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Abstract. Current technology has developed in various fields of life. Likewise in the field of education, technology has also spread in this field, marked by the existence of various online learning at various levels. Assessment as one of the important things in learning and learning activities has also been developed using technology. The use of this assessment is not only changing the assessment from paper into a computer screen but more than that. Assessment using ICT is expected to be able to assess students' abilities in more detail, considering that current students must-have 21st-century skills, such as higher-order thinking skills or HOTS. In implementing and developing the assessment using ICT, the challenges and difficulties are certainly faced by developers and researchers. ICT developers in the assessment certainly need references about these challenges and difficulties as a source to improve the quality of existing applications and as a source of information to find out what kind of applications are still needed today. This article discusses the challenges and difficulties in implementing and developing ICT in this assessment. The method used in this article is a literature review, namely by collecting various articles related to the use of ICT in mathematics assessment, finding the challenges of each article, and finding an outline of the challenges of using ICT in mathematics assessment.

 

1.   Introduction        
Assessment of learning outcomes is an essential component in learning activities. Assessment activities should be able to provide information to teachers to improve teaching methods and help students achieve the optimal development of their learning outcomes [1]. According to Popham, assessment is a process where teachers use students 'responses to specifically create or naturally create stimuli to make guesses about students' affective knowledge, skills, or abilities [2]. Besides, the main purpose of the public exam is to provide information for the upcoming education system and the selection of majors, and this is a feature of this selection where information from different exams is combined and compared [3].

Two aspects of assessment that are important in achieving a better assessment are content and format [4, 5]. The content here can mean assignments or questions given to students. The problem or task must be meaningful and can provide opportunities for students to apply their mathematical abilities. In fact, the questions presented form the existing assessment in mathematics learning [6]. This problem shapes us to teach what is important to learn by students. Apart from content, as previously mentioned, the format is also an important factor in the assessment. The format of this assessment determines what types of questions will be given and what kind of student results or responses you want to assess. For example, assessment using paper and pen leads to a more cognitive assessment of students. In addition, an assessment format based on Information and Communication Technology (ICT) is also being developed at this time with various objectives and results to be tested from students [7].

The use of technology has now developed in various facilities as needed. Technology has also spread in the world of education, providing online learning using e-learning at the elementary, junior high, high school, and even university levels. The use of technology in the assessment is also not new anymore. The integration of technology in education assessment effectively responds to current challenges in the world of education by developing and carrying out most of the evaluation methods [8]. Alice Barana and Marina Marchisio reveal ten good reasons to use an automatic formative assessment model for learning and learning mathematics and scientific disciplines. These ten reasons include availability, immediate feedback, adaptivity, learning from mistakes, respecting rules,  feedback, a change in the role of teachers is encouraged, teacher training, saving resources, and algorithmic questions allow the creation of a theoretically infinite repository of questions [9]. According to Heri Retnawati, there is a tendency that for test-takers with moderate abilities, the Computer Based Test is more accurate than the Paper Based Test, but for test-takers with low and high abilities, the Paper-Based Test tends to be more accurate than the Computer Based Test [10].

The use of ICT in assessment can also be used to overcome problems in implementing the 2013 curriculum assessment experienced by teachers. As stated by H Retnawati, S Hadum A Chandra Nugraha, problems in implementing assessment in relation to report cards may be prevented by designing applications that can facilitate teachers in manipulating scores and presenting them in report cards [11].

In addition, the use of ICT can improve assessment. Using ICT can make assessment questions into questions that have a high mathematical ability. ICT is also able to make questions easier to understand, namely by developing ICT tools to solve certain problems. ICT can reveal how students think and the process of solving student problems in more detail [7].

Many ICT and computer-based assessments have been developed. One of them is the development of a computer-based assessment model carried out by SH Nasution, A Qohar, and Susiswo. This assessment model developed aims to reduce students 'math anxiety and increase students' self-efficacy. Based on these results, it is evident that this computer-based assessment model is able to reduce math anxiety and increase student self-efficacy [12].

Based on the explanation above, there are various benefits of using computers or ICT in the assessment. Furthermore, in developing an ICT-based assessment tool or application, apart from the characteristics, a reference is also needed about the challenges and difficulties in the use of the ICT-based assessment. This is necessary to improve the quality of existing ICT-based assessments to be even better. 
2.   Research Methods        
In this article, the author presents some articles that use ICT to assess the performance of mathematics. The applications used in these articles vary. Thus, the authors try to find challenges in implementing these applications. Are the challenges faced in these various articles the same even though they use different applications? What are the challenges?
3.   Results        
The development of tools for conducting computer-based or ICT-assisted assessments has been widely practiced. The tools developed have different purposes. The following will explain the objectives of the assessment using this computer-based tool and the challenges in its development or implementation in various articles.

3.1.   This article is entitled " Computer-Based Assessment of Mathematics in PISA 2012 " written by Caroline Bardini. 
This article discusses the use of computer-based mathematics units in PISA in 2012. This is the first time PISA has included a computer unit in its assessment.   
The author explains that in this computer-based assessment, two competencies are assessed, namely assessments that do not depend on specifications (pen and paper or computers) and assessments that require computer assistance to solve mathematical problems. Several items are described in the 2012 PISA framework for assessment. using this computer, among others

· diagrams from data, including from a table of values

· generate graphs of functions and use graphs to answer questions about functions

· sorting information and planning an efficient sorting strategy

· using a handheld or screen calculator

· use virtual instruments such as a ruler or protractor on the screen

· change the image using a dialog box or mouse to rotate

The challenges faced in the 2012 PISA assessment using computers are described by the authors as follows. Many important things have not been explored further in the PISA assessment using this computer. Among them, namely the analysis of additional information in the test using this computer that can be collected and used as additional and clarifying the analysis of student responses. This includes tracking the number of clicks made by students. Do students repeatedly select and unselect boxes, this indicates doubt? Did the student click on the appropriate tool or part of the screen when the question was asked? On what occasion? Recording the time spent on each item can be used to modify the results of the survey or the tools used. Do students use an on-screen calculator? When? This additional information can be used as an aid, for example, when testing student responses to multiple-choice questions [13].

3.2.   The second article is entitled " The Challenges and Complexities of Writing Items to Test Mathematical Literacy " written by Dave Tout and Jim Spithill. 
This article discusses the challenges and difficulties faced by writing questions to test mathematical literacy. The questions in question are used for the 2012 international PISA assessment. So this article is somewhat related to the first article.   
One of the challenges and difficulties described was when creating questions in computer-based assessments. According to the authors, the challenge faced is to make computer-based assessments of mathematical literacy (CBAM) more than just converting paper-based assessments into computers. The aim is to develop problems that reflect real-world use and applications of mathematics in a computer-based environment. The types and types of questions and interactivity include drag-and-drop items, use of hotspots on images to allow students to respond non-verbally, use of animation and representations of three-dimensional objects that can be manipulated, the ability to present students with a sorted dataset, and the use of color and graphics to make judgments more interesting.

Further, in the development of this item, several other challenges began to emerge. First, computers are still in the process of being developed, so it is uncertain whether interactivity will be supported and can be realized. For example, students cannot enter mathematical symbols, expressions, or formulas into the system. The use of video and audio is impractical, mainly due to a large number of languages. Many limitations arise from the difficulty in presenting devices that can be used in various countries around the world. The screen size limits the use of words and pictures. It is important to allocate additional space for the English version per item to anticipate the possibility of a longer form of text in other languages [14].

3.3.   Christopher Sangwin conducted research entitled " Computer Aided Assessment of Mathematics Using STACK ". 
This study aims to perform a computerized mathematics assessment, specifically using the STACK application. This application is a sophisticated CAA ( Computer Aided Assessment ) system for mathematics with an emphasis on formative assessment. The main purpose of this application is to enable students to enter mathematical answers in algebraic form.   
In implementing STACK, the challenge faced by the authors is that they have not been able to find a tool that can effectively encode mathematical arguments in the machine. Documents presented in this STACK application will be converted into Microsoft Word, which this software has poor support in expressing mathematics. They further stated that they are not able to easily encode the meaning of expressions and combine them with simple logic and automatic CAS calculations. Until they achieve this simple interface, automatically marking the broader range of student work will be impossible [15].
3.4.   The fourth article is entitled “ Technology Supporting Student Self-Assessment in the Field of Functions — A Design-Based Research Study " written by Hana Ruchniewicz and Bärbel Barzel. 
This research is research that develops an assessment application entitled SAFE Tool. The purpose of developing this application is for students to carry out self-assessment or self-assessment of their abilities. This assessment is intended to solve student misunderstandings or fill in gaps to develop their learning, students need to get information about their understanding related to specific content. Investigating student misconceptions can help students to develop students' awareness of their strengths and weaknesses.

After implementing this application for students, the writer states that interviews with students state that a more detailed analysis is needed to achieve a deeper understanding of the formative process of student self-assessment. Using the SAFE Tool does not help students to overcome all their mistakes. However, this application encourages them to reflect on their answers on a metacognitive level, which is the key to successful self-assessment. Thus, a category of systems for the qualitative analysis of interview content is being developed [16].

3.5.   The next article was written by Annalisa Cusi, Francesca Morselli, and Cristina Sabena with the title " The Use of Polls to Enhance Formative Assessment Processes in Mathematics Classroom Discussions ". 
The purpose of this study was to improve the formative assessment process using polls in class discussions. This study investigates the use of Connected Classroom Technologies (CCT) (provided by a software called IDM-Tclass), which connects the tablet student's use with the teacher's laptop and frees students to share their results and teachers can easily collect student opinions and reflections when learning. lasts or ends, through an instant poll or poll creation.

The researcher revealed that based on the data analysis carried out, the teacher had an important role in arranging discussions in the classroom from the use of polls to formative assessment strategies. Researchers believe that the use of structures different from those described, in addition to contributing to reflecting the theory that polling might improve formative assessment, can also provide a basis for guiding teacher practice and can be used in terms of teacher education [17].

3.6.   The next article was written by Herbert P. Ginsburg, Young-Sun Lee, Sandra Pappas with the title " A research-inspired and computer-guided clinical interview for mathematics assessment: introduction, reliability, and validity ". 
This article shows how Piaget's computer-assisted clinical interview (CI) method can contribute to assessing children's school mathematics learning. The CI used in this study is part of mCLASS: Math, which is an assessment system designed for students from kindergarten to third-grade elementary school. These CIs are designed to express strategies, concepts, and understandings, as well as record their accuracy. It should be noted that this application does not provide a diagnosis in interpreting tables such as learning disabilities and the like.   
After implementing this application, the authors state that the use of CI requires skills and training. Therefore an important requirement in the use of this IC involves accurate coding in various situations. For example, teachers need to understand what strategies are involved and how they differ from the facts. Once these important requirements are understood, the teacher will easily select the right icon.

Furthermore, the authors also observe that identifying (assessing) the strategies that CI wants to measure is not as easy as we think. If the teacher is going to use this CI, then careful training needs to be done. Teachers need to watch videos of interviews and training in assessment [18].

3.7.   Merav Weingardena, Einat Heyd-Metzuyanima, Talli Nachlielib wrote an article entitled " The realization tree session tool –examining explorative participation in mathematics lessons ".   
This article offers one of the tools for assessing exploratory participation in mathematics learning, namely participation in which students focus on constructing narratives about mathematical objects based on their authority and predefined mathematical narratives. The tool in question is called the Realization Tree Assessment (RTA), which aims to record opportunities for objectification and the level of student authority in all class discussions. Inspired by the cognitive theory of mathematical objectification, RTA visualizes the realization of mathematical objects that emerge during class discussions and the extent to which students have different realizations. We modeled the tool across 14 lessons, all of which were based on an identical task - Hexagons Assignments. The examples show how the tool captures narratives about realizations and the connections between the realizations offered by students and teachers. We discuss the affordability of tools for analyzing and evaluating instruction aimed at exploratory participation.

The author reveals that RTA has several limitations that should be noted. This part of the application is still in a relatively early phase of development. For example, currently, the RTA has been developed completely for one task only. They still haven't figured out how to compare RTA lessons from different assignments. This will be the next step in developing an RTA. Other limitations exist in the aspects of learning that are highlighted with this tool and those that may be lost due to analysis. For example, the RTA is insensitive to the number of students participating in a discussion. Thus, a lesson in which one student wrote all the narratives would, in principle, be the same as a lesson in which many students had participated. Also, the currently developed RTA cannot distinguish between learning where students are active and independent and learning where the teacher needs to spend a lot of effort so that students respond or write narratives [19].

3.8.   Heri Retnawati, Samsul Hadi, Ariadie C. Nugraha, Janu Arlinwibowo, Eny Sulistyaningsih, Hasan Djidu, Ezi Apino, Heni D. Iryanti wrote an article entitled " Implementing The Computer-Based National Examination in Indonesian Schools: The Challenges and Strategies"   
In line with technological development, The Computer-Based National Examination (CBNE) has become an important matter whose implementation faces various challenges, especially in developing countries. This study aims to analyze the challenges and strategies of schools in Indonesia in implementing CBNE.

This study concludes that various obstacles still occur in implementing CBNE in Indonesia. These constraints include problems in providing facilities such as stable electricity, computers, and rooms that meet standards/requirements, internet connection problems, the readiness of CBNE participants to use computers, and obstacles related to committees and supervisors [20].

 

4.   Discussion        
It has been described various kinds of ICT-assisted assessments with their various objectives and challenges. Of the several articles, each article has a different purpose, broadly speaking the objective of this ICT-assisted assessment is not only to change the paper and pencil assessment into a computer version, but the purpose of this assessment is deeper, such as assessing mathematical literacy, formative assessment, etc. The challenges faced both in implementing and developing this assessment were manifold. However, broadly speaking, these challenges can be divided into two categories, namely challenges originating from the application itself and challenges from external factors.

The challenges that come from the application being developed can be seen from the obstacles faced or the need for further development to achieve the objectives of the research carried out. As in the first article which shows that the 2012 PISA assessment using computers has not been able to provide more detailed information about student responses to the questions given. Even though this additional information can be used to analyze students 'abilities in more detail, such as students' doubts in choosing answers and when students will use aids in solving questions. In addition, this challenge is also demonstrated by the third article using the STACK application. This application also needs further development because it has not been able to encode mathematical arguments effectively, so this application has not been able to further analyze student answers automatically. Furthermore, in the seventh article, the application used is also still limited in various ways, such as the development of this application is only limited to one task. Also, this application is narrative-based, but it cannot distinguish the number of participants and this application is also unable to analyze active students and students who work individually. So that further development is also needed to improve the quality of this application. In the fourth article, which aims to assist students in making formative assessments, they have also not been able to do the implementation. This application is only able to encourage students at the metacognitive level so that further analysis is needed to develop applications that aim at formative assessments like this. 

From this explanation, it can be seen that it is not easy to develop an assessment tool that can assess students' thinking processes in detail. This is in line with the opinion of Schoenfield that automation of assessment content and procedures at the same time encourages educational judgments on the use of databases with comparable questions, simpler representations of situations with unambiguous interpretations, highly deconstructed questions with limited resolution procedures and correct or correct answers. obvious wrong [21].

The second challenge is the challenge from external factors, in this case, what is meant is the factor of the teacher or the user of this assessment tool himself. As in the fifth article, which uses the polling application to assist students in making formative assessments. The challenge of using this application is from the teacher because the teacher here is the compiler or guide in this assessment. Whether or not the assessment is conducted using this poll is determined by the teacher himself. The challenge of the teacher factor is also found in the sixth article. In this article, because the application used is quite difficult to operate, special training is needed so that teachers can operate this application so that the assessment process can run smoothly. In the eighth article, the obstacles faced were also external factors such as facilities (electricity, computers, rooms, and the internet), the readiness of participants, and committees and supervisors. 

Thus, the ability of teachers to manage classrooms and use ICT devices plays an important role in this computer-based assessment. In Indonesia alone, the lack of mastery of ICT by teachers is still quite large. This is shown by Imam Abdul Syukur in his research which states that 44.98% of the main obstacle to implementing ICT in schools is the lack of mastery of ICT [22]. Apart from the implementation, the development process also faced several challenges. As in article two, because this article discusses international assessments, namely PISA 2012, the assessment development carried out must adapt to various countries. So that the challenges faced in developing this assessment, such as language barriers because they must be presented in various languages ​​and devices, also the instruments in various countries in the world are not necessarily the same.

 

5.   Conclusion        
There are various challenges and difficulties in utilizing ICT in the assessment. Both from the implementation process and the development process. Challenges also come from the application itself and external factors. From the challenges that exist in this application itself, it can be concluded that it is not easy to develop an assessment tool that can assess students' thinking processes in detail. Even though mathematics learning currently requires students to have 21st-century skills, such as higher-order thinking skills (HOTS). This is in line with the statements of GS Pratama and Heri Retnawati, that the 2013 revised 2017 curriculum states that the 2013 curriculum integrates four things and one of them is HOTS in the learning process [23]. Thus, the assessment made must be able to analyze students 'abilities in more detail in order to measure students' HOTS abilities. Therefore, according to Kees Hoogland and Dave Tout, it is true that designing and maintaining education that encourages HOTS ability is a difficult and difficult job, but there are several opportunities to encourage the potential of using Computer-Based Assessment Mathematics (CBAM). First, our framework for enhancing the sophistication of the representation and assessment of mathematical problems can serve the purpose of reflecting on, studying, and systematically discussing these assessments. Second, a sharper focus is needed in research, policy, and assessment design on the relationships between curriculum, classroom practice, and the mathematics required in the work and life of the twenty-first century. Such a focus can also serve as a powerful reinforcement for maintaining closely linked assessments of higher-order thinking skills necessary for the future. Third, at the classroom level, CBAM should be an essential component of effective pedagogy and an essential part of successful learning, often labeled as learning assessment and assessment as learning, rather than being a separate process from and existing after teaching and learning and outsourced to external agencies. An effective and sophisticated CBAM with a focus on authentic assessment tasks can facilitate all of this [24].

Apart from further developing this assessment tool, other challenges come from outside factors, such as teachers. The teacher as the user of the assessment using ICT is the key to the success of the utilization of this tool. However, in Indonesia, there are still many teachers who have not mastered ICT. This will certainly become a problem if ICT-based assessments are applied in Indonesia.

The development of ICT in mathematics assessment on an international scale such as PISA 2012 poses even more challenges. This is because the targets of the use of ICT are countries around the world, so that language barriers, compatibility of tools are challenges in developing this assessment.
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