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ABSTRACT

As students become accustomed to the digital environment, various discussions are taking
place on the comparison of handwriting assessment and computer-based assessment
methods. This study attempts to examine whether there are significant differences in the
number of words, biological concept level, and biological concept confidence for each
assessment when handwriting assessment or computer writing assessment is performed

'.) to confirm biological concepts. A descriptive assessment was conducted by selecting 13
Gheck for questions related to life science and dividing 361 students from general high school into
RS handwriting and computer writing groups. As a result of propensity score matching and
linear regression analysis, the handwriting group showed significantly higher number of
a OPEN ACCESS characters in the descriptive assessment answer and the concept score of the descriptive
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Introduction

The 21st century society emphasizes the convergence and interaction between knowledge rather than absolute
accumulation of knowledge due to globalization and informatization. As the times change, the human resources required
by society also change. The public education system has shifted from an academic curriculum to a competency-based
curriculum to cultivate creative convergence talents needed by the 21st century. The competency-centered curriculum
aims to educate the necessary competencies in social life away from the knowledge curriculum. Especially after
identifying core competencies in the OECD's DeSeCo project, many countries around the world reorganized their
curricula into competency-oriented curriculum (So, 2017).

The modification to the curriculum also altered the assessment method. The major change is the expansion of
descriptive and process-oriented assessments. Beyond the assessment’s current purpose, which focuses on objectively
assessing and quantifying the degree of achievement presented in the subject, assessment is considered an integral part
of the class and should be used to enhance the teaching-learning process (Ha et al., 2019). Ha et al. (2019) suggested
formative assessment that was equipped with feedback as well as assessment that stressed on process over results should
be implemented often times more rather than general assessment. Additionally, formative assessment emphasizes the
activities that focus on the areas for improvement through identifying strengths and weaknesses as information for
teachers for instructional planning and for students for their further understanding (Cizek, 2010). Essay and descriptive
assessment, especially if they were equipped with feedback are able to give more information about students’ learning
process, since descriptive tasks required students to explain their actual understandings on certain concepts. As a result of
these shifts in the paradigm of assessment, the use of various assessment tools, descriptive assessments, and essay-type
assessments have expanded, and a new assessment method which focus on process-oriented assessment has emerged.
However, the descriptive question task might burden in terms of efficiency compared to optional task such as multiple-
choice test, especially when it is used in a large population. To this issue, prior studies began to identify how digitalization
of descriptive task would benefit the efficiency in implementing formative assessment.

Recently, the digitalization of learning processes and the cultivation of digital talent have become national goals in
Korea (Ministry of Education, 2022). Besides, UNESCO (Cornu, 2011) suggested the educational practitioners to
develop a digital environment in which they can shift from the paper-based pedagogy to digital-based pedagogy, which
for example can be done by performing computer-based assessment activities. Another reason for students to be familiar
with computer-based test is that more writing assignment and official assessment are being conducted in a digital setting
(Alderson, 2000; Im et al., 2008; Mogey & Fluck, 2015). As a result, it is essential to understand the potential impact of
computer typing on students’ leaming and performance.

Furthermore, there are various research results on the effects of learning and assessment media. According to prior
studies, learning on a computer can generate interest and save time, although it does not have a better advantage in terms
of cognitive process, as computer typing is inferior to handwriting in concept structuring and conceptual understanding
(Kim et al, 2018; Noyes & Garland, 2008; Wollscheid et al., 2016). In computer-based assessment, it is possible to
present questions according to the level of the evaluators and respondents, quickly score, and efficiently manage

assessment results; however, it can be affected by visual limitations on computer screens, such as difficulties in note-
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taking and computer familiarity (Kim et al, 2018; Wollscheid et al., 2016). Various assessment methods are necessary to
be introduced as the need for remote education beyond time and space emerges due to the expansion of the descriptive
assessment ratio, the establishment of process-based assessment, and the introduction of lifelong education and high
school credit system. In this study, we aim to identify how each student's handwritten and computer-submitted answers
might affect the result obtained from descriptive assessment that confirm the concept of living things.

A Preliminary Study on the Change of Writing Method

Previous studies have reported a significant proportion of students who have experience with computer-based writing,
for instance, Jang (2013) surveyed high school students and enquired about the frequency of pen-based writing and
computer-based writing, stating that more than 23.3% had more experience in computer-based writing, In a survey
of teenagers on whether they prefer internet writing or paper writing, Moon (2014) suggested that 60.8% of middle
school students and 59.1% of high school students prefer internet writing. Additionally, there have been a number of
studies examining the impact of different writing media on learning attitudes such as motivation (Chua & Don, 2013),
confidence in using computer (Garras & Hassan, 2018), and mood (Fouladi et al., 2002). Adding confidence level in
a test performance can further be helpful for study of metacognition, since confidence judgment can be thought as the
ability to accurately assess one’s own ability in a particular area of task (Tiffin & Paton, 2019). The confidence level
in conceptual test has been widely performed in both paper-based and computer-based tests, but few studies have
directly compared confidence level across these two mediums. One study by Lee (2001) reported that students felt their
confidence improved when internet writing was used instead of traditional writing.

More research has been conducted abroad. Berninger et al. (2009) suggested that students who face difficulty in
writing exhibited a positive effect on the amount and content of their writing when writing using a computer. From a
different perspective, Kim (2005) pointed out the issue on paragraphs that are not well distinguished because, when
writing using a computer, fragmentary contents are frequently listed without a clear idea. Mueller and Oppenheimer
(2014) confirmed that students who wrote class contents using electronic media received lower scores in the conceptual
assessment than students who wrote them by hand. Additionally, in a letter memorization method study conducted on
pre-school children, Longcamp et al. (2005) confirmed that handwritten letters were better remembered than computer-
written letters. Recent studies which compares handwriting and computer typing in science related concepts suggested
that typing modality might influence the cognitive achievement. Abersek et al. (2018) studied the effect of typing notes
in the process of learning science subjects where understanding the content of the subject is important. According to
an analysis of their performance, it was observed that students who used computers to take notes exhibited cognitive
overload, low achievement levels, poor accuracy of technical terms, and a lack of understanding of the interrelationships
between concepts. Although the results of learning according to the writing medium are not consistent, it can be
observed that changes in the writing medium might have a positive or negative effect on the learning process and results
of students. Depending on the writing medium, there is a difference between visual attention and tactile input, which
can also affect the process and outcome of learning (Mangen et al., 2016). Therefore, it is necessary to understand the
characteristics of the media and continuously study the effect on learning and cognition depending on the type of media

used for learning.
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A Preliminary Study on the Change of Assessment Media

Assessment using computers is spreading more widely in the digital environment. The advantages of computer-based
assessment are: first, assessment can be conducted regardless of the time and place; second, accurate and rapid grading,
effective analysis, and application of results; third, simulation and animation, which are difficult to present in paper-
based assessment, thus, it facilitates the presentation of various types of questions (Alderson, 2000; Im et al., 2008; Kim
et al, 2018). In addition, it is possible to present questions tailored to the corresponding levels based on respondents'
responses, as well as to increase the efficiency of learning through immediate feedback (Rudland et al., 2011, Wise &
Flake, 1990). However, the assignment or test takers should have appropriate familiarity of computers, such as the ability
in using mouse and keyboard including capability in reading text on computers, if they do not want to be disadvantaged
by computer-based assessment (Alderson, 2000). Additionally, cheating may occur while taking tests, and problems
related to security may appear. Finally, it is expensive to build computer-based assessment (Ockey, 2009).

The assessment process affects learning results according to the assessment medium. Spray, Ackerman, Reckase, and
Carlson (1989) allowed students to skip questions regardless of the order of the questions, such as handwriting, or come
back at the end to correct their answers, showing no significant difference from the assessment results of the handwriting
group. Mazzeo and Harvey (1988) noted that when comparing the results according to the assessment medium based
on the student's intelligence, attitude, personality, and achievement level, there was no significant difference in the power
test, but there was a significant difference in the speed test.

There is also a study on the effect of the assessment medium on the affective domain of students. Computer familiarity
can be presented in the affective domain, however, researchers have observed that computer familiarity was not
suggested as significant influence on computer-typing assessment. Odo (2012) observed that computer familiarity affects
the assessment results, but it is not a key factor in determining the assessment score. Previous studies also suggested that
computer familiarity does not affect the results as a result of taking the TOEFL test (Alderson, 2000; Al-amri, 2008). In
addition, Do (2013) stated that computer familiarity and computer-based assessment were not correlated. Research on
computer familiarity generally demonstrated that computer familiarity did not affect the assessment results and it was
found that anxiety about the test itself is greater than anxiety about using computers to perform the test. Weerakon et al.
(2001) noted that neither computer experience nor the anxiety was significantly correlated with the performance resulted
from computer-based assessment.

According to the background and the literature, this study aims to compare the students’ responses on descriptive
science-related questions that were performed from two different mediums, namely handwriting and computer typing.

Specifically, the research questions are as follows:

1. How is the difference between the amount of characters produced by handwriting and typing in a science-related
descriptive questions?

2. How does the conceptual outcome from handwriting and computer typing differ?

3. How does the confidence level for handwriting differ from that for computer typing?
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Methods

Development of Biological Conceptual Descriptive Assessment Questions

The concept of biology in integrated science, which is a common subject in the 2015 revised curriculum, was
confirmed in order to conduct tests on first and second-year high school students. By analyzing the content elements,
achievement standards, and achievement levels presented in the 2015 revised curriculum, the core concepts of biological
concepts, life system, biological diversity and maintenance, as well as ecosystem and environment were selected. Further,
test questions were produced according to the concepts.

The questions that were developed by the AAAS were used to secure the validity of the test paper questions. Questions
on evolution and natural selection were translated by Yoon (2015) and the ones whose reliability and validity were
verified through internal consistency reliability analysis and Rasch analysis were used. Lee and Ha (2015) translated the
questions on reproduction and genetics and the reliability and validity of the instruments were verified. The question
regarding the interdependence of the ecosystem was translated by Lee et al. (2021) and its validity was confirmed after
analyzing student responses. The mean-square (MNSQ) value, which indicates the item response fit value that could
produce productive measurement, fell within the range between 0.5-1.5. This cut-off considered the items as appropriate
according to Linacre (2002). Among the contents of the integrated science, AAAS assessment questions were reviewed
based on the achievement criteria for bio-related concepts, and a total of 13 questions were selected, including six
questions regarding “life system”, four regarding “biological diversity and maintenance”, and three regarding “ecosystem
and environment”. Since the questions developed in AAAS were produced in an multiple choice form, they were
modified and supplemented in a descriptive form according to the purpose of this study. The example of the adopted

items were presented in Table 1.

Table 1. Example of conceptual assessment questions
Multiple choice test (original) Open-ended test (revised)
A mouse's tail was caught in a mouse trap. When he was later released, A mouse's tail was caught in a mouse trap. When he was later
his tail was cut off. If the mouse had a baby, how would it affect its tail ~ released, his tail was cut off. If the mouse had a baby, explain how it
length and what is the most valid explanation for the reason? would affect the tail length of the baby mouse and why.
(D It will affect the tail length of all babies due to the influence of their
parent.
(2) Changes occurred only in one of the parents, so it will somewhat
affect the tail length of the baby.
(3 It does not affect the tail length of the baby because only the traits
of the parents have changed.
(@ The traits may vary depending on the age of the parent, so it
depends on the age of the mouse when its tail was cut off.

A measure of confidence used by Woo et al. (2017) was performed to confirm the degree of biological concept
confidence (self-assessment). A measure of confidence was presented below each optional and descriptive assessment
question. Students were asked to select a feeling after answering the question, with prompts such as "How sure are you
in the answers you provided?” A five-points Likert’s scale ranging from “strongly not sure” to “strongly sure” was

utilized. For handwriting assessment, a paper test paper containing 13 descriptive questions and a measure of confidence
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for each question was produced, and the same Google Form test paper was produced for the computer writing
assessment. Since the students who took the paper test and the Google Form test were different individuals, an optional

questionnaire containing similar content of multiple-choice questions was used as the equalization.

Measurement of the Validity and Reliability of the Biometrics Verification Questions

Rasch analysis was performed to measure the validity of the student test paper questions, and Cronbach's alpha
analysis was performed to measure the reliability. As a result of the Rasch analysis for each item, it can be confirmed
that the fit of each item is appropriate for evaluating the biological concept as the Infit MNSQ and Outfit MNSQ values
of all items from 1 to 13 for both optional and descriptive items are in the range of 0.5 to 1.5. The reliability of internal

consistency was also suitable as 0.6 or higher in both the descriptive and selective types.

Participants and Data Collection

The subjects of this study were natural science students in the first and second grades of Public High School A in
Gangwon-do and Public High School B in Gyeonggi-do. These participants consist of 97 first-year students (50 male
students, 47 female students) and 105 second-year students (60 male students, 55 female students) from High School
A participated in the study; 96 first-year students (51 male students, 45 female students) and 63 second-year students
(46 male students, 17 female students) participated in the study from High School B. The assessment was conducted
after two tests in the second semester when the students who participated in the study learned all the core concepts
presented in integrated science. For each group, one descriptive assessment and one multiple choice assessment were
performed, respectively. First, the students answered the test paper consisting of 13 descriptive questions for 30 minutes.
The handwriting group responded to a paper test that could check the concept of living things in the classroom, and the
computer writing group responded to a test paper made of Google Form in the school computer room using a computer.
Ten days after completing the descriptive assessment, the students who participated in the study completed an multiple-
choice questionnaire consisting of the same questions and order as the descriptive assessment questionnaire so that their
level of knowledge could be assessed.

In the descriptive assessment, the two public schools performed both handwriting and computer writing methods,
however the participants of the group were assigned randomly. The number of students who participated in the test that
required them to write answers in handwriting or the Google Form test that required them to write answers in computer
writing is as follows. 175 out of a total of 361 students participated in the handwriting test; among them, 97 were first-
year students (48 male and 49 female students) and 78 were second-year students (41 male and 37 female students). In
this study, 186 out of 361 students participated in the Google test paper; among them, 96 were first-year students (53
male and 43 female students) and 90 were second-year students (55 male and 35 female students).

Brain, Digital, & Learning. 2022 Vol. 12 No. 4 668



Comparison of Biological Concept Assessment Scores by Handwriting and Computer Writing

Data Analysis

A total of 284 students answered the multiple choice test and descriptive assessment questions and this reflected in
the analysis, of which 141 students participated in the handwriting assessment and 143 students participated in the
computer writing assessment. The number of male students who participated in the study was 146 and the number of
female students was 138. ANOVA was conducted in SPSS to analyze the statistical significance of differences between
groups on the gender and input method of the handwriting group and the computer writing group, the number of
characters in the descriptive assessment answer, the descriptive assessment concept score, and the level of confidence
of the descriptive assessment answer. The computer writing group had higher result when they perform the items in
multiple-choice format, and in terms of gender, female students scored higher than male students. Since this indicates
that there is a difference in knowledge level according to group and gender, it is necessary to analyze the number of
characters, descriptive assessment scores, and the level of confidence in descriptive assessment answers according to
group and gender after controlling the knowledge level. To this end, Propensity Score Matching (PSM) analysis and
linear regression analysis were conducted to control knowledge and gender that could affect the descriptive assessment
of the handwriting and computer writing groups. Propensity Score Matching uses a logistic regression model to reduce
covariates to a one-dimensional “propensity score” (Yoo, 2013); to match and compare people with similar propensity
scores based on gender, class, school, and multiple choice scores.

After generating one-dimensional propensity scores based on gender, class, school, and multiple choice assessment
scores, there were 102 cases in which the difference in propensity scores was less than 0.1 were matched and analyzed as
a paired sample t-test. For 102 cases in which the difference in propensity score is less than 0.1, the paired sample t-test
results for the number of characters in the descriptive assessment answers of the handwriting group and the computer
writing group were performed. After controlling the knowledge level of the handwriting group and the computer writing
group, this study further analyzed the concept scores of descriptive assessment, the number of characters in descriptive
assessment answers, and the level of confidence of descriptive assessment answers. Furthermore, Linear regression
analysis was also performed to confirm a more reliable basis. In linear regression analysis, significant differences
between the two groups (handwriting and computer writing) were confirmed by adding variables to be controlled, such

as scores as dependent variables and multiple choice assessment scores as independent variables.

Result and Discussion

After creating one-dimensional propensity scores based on factors such as gender, class, school, and multiple choice
assessment scores, the 102 cases were selected and analyzed using a paired sample t-test. As a result of the t-test of the
corresponding sample for the number of characters in the descriptive answer, the average of the handwriting group was
36.226 and the average of the computer writing group was 30.090. It can be observed that the number of descriptive
characters in the handwriting group is significantly higher than that of the computer writing group (p<0.05). According
to the result, the number of characters in the descriptive assessment responses of the handwriting group was significantly
higher than the number of characters of the computer writing group, as determined by the paired-sample t-test and linear
regression analysis with Propensity Score Matching.
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When students use a computer for writing, fragmentary contents are often listed (Kim, 2005). Based on the results of
previous studies, the assessment predicted that the computer writing group would have more characters in the descriptive
assessment answer than the handwriting group, however the results of this study were reversed since in our study, the
handwriting group significantly had more characters than the computer writing group. The length of the writing has
been found to be related to writing fluency, which refers to the number of correctly formed letters or handwriting
outcomes produced in a given time period (Feng et al., 2019). According to Feng et al. (2019), when students perform
computer-based tests, typing requires them to remember the locations of letters on the keyboard, while handwriting
requires them to accurately and efficiently form each letter. They also noted that these different physical requirements
may affect writing fluency differently depending on the method of transcription used. However, previous research was
conducted with the purpose of solving tasks using different media in the writing learning process; this study focuses on
the characteristics of various media used for assessment in science-related question. In this study, students answer the
questions according to their knowledge level regardless of the assessment medium. Since the assessment questions did
not require an essay-style responses that necessitated a large number of characters, but required the concept of science to
be written according to the problem situation, the handwriting assessment similar to the test situation is thought to have
aided in the retrieval of scientific concepts.

In terms of descriptive assessment concept score, the paired sample t-test gave outcome that the average of the
handwriting group was -0.336, and that of the computer writing group was -0.802. It is also noted that the handwriting
group has a significantly higher descriptive concept score (p<0.05) than the computer writing group. As a result of the
t-test of the paired sample for the level of confidence of the descriptive answer, the average of the handwriting group
was -0.175, and that of the computer writing group was -0.392. The handwriting group demonstrated a higher level of
confidence in descriptive answers than the computer writing group, but it was not significant (p>0.05).

Linear regression analysis was conducted with the number of characters in the descriptive assessment answer,
the concept score of the descriptive assessment, and the level of confidence of the descriptive assessment answer
as dependent variables (Table 2) to identify the influence of the handwriting group. Linear regression analysis was
conducted to identify whether the influence of handwriting assessment was related to the number of characters in the
descriptive assessment answer. Since the handwriting assessment was [3=0.125 (p<0.05), the handwriting assessment
had a significant effect on the number of characters in the descriptive assessment answer. As a result of analyzing the
effect of handwriting assessment, it was confirmed that the number of characters in the descriptive assessment answer
was higher in the handwriting assessment. Next, since 3=0.175 (p<0.05) of handwriting assessment, handwriting
assessment had a significant effect on descriptive assessment concept scores. Since the handwriting assessment
was [3=0.019 (p>0.05), the handwriting assessment did not have a significant effect on the confidence level of the

descriptive assessment answer.
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Table 2. Results of linear regression analysis

Non-standardized Standardized
Dependent variable Independent variable coefficient coefficient t p R’
B Std. Error B
The number of characters in the answer ~ Constant 28439 2.147 13243 0.000 0.208
MCT score 5397 0.751 0.39%4 7.182  0.000
Handwriting 4.789 2.078 0.125 2305  0.022
Male -6.390 2.083 -0.167 -3.068  0.002
Descriptive Assessment Score Constant -1.107 0.101 -10.960  0.000 0436
MCT score 0.485 0.035 0.636 13726 0.000
Handwriting 0374 0.098 0.175 3.826  0.000
Male -0.231 0.098 -0.108 2354 0019
Confidence in descriptive assessment ~ Constant -0.690 0.150 -4.602  0.000 0.049
MCT score 0.117 0.052 0.134 2233 0.026
Handwriting 0.046 0.145 0.019 0317  0.752
Male 0.499 0.145 0.204 3430  0.001

In both the paired-sample t-test after propensity score matching and the linear regression analysis, the descriptive
assessment concept scores of the handwriting group and the computer writing group were significantly higher in the
handwriting group than in the computer writing group. Based on the results of a previous study, the students who took
notes in class using electronic media received lower scores in conceptual assessment than students who took notes by
handwriting (Mueller & Oppenheimer, 2014). In the assessment, the handwriting group was expected to obtain a higher
score in the descriptive assessment concept than the computer writing group, and the results of this study aligned with
the literature. Previous studies compared students' conceptual assessment scores according to the method of taking
notes on learning contents, but this study relates to the characteristics of different media used for assessment. The
reason why the descriptive assessment concept score was significantly higher in the handwriting group seems to help
students' cognitive recall and structure of concepts rather than computer writing assessment. The cognitive advance
in terms of recalling the scientific concepts also favoured the handwriting groups compared to computer typing group
(Smoker et al., 2009). Moreover, in the case of computer writing assessment, there are visual limitations in viewing the
screen, and the inability to take notes may be the cause, and because it is not a high-pressure test, a somewhat unfamiliar
computer test environment for students may have affected the score (Kim et al, 2018; Wollscheid et al., 2016). Noh
(2013) suggested that the score was higher in paper-based assessment than in computer-based assessment in factual
comprehension measurement, and there was no statistically significant difference between the two groups in inference
and comprehensive comprehension measurement. Since the questions presented in the assessment of this study
were questions that measure factual understanding, it is judged that the handwriting group was able to obtain higher
conceptual scores than the computer writing group.

There was no significant difference in the level of confidence in the descriptive assessment answer between both
mediums tested by paired sample t-test after propensity score matching and linear regression analysis. This means that
the level of confidence in the answer is not affected by the input medium. One research have identified performance as
well as psychological tests acquired from computer-based and paper-based test, and it was found that the test effects of
self-efficacy variable (students’ belief in their abilities to succeed the leaming) was found to be significant in both test
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mediums, indicating that there is no difference in psychological test (including self-efficacy variable) when the tests are
taken using either handwriting or computer typing (Chua & Don, 2013). This study supports the finding of Chua and
Don (2013), that test medium through which tests are taken does not have a significant impact on the confidence level of
tests taker.

Conclusions

Various discussions are taking place on the comparison between handwriting and computer writing in terms of learning
and assessment as students become familiar with the digital environment. Due to the recent expansion of the descriptive
assessment uses, the introduction of process-based assessment, lifelong education, and the introduction of high school
credit systems, the need for remote education beyond time and space has emerged. In this study, when handwriting
and computer writing assessments were conducted to confirm whether there were significant differences in the number
of characters, biological concept levels, and degree of confidence of answers written by students for each assessment
mediums. This study confirmed that the handwriting assessment had more characters in the answer than the computer
writing assessment and the concept score was higher in the handwriting descriptive assessment to confirm the concept of
living things. Through these studies, it is necessary to create an environment for computer writing assessment in the form
of cognitive recall and structure of concepts in consideration of question types, question placement, and problem-solving
methods. In the future, school education practitioners should indeed prepare not only handwriting assessment, but also
assessment methods that utilize various media. Further research is required to determine the most effective way of each

assessment medium for helping students to retain and recall concepts as well as to develop their cognitive structures.
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