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Abstract— This study aims at developing a valid, practice 

and effective set of mathematics learning materials based on 

Numbered Heads Together (NHT) model with peer-assessment 

to enhance students’ conceptual understanding and achievement. 

To fulfil the goal, the research was carried in research 

development setting using ADDIE model (Analysis, Design, 

Development, Implementation, Evaluation). There are two 

products in the set of learning materials, which are lesson plans 

and student’s worksheets. To ensure the data validity, the 

developed products were validated by two experts. Afterwards, 

the revised products were implemented in a junior high school in 

Selong, Nusa Tenggara Barat-Indonesia, with 1 mathematics 

teacher and 32 students, to evaluate its practicality and the 

effectiveness. The data from teacher’s and students’ assessment 

sheets, students’ work in test and classroom observation were 

collected during this implementation process. The data were 

analyzed by converting the total quantitative data scores 

obtained into five scale qualitative data. The results showed that 

the instructional package developed were valid, practical, and 

effective to improve both students’ mathematics conceptual 

understanding and achievement. 

Keywords—set of learning materials, NHT, peer assesment, 

conceptual understanding, learning outcome 

I.  INTRODUCTION 

From years, the low achievement of students in 
learning mathematics become a highlight worldwide. No 
doubt, the researchers and educators attempted to solve the 
problem by looking at the core of the problem. It was 
found that there is significant relation between students’ 
conceptual understanding and students’ achievement in 
mathematics [1]. Therefore, to improve the students’ 
achievement, their conceptual understanding should be 
secured. 

By learning mathematics, the students are expected to 
implement their understanding to explore, investigate and 
solve problems creatively [2]&[3]. Therefore, conceptual 
understanding considered as a crucial skill for students. 
The understanding in basic topic will enable students to 
learn more advance or complex mathematics as they start 
making connection among mathematical topics [4]. Also, 
learning by focusing on conceptual mastery will enhance 
the retention of the knowledge and facilitate the students to 
learn flexibly [5]. 

The students’ conceptual understanding can be 
observed from their abilities to: (a) define a concept, both  
verbally and written, (b) make an example and non-
example, (c) represent a concept using models, diagrams or 
symbols, (d) convert a representation to other forms of 
representation, (e) able to interpret the concept, (f) identify 
the properties and requirements of concept, (g) compare 
and differentiate difference concepts [6]. In addition, 
students’ conceptual understanding can also be seen from 
their ability in giving examples. It can also be seen from 
students’ ability in classifying concepts and re-explaining 
what the concepts mean using their own words [7]. 

To improve the students’ conceptual understanding, 
some researchers try to implement a student-centered 
learning in which the teacher plays crucial role to supports 
by providing meaningful feedback and situating the 
environment that enacting students to learn [8]&[9]. 
However, some teachers afraid of not having enough time 
to response in all students’ ideas since, often, the class size 
is too large and no adequate learning resources in school 
[10]&[11]. Here, the use of cooperative learning will be 
beneficial. 

One type of a powerful cooperative learning is 
Numbered Heads Together (NHT). NHT is a structured 
learning/working system in which the students’ 
relationship in a group become positive interdependence 
[12]. Here, the students will develop individual 
responsibility, personal interaction and collaborative skills 
since the students spend majority of their learning in the 
classroom with their group’s members. NHT enables the 
students to think and interact with their peers. This 
interaction enable them to strengthen their understanding 
and choose the best solution after hearing the other ideas 
from the group’s member[13].  

To enhance the quality of learning, the teacher should 
be aware with the assessment employed in a cooperative 
setting since it will influence the students’ motivation and 
achievement [14]. Assessment should not be considered 
only as a final evaluation (summation test) to assign the 
scores for students, but also to reflect on the process of 
learning (formative test) [15]&[16]. One type of formative 
assessment is assessment for learning (AfL) which 
emphasizes the process of gathering and making use the 
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crucial information during learning to improve the quality 
of activities in the next meeting [17].  

In cooperative learning setting, the formative 
assessment can be done by using peer assessment since 
everyone can provide and receive feedbacks from others 
[18]. Peer assessment is a qualitative or quantitative 
evaluation given to a student’s performances, works or 
ideas provided by classmates or group members [19]. It 
aimed to develop students’ reflection skills by 
collaboration work [20]. 

To promote the best result in the implementation of 
NHT with peer assessment, the teacher and students should 
be guided by a valid, practice and effective learning set 
materials. However, the lack of sources become a burden 
for the learning process. Therefore, this study aimed to 
develop the set of learning materials, including lesson plan 
for teacher, worksheet for students and test for students’ 
conceptual understanding and achievement in 
mathematics.  

II. METHODS 

The presented study was Developmental Research to 
develop the set of learning materials, which are lesson 
plans and student’s worksheets in mathematics. ADDIE 
model was employed with five stages of Analysis, Design, 
Development, Implementation and Evaluation. 

The analysis stage was done by analyzing the needs of 
developing the learning materials based on NHT model 
with peer assessment. After that, in Design stage, the 
lesson plans and student’s worksheets were developed after 
considering the results from needs assessment and 
literature review. The first prototype was examined in the 
Development stage in which the products were reviewed 
by peer assessment and validated by expert judges. The 
suggestions and remarks were used to revise the prototype. 
The second prototype followed the Implementation stage 
where the products were implemented in the real 
classroom to assess its practicality and effectiveness. The 
overall data were evaluated in Evaluation stage. 

The data related to validity of the set of materials were 
gathered from experts’ judgement. The data were analyzed 
quantitatively using descriptive method by comparing the 
empiric score (𝑋), ideal mean score (𝑋�̅�) and the ideal 
standard deviation (𝑆𝐷𝑖). The scores gained from the 
experts were converted into qualitative data in five 
categories [21] as in Table 1. 

TABLE 1. SCORE CONVERSION IN FIVE QUALITATIVE SCALES 

Interval Criteria 

𝑋 > 𝑋�̅� + 1.8 𝑆𝐷𝑖 Very Good 

𝑋�̅� + 0.6 𝑆𝐷𝑖𝑋 < 𝑋 ≤ 𝑋�̅� + 1.8 𝑆𝐷𝑖 Good 

𝑋�̅� − 0.6 𝑆𝐷𝑖𝑋 < 𝑋 ≤ 𝑋�̅� + 0.6 𝑆𝐷𝑖 Fair 

𝑋�̅� − 1.8 𝑆𝐷𝑖𝑋 < 𝑋 ≤ 𝑋�̅� − 0.6 𝑆𝐷𝑖 Poor 

𝑋 ≤ 𝑋�̅� − 1.8 𝑆𝐷𝑖 Very Poor 

 

The data related to practicality were gathered from 
students’ and teacher’s evaluation sheets given after the 
class conducted using the developed learning materials. It 
was analyzed using descriptive quantitative. The scores 
were converted using the same conversion in Table 1. 

The effectiveness data were gained from students’ 
written work in conceptual understanding and achievement 
tests. The data were analyzed using Proportion Z-test. The 
developed materials are considered effective to improve 
the students’ conceptual understanding and achievement in 
mathematics if 75% of the students’ scores were higher 
than the minimum requirement score for mathematics 
which is 70. 

III. RESULTS AND DISCUSSION 

The lesson plans and student’s worksheets developed 
in the study were based on the NHT cooperative learning 
model with the peer assessment. Therefore, the lessons 
followed the syntax of NHT, in which the teacher should: 
(1) distribute the students into small heterogenous groups 
(sexually and academically), each consists of 4-5 people, 
(2) label everyone in the group as 1 to 5, (3) announce the 
activity in front of the classroom, (4) distribute worksheet 
to the groups, (5) facilitate the students in a group 
discussion, make sure that everyone in the group discuss to 
choose the best answer for the given problem, (6) 
randomly call one of the number (1-5), everyone in the 
group that assigned to the particular number will present 
the discussion result and others will provide feedbacks, (8) 
after all groups presenting their discussion, provide 
essential problem to be independently solved in 10-15 
minutes, (9) facilitate and guide students to cross-check 
their answer in solving the previous problem (in step 8) 
with their peers, (10) ask some students to present the 
feedback they got from the peers in front of the classroom, 
(11) collect the students’ work to be evaluated further after 
class dismiss, (12) give homework for students and (13) 
encourage students to make conclusion related to the 
materials.  

From the experts’ judgement, it was found that the 
developed lesson plans and student’s worksheets were 
valid and ready to use after some revision. The 
recapitulation of scores for each item provided in Table 2. 

TABLE 2. SCORE RECAPITULATION FOR VALIDITY OF LESSON 
PLANS AND STUDENT’S WORKSHEETS 

Developed Item 
Average Score from 
Evaluation Sheets 

Category 

Lesson Plan 87 Very Good 

Student’s Worksheets 92 Good 

 

Furthermore, the quality of product based on the 
practicality aspect were analyzed from teacher’s and 
students’ evaluation after the implementation of the lesson 
plans and worksheet in the teaching and learning process. 
The summary of the scores from each side (teacher and 
students) can be observed in the following Table 3.  

TABLE 3. SCORE RECAPITULATION FOR PRACTICALITY OF 
LESSON PLANS AND STUDENT’S WORKSHEETS 

Evaluation 
Score 

Average 
Score 

Maximum 
Score 

Category 

From Teacher 
83 

95 Very 
Good 

From Student 35,13 45 Good 

 

Based on the observation during the implementation of 
the developed materials, it was found that the average 
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percentage of completion for teacher and students’ activity 
were 93% and 88% respectively. Therefore, the developed 
lesson plans and student’s worksheets were considered as 
practice to use in the classroom. 

The effectivity of the developed materials was 
evaluated from students’ scores in conceptual 
understanding test and standard achievement test in 
mathematics. Based on the conceptual understanding test, 
94% of students’ scores were higher than 70, the minimum 
requirement for mathematics subject. From the normality 
test using One-Sample Kolmogorov-Smirnov test, it was 
found that the score for conceptual understanding was 
0.078 which is greater than 𝛼 = 0.05. It means the data 
were normally distributed. Therefore, the evaluation was 
continued by Proportion Z-test. From the test it was found 
Z = 2.449 and it was greater than 𝑍𝛼=1.645 which means 
the proportion of students whose scores greater than the 
minimum requirement was more than 75%. Hence, it can 
be concluded that the developed lesson plans and student’s 
worksheets were effective to improve the students’ 
conceptual understanding in mathematics. 

Furthermore, according to achievement test, 91% of 
students’ scores were higher than 70, the minimum 
requirement for mathematics subject. The normality test 
using One-Sample Kolmogorov-Smirnov test revealed that 
the data were normally distributed since the score was 
0.089 and it was greater than 𝛼 = 0.05. The evaluation of 
the hypothesis was continued using Proportion Z-test. 
From the test it was found Z = 2.041 and it was greater 
than 𝑍𝛼=1.645. Hence, there are more than 75% of 
students who pass the minimum score which is 70. 
Therefore, it can be inferred that the developed lesson 
plans and student’s worksheets were effective to improve 
the students’ achievement in mathematics. 

The developed learning materials based on NHT model 
with peer assessment effective to improve students’ 
learning outcome since it encourages the students to 
actively engage in learning process. The step in which the 
students can be randomly selected to present the group 
discussion in front of the classroom enhance the students’ 
awareness to be involved in the discussion. The students 
have to make sure they have sufficient understanding 
toward the group discussion as they have the same amount 
of responsibility to perform the best in the group. The type 
of personal and group responsibility in NHT model 
contributes to the students’ improvement in cognitive 
learning outcome [13]. 

  Also, the independent practice after the group 
presentation as the formative assessment in helps the 
students to evaluate their own learning result. According to 
Stiggins [17] the assessment for evaluation should be done 
continuously to present an authentic evidences of the 
students’ mastery in the topics. The good evaluation will 
provide the chance for the students to perform their actual 
learning result based [15]. 

The peer assessment provide right after the independent 
practice leads the students to a deep reflection. This 
process was guided by the teacher, but each of the student 
should carefully assess their peer’s works. Here, they have 
to understand the materials and determine whether their 
friends solve the problem correctly. From the process, the 

student also reflected on their method and strategy and 
developed further understanding. The peer assessment 
provides a great support for students’ improvement in 
collaboration, communication, conceptual understanding 
and problem solving. 

IV. CONCLUSION 

From the analysis of the results, it can be concluded 
that the developed set of learning materials based on NHT 
and peer assessment was in valid criteria, practice and 
effective to improve the students conceptual understanding 
and achievement in mathematics. Therefore, this study 
recommends the use of the developed lesson plans and 
student’s worksheets in the classroom to enhance students’ 
collaborative learning that will be beneficial for their 
learning experience. The further study also can be 
conducted to develop the peer assessment instrument will 
enable students to reflect on their own learning while 
provide feedback for their classmates. 
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