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Abstract

This study suggests a digital assessment tool - Smart Equation Exam System (SEED) - as a substitute for traditional multiple-
choice and paper and pen exams. SEED includes a question bank, an answer platform, mathematical equations, and physics
formulae. The novelty of SEED is that it allows all students with or without physical disabilities via creation of an equal and
non-discriminatory platform to solve the physics questions step by step and submit all the solution steps as well as the final
answer. The study population was composed of students enrolled in the General Physics (Il) course at university level. The
sample consisted of fifty students who were selected randomly. The results showed that more than eighty presents of the
participants had a positive perception of SEED compared to traditional exams, and they found it more flexible in reviewing
solution steps, and getting feedback, especially for the student with handwriting disabilities.
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1. Introduction

In the academic community, it is imperative for lecturers to know how well students understand
their lessons. They also need to assess each student at the end of the semester and give a final grade
that reflects their comprehension of the lessons. Formative or summative assessments can be
employed by lecturers to grade and monitor students’ understanding and progress.

Formative assessment includes quizzes, assignments, and any in-class activities that can help
lecturers to monitor their students' progress and the efficacy of their own practice (Nicol and
Macfarlane-Dick, 2006; Safer and Fleischman, 2005; Theall and Franklin, 2010; Trumbull and Lash,
2013).

Summative assessment is employed to evaluate and grade students' understanding at the end of
the course. Summative assessment includes the midterm, final exam, and final project assessments
(Black and Wiliam, 2009; Gikandi et al., 2011). Due to the COVID-19 pandemic, most educational
institutions resorted to e-learning as a more suitable alternative for the continuation of the
educational process given the prevailing circumstance (Igbal et al., 2020). E-learning can provide
students with an equal and participatory learning experience that meets their needs inside and
outside the classroom (Blasco-Arcas et al., 2013; Burwell et al., 2013; Saadé et al., 2012).

In a similar vein, e-learning can also provide all students with disabilities the opportunity to learn
independently and gain additional psychological benefits through increased self-esteem and
confidence. Taking into cognizance the fact that each individual is a special learner and that
differences exist among learners, inclusive education tends to promote respect and value for diversity
and seeks to combat discriminatory attitudes in society from an educational perspective. Therefore,
curricula, teaching and assessment methods must be designed and adapted to the needs of all
students.

Standardised tests must be replaced with flexible and diverse methods of assessments and
instruments (Alruwais et al., 2018). In this regard, students with disabilities must receive the support
they need to be effectively educated. This should be made feasible through the universal availability of
educational services and facilities. Such educational services and facilities may include, but not limited
to alternative materials, provision of handouts in alternative formats, employing assistive technology,
and allowing students more time to complete academic tasks (Barber, 2012; Gelbar et al., 2015; Malik
and Anton, 2013).

Taking into cognizance the fact that each student can be considered as a unique learner with special
educational needs, we should prepare appropriate educational technology for science education to
provide all students with the same opportunities for learning and assessment (Gokaydin et al 2020;
Talyzina et al., 1988). This technology should be one that would help to improve the understanding of
tasks and problem solving skills (Talyzina et al., 1988). In a study, Talyzinova hinted that "...without
problems, without tasks, neither skills nor knowledge can be acquired" (Talyzina et al., 1988).

1.1. Related Research

A variety of computer applications have been developed and used in physics education to improve
students learning level (Aleven et al., 2003; Dervi¢ et al., 2018; Gikas and Grant, 2013; Pol et al., 2005;
Trna et al., 2010). The use of interactive computer programs could be a viable way to promote the
acquisition of problem-solving skills in science. Therefore, the need for a digital evaluation tool and
computer applications that can be employed in physics education has become a necessity. Moreover,
students with mechanical handwriting difficulties induced by cerebral palsy (CP) have a variety of
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problems in solving questions with pen and paper (Barcala, et al., 2019; Spiller et al. 2019). This can be
observed in their problem-solving ability; most of them try to avoid this problem by seeking the help
of others to write the answers on their answer sheets. Therefore, digital assessment tools have
become an integral part of the online learning system for lecturers. Moreover, digital assessments can
be a replacement for the formative and summative assessments when students are not in the
classroom.

Digital assessment can be used for online assessments of a large number of students; it is fast, easy,
accurate, and very secure (Gikandi, et al., 2011; Sorensen, 2013). Universities adopted e-assessment in
order to achieve a robust, accurate and faster method of assessing students, rather than relying on
conventional paper exams (Alruwais et al., 2018). One of the most commonly used forms of digital
assessments is the Multiple-Choice Questions (MCQs). The multiple-choice questions (MCQs) format is
commonly employed to assess students’ knowledge as it can accommodate a large number of
participants. The advantages of MCQs are that they are easy to handle, and the results can be
obtained quickly (Et.al et al., 2021). In the MCQs exam, students are asked to read and provide
answers for the questions by choosing the alternative they believe is correct from other given choices.
Unfortunately, if the student gives a wrong answer, he/she loses the mark allotted to that question.
Even if he/she has tried hard and gone through the solution steps, the mark of the question will still be
assigned to the final answer. Therefore, the need for a digital assessment tool that takes into account
both the solution steps and the final answer in grading is essential nowadays.

1.2. The present study

The main objective of the present study is to propose a digital assessment tool (SEED) that can
replace conventional pen and paper and MCQs exams and can assess both the solution steps and the
final answer. In this digital tool, the mark allotted to the question is distributed according to the steps
taken to solve the question, and not according to the last answer given (as in the MCQs style of
examination). The other objective is to help students with physical disabilities (handwriting difficulties)
to solve physics tasks (university level) employing mobile devices such as smartphones, tablets, and
laptops (with touch screen).

The research questions (RQs) of the study are specified as follows:

° RQ1: Can the proposed assessment tool be an efficient alternative to traditional paper and
pen exams?

. RQ2: What are students' perceptions toward the proposed digital assessment (SEED) for
conventional of traditional pen and paper exams?

. RQ3: Could the digital assessment tool “SEED” help students with handwriting difficulties
surmount the challenges of solving physics problems without external help?

To answer RQ1l and RQ2, SEED was introduced to the participants and a set of questions were
asked the students to elicit the participants’ perceptions of SEED. To answer RQ3, one student with
handwriting difficulties was invited to a follow-up interview to elicit his perceptions of SEED and his
need for SEED.

SEED is the proposed digital assessment tool that can be used as a substitute for assessment of
students’ academic performance in lieu of traditional pen and paper and MCQ exams. SEED includes a
question bank, an answer platform, an information sheet with all the constants, mathematical
equations, and physics formulae. The users can employ any mobile devices like smartphones, tablets,
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laptops, computer mouse or touchpads to drag the correct formula from the information sheet to the
answer platform. For the purpose of the current study, SEED efficiency was expressed in degrees
based on the data obtained from the questionnaire and interview results.

Handwriting difficulties are the permanent condition in which an individual experiences difficulty in
the mechanical aspects of handwriting skills such as holding and grasping pen and adjusting paper for
writing. Such difficulties are mainly associated with cerebral palsy (CP), a neurological damage to the
motor areas of the brain prior to maturity, which results in stiff movements especially for fine motor
skills such as handwriting, disturbs sense of balance and depth perception, and involuntary and
uncontrolled motions. CP is defined as neurological damage to the motor areas of the brain prior to
brain maturation (most cases of CP occur before, during, or shortly after birth). The most common
types are (1) spastic, in which the person moves stiffly and with difficulty, (2) ataxic, which is
characterized by an impaired sense of balance and depth perception, and (3) athetoid, characterized
by involuntary and uncontrolled movements. Most CP cases are a combination of the three types. Due
to CP, the student had serious difficulties in gross and fine motor skills and perpetually depended on
assistance for walking and a shadow teacher to help with writing skills owing to the difficulty
experienced by the student with handwriting, holding paper, and grasping pens (Karlsson et al., 2017,
Taherian and Davies, 2017).

1.3. Purpose of the study

The aim of this study is to present a new digital assessment tool that can be employed as an
alternative for traditional pen and paper and MCQ exams. This tool is applicable to all mobile devices
making it more accessible to all students and can help to eliminate barriers such as time limits and
place restrictions. Furthermore, this study investigates the students’ perceptions of the proposed
digital assessment tool (SEED).

Students with handwriting disabilities face serious challenges in handling traditional paper and pen
exams, and to overcome these challenges, another teacher or colleague is assigned to these students
to help them complete their exams by writing the answers. Such practices will deprive the students of
their independence in thinking and writing freely and might be considered as a source of bias in
evaluating their academic achievement. Furthermore, due to the wide use of smart devices, students
might feel uncomfortable doing their exams in the traditional approaches perceiving it as a step
backward.

2. Methods and materials

This study employed a survey questionnaire to collect and analyse the students’ perceptions of the
proposed digital assessment (SEED). This study was approved by the research ethics committee of the
researchers’ university- Al-Ahliyya Amman University, Jordan.

2.1. Research Model

The digital evaluation tool (SEED) was programmed using the C# programming language and can be
edited on PC and a web server computer. The digital tool has both an instructor and a student
interface. The instructor interface is for administrative purposes and allows the instructor to add the
following:

1- Student names,

2- Physics formulae,
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3- Questions, figures
4- Assign questions to students,
5- Solution steps and the grade for each step.

Figure 1 shows a screenshot of a front page of the instructor interface. The front page consists of a
toolbar, the main rules, the location where questions are saved (Exam), the location where a new
question is written (Question), and an assistance toolbar (Inter symbol, Clear, Upload Picture).

Figure 1. An instructor interface front page of SEED program.

The steps involved in adding a question by the instructor to the program:
1- Writing the question text.
2- Designing the solution strategy.
3- Adding the solution steps (to compare with the student's solution).
4- Marking each solution step and assigning mark to each question as well as the total mark for the
exam (Figure 2).
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In this program, marks for questions are distributed according to the steps taken to solve them, and
not according to the final answer (as in the MCQ style of examination).

Figure 2. How the question mark is distributed on the solution’s steps on SEED program

The students’ interface is user-friendly and allows the students to log in and displays a list of
qguestions that have been assigned to them. Once the student selects a question, the form in Figure 3
appears. Figure 3 shows the text of the question at the top of the page. Below the question text are
the solutions and result areas. The constant quantities and prefix are on the right side of the page. The
formulae and equations are at the bottom of the page. These formulae and equations can be classified
according to their subject areas (as taught in the textbook chapters).

Figure 3. The students’ interface front page of SEED program
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The following example was used to calculate the total work (W) required to move a point charge
from point A to point B under the influence of the electric potentials, Va and Vb of two charges (Q and
g). The point charges q and Q are arranged as shown above. If q=2.0nC,Q=-2.0nC,a=3.0m,and b
= 4.0 m, what amount of external energy is required to move a charge of 2 nC from point B to point A?
(Young and Freedman, 2020).

The solution steps:

W = g, X Vs (1)
AV = W, — W (2)
p=kLtkl (3)
G =kL+kd (4)
r=vat 4+ b = Y31 L 42 = 5m (5)
I = 0x 10° x 2807 | g, 108 5 Z2207) (6)
V,=—3.6+6=24V (7)
B, = 0x 10° x S22 4 gy 109 5 x0T (8)
Vy = —6+3.6= —2.4V 9)
AV = 24— (-24) =48V (10)
W = 2x107% x 4.8 = 9.6x 1079 (11)

Solving the above example employing SEED:

1. After the student selects a problem, it appears as shown in Figure 3.

2. The student reads the problem and brings his knowledge to bear in analysing the problem. This
would pave the way for him to arrange the solution steps in his mind.

3. The student would select the correct formula for each step from the formulae area at the bottom
of the page and drag it to the solution area.

4. For example, the procedures for executing part of step number (6) in the above example is as
follows: the student first calculates the electric potential (Va) at point a of the point charge Q by
dragging the formula to the solution area, as shown in Figure 4. The student then replaces the
variables with the correct quantities from the question text as outlined in the previous step. As can
be seen, the formula has a constant value (K) and a prefix (nanometers). Therefore, the student
should replace these letters with numbers, as shown in Figure 5. This could be done by dragging
and dropping the quantity from the constant and prefix areas into the formula. Then, the student
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can press the "Calculate" button to have the answer shown in the "Answer" area. This step is
repeated to compute all the solution steps in the above example.

5. When the student completes his solution steps and obtain the final answer, the results of all the
steps would appear in the result area, as shown in Figure 6. The student can then press the
“Submit” button to submit his final answer.

6. Figure 7 shows the solution steps taken by students to solve the assigned question

Figure 4. Using SEED to execute step no. 6 in solution step’s part (A).

Figure 5. Dragging the variables from the question text to the variables in the equation to execute step
no. 6.
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Figure 6. All the executed steps results shown in the results area and the final result shown in the
answer box.

Figure 7. All the solution steps taken by students to solve the assigned question.
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2.2. Participants

The study was conducted during the second semester of the 2020/2021 academic session in a
General Physics (Il) class at Al Ahliyya Amman University in Jordan. The sample consisted of fifty (50)
students (participants), one of them had a disability, while the others were non-disabled students.
They were randomly selected from two general physics (1) sections. The student with a disability had a
medical history of cerebral palsy (CP). When answering standard exam questions, this student
consistently asked for help, usually from other students or faculty members. Consent forms that
explicitly and adequately explained the goal of the study were distributed to students and returned to
the researcher after endorsement by the participating students.

On the basis of completion of the consent form, the participants received 6 lessons on how to best
use SEED and all its features, 2 lessons per week, each slated for 2 hours. All the lessons were given to
participants as a group to ensure that all the students gained the same skills on how to use SEED.

The participants were given several examples on various General Physics (Il) problems to practice
on SEED for four weeks. They became familiar with the program and practiced their problem solving
skills using the mouse or touch screen. To achieve the goals of the study, after four weeks of practice,
students were asked to respond to the questionnaire and their responses were guaranteed
confidentiality.

2.3. Data Collection Tool

A guestionnaire was composed of two parts: (1) demographic information; (2) perceptions toward
SEED. The first part of the questionnaire elicited participants’ background information including
gender, age, educational level, frequency of employing digital devices. The second part of the
questionnaire elicited participants’ perceptions toward SEED. The instrument was comprised of 25
items divided into five subsections including: quality of the user interface, usefulness, learning
opportunities, replacement of the traditional paper and MCQ examinations, accessibility of the
learning materials and questions.

All items were based on a 5-point Likert scale, ranging from 1 (“Strongly disagree”) to 5 (““Strongly
agree”). Respondents were asked to read each item and check the degree applicable to them (total
degree - 25 to 75).

To investigate the perceptions of the student with the handwriting difficulties, the student was
interviewed. This interview was focused on two main themes: the usefulness of SEED for students with
handwriting problems, and their need for the features of SEED. The student was asked three questions
verbally.

1- Do you think SEED could help you in solving the questions independently?

2- State the usefulness of SEED.

3- How can we develop SEED to fulfil your needs in solving the questions independently?
2.4. Data analysis

The data collected were statistically treated. Simple percentage was used to investigate the
students' perceptions toward a Smart Equation Exam System (SEED). A group of 8 professors were
consulted as referees for content validity. A high agreement level was achieved for the accuracy of the
items under each subsection. Internal consistency was obtained, and correlations for each item with
total degree for the questionnaire ranged from 0.63 to 0.86; average inter-item correlation was 0.73
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(Cronbach’s a = 0.83). These reliability and validity coefficients were considered satisfactory based on
the questionnaire employed for the current study.

3. Results

All the students completed the survey. Figure 8 shows students’ responses to the survey questions.
More than 85% of the participants agreed or strongly agreed that SEED was user-friendly and easy to
use. More than 95% of the participants agreed or strongly agreed that the learning materials and
questions in SEED were accessible.

More than 80% of the participants agreed or strongly agreed that SEED would be a good tool to
practice solving problems in physics. Furthermore, more than 70% of the participants agreed or
strongly agreed that the SEED program could replace the traditional paper exam. Finally, more than
90% preferred SEED to replace the MCQ exam, and more than 95% of the participants agreed and
strongly agreed that SEED was a useful digital assessment tool for students with handwriting
difficulties.

Figure 7. Students’ responses to the survey questions.
4. Discussion

The findings of this study are discussed according to the three research questions.

RQ1: Can the proposed assessment tool be an efficient alternative to traditional paper and pen
exams?

The results of one of the survey studies conducted in 2006 showed that 59% of the participants in
Jordan University (Jordan) and 50% in Zayed University (UAE) preferred e-assessment (Tubaishat et al.,
2006). However, the present study shows an increase in the acceptance of digital assessment tools
among students in their exams. This can be attributed to the development of contemporary lifestyle
characterised by possession of smart mobile phones by most students which has helped them to
practice their problem-solving skills in physics. The researchers found that more than 90% of the
participants preferred SEED as replacement for the MCQ exams because the mark of the questions is
distributed among all the solution steps and the final results. This shows the novelty of SEED; it
provides the platform for the student to revise his/her solution steps and eventually submit the
answer.
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RQ2: What are students' perceptions toward the proposed digital assessment tool (SEED) for
replacement of the conventional pen and paper exams?

The findings in this study are in total agreement with those of (Eljinini et al., 2012 and Peterson,
2012), who reported that the students preferred digital assessment because they can have friendly
interfaces and test as games and simulations. More than 85% of the students reported that SEED was
very user-friendly, fast, and easy to use. However, 10% of the students had some minor difficulties in
understanding and using the functions of the front page as well as dealing with the icons of the
program. More training would help to overcome these difficulties.

More than 95% of the participants stated that SEED provides all the necessary physics formulae
equations needed to solve the questions. Therefore, there was no need to spend time memorizing the
required formulae, and this made students more comfortable during exam time, and as a result, the
students spent more time grasping, analysing, and organising the solution steps before they started
solving the questions.

The participants noticed that SEED gives the result and instant feedback on their answers
immediately the exam ends. The participants liked this novel option as they can improve their learning
level by revising their answers. This is in contrast to the traditional paper exam, in which the students
must wait for the lecturer to grade the exam and show it to them after a few days. The preceding
statements which are based on the results of the current study are in agreement with the reports of
Crews and Curtis (2011) and Osuji Uchenna (2012). Furthermore, more than 80% of the participants
found SEED to be a good tool for practicing solving of physics problems on their smart devices at their
own time without requiring paperwork. Therefore, the use of SEED would result in less anxiety and
pressure since it can be employed to take the exam in a more comfortable environment anywhere
outside of the classroom using any device such as smartphones or tablets.

RQ3: Could the digital assessment tool “SEED” help students with handwriting difficulties surmount
the challenges of solving physics problems without external help?

The present study showed that more than 95% of the participants were of the opinion that SEED is
good for students with handwriting difficulties. The interview results for the student with handwriting
difficulties showed that SEED was useful in surmounting his mechanical handwriting difficulties related
to solving physics problems. Even though he was slower than his peers in employing SEED to solve the
problems, he was nonetheless happy to use the touch screen PC and his smart mobile rather than
paper and pen or asking for the help of others. He also expressed a wish that some icons on the
student interface of SEED be larger to make it easier for him to drag and drop the formula into the
answer area (box).

The student opined that SEED made problem-solving more attractive and fascinating. He became
more active in class and was able to solve the assigned tasks on his own. In addition, the student
expressed a sense of accomplishment when he managed to answer the exam questions independently
without the assistance of others, and this self-dependency was deeply reflected in his self-esteem,
equality with his classmates, and other significant personal and emotional aspects of his life.

5. Conclusion

The novelty of the proposed digital assessment tool SEED is that it allows all students (with and
without disability) to solve physics questions step by step and to submit the final answer and all the
solution steps. SEED can also mark each step and assign the final mark of the question. SEED was
accepted by more than 85% of participants as a substitute for the traditional paper and MCQ exams.
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SEED program has two parts: one for the students to solve the questions and the other for the
instructor to add the questions and solution steps. The program depends on selection of the physics
formula for each step and dragging it to the solution area (box) and replacing each symbol in the
formula with the correct quantities in the question. The students become more active in the physics
class and solve their assigned problems through the SEED program. SEED motivates students to
practice their physics question solving skills. In addition, SEED can help students to improve their
physics learning level. It can also enhance students' performance in the exam. Part of the novelty of
SEED is that it allows students to revise their solution steps before submission. Ongoing and future
research should be conducted to quantitatively analyse the improvement of students' problem-solving
ability for physics questions after using the SEED program.

6. Recommendations.

It should be noted that the General Physics (Il) course is a foundation course in Al-Ahliyya Amman
University, and the number of students is limited to 75 students per semester. The sampling or
population size can be increased to make the study more representative by expanding future studies
in other universities. In addition, during the study period, only one student with handwriting
difficulties was found at Al-Ahliyya Amman University. Therefore, the present study result cannot be
generalised but it can give an indication of the needs of students with hand writing difficulties. In the
future, it is possible to increase the sampling size and make it more representative by ensuring that
studies in other universities are conducted involving more students with different disabilities.
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