

2. Positive 100%  RVP 

3. Negative  100% RVP 

4. Negative  100% RVP 

5. Positive 100%  RVP 

6. Positive 100%  RVP 

7. Positive 100%  RVP 



UNESA Journal of Chemical Education                                                        ISSN: 2252-9454 

Vol. 15, No. 2, pp. 165‒171, May 2026 

169 
 

N 
Type of 

Statement 

Percentage  

(%) Criteria 

Yes No 

8. Negative  100% RVP 

9. Negative  100% RVP 

10. Positive 100%  RVP 

11. Negative  66,67% RP 

12. Negative  100% RVP 

13. Positive 100%  RVP 

14. Negative  50% RLP 

Description:  

RVP = responded very positively 

RP = responded positively 

RLP = responded less positively 

 

The average percentage of relevant activity 

observed by the three observers was 92,35%. 

Students were considered active if the percentage 

of relevant activity was ≥ 61% [16].  The dominant 

activities included expressing opinions, conducting 

experiments, recording experimental results, 

analyzing data, drawing conclusions, and 

presenting results. This high level of active 

engagement reinforces that NHT-based worksheets 

successfully foster cooperative learning, where 

heterogeneous group work encourages interaction 

and collaboration [10]. 

Effectiveness of Student Worksheet 

The effectiveness of the student worksheet 

was measured through oral communication skills 

including asking questions and expressing 

opinions, written communication skills, and 

cognitive learning outcomes. 

Table 4. The Quantity of Students’ Oral 

Communication Skills 

Skills 
Lesson (%) 

Criteria 
1 2 

Ask 33.3 41,6% Poor-Fairly 

Good 

Opinion 50% 58,3% Fairly Good  

 

In terms of oral communication skills, 

observational data from the two sessions showed 

an increase. The frequency of expressing opinions 

increased from 50,00% in the first session to 58,3% 

in the second session, falling into the fairly good 

criterion [16]. Similarly, the frequency of asking 

questions increased from 33,3% to 41,6%. The 

frequency of asking questions in the first session 

was in the poor criterion, this is understandable 

given the lack of time management during the 

lesson.  

Table 5. The Quality of Students’ Oral 

Communication Skills 

Skills 
Lesson (%) 

Criteria 
1 2 

Ask 36,1% 41,6% Fairly Good 

Opinion 41,67% 44% Fairly Good 

 

The quality of oral communication showed 

fairly good results. The quality of expressing 

opinions improved from 41,67% to 44% in the 

fairly good category, while the quality of asking 

questions improved from 36,1% to 41,6% in the 

fairly good category. Although the quality of 

communication falls into the fairly good criterion, 

it still needs further improvement in terms of 

classroom and time management. This 

improvement in quality indicates that the questions 

and opinions raised by students are beginning to 

move toward higher cognitive levels according to 

Bloom’s Taxonomy, although they have not yet 

fully reached the analysis and evaluation levels 

[11]. This study shows that in chemistry 

instruction, cooperative learning models 

effectively improve students’ oral communication 

skills [15]. 

The quality of written communication skills 

including accuracy of content, clarity of language 

and reasoning, completeness of responses, and 

writing conventions was analyzed based on the 

results of written assignments in four student 

worksheet activities in the analysis section. All 

three groups were able to answer the questions 

well, although there were differences among the 

groups. Overall, the written communication quality 

of the three groups was ≥ 66,67%, which falls into 

the good category [16]. This indicates that NHT-

based worksheets are capable of training students 

to communicate experimental results in writing in 

a structured and scientific manner [3]. 

Table 6. The Quality of Students’ Written 

Communication Skills 

Skills 
Group score (%) 

Criteria 
1 2 3 

Quality 

Writing Skills 

74,36 79,49 88,77 Good 

 

In terms of cognitive learning outcomes, 12 

students who took the posttest achieved mastery 
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with scores of ≥75. This 100% mastery rate is 

closely linked to the high level of student 

engagement and the quality of student 

communication during the learning process. These 

results suggest that when student communication 

and engagement are strong, cognitive learning 

outcomes also improve [17]. In the NHT model, 

the Heads Together phase mechanism, which 

requires all group members to understand the 

answer together, encourages a more 

comprehensive mastery of concepts, as each 

student not only learns for themselves but also 

ensures the understanding of all their groupmates 

[11]. 

 

CONCLUSION 

This study successfully developed NHT-

based worksheets to train students’ communication 

skills on the topic of reaction rates, which met all 

three feasibility criteria. In terms of validity, the 

LKPD was categorized as valid and highly valid in 

both content and construct validity. In terms of 

practicality, 85,71% of the student response 

questionnaire items fell into the highly positive 

response category, supported by a 92,35% of 

relevant student activities. In terms of 

effectiveness, the frequency of asking questions in 

session 1 was 33,3%, while in session 2 it was 

41,6%, while the frequency of expressing opinions 

in session 1 was 50%, and in session 2 it was 

58,3%, meeting the fairly good criterion. The 

quality of questions in session 1 was 36,1%, and in 

session 2, 41,6%, while the quality of opinions in 

session 1 was 41,67%, and in session 2, 44%, 

meeting the fairly good criteria. The quality of 

written communication from all three groups 

reached ≥ 66,67%, meeting the good criterion, and 

the classical mastery rate was 100% for the posttest 

with a score of ≥75. This demonstrates that the 

developed worksheets can be used by teachers for 

discussion-based chemistry instruction. 

An issue to consider for future research is 

that the time allocated for discussion was 

insufficient. Therefore, further research requires 

adjustments to time management to optimize the 

full potential of these worksheets. 
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