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Scoring Rubrics Method in Performance Assessment and 1 

its effect of Mathematical Achievement  2 

 3 
This study aimed to investigate the impact of using scoring rubrics on assessing 4 
the performance of students in achievement. The study followed an 5 
experimental approach, and the sample consisted of 187 male and female 6 
students enrolled in the Calculus course. They were divided into three groups: 7 
the first experimental group, whose performance was evaluated using 8 
analytical scoring rubrics, the second experimental group, whose performance 9 
was evaluated using holistic scoring rubrics, and the control group, whose 10 
performance was evaluated using the traditional method. Additionally, a 11 
mathematics achievement test was developed, and two of scoring rubrics, one 12 
analytical and the other holistic, were prepared to evaluate students' 13 
performance. The results of the study favored the use of analytical scoring 14 
rubrics over holistic correction rules, as they considered all details, procedures, 15 
and levels of understanding and perception. The students expressed satisfaction 16 
with the use of analytical and holistic performance scoring rubrics in 17 
evaluating their performance. The study recommended the need for students to 18 
pay attention to interpreting their procedures when performing mathematical 19 
tasks. It also encouraged teachers to use scoring rubrics to evaluate students' 20 
performance and called upon curriculum authors to make the necessary 21 
modifications and additions to increase students' opportunities for justifying 22 
their procedures. Moreover, conducting in-depth studies that allow students to 23 
justify their procedures was suggested. 24 
 25 
Keywords: Performance-based Assessment, Scoring Rubrics, Performance, 26 
Mathematical Achievement, Composition and Inverse functions. 27 

 28 
 29 

Introduction 30 
 31 

The past few years have witnessed significant development in the field of 32 
assessment and its growing importance among education experts for the purpose 33 
of educational reform and improvement. Thomas Kalvin, the president of the 34 

International Organization for Measurement and Evaluation, addressed the issue of 35 
educational reform and development through various assessment processes during 36 
the 27th conference of the organization. He emphasized that most past reform 37 

efforts focused on educational inputs, while recent trends have emerged that 38 
prioritize educational outcomes and the extent to which students acquire 39 
knowledge, skills, behaviors, and attitudes. 40 

According to the National Council of Teachers of Mathematics (NCTM, 41 

2000), assessment is the process of gathering evidence about students' 42 
mathematical knowledge, their ability to use mathematical knowledge, and their 43 
attitudes towards mathematics. It involves extracting judgments from this evidence 44 
for various purposes. Assessment has become a primary source of evidence on 45 
which teachers base their inferences about what students know or need to learn. 46 

Furthermore, student assessment should not be conducted solely for the purpose of 47 
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evaluation but also for guiding and supporting student learning and understanding 1 

patterns of knowledge. 2 
Education experts and researchers (Jarrah et al., 2020; Alotaibi et al., 2021; 3 

Tami & Roger, 2000) believe that assessment is a systematic process that requires 4 
collecting objective and authentic data from multiple sources using various tools, 5 
in line with specific objectives, to reach quantitative estimates and descriptive 6 

evidence. These estimates and evidence are used to make appropriate judgments 7 
or decisions. Undoubtedly, these decisions have a significant impact on learners' 8 
performance and their ability to carry out specific tasks or assignments. On the 9 
other hand, traditional assessment approaches adopt an educational philosophy 10 
that emphasizes highlighting individual differences and encourages competition 11 

for achieving a superior relative position among peers, without considering the 12 

individual's possession of functional skills, ethics, and constructive positive 13 

behaviors. 14 
This narrow perspective focuses on the accumulation of specific information 15 

in the learner's mind, which no longer suits the current and future requirements of 16 
education and its changing needs in this era characterized by cognitive explosion, 17 
information revolution, and communication. In light of this broader perspective, 18 

assessment is no longer an end in itself for determining the success or failure of 19 
learners and their progression to higher grades or educational stages. Instead, it has 20 

become an integral part of the learning process, guiding, enhancing, and correcting 21 
its trajectory. This requires a shift from prevailing traditional testing methods, 22 

numerical grades, and assessments that focus solely on comparing learners' 23 
performance to the adoption of methods and systems that foster the learner's 24 

integrated and balanced personality, their possession of functional skills, and deep 25 
understanding of the curriculum content acquired through self-learning and 26 

curiosity, enabling them to interact with and enrich their environment (Assessment 27 
Strategies and Tools Manual, 2004). 28 

Tashtoush & Rasheed (2023) argue that to improve and enhance the 29 

assessment process in mathematics, there must be standards or criteria that 30 
determine how to deal with assessment mechanisms. This is essential for the 31 

development of assessment tools used by teachers. Assessment is defined as the 32 
process of making judgments about the value of objects, individuals, or subjects, 33 
and in this sense, it requires the use of standards or criteria to estimate this value. It 34 

also encompasses the meaning of improvement, modification, and development 35 
that relies on these judgments (Tashtoush & Rasheed, 2023b). This guide 36 

considers the learning outcomes that should be the basis for planning the 37 
assessment process, selecting appropriate tools, distributing grades across 38 

assessment tools, and allowing teachers the opportunity to choose the suitable tool 39 
that aligns with the educational situation and the learning goal being assessed. 40 

Many educational experts and researchers (Abdallah & Wardat, 2021; 41 
Tashtoush et al., 2023 c; Moscal, 2003; Sahin & Baki, 2010; Abo Obaid, 2011) 42 
agree that the assessment process utilizes several tools, including: 43 

 44 
 Continuous Assessment: This is an organized assessment conducted 45 

throughout the teaching process, aiming to diagnose strengths and 46 
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weaknesses in learners' performance, identify difficulties they face during 1 

learning, apply appropriate remedial methods, assist learners in 2 
recognizing their abilities and potentials, suggest ways to enhance them to 3 
the maximum extent, and consequently issue a realistic judgment 4 
determining learners' performance level. This type of assessment 5 
contributes to detecting weaknesses and strengths in the educational 6 

program, with the purpose of reviewing, modifying, and developing its 7 
components. 8 

 Formative Assessment: This assessment accompanies daily teaching 9 
activities and aims to continuously provide teachers and learners with 10 
performance results to improve the educational process. It is used to 11 

assess the achievement of objectives and utilize feedback to modify the 12 

course and enhance the learning process. 13 

 Summative Assessment: It refers to making judgments about the extent 14 
of learners' acquisition of learning outcomes with the aim of making 15 
decisions such as promoting learners to a higher level or graduation. 16 

 Self-Assessment: It involves students' participation in determining levels 17 
and criteria of performance and applying them to their own work, issuing 18 

judgments related to their achievement of these criteria and levels. Self-19 
assessment serves as a tool for reflection, self-learning, and self-20 

monitoring of performance. 21 
 Peer Assessment: It is the active collaboration of a small group of 22 

learners to assess the work completed by one of their members or another 23 
group, aiming to achieve one or multiple defined objectives within the 24 

framework of acquiring cognitive or social knowledge that benefits them 25 
through the teacher's evaluation. 26 

 27 
One of the common methods that has gained significant popularity in recent 28 

years in assessment is performance-based assessment, also known as scoring 29 

rubrics. Abu Obaid (2011) defines scoring rubrics as plans developed by 30 
specialists or teachers to guide them in analyzing students' performance tasks. 31 

Moscal (2003) also defines them as methods that can be used to evaluate students' 32 
responses to performance-based assessments, based on beliefs that good 33 
assessment begins with considering what students should know and how to assess 34 

this knowledge. Linda (1999) views scoring rubrics as benchmarks that include 35 
rules, principles, and explanations used to assign grades to responses on each 36 

criterion and all the criteria that make up the performance task. 37 
In contrast to traditional assessment approaches, which usually involve more 38 

objective methods of grading tasks, alternative assessment and its accompanying 39 
use of scoring rubrics involve self-judgments that create a greater challenge in 40 
fostering trust and agreement in grading performance tasks. Using scoring rubrics 41 
extensively contributes significantly to providing high levels of confidence in 42 
assigning authentic and reliable grades to students (Cohen, 1994). 43 

Scoring rubrics have garnered significant attention from many education 44 
experts in recent times, owing to the increasing emphasis on performance-based 45 
assessment. They provide indicators of performance quality in tasks and make 46 
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self-judgments more objective and realistic, moving away from biases when 1 

evaluating student performance. Several education experts (Hart, 1994; Moscal, 2 
2003; Alarabi & Wardat, 2021; Sahin & Baki, 2010; Abo Obaid, 2011; Tashtoush 3 
et al., 2022b) classify scoring rubrics into four main types as follows: 4 

 5 
o Holistic Scoring Rubrics: These rubrics provide an overall assessment of 6 

the student's performance in a comprehensive and holistic manner. It 7 
estimates the student's proficiency as a whole, where each rating on the 8 
scale represents a general impression. This type of rubric is not suitable for 9 
classroom use as it focuses on overall competence and is not designed to 10 
align with curriculum or instructional objectives. 11 

o Analytic Scoring Rubrics: In these rubrics, the scoring is divided into 12 

separate categories or dimensions that represent different aspects of 13 

performance. Each dimension is measured separately, and the results of the 14 
dimensions are combined to determine an overall score. The multiple 15 
dimensions provide teachers with the opportunity to assess various areas 16 
that may differ in their overall importance. Analytic scoring rubrics also 17 
provide more information to students about their strengths and weaknesses 18 

in multiple areas of performance. 19 
o Single-Trait Scoring Rubrics: These rubrics involve pre-determining the 20 

main criterion for successful task performance that needs to be assessed. 21 
The single-point feature is identified by the teacher based on the nature of 22 

the task. This involves narrowing down the criteria for judging performance 23 
in the task to a single classification or main dimension. It helps teachers and 24 

students focus on a single aspect of performance. 25 
o Multi-Trait Scoring Rubrics: These rubrics resemble single-point scoring 26 

rubrics, but they allow for the assessment of performance across multiple 27 
dimensions. While they share similarities with analytic scoring rubrics in 28 
measuring multiple areas, multi-trait scoring rubrics differ in the nature of 29 

the dimensions or traits that make up the assessment scale. 30 
 31 

These different types of scoring rubrics offer educators a range of options to 32 
assess and provide feedback on student performance, allowing for a more 33 
comprehensive evaluation aligned with specific objectives and providing students 34 

with valuable information about their performance in different areas. 35 
Both holistic and analytic scoring rubrics are characterized by their ability to 36 

gather data and information about students' performance levels in educational 37 
tasks and improve their performance and cognitive skills. After constructing them, 38 

teachers use them for evaluating students' performance on one hand and benefiting 39 
from them in the teaching process on the other hand (Stanley, 2014). However, 40 
holistic scoring rubrics estimate students' performance as a whole and provide an 41 
individual score. They are employed when a quick and consistent judgment is 42 
needed, especially for assessing complex and internally interrelated skills. This 43 

type of scoring rubric is often used in standardized tests (Tashtoush et al., 2023a; 44 
Mertler, 2001). On the contrary, analytic scoring rubrics make judgments on each 45 
dimension of performance independently, offering a gradation for each dimension 46 
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and an overall assessment of all dimensions. They provide more detailed 1 

information but take longer to administer compared to holistic scoring rubrics. 2 
Diagnostic tests frequently utilize this type of scoring rubric (Nitko, 2001). 3 

Based on the foundation that traditional assessment methods in most 4 
educational institutions have proven to be ineffective in measuring students' skills 5 
and knowledge, it became necessary to develop and adopt modern assessment 6 

methods, diversify student assessment approaches, and focus on performance 7 
based on performance criteria. These approaches aim to measure learning 8 
outcomes and processes simultaneously (McLellan, 2008). Therefore, this study 9 
considers performance assessment rubrics as indicators of performance quality in 10 
specific tasks. They have the ability to gather information about students' task 11 

performance, improve their performance and cognitive skills, and contribute to 12 

making self-judgments on student performance more realistic. Many education 13 

experts in this field recognize the use of performance assessment rubrics as 14 
providing convincing justifications for the feasibility and effectiveness of this type 15 
of assessment. 16 

 17 
 18 

Problem Statement 19 

 20 
Scoring rubrics are educational concepts and a type of assessment based on 21 

performance that plays a significant role in evaluating the process of teaching and 22 

learning mathematics. Undoubtedly, this type of assessment provides teachers 23 
with information about students' understanding of knowledge and skills and their 24 

ability to apply them in learning mathematics. It also enables teachers to integrate 25 
classroom teaching with performance-based assessment and scoring rubrics, 26 

enriching their educational and pedagogical experience. 27 
Since associations are the fundamental building blocks of studying calculus, 28 

this study aims to provide a background on some scoring rubrics that fall under the 29 

title of performance-based assessment. These rules can benefit teachers and 30 
university instructors, as they are the key element in the assessment process in the 31 

classroom. Two scoring rubrics were adopted for assessing mathematical tasks: 32 
the first is the holistic correction rule, and the second is the analytical correction 33 
rule. Each of them has its own aspects. The holistic correction rule provides a basis 34 

for comparing two performances, but it does not rely on task analysis or provide 35 
diagnostic information about students' task performance. On the other hand, the 36 

analytical scoring rubrics provides more detailed grading and its results are 37 
described as more accurate, although it may focus more on certain aspects of 38 

performance compared to others. 39 
Due to significant shortcomings in the methods and techniques of assessment 40 

adopted in our various educational institutions, and based on field observations by 41 
researchers who are mathematics teachers at different educational levels, as well as 42 
their supervision of pre-service mathematics teachers in the educational field, and 43 

the participation of others in international assessment tests such as TIMSS, PISA, 44 
and STEM, this study aims to respond to the importance of having modern 45 
assessment methods and techniques. It aligns with the global, Arab, and local 46 
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movements in the Jordan to develop assessment methods and techniques based on 1 

student performance. The idea of this study also stems from the researchers' 2 
struggle to understand students' thought processes when they attempt to perform 3 
tasks of different levels in operations on associations, especially in tasks related to 4 
composing associations and finding inverse associations, and interpreting the low 5 
level of performance in these tasks. Specifically, this study aims to answer the 6 

following main question: What is the impact of using scoring rubrics for 7 

performance assessment on the achievement of students in Calculus course? 8 
 9 
 10 

Study Importance 11 
 12 

The importance of the study stems from the significance of the topic it 13 

addresses. The theoretical importance lies in the fact that it is one of the studies 14 
that call for the examination of associations in general, and specifically the 15 
operations of composing associations and finding inverse associations. It involves 16 
using methods and techniques to assess students' performance in Calculus, based 17 
on alternative evaluation that requires searching for multiple sources of evidence, 18 

building conclusions, and judging what students know to achieve realistic 19 
assessment. Researchers hope that this study will enrich the theoretical and 20 

research literature in mathematics and fill a gap in this area of research. The 21 
practical importance of this study lies in its potential to benefit students, faculty 22 

members, and specialists in developing the assessment process. It enables them to 23 
become familiar with performance-based assessment tools and the use of 24 

correction rules. 25 

 26 
 27 

Limitations 28 

 29 
 Time Boundaries: This study was conducted during the second semester 30 

of the academic year 2022/2023. 31 

 Spatial Boundaries: The study was conducted at AL-Huson College 32 
University at AL-Balqa Applied University. 33 

 Human Boundaries: The study was conducted on students enrolled in the 34 

Calculus course. 35 
 Subject Boundaries: This study addressed the overall and analytical 36 

correction rules, their results using data collection tools, procedures, the 37 
nature of the community and the sample, and the operations of composing 38 

associations and finding inverse associations. 39 
 The study is defined by its psychometric properties, including acceptable 40 

validity and reliability, for the purposes of scientific research to achieve 41 
the study's objectives. 42 

 43 
 44 
  45 
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Procedural Definitions 1 
 2 

 Performance-based Assessment: It is a type of assessment designed to 3 
measure a student's ability to perform specific tasks and judge their 4 
achievement using assessment tools that estimate their level. 5 

 Scoring Rubrics: A method of evaluating a student's performance based 6 

on meaningful criteria and judging their performance level in a single task 7 
or multiple tasks. 8 

 Holistic Scoring Rubrics: A scale that provides a general overview and 9 
estimation of a student's performance in a specific task. 10 

 Analytical correction Rubrics: A scale that categorizes a student's 11 

performance in a specific task into multiple levels, where each level is 12 

measured separately, and then an overall judgment is made based on all 13 

levels. 14 

 15 
 16 

Literature Review 17 
 18 

Through reviewing the theoretical and educational literature that addressed 19 
the importance of using scouring rubrics in teaching and learning mathematics, 20 

this study discussed some previous studies related to the subject of the current 21 
study, which could be useful to mention in the current study. McBride and Carifio 22 

(1995) conducted a study aiming to investigate the effectiveness of using 23 
analytical scouring rubrics to assess students' performance in geometric proof by 24 

employing cognitive behavior theories of geometric knowledge. A group of 25 
evaluators assessed the performance of 241 students in geometric proof using a 26 

correction rule that included multiple criteria through various tests measuring 27 
students' ability in geometric proof. The study results showed that the use of 28 
analytical scouring rubrics yielded better results than traditional assessment 29 

methods. 30 
Similarly, Lumely and Yan (2001) examined the impact of broad-spectrum 31 

assessment on teaching methods and instructional strategies followed by teachers 32 
in Pennsylvania. The study identified factors influencing teachers' beliefs and 33 
usage of broad-spectrum assessment and used a questionnaire administered to 168 34 

teachers from 20 different schools. The study revealed that while teachers 35 
recognized the importance and value of the scouring rubrics presented in the 36 

assessment guide, they did not use them. They attributed this to developing their 37 
own correction rules. Furthermore, teachers adhered to traditional methods and did 38 

not adopt advanced scouring rubrics in assessment. 39 
Al-Absi (2007) conducted a study aiming to investigate the effect of using 40 

scouring rubrics to assess performance in achievement and attitudes of tenth-grade 41 
students in mathematics in Jordan. Two correction rules, holistic and analytical, 42 
were developed, and an achievement test and a questionnaire to measure students' 43 

attitudes were administered to 128 students divided into three groups: the first 44 
experimental group was assessed based on an analytical correction rule, the second 45 
experimental group was assessed based on a holistic correction rule, and the 46 
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control group was assessed using traditional methods. The study results showed 1 

the effectiveness of both holistic and analytical assessment methods on students' 2 
performance. The study recommended incorporating scouring rubrics as a means 3 
of assessing students' performance and achievement in mathematics and training 4 
teachers to use them. 5 

In the same context, Sahin and Baki (2010) conducted a study aimed at 6 

investigating the possibility of using scouring rubrics as a multidimensional 7 
assessment approach to evaluate mathematical power. The study included 62 8 
students from three eighth-grade classes in Turkey and employed a case study 9 
methodology. The study results showed that the use of scouring rubrics effectively 10 
contributed to the students' growth in problem-solving skills, decision-making 11 

abilities, communication skills, as well as the evaluation of practical and 12 

conceptual knowledge. This demonstrated the potential for assessing learning 13 

outcomes and processes. 14 
Furthermore, Balawneh (2010) aimed to examine the effectiveness of 15 

performance-based assessment in developing mathematical thinking and problem-16 
solving abilities among secondary school students. The study included a sample of 17 
74 female students from the eleventh grade in a school in Jordan. An experimental 18 

group was evaluated using performance-based assessment, while a control group 19 
was assessed using traditional methods. The researcher utilized tests for 20 

mathematical thinking and problem-solving to collect data. The study results 21 
indicated statistically significant differences favoring the experimental group in 22 

terms of mean scores in mathematical thinking and problem-solving tests. The 23 
researcher recommended further studies on alternative assessment methods, the 24 

development of specialized assessment guidelines, and the diversification of 25 
classroom exercises and homework to include performance tasks that stimulate 26 

logical thinking. 27 
Regarding studies targeting secondary school students, Abu Obeid (2011) 28 

aimed to investigate the impact of using scouring rubrics to assess performance on 29 

students' achievement and attitudes towards mathematics. Two correction rules, 30 
holistic and analytical, were developed for this purpose. The study included a 31 

sample of 128 students divided into three groups: the first experimental group was 32 
assessed using analytical correction rules, the second experimental group was 33 
assessed using holistic correction rules, and the control group was assessed using 34 

traditional methods. Achievement tests and an attitude scale towards mathematics 35 
were administered after the study implementation. The study results revealed 36 

statistically significant differences attributed to the application of the assessment 37 
method in favor of the first and second experimental groups compared to the 38 

control group, while no statistically significant differences were found between the 39 
two experimental groups. 40 

In a related context, Al-Maliki (2011) conducted a study aimed at 41 
investigating the impact of using analytical performance evaluation criteria on the 42 
academic achievement of third-grade students. The study included a sample of 46 43 

students from schools in KSA, divided into two groups: experimental and control. 44 
A test was administered to assess academic achievement. The results showed the 45 
effectiveness of analytical performance evaluation criteria in assessing students' 46 
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performance, and the study recommended the use of these criteria in teaching 1 

mathematics to elementary stage students. 2 
Al-Ruwaili (2016) conducted a study to examine the effect of scouring 3 

rubrics on performance evaluation and its impact on the academic achievement 4 
and attitudes of eleventh-grade female students towards mathematics. The 5 
purposive sample consisted of two groups: experimental (29 students) and control 6 

(28 students). An achievement test of multiple-choice type and an attitudes scale 7 
were prepared. The results of the study indicated the effectiveness of using 8 
scouring rubrics in evaluating students' performance, and the study recommended 9 
the utilization of scouring rubrics in assessing students' performance. 10 

Sarhani (2016) aimed to investigate the effectiveness of using analytical 11 

performance evaluation criteria in solving mathematical problems and enhancing 12 

the academic achievement of seventh-grade students in KSA. The researcher used 13 

an experimental approach with two groups: control and experimental. The study 14 
included a sample of 46 students. The researcher developed a student activity 15 
guide and a teacher guide for teaching ratio and proportion lessons based on 16 
analytical performance evaluation criteria, along with a achievement test. The 17 
results showed the effectiveness of the experimental treatment in improving 18 

students' achievement in the achievement test with a significant effect size. The 19 
study suggested conducting further research on analytical performance evaluation 20 

criteria to enhance learning in other mathematical subjects and different 21 
educational stages, as well as comparing them with holistic performance 22 

evaluation criteria. 23 
Tashtoush and Rasheed study (2023) aimed to evaluate the performance of 24 

calculus students on mathematical tasks and the procedures they follow in the 25 
processes of composite functions and finding inverse functions, as well as 26 

interpreting these procedures. The study used a mixed-methods approach and 27 
included three students enrolled in the Calculus course at Sohar University. The 28 
students were subjected to a short test, and their performance was evaluated using 29 

both holistic and analytical correction rules. Individual interviews were conducted 30 
and analyzed. The results of the study favored the use of analytical scouring 31 

rubrics over holistic correction rules, as they considered all details, procedures, 32 
and levels of understanding and perception. The students expressed more 33 
satisfaction with the analytical correction rules, which considered their responses 34 

to the test tasks. The study recommended that students pay attention to explaining 35 
their procedures when performing mathematical tasks and encouraged teachers to 36 

use scouring rubrics to assess students' performance. 37 
While previous studies mentioned focused on students in different 38 

educational stages, covering various topics such as algebraic equations, operations 39 
on numbers, ratio and proportion, fractions, and geometry, the current study 40 
focused on university-level students in advanced topics related to composite 41 
functions and finding inverse functions. Additionally, the current study followed 42 
an experimental methodology, whereas some previous studies followed mixed-43 

methods, descriptive, or case study approaches. However, this study aligns with 44 
previous studies in utilizing tests as a data collection tool. This study contributes to 45 
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supporting previous studies that emphasized the importance of using scouring 1 

rubrics in evaluating students' performance in mathematics. 2 

 3 
 4 

Methodology 5 
 6 

The current study followed an experimental methodology to investigate the 7 
impact of using scouring rubrics for evaluating performance in the achievement of 8 
students taking the Calculus course. The study was conducted based on three 9 
groups: the first experimental group, the second experimental group, and the 10 
control group. 11 

 12 

 13 

Participants 14 
 15 

The population of the study consisted of regularly enrolled students at AL-16 
Huson College University at AL-Balqa Applied University during the second 17 
semester of the academic year 2022/2023. The study sample was purposefully 18 

selected from students enrolled in the Calculus course and distributed across five 19 
sections. Three sections were randomly selected to represent the three study 20 

groups: the first experimental group, whose performance was evaluated using 21 
analytical correction rules; the second experimental group, whose performance 22 

was evaluated using holistic correction rules, and the control group, whose 23 
performance was evaluated using the traditional method. Table (1) illustrates the 24 

distribution of study participants. 25 
 26 
Table 1. Study Sample 27 

No Group 

62 First Experimental Group 

64 Second Experimental Group 

61 Control Group 

187 Total 

 28 

 29 
Instruments 30 

 31 
Mathematical Achievement Test: After reviewing the theoretical and 32 

research literature (Tashtoush, 2009; Al-Ruwaili, 2016; Sarhani, 2016; Tashtoush 33 
& Rasheed, 2023b), a Mathematical Achievement Test was developed, the test 34 
consisted of three mathematical tasks that covered the process of combinatorial 35 
permutations, the nature of combinatorial permutations (whether they are 36 
switchable in general or not), finding the inverse permutation and its relationship 37 

to the process of combining it with itself, each task was assigned five points, and 38 
the maximum score for the Mathematical Achievement Test was 15, the test tasks 39 
were structured as follows: Direct Task: Students answered this task by 40 
identifying the given data and applying the rule directly in two steps. Reverse 41 
Task: Students used the given data and performed the steps of the previous task in 42 
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reverse order, linking the results. Comprehensive Task for both Concepts: 1 

Students analyzed the given data, found the inverse permutation, and linked it to the 2 
concept of combining it with itself when verifying the correctness of the answer. 3 

To ensure the validity of the instrument, it was presented to a group of experts 4 
in pure mathematics, mathematics curricula, and teaching methods. Their opinions 5 
and suggestions regarding the tasks, language accuracy, question nature, difficulty 6 

level, and alignment with the study objectives were taken into consideration. 7 
Based on their feedback, the test items were revised until the test reached its final 8 
form. The opinions of the students were also obtained through a survey sample of 9 
25 students who were selected from outside the study sample. Their feedback was 10 
used to modify the wording of the third task, which students had difficulty 11 

understanding regarding the method of verifying the solution's accuracy. 12 

To establish the reliability of the instrument, the method of inter-rater 13 

agreement was followed by calculating the correlation coefficient between the 14 
evaluations of the two researchers for the survey sample. The coefficient was 15 
found to be 0.958. This coefficient was chosen because it is difficult to conduct a 16 
test-retest reliability coefficient for the students' responses. It is not preferable to 17 
reapply the test to the same group with a time interval between the applications, as 18 

it may be influenced by the students' recall factor of the test tasks, leading to an 19 
increased reliability coefficient. Alternatively, students might become familiar 20 

with the test, resulting in higher scores in the second application and reducing the 21 
reliability coefficient. 22 

Scoring Rubrics: This study relies on evaluating students' performance as an 23 
attempt to develop the assessment system for university instructors in general and 24 

specifically for instructors at AL-Balqa Applied University. Two scoring rubrics 25 
were applied to the three tasks given to students: the holistic and analytical. A set 26 

of descriptors was developed to describe different performance levels on the tasks 27 
using the holistic scoring rubric, which includes the following categories: (Perfect, 28 
Median, Novice, Weak). The following tables provide a description of each level 29 

along with the corresponding score for each performance level on the three tasks. 30 
 31 
Table 2. Student performance using the holistic scoring rubrics on the first task 32 
Performance 

Level 
Performance Details Scoring 

Perfect 
Utilizing rules and algorithms correctly and in a proper 

sequence to find the matching          
2 

Median 

Improper utilization of rules and algorithms to find the 

structure, or an incorrect sequence in using the rules in 

opposite side         not         
1 

Weak 

Erroneous utilization of rules and algorithms without 

considering any sequencing to find the structure, or no solution 

exists 
0 

 33 
  34 
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Table 3. Student performance using the holistic scoring rubrics on the second task 1 
Performance 

Level 
Performance Details Scoring 

Perfect 

Proper utilization of rules and algorithms involves finding 

         and establishing the relationship between 

        , followed by performing a comparison 

2 

Median 

Incorrect utilization of rules and algorithms, failing to establish 

any connection between direct and inverse usage, thus 

neglecting to mention the relationship between them 
1 

Weak 

Incorrect application of the inverse procedure without 

addressing any relationship between it and the original 

procedure, or no solution exists 
0 

 2 
Table 4. Student Performance using the holistic scoring rubrics on the third task 3 
Performance 

Level 
Performance Details Scoring 

Perfect 

Proper utilization of rules and algorithms with a correct 

sequence and validating the correctness of the solution using 

two valid methods 
3 

Median 

Proper utilization of rules and algorithms with a correct 

sequence and validating the correctness of the solution using 

one valid method 
2 

Novice 

Proper utilization of rules and algorithms with a correct 

sequence, but without verifying the accuracy of the solution, or 

errors in the operations resulting in an incorrect final answer 
1 

Weak 

Incorrect utilization of rules and algorithms with an incorrect 

sequence (resulting in an incorrect solution), without verifying 

the accuracy of the solution, or no solution exists 
0 

 4 
In the analytical scoring rubrics, estimates have been provided to describe the 5 

different levels of performance for students in three tasks, which include: (Task 6 

Understanding, Solution Planning, Solution Execution, and Solution Verification). 7 
The following tables illustrate a description of each performance level for the three 8 
tasks, along with the corresponding Scoring. 9 

 10 
 11 

Table 5. Student performance using the analytic scoring rubrics on the first task 12 
Performance 

Level 
Performance Details Scoring 

Task 

Understanding 

Clear and accurate understanding is demonstrated through writing 

the rules for both        and        and identifying the task's 

objective, which is to find           

2 

Clear identification of the given information without specifying the 

objective         , or specifying the objective without writing the 

given data 
1 

Failure to specify the given data or the objective (indicating a lack of 

understanding of the problem) 
0 

Solution 

Planning 

The required strategy is complete:         , followed by a correct 

sequence of steps 
2 

The strategy only addresses a portion of g(x), or the strategy does not 

lead to solving both       and       separately. 
1 

There is a lack of strategy. 0 
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Solution 

Execution 

correct manner: Applying f to g. 2 

Incorrect solution execution: Applying g to f. 1 

Failure to execute the solution 0 

Solution 

Verification 

Complete verification: Repeating the solution to ensure its accuracy. 2 

Partial verification: Incorrectly repeating the solution 1 

Failure to verify. 0 

 1 
Table 6. Student performance using the analytic scoring rubrics on the first task 2 

Performance 

Level 
Performance Details Scoring 

Task 

Understanding 

Clear and accurate understanding is demonstrated through writing 

the rules for the two mappings,        and       , and specifying 

the objective of the task, which is to find         . The 

understanding is directly related to the first task. 

2 

Specifying the given data and identifying the first objective 

         without understanding its relationship to the first task, or 

specifying the given data and the first objective          with a 

misunderstanding of the second objective (its relationship to the first 

task 

1 

No given data, no objective specified, and no understanding of the 

relationship between the objective and the first task. 
0 

Solution 

Planning 

Complete plan: Sequential steps to find          and compare it to 

        . 
2 

A plan to find          without connecting it to the first task. 1 

No plan provided. 0 

Solution 

Execution 

Correct solution execution: Finding         , comparing it to 

        , and writing the complete commentary 
2 

Correct solution execution without linking it to the first task, or 

incorrect solution execution with an incorrect link to the first task. 
1 

Failure to execute the solution. 0 

Solution 

Verification 

Complete verification: Repeating the process of finding          
and ensuring its relationship to the first task. 

2 

Incorrect repetition of the solution. 1 

Failure to verify the solution. 0 

 3 
Table 7. Student performance using the analytic scoring rubrics on the first task 4 
Performance 

Level 
Performance Details Scoring 

Task 

Understanding 

Clear, accurate, and comprehensive understanding is demonstrated 

through writing the rule for f(x), specifying the objective as finding f
-

1
(x), and mentioning the validation rules for confirming the solution 

2 

Partial understanding: Providing the given data without specifying 

the objective. 
1 

No understanding demonstrated. 0 

Solution 

Planning 

The strategy is complete: Symbol substitution, followed by crucial 

steps, and then an overview for verification 
2 

The strategy is incomplete: Steps are provided without symbol 

substitution, and there is no plan for verification. 
1 

No strategy or verification plan provided. 0 

Solution 

Execution 

Correctly: Applying the steps in a proper sequence. 2 

Completely incorrect: Making errors in executing the steps or in the 

symbols used. 
1 

Failure to execute the solution 0 

Solution Complete verification: Checking in at least one direction or both 2 
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Verification directions. 

Partial verification: Not reaching a conclusive result. 1 

No verification conducted. 0 

 1 
To ensure the validity of the scoring rubrics, they were presented to a group 2 

of experts in mathematics curriculum and teaching methods. Their opinions and 3 
suggestions regarding the criteria on which the rubrics were built, the nature of the 4 

assessment, and the extent to which they achieve the study's objectives were taken 5 
into consideration. Based on their feedback, some criteria in the scoring rubrics 6 
were modified until they reached their final form. 7 

To establish the reliability of the instrument, the researchers evaluated the 8 
responses of the survey sample twice, with a one-week interval between 9 

evaluations. The results of each evaluator were compared independently, and the 10 
agreement coefficient was measured using Holsti's equation (Holsti, 1969), which 11 
yielded a value of 0.938. Additionally, the Pearson correlation coefficient was 12 

calculated for the evaluations of student performances according to the holistic and 13 
analytical scoring rubrics, resulting in a coefficient of 0.965. 14 

 15 

 16 
Procedures 17 

 18 
The study sample was determined, and the mathematics achievement test and 19 

the scoring rubrics scale for holistic and analytical scoring were prepared to be 20 
implemented during the experimental period. Validity and reliability checks were 21 

conducted for both instruments. The students were exposed to an objective 22 

explanation of the concept of permutations and finding the inverse permutation 23 
two weeks prior to the study. The survey sample of students was given a brief test 24 
containing the three tasks of the study during one of the lectures. The students' 25 

opinions about the test were taken into consideration, and based on their feedback, 26 
the test duration was increased from 15 minutes to 20 minutes. Furthermore, the 27 

third task was modified after the students expressed their lack of direct 28 
understanding of the intended purpose of verifying the correctness of the answer. 29 

Afterwards, the test was administered to the study sample under natural 30 
conditions, resembling a short classroom test. The students had already been 31 
acquainted with the details of the holistic and analytical scoring rubrics before 32 

taking the test. Each student's performance on the test tasks was evaluated 33 

according to the holistic and analytical scoring rubrics. A comparison was made 34 
between the evaluation results, and the students' performance assessment results 35 
were entered into the SPSS program for data analysis, addressing the research 36 

question, discussing the findings, and presenting recommendations and 37 
suggestions. 38 

 39 

 40 
Data Analysis 41 

 42 
For the statistical analysis procedures, the data was entered into the computer 43 

memory and analyzed using the SPSS software for statistical data processing. The 44 
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mean scores and standard deviations were calculated for the three groups of 1 

students on the achievement test to detect apparent differences in the mean scores. 2 
Additionally, one-way analysis of variance (ANOVA) was used to determine the 3 
presence of differences among the mean scores of the three groups of students 4 
based on the evaluation method for the mathematics achievement test. 5 

 6 
 7 

Results 8 
 9 

The main objective of the research question was to determine the effect of 10 
using scoring rubrics for performance assessment on the achievement of students 11 

in Calculus. To detect statistically significant differences at a significance level 12 

(α=0.05) among the students' performances on the mathematics achievement test, 13 

the mean scores and standard deviations were calculated for each of the three 14 
groups: the first experimental group, the second experimental group, and the 15 
control group. Table (8) illustrates this. 16 
 17 
Table 8.  The Mean Scores and Standard Deviations 18 
Group No Test Mean SD 

First Experimental Group 62 
Pre-test 8899 48.2 

Post-test 44822 8849 

Second Experimental Group 64 
Pre-test 88.4 48.4 

Post-test 44849 8844 

Control Group 61 
Pre-test 88.4 48.8 

Post-test 8899 48.8 

Maximum Score of Achievement Test is (15) 

 19 
Table (8) demonstrates the apparent variability in the arithmetic means and 20 

standard deviations of students' performance on the mathematics achievement test, 21 
according to the group variable (First Experimental Group, Second Experimental 22 

Group, and Control Group). It aims to determine whether the observed differences 23 
in arithmetic means are statistically significant at a significance level of (α=0.05). 24 
One-way analysis of variance (ANOVA) was utilized, and Table (9) illustrates the 25 

results. 26 
 27 
Table 9. ANOVA Test for the Math. Achievement Test 28 

Source of Variance 
Sum of 

Squares 
df 

Mean of 

Squares 
F Sig. 

Effect Size 

(η
2
) 

Between Group 4698.2 4 462888 2864 68666* 68.4 

Within Group 894288. 492 468.8    

Total 2682864 49.     
* Sig. Level (506862) 

 29 
From Table (9), it is evident that there are statistically significant differences 30 

(α = 0.05) attributed to the effect of the group, with the differences favoring the 31 
first experimental group. The results also indicate the effectiveness of using 32 
scouring rubrics and their significant impact on evaluating students' performance 33 

in the achievement test. The effect size, measured using eta squared (η
2
), was 0.72, 34 
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meaning that 72% of the variance in students' performance can be attributed to the 1 

use of correction rules, while 28% can be attributed to uncontrolled factors. 2 

 3 
 4 

Discussion 5 
 6 

The study results showed statistically significant differences in the means of 7 
students' grades among the three groups in the achievement test, attributed to the 8 
evaluation method. This was in favor of the first experimental group, who were 9 
evaluated using analytical correction rules, and the second experimental group, 10 
who were evaluated using holistic correction rules, compared to the control group, 11 

who were evaluated using the traditional method. This result aligns with the 12 

modern educational system's aim to integrate assessment as an integral part of the 13 

educational process. Assessment greatly contributes to students' learning of 14 
mathematics, improves their achievement, and provides opportunities for 15 
obtaining information about their performance, which positively impacts their 16 
learning in Calculus. 17 

The reason for the superiority of the first and second experimental groups, 18 

evaluated using analytical and holistic correction rules, may be attributed to the 19 
fact that performance-based learning is more student-centered. Performance tasks 20 

help students understand their strengths to enhance them and identify their 21 
weaknesses for improvement. They also evaluate learning processes and 22 

outcomes, providing an accurate assessment of students' actual performance. 23 
Furthermore, the use of scouring rubrics aims to identify the individual student's 24 

performance level. Students need to feel that to achieve excellence, they must be 25 
diligent and perseverant, which positively affects their achievement. The use of 26 

scouring rubrics integrates learning and assessment processes, resulting in students 27 
acquiring knowledge, understanding, and skills using various teaching styles and 28 
strategies (Tashtoush et al., 2022a; Fannakhosrow et al., 2021; Rasheed et al., 29 

2021; McLellan, 2008; Rasheed & Tashtoush, 2023) to achieve that knowledge 30 
through a multidimensional assessment of their performance. It is natural for 31 

students to have more confidence in their actions when they are aware of the 32 
details of the scouring rubrics they will encounter. However, they need to become 33 
accustomed to such procedures that will be applied to their performance before 34 

they face specific tasks. This increases the value of their actions in response to 35 
these tasks and generates the conviction that if they fail in some aspects, they can 36 

still succeed in other areas. 37 
The results also indicate a preference for analytical scouring rubrics over 38 

holistic correction rules. The reason for this may be that the analytical correction 39 
method considers all the details of the procedures, as well as the levels of 40 
understanding, perception, problem-solving, and verification for students. This 41 
generates a sense of assurance among students that their rights will not be 42 
completely lost if they fail in some aspects. They trust some aspects and strive in 43 

others, even if they are unsure of their ability to accomplish them. This type of 44 
assessment gives attention to details that students would not have cared about 45 
without being exposed to their evaluation method, such as writing a solution plan 46 



2023-5483-AJE – 7 JUL 2023 

 

17 

 

and verifying its correctness. This result aligns with the modern assessment 1 

system's goal of highlighting the mathematics that students must know and 2 
perform, providing each student with the opportunity to demonstrate their 3 
mathematical ability according to their capabilities. This positively affects 4 
students' performance and achievement. Additionally, introducing students to the 5 
assessment method and criteria used to judge their performance can have a 6 

positive impact on alleviating their anxiety, as indicated by the results of some 7 
studies (Tashtoush et al., 2020; Sarhani, 2016; Wardat et al., 2023; Tashtoush & 8 
Rasheed, 2023 b; Carifio & McBride, 1995). 9 

 10 

 11 
Recommendations 12 

 13 

Based on the positive results obtained from this study, the researchers 14 
recommend the following: 15 

 16 
 Increase teachers' awareness and understanding of the value of 17 

encouraging students to explain their procedures while performing 18 

assigned tasks. Create an environment that facilitates this in the classroom 19 
and focus on verifying the correctness of solutions to increase students' 20 

confidence in themselves and their procedures. 21 
 Encourage teachers to push students to deepen their understanding and 22 

awareness of the steps involved in their procedures, as this has an impact 23 
on their learning and progress. 24 

 Encourage mathematics teachers at AL-Balqa Applied University and 25 
various Jordanian universities to prepare and use different types of 26 

performance scouring rubrics to assess their students' performance based 27 
on performance-based assessment criteria. 28 

 Call upon curriculum and textbook authors, especially those responsible 29 

for the Calculus course and other mathematics courses in general, to 30 
make necessary additions and modifications based on the results of this 31 

study. This will increase opportunities for students to justify their 32 
procedures through tasks that require it or incorporate it to verify the 33 
solution. 34 

 Encourage planners and developers of the Calculus course, as well as 35 
other mathematics courses, to focus on performance scouring rubrics by 36 

enriching the curriculum with performance-based tasks that are built on 37 
assessment criteria. 38 

 Conduct similar studies on other tasks that require students to justify their 39 
procedures and demonstrate logic and sequencing. 40 

  41 
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