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Abstract 

The problem-solving abilities and student collaboration in learning physics are still low, so meaningful learning 
is needed, namely through authentic learning. Appropriate teaching materials and models are needed to support 
students’ academic achievement. This study aims to describe the feasibility of teaching materials that integrated 
authentic learning using collaborative problem-solving models in training students' problem-solving abilities. In 
developing teaching materials, research and development are used with the ASSURE model, which is 
strengthened by the use of stacking analysis to describe students' problem-solving abilities. The data analysis 
technique uses N-gain calculations and stacking analysis through the Winstep program. The results show that 
the validity of the developed teaching materials is measured using validation sheets by academic and practitioner 
validators with a validation value of 3.55 and categorized as very valid; The practicality of the teaching materials 
developed was measured using a student response questionnaire with a value of 2.86 and categorized as practical 
for use during the learning process; The effectiveness of the developed teaching materials was measured using a 
cognitive academic achievement test of students collaboratively with an N-gain of 0.73 and in the high category; 
The problem-solving skill of students collaboratively based on the learning achievement test which includes 
analytical questions is categorized as good. Therefore, it is concluded that the teaching materials developed are 
appropriate for use in the learning process to improve students' problem-solving abilities. Furthermore, the data 
from stacking analysis is used to get a deeper insight into students' problem-solving abilities, so that, in 
subsequent learning, the teacher can optimize the learning design to reach better students’ academic achievement.
Accordingly, implications and recommendations for future research were discussed at the end of this paper. 

Keywords: academic achievement, authentic learning, collaborative problem-solving, problem-solving abilities, 
stacking analysis 

Introduction 

Learning within the scope of education is the foundation that determines the quality of the 
competence of students at every level. The competencies demanded in learning are always 
developing according to the demands of the times so it requires students to master them 
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comprehensively. Learning around problem-solving can take place optimally when students are 
active and participate in the process. One of the main abilities that can support the problem-
solving process is the skill to collaborate (Binkley et al., 2012; Segura et al., 2023; Sjöberg & 
Brooks, 2022). Thus, physics learning is expected to take place more optimally and students' 
abilities will increase through the processes they face together when solving problems. 

Problem-solving has a significant influence on student performance and can trigger critical and 
creative thinking, stimulate students to think deeply and give students a greater ability to solve 
problems (Bunterm et al., 2012; Burkholder et al., 2021; Marham et al., 2021; Yalçın & Erden, 
2021). Based on the results of an international assessment held by the Organization for 
Economic Cooperation and Development (OECD) using PISA questions, shows that 
Indonesian students are ranked 71st out of 79 countries in 2018. This fact reveals that 
Indonesian students’ problem-solving abilities in science such as physics are still relatively low. 

Mastery of the concept of physics in linear motion is the main obstacle for students to develop 
problem-solving abilities because of the abstract nature of the material, even though physics is 
a natural science that is closely related to everyday life and should be quite familiar with its 
authentic application. The relevance between the concepts studied and the cognitive 
development of students becomes a reference in building learning references that are effectively 
applied to learning (Choy & Yeung, 2022; Dunlosky et al., 2013). Therefore, learning resources 
should lead students to become more familiar with these physics concepts by providing 
teaching materials based on authentic learning. 

Authentic learning is defined as a learning approach that orients students to discuss, construct, 
and develop knowledge in a meaningful way by linking the concepts learned with relevant 
problems or phenomena in their lives (Grube et al., 2022; Herrington et al., 2014; Ruhanen et 
al., 2021; Valtonen et al., 2015; West, 2023). Authenticity plays an important role in the future 
of various job sectors (Abbas et al., 2023; Rahmawati & Ladita, 2020). Thus, teaching materials 
become more effective to improve students' skills to solve problems. 

This is because certain processes or stages must be completed to obtain a solution, both 
individually and in groups. Therefore, students also need to collaborate with their friends to 
enhcance their participation while honing their skills (Chen et al., 2023; Huang & Lajoie, 2023; 
Knickel, 2023; Mali et al., 2023; Muñoz et al., 2023; Yang, 2023). The solution to realizing this 
learning environment is to apply a collaborative problem-solving model (Dindar et al., 2020; Li 
et al., 2023; Sun et al., 2020; Wu et al., 2022). Collaborative problem-solving is interpreted as a 
collaboration-oriented learning model carried out by a group of students by sharing 
understanding and contributing to solving problems (Andrews-Todd & Forsyth, 2023; Avry et 
al., 2020; Dindar et al., 2022; Eiris et al., 2022; Felmer, 2023; Gao et al., 2022; Rojas, 2021; Song 
et al., 2022; Sum & Bădescu, 2023; Von Davier et al., 2017; Zhang, 2022). 

This analysis is related to academic achievement which is expressed by increasing problem-
solving abilities after using the teaching material. Improving the skill of students can be realized 
if the products developed can provide progress in achieving learning objectives (Nieveen & 
Folmer, 2013; Anna et al, 2023). Although a lot of research has been done on the impact of 
applying collaborative problem-solving to improve students' cognitive and interdependence in 
learning, (Swiecki, 2021; Wu et al., 2022), the implementation of authentic learning (Herrington 
et al., 2014; Irvine, 2022; Singer, 2020) and the development of learning and teaching materials 
based on authentic learning (Dolapcioglu, 2022; Wati, 2020), however, research that integrates 
authentic learning and collaborative problem-solving has never been done. 
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Therefore, this study aims to describe the feasibility of teaching materials that integrated authentic learning 
using collaborative problem-solving models in training students' problem-solving abilities. Ultimately, this 
research sought to add to existing literature and references by providing valuable empirical evidence and 
insights into the use and effectiveness of teaching materials in the specific wetland school environment. 

Methodology 

In developing teaching materials that integrate authentic learning with a collaborative problem-
solving model, research and development are used with the ASSURE model. Data were 
collected through validity tests, practicality tests, and academic achievement tests, which is 
including students’ problem-solving abilities. The data analysis technique uses the calculation 
of validity and reliability, the average score of students’ responses, and N-gain calculations of 
pretest and post-test. Furthermore, stacking analysis through the Winstep program is used to 
get a deeper insight into students' problem-solving abilities, so that, in subsequent learning, the 
teacher can optimize the learning design to reach better students’ academic achievement. 

Analyze Learner 

At the beginning of designing teaching materials, we determine that the students who are involved in this 
research are high school students who are on average aged 15 to 17 years and categorized in the formal 
operational stage. They already have the skill to think abstractly so that they can use their reasoning to solve 
problems logically even though they are still at a simple level. At this stage of development, students' skills 
to solve problems related to everyday life can be trained in the learning process. More specifically, these 
students are at a school in a wetland environment so that the authentic learning presented is as much as 
possible linked to local wisdom, so students can accept the principles of meaningful learning. 

State Objectives 

Linear motion is the most fundamental concept in mechanics and has sub-material specifications in 
the form of uniform linear motion, uniformly changing rectilinear motion, upward vertical motion, 
downward vertical motion, and free-fall motion. It has concepts that are easy to find in everyday life 
so the application of this concept can be observed directly by students. The main materials and 
concepts taught to students are based on the basic competencies that have been determined. The basic 
competence of this material is to analyze physical quantities in linear motion with constant speed 
(fixed) and linear motion with constant acceleration (fixed) along with their application in everyday 
life, for example, traffic safety; Presenting data and graphs of the experimental results of object motion 
to investigate the characteristics of linear motion with constant (fixed) speed and linear motion with 
constant (fixed) acceleration along with their physical meaning. 

Select Methods, Media, and Materials 

Teaching material is a set of materials or lesson substances that are arranged systematically in 
displaying the complete form of competence that will be mastered by students in learning 
activities. Teaching materials developed must be tested for feasibility to produce a quality 
product. The feasibility test of the development of teaching materials can be carried out in 
three stages, namely validity, practicality, and effectiveness tests. 

(1) Validity, is a measure of the validity of a product obtained from a series of assessments 
before the product is taken to the field or applied in learning. The indicators used for the 
validation test are content feasibility, presentation feasibility, language feasibility, and 
graphic feasibility which are assessed directly by experts following the research field. 
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(2) Practicality, is an aspect that indicates the ease of use of a product. In the development of 
teaching materials, practicality tests can be in the form of questionnaires or response 
questionnaires to assessments by students on the implementation of teaching materials in 
teaching and learning activities. 

(3) Effectiveness, is a measure of the academic achievement by students after using the developed 
product. Effectiveness testing can be done by measuring the increase in academic achievement 
or student activities, in terms of product academic achievement from learning achievement 
tests, and academic achievement from student worksheets (Aini et al., 2018). 

Utilize Media and Materials 

Three professional validators validated the product's validity utilizing a teaching material 
validation sheet. The theoretical validity of the instructional materials was examined in the 
study. This validity is based on an expert perspective or judgment, scrutinized in terms of 
content and constructions. Content validity is related to the suitability of a product's content 
and the theory that underpins it, whereas construct validity is engaged with the quality of the 
components and elements that build the product being developed. The results of the validation 
of the experts also calculated the reliability with Cronbach's Alpha equation. 

Require Learner’s Responses 

Response questionnaires that valid and reliable were distributed to students via the Google form 
with a scale range of 1-4. This response questionnaire contains 20 statements in the form of 
positive and negative statements. Data from the responses of students are calculated to find the 
average score and compared it with the criteria. It can be declared practical if categorized as 
practical at least or get a score of more than 2.80 out of a maximum score of 4.00 in the range. 

Evaluate and Revise 

Measuring the effectiveness of this product was carried out by giving a cognitive test in the 
form of linear motion questions in the form of 8 essays to 12 groups of class X students from 
a high school in Banjarmasin for the 2021/2022 academic year. However, the test instrument 
must first be tested for validity by three expert validators to be able to accurately and validly 
measure students' abilities in determining the effectiveness of teaching materials. 

After that, the data analysis technique uses N-gain (< 𝑔 >) to measure the effectiveness of 
teaching materials based on the average pretest and posttest scores. The normalized N-gain or 
gain score is calculated using equation (1) (Hake, 1998). 

< 𝑔 >=
〈𝑆𝑓〉−〈𝑆𝑖〉

100−〈𝑆𝑖〉
                           (1) 

〈𝑆𝑖〉 is the average of the pretest; 〈𝑆𝑓〉 is the average of the posttest. The results of the N-gain 

calculation are compared with the criteria stated in Table 1. 

Table 1. N-Gain Criteria. 

< 𝒈 > Score Criteria 

(< 𝑔 >) ≥ 0.7 High 

0,3 ≤ (< 𝑔 >)  < 0.7 Medium 

(< 𝑔 >)  < 0.3 Low 

The teaching materials developed can be declared effective if the N-gain (<g>) has the 
minimum criteria which mean the obtained score is more than or equal to 0.3. 
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The scores obtained from the academic achievement test for each group of students can be 
classified to determine problem-solving abilities on analytical questions. The assessment 
category for problem-solving abilities is stated in Table 2. 

Table 2. Categories of Problem-Solving Abilities. 
Score Category 

75-100 Excellent 

50-74 Good 

25-49 Fair 

0-24 Poor 

The test results for each group of students were also analyzed using the stacking technique 
through the Winstep program. The features of the Winstep program can present more accurate 
analysis results related to the impact of treatment on respondents (Yusuf & Widyaningsih, 
2018). Data that is not an outlier will be detected by the Winstep program so that it can be 
analyzed based on the logit value (Bond et al., 2020). 

Findings/Results 

The development carried out in this study resulted in authentic learning-based linear motion 
teaching materials that could be applied using a collaborative problem-solving model.  This 
teaching material is available as an electronic flipbook generated with the Flip PDF Corporate 
Edition application and can be accessed via the link provided by 000webhost. 

The findings of the overall validity assessment of the teaching materials yield an average overall score 
of 3.55, with a very valid category. The development product that has been deemed valid means that 
its components have fulfilled the content and build standards of a quality product (Nieveen & Folmer, 
2013). Furthermore, the findings of validators’ assessments tend to be constant in every way, resulting 
in extremely good reliability calculations, with a score of 0.97. If a product's assessment yields 
consistent results, the assessment's findings do reflect the product's quality (Yudha et al., 2014). Thus, 
the generated teaching materials are ready to be used in the classroom. 

Learner’s Responses 

Various recent learning innovations show that teachers in different types of classrooms can 
grow professionally by working with their students to understand classroom life and explore 
their classrooms, where teachers are the most important thing to focus on to improve learning 
processes. After the learning process, students fill out response questionnaires honestly and 
follow their respective opinions regarding the practicality of the teaching materials being 
developed as shown on Table 3. 

Table 3. Students’ Responses Towards Teaching Material’s Practicality. 
No Aspect Score Category 

1 Feasibility 2.83 Practical 

2 Benefit 2.88 Practical 

3 Efficiency 2.86 Practical 

Average 2.86 Practical 

Students’ Academic Achievement 

Effectiveness is based on students' mastery and success in achieving learning objectives using 
the products developed (Nieveen & Folmer, 2013). The instrument used to measure this 
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effectiveness is an essay consisting of 8 questions with cognitive levels C2 to C5. Academic 
Achievement tests were then distributed to 12 groups of students to obtain data on pretest 
values (initial test) before the application of treatment in the form of authentic learning-based 
linear motion teaching materials using collaborative problem-solving models. 

The pretest and posttest assessment data were tested for normality first using SPSS 22 software 
via the Shapiro-Wilk test so that the pretest significance value was 0.154 and the posttest 
significance value was 0.553. Both have a significance value greater than 0.05 so the data are 
normally distributed. The data is then calculated using N-gain or normalized gain score to 
determine the effectiveness of using teaching materials as shown in Table 4. 

Table 4. Results of the Effectiveness of Teaching Materials. 

Average of Pretest Average of Posttest N-gain Category 

18.77 78.18 0.73 High 

Based on the effectiveness measurement carried out, it is known that there is a significant 
increase in academic achievement so an N-gain of 0.73 is obtained in the high category. 
Therefore, authentic learning-based linear motion teaching materials using collaborative 
problem-solving models are effectively used in the learning process. 

Student’s Problem-Solving Abilities 

Problem-solving abilities of students collaboratively can be measured through academic 
achievement tests which include analysis questions; C4 and C5. The solution also uses five 
stages which include problem visualization, problem description, planning solutions, 
implementing plans, and evaluating solutions (Heller et al., 1992). Problem-solving abilities 
based on the assessment of results on analytical questions are briefly summarized in Figure 1. 

 
Figure 1. Problem-Solving Skill on Analysis Questions. 

Problem-solving abilities can also be seen from the average score for each stage of problem-
solving. A comparison of the average score between the pretest and posttest for each stage of 
the analysis questions can be seen in Figure 2. 
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Figure 2. Problem-Solving Abilities for Each Stage of the Analysis Problem. 

Stacking Analysis 

The increase in the skill of each group of students can be analyzed further using the stacking 
analysis technique. Stacking analysis is part of Rasch modeling which is useful for analyzing 
interventions or changes in respondents' abilities at different times (Bond et al., 2020). That 
way, the increase or decrease in the skill of each group of students to solve problems can be 
known specifically through the scores obtained from the pretest and posttest. In the stacking 
analysis, the respondent's data and test scores are arranged vertically in a certain format so that 
they can be entered into the Winstep program. Data filtering has also been done previously 
and there are no outliers so all data can be used for stacking analysis. The data is then processed 
automatically to display the results through the variable (wright) maps feature. The results of 
data analysis on these features are presented in Figure 3. 

 
Figure 3. Display of Variable (Wright) Maps for Stacking Analysis. 

The data on the left side of the variable scale line (wright) maps are persons or respondents 
consisting of 12 groups of students, while on the right it contains item data in the form of 8 
items being tested. Stacking analysis is focused on changing the skill of respondents before and 
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materials using collaborative problem-solving models. The identity of the respondent is 
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represented by the code "P" for the skill during the pretest, while the skill during the posttest 
is represented by the code "O" and followed by the group number of each student. An increase 
in skill occurs if the position of the respondent during the posttest is higher than the initial 
position during the pretest, whereas if the position of the respondent during the posttest is 
lower than the position during the pretest then there is a decrease in skill after being given 
treatment. A summary of the size of the logit for each respondent is presented in Table 5. 

Table 5. The Results of the Log Person from the Stacking Analysis. 

Respondents Logit Pretest Logit Posttest Logit Difference 

Group 1 -0.05 0.02 0.07 

Group 2 -0.05 0.04 0.09 

Group 3 -0.08 0.22 0.30 

Group 4 -0.15 0.08 0.23 

Group 5 -0.11 0.05 0.16 

Group 6 -0.11 0.11 0.22 

Group 7 -0.03 0.03 0.06 

Group 8 -0.06 0.07 0.13 

Group 9 -0.06 0.01 0.07 

Group 10 -0.07 0.09 0.16 

Group 11 -0.05 0.28 0.33 

Group 12 -0.06 0.03 0.09 

Average -0.07 0.09 0.16 

The data set from the person measure shows a comparison of the logit pretest and posttest. 
Respondents who have a positive logit difference indicate a change in the form of an increase 
in skill, while a negative logit difference indicates a decrease in skill when working on a given 
item (Bond et al., 2020). All respondents in this study had logit differences which were positive 
thus each group of students experienced an increase in skill after undergoing treatment. 

The largest logit difference belongs to group 11 which is also the respondent with the highest 
posttest logit. In addition, the logit obtained by group 11 during the posttest was also greater 
than the average. This is because each student in the group is active and can understand the 
material in a linear line along with the stages of problem-solving in a comprehensive manner. 
Improving problem-solving abilities like this is closely related to the positive impact of the 
treatment applied during the four learning meetings using the collaborative problem-solving 
model. The stages of problem-solving are trained through examples of questions contained in 
teaching materials. The foundation for achieving a complete understanding of these problems 
is reflected through authentic learning of physics concepts (Arsyad et al., 2020). That way, the 
teaching materials developed provide effective changes in the form of increasing the problem-
solving abilities of each group of students. 

Discussion 

The quality of teaching materials with a highly valid category which means that the main 
components on learning materials are very well constructed. Flip PDF Corporate Edition as a 
material design program likewise supports format setting so the layout of the elements in the 
instructional materials are appropriate and appealing. The decent format's carrying capacity can 
foster students' interest in the teaching materials generated, allowing them to better regulate 
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their attention to the learning process. Furthermore, the various color patterns make using 
these instructional materials more enticing to students. 

The language aspect of the validity of the teaching materials is assessed as very valid. Since it is 
in line with students' progress, both in terms of the degree of thinking development and social-
emotional development, the presentation of the content in it may be transmitted effectively.. 
The use of vocabulary used is not rigid, and it is conveyed in a dialogical manner through 
apperception, which can excite and urge people to think. All of those criteria also matched the 
Ministry of National Education's, linguistic requirements, which include meaning integrity, 
conformity to Indonesian language norms, grammar, and easily understandable messaging. 

On the content side, the validity of the teaching materials is rated as very valid. This can be 
proven from symbols, terms, units, facts, and concepts that are accurate in describing the basic 
competencies of linear motion. The scope of the material is supported by a complete and in-
depth discussion so that students can adjust the knowledge they have gained with the 
development of science. Example of phenomena in teaching material are relevant to students' 
situations and are backed up by current sources that are in line with today's learning needs. 

The validity of teaching materials on the presentation aspect is categorized as very valid. The 
criteria are classified based on the presentation technique, presentation support, and learning 
presentation. Each chapter and sub-chapter is composed of consistent and balanced material 
from easy to complex subjects so that the concept of linear motion can be studied coherently. 
Authentic learning is also presented to connect abstract concepts in linear motion with real 
facts in the lives of students such as the movement of land transportation, kelotok or boats 
crossing rivers and lakes in a tourist attraction, fruit falling freely from the tree trunk, and ball 
motion in games of bekel ball. The existence of authentic learning makes the information 
presented by teaching materials more meaningful (Christmas, 2014). Physics learning will be 
more meaningful if learning facilities and references are taken from daily activities around the 
students' living environment (Arsyad et al., 2020). 

To condense information efficiently, each chapter includes examples of real questions and 
debates to help students practice their collaborative problem-solving abilities. This linear 
motion teaching materials may be used in the learning process with a collaborative problem-
solving approach, especially during the transformation phase. Through the "Let's Collaborate" 
section on real instances of questions that allow interactive dialogue to be developed, students 
become part of group discussions to solve problems based on the subjects learned in the 
teaching materials. Collaborative problem-solving was controllable and standardized, which 
can place students in a variety of different collaborative situations, as well as control test time 
(Trihantoyo et al., 2023; Ouyang et al., 2021; Tang et al., 2021). As a result, students will have 
a better understanding of their position in groups while working to solve problems based on 
the phases described in the instructional materials. 

Starting with envisioning the problem and ending with assessing the solution, the examples of 
questions in the training materials depict the stages of problem-solving using the Heller 
indicators (Heller et al., 1992). As a result, problem-solving is practiced by using examples of 
questions from the training materials. Furthermore, these teaching materials include intriguing 
elements such as the "Let's Know" section, which offers material details, the "At a Glance 
Information" section, which contains valuable information to extend the gems of knowledge, 
and the "Magic Symbol" section, which contains a link to encourage students' interest Students' 
curiosity should be piqued by presenting them with engaging educational resources. 
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Based on benefits/usability, the validity of the teaching materials is rated as very valid. This is 
interpreted to mean that the teaching resources developed can help teachers teach the notion 
of linear motion authentically (Aswinna & Rahmi, 2021). This authentic learning-based linear 
motion teaching material can be utilized as a resource for students to study independently and 
discuss in groups to fully comprehend the contents. As a result, these teaching materials 
promote learner-centered learning while reducing reliance on teachers. 

The results obtained from the assessment in each aspect of its validity determine the quality of 
the teaching materials developed. Assessment is an integral part and an effective way of 
receiving feedback on students' learning outcomes (Singh & Chand, 2010). Validity is one of 
the eligibility criteria for product development (Nieveen & Folmer, 2013). The teaching 
materials developed in this study have been categorized as very valid according to experts. 
Therefore, these teaching materials can be tested on students through classroom learning. 

On the other hand as shown on Table 4, the results of student responses in all aspects gave an 
average score of 2.86 in the practical category. The practicality of a development product 
expresses its ease when implemented in the desired learning environment (Nieveen & Folmer, 
2013). Thus, the teaching materials developed are practical to be applied in learning process. 

The quality of teaching materials can be described in more detail through aspects that support 
their practicality. In the aspect of ease of use, the results obtained are in the very practical 
category. The teaching materials developed are relatively easy to use because the contents of 
the material can be understood properly and the language used is following the needs and 
development of students. The design of teaching materials is also attractive and accompanied 
by authentic illustrations so that students have no difficulty identifying the meaning of these 
illustrations. This can be seen from the cover design which represents various phenomena of 
rectilinear motion in everyday life. In addition, this teaching material has clear instructions on 
the stages of problem-solving through authentic questions in it. The discussion is also 
supported by illustrations that are relevant to the conditions surrounding the students so that 
the concepts contained in the linear motion material become easy for them to learn. 

The ease of use of this teaching material is inseparable from the meaningful information 
contained in it (Christmas, 2014). Learning becomes more meaningful if new information or 
concept in teaching material is linked to the cognitive structure of students. Information like 
this can be found in interesting features in the form of pop-ups such as "let's know", "at a 
glance", and "magic symbol" icons. The existence of pop-ups allows content in teaching 
materials to be displayed elegantly without taking up many pages. That way, the content 
presented is not monotonous in the form of writing and it is easier for students to use the 
features contained in the teaching material. The form of teaching materials in the form of 
electronic media also makes these interactive features economically available. Even so, the 
practicality of accessing the sub-material in the next chapter is still not optimal because no 
feature is designed to short access to certain pages automatically. Students still need to flip 
through the pages of this teaching material to arrive at the page in the new sub-chapter. 

The practicality of teaching materials on the benefit aspect is categorized as practical. This 
shows that the teaching materials developed to provide benefits because they help students 
understand physics problems, encourage them to visualize linear motion problems through 
pictures/sketches, and attract their attention to learning through authentic illustrations. 

This teaching material can be used by students to actively discuss with their group members in 
understanding and solving physics problems during learning using the collaborative problem-
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solving model, especially in the transformation phase. Students in this phase can collaborate in 
their respective groups to learn the stages of problem-solving described in the "let's 
collaborate" session in the teaching material. The sample questions in the session describe the 
stages of problem-solving using the Heller indicators (Heller et al., 1992), namely starting from 
visualizing the problem to evaluating solutions. In addition, the majority of students' responses 
also stated that authentic learning-based linear motion teaching materials were able to practice 
their collaborative problem-solving. 

The last aspect relates to time efficiency in using teaching materials that categorized as practical. 
The teaching and learning process in class can be completed on time by using the developed 
teaching materials. This is evidenced by the majority of the results of student responses which 
stated that there was sufficient time to collaborate and re-examine the answers to the results of 
their discussions. Students who collaborate effectively can use their time efficiently. The 
concept of linear motion that is translated from teaching materials based on authentic learning 
can be understood more quickly by students, so it supports time efficiency during teaching and 
learning activities using the collaborative problem-solving model. 

The results obtained from student responses in every aspect of their practicality determine the 
quality of teaching materials when applied in class. Teaching material is declared practical if the 
assessment obtained from the student response questionnaire gives an average score that is at 
least in the practical category. Practical teaching materials can be implemented in real terms in 
class and have a positive influence on students. This positive influence refers to the condition 
of teaching materials that are easy to use so that learning becomes more interesting, meaningful, 
and useful. Therefore, this teaching material can be used in the learning process in class. 

Based on figure 1 and figure 2, at first, the pretest average was still very low because students in 
each group did not understand the stages of problem-solving in linear motion questions. They are 
also not used to collaborating to solve problems with their respective groups so they have difficulty 
sharing roles in doing the test. After the pretest, students are given treatment in learning in the form 
of authentic learning-based linear motion teaching materials and gain more comprehensive 
knowledge if they are involved in intensive interactions with their groups (Ouyang et al., 2021). The 
interactions and collaborations that occur have a major influence on building their engagement 
when discussing solutions to a problem (Ramirez, 2021; Utami & Hwang, 2022). 

The average score in the posttest has increased significantly compared to the pretest, as 
evidenced by the high gain score. Even so, there were still students who had difficulty 
collaborating to complete the test with their group mates. This was because the students in this 
study had just entered grade X, so some of them tended to be unfamiliar and seemed awkward 
in communicating. Students who are less able to adapt when collaborating will find it difficult 
to solve problems. On the other hand, groups whose members actively collaborate experience 
increased abilities at a high level and can use the problem-solving stages well during the 
posttest. This increase is inseparable from the role of authentic learning-based linear motion 
teaching materials along with examples of authentic questions contained therein. The process 
of solving the problem is described in full in stages in the example questions in the teaching 
materials and is always practiced at each meeting. This is supported by a collaborative problem-
solving model which also trains students to get used to collaborating to solve problems. 
Therefore, they finally became more prepared for the posttest and obtained optimal results. 

Figure 1 shows students' abilities were still low because the problem-solving answers for 
questions number 2 and 5 resulted in an average score in the poor category, while the average 
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value in numbers 3 and 7 was in the very poor category. Students in each group did not 
understand the concept and how to solve problems on the topic of linear motion so there were 
questions that were not answered. Lack of mastery of the material being studied will harm 
academic achievement. In addition, they are still confused when discussing because they have 
not found an effective way to share tasks and roles. 

During the posttest, problem-solving abilities increased because the average score in each 
question was significantly higher than in the pretest. The answers to questions number 2, 5, 
and 7 produce an average score that is in the good category, while the average score in number 
3 has reached the very good category. This significant increase is inseparable from the benefits 
of the authentic learning-based linear motion teaching materials that they have learned. 
Authentic learning can improve problem-solving abilities, and helps instill knowledge into the 
minds of students through phenomena in life to strengthen mastery of the material being 
studied (Christmas, 2014). The collaborative problem-solving model also plays a role fort 
students to collaborate with their groups so that they are more compact when working on the 
posttest. Therefore, their problem-solving abilities were able to reach a good category based 
on the average overall score on the analytical questions obtained from the posttest, which was 
78.18. 

The average pretest score for each stage is not categorized as good so it can be stated that 
students' problem-solving abilities are still low. They are less able to solve problems 
systematically, have difficulty digesting the essence of the questions, and are constrained in 
using the right concepts to solve problems (Markawi, 2015). Meanwhile, the average score has 
increased in the posttest with an acquisition above 60 so there are indicators that are 
categorized as good or very good based on the solutions given. 

Completion at the stages of problem visualization, planning solutions, implementing plans, and 
evaluating solutions is categorized as good; while the problem description stage has been able 
to be resolved with a very good category. Each group of students has been able to represent 
physics problems visually to be translated into the form of physics concepts and equations 
systematically. The systematic settlement process and collaboration led them to get a real 
solution (Goh, 2014; Setlhodi, 2020; Suhandiah et al, 2022). The success of students in 
completing the stages of each problem increases the average post-test score. The overall 
average post-test score at the problem-solving stage gave a result of 78.18 which was as good 
as the results obtained based on the review of the questions. So, students' problem-solving 
abilities collaboratively on analytical questions are included in the good category. 

Figure 3 shown by the variable (wright) maps, it is known that there are six groups of students 
(O11, O03, O06, O10, O04, and O08) who have a high skill to solve all items and their position 
on the scale line increases compared to the pretest position. The six respondents found it easier 
to do the tests given, as shown by their position which exceeded or was above all the item 
questions, thus proving that the treatment given worked well. The respondents in the following 
positions (O01, O02, O05, O07, O12, and O09) also experienced an increase in their abilities 
after being given treatment, even though most of their positions were parallel to the item items. 
Meanwhile, some respondents are in group 9 (O09) and are still under the position of one of 
the items as well as being the person with the lowest level. Such a position indicates that group 
9 is the respondent with the lowest skill compared to the other groups. 

Students in group 9 experienced a little difficulty when collaborating to solve problems from 
the questions given because their mastery of linear motion material was still not comprehensive. 
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This is because these students are less active and enthusiastic when undergoing learning using 
the teaching materials developed. The group cooperation was also not very compact. Those 
who are not cohesive in collaborating will find it difficult to solve problems together (Andrews-
Todd & Forsyth, 2023; Dindar et al., 2022; Han et al., 2023; Rojas, 2021). Even so, the skill of 
each group of students in general still experienced an increase in solving questions on the 
academic achievement test. These increases are shown from their various positions or levels 
on the scale line which are affected by the logit magnitude. 

Conclusion 

Based on the evaluation of the development of teaching materials, test results, and findings 
obtained, it can be concluded that authentic learning-based linear motion teaching materials 
using collaborative problem-solving models are appropriate for use in the learning process 
because they meet the criteria to be declared valid, practical, and effective. This is expected to 
provide alternative learning materials that can help students understand the material and train 
the skills to collaborate in solving problems. This study contributes as an option for teachers 
to be able to use the teaching materials that have been produced. However, this study is limited 
to linear motion teaching materials only. In addition, the subject of this study is still limited to 
12 groups with an average age of 15-17 years, it is hoped that other researchers can further 
enrich their studies both in terms of the teaching materials developed and the involvement of 
a wider subject. Based on the stacking analysis that we have presented in this study, we hope 
that future researchers can focus more on certain aspects of students' problem-solving abilities 
which are considered to be still able to be improved. 

Limitations 

Researchers are aware that there are several weaknesses and obstacles that occur when carrying out 
school research. The weaknesses and constraints are as follows. (1) The time for physics lessons is 
limited, namely only 60 minutes because of the rules applied during online learning. This affects the 
time management that researchers must pay attention to during the learning process. In addition, 
students need adjustments in following a short learning time using the collaborative problem solving 
model. This model requires adequate time for students to discuss. (2) Students who are the subject of 
the trial are new students who do not know each other intimately. This slightly affects the intensity of 
their communication when discussing and collaborating in solving problems. 
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