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Introduction
Language proficiency has been regarded as one of the most important skills to be culti-
vated in school education worldwide. In Japan, the National Curriculum Standards have 
positioned language proficiency as a fundamental competency for learning and empha-
sized its importance. Since English language lessons in Japan are a major subject that 
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aims to improve language proficiency, the central goal is to develop the “students’ com-
petencies that form the communication such as understanding, expressing, and com-
municating simple information and thoughts (MEXT,  2017, p. 10)” though language 
activities in English. Thus, the importance of developing language proficiency has been 
pointed out both domestically and internationally; however, in Japan, no large-scale 
English academic achievement tests had been conducted to determine the students’ 
English language proficiency, therefore, a comprehensive understanding of their English 
language proficiency was not clarified.

In 2019, for the first time in Japan, the nationwide English academic achievement test 
was administered through paper-based testing (PBT) to about one million third-year 
junior high school students. This is a criterion-referenced test created based on the goals 
outlined in the National Curriculum Standards. The test aims to grasp the actual aca-
demic performance of junior high school students nationwide and to use the results to 
improve instruction. The results of the test revealed a variety of issues, particularly the 
correct response rates for the reading-into-writing task and independent writing task 
being 11.6% and 1.9%, respectively (MEXT, 2019). This indicates that the English writing 
ability of Japanese junior high school students is significantly low, and there is a need for 
improved instruction that contributes to improving writing ability. However, such cri-
terion-referenced PBT provides little useful information for improving instruction and 
learning.

Currently, the development goals for the thinking abilities for writing in English 
language in Japan are: (a) to be able to write coherently about everyday topics while 
organizing facts, their own thoughts, feelings, etc. by using simple words, phrases, and 
sentences; (b) to be able to write about their thoughts, feelings, and the reasons for 
them about social topics they have heard about or read by using simple words, phrases, 
and sentences. Teachers must develop and implement more effective means of instruc-
tion to help students learn the abilities indicated in these objectives. When assessing 
whether students have learned the aforementioned thinking abilities through PBT, the 
data obtained is limited to the English writings that the students actually produced; 
their quality is used to determine whether the goal has been reached. Hence, if the num-
ber of students reaching the goal is small, we know that there are problems in the goal 
development. In other words, for teachers who are aware of the instructional process 
and develop instructions to help students reach their goals, product-only information is 
not sufficient for improvement. To link assessment to instruction, it is necessary to have 
information that identifies at what point in the process each student has reached the 
product. Once this information is obtained, it can lead to the development of group-spe-
cific and individualized instruction. Therefore, it is necessary to develop new assessment 
methods that will provide an elaborate picture of student achievement.

International large-scale educational assessments have transitioned from PBT to 
computer-based testing (CBT). The Program for International Student Assessment 
(PISA) introduced CBT in 2015 to set more interactive questions in various contexts. 
The National Assessment of Educational Progress (NAEP) has conducted digitally based 
assessments since 2017, which involve the test-takers engaging in problem-solving by 
utilizing knowledge and skills. In Japan, the Ministry of Education, Culture, Sports, 
Science, and Technology (MEXT) is proposing to administer CBT for the nationwide 
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academic achievement test for third-year junior high school students in a few years. In 
response to the shift to CBT for the national achievement test, the CBT system pro-
vided by the MEXT is currently developing questions that are CBT versions of previous 
PBT questions and questions that take advantage of CBT features. At present, schools 
that wish to use this system can only access it from their students’ ICT devices to con-
duct unit tests and learning. In the future, however, teachers are expected to use CBT 
for periodic classroom tests, for example, by creating tests, allowing students to access 
and answer them from their ICT devices, and accumulating, analyzing the answer data 
to gain a detailed understanding of students’ learning status, and improving instruction 
based on the obtained results. It is expected that in the future, CBT will be utilized for 
periodic tests conducted in classrooms.

Many empirical studies in language testing and assessment have examined whether 
performances on PBT and CBT differ by directly changing existing PBTs to CBTs since 
the early 2000s. Recently, however, research interests have begun to shift to assessments 
taking advantage of CBT features including those that are difficult to capture through 
PBT, that grasp the test-takers’ progress from several perspectives, and that auto-
matically score free descriptions (e.g., Douglas & Hegelheimer,  2007; Jamieson,  2005). 
Against this social and academic background, empirical studies are being conducted on 
specific questions and assessment methods through CBT in various fields (e.g., Masu-
kawa et al., 2021; Ukon et al., 2019; Yamashita, 2017).

However, to the best of our knowledge, investigations have not yet been conducted on 
the assessment of English achievement for Japanese junior high school students through 
CBT; very few empirical findings have been compiled on the questions and assessment 
methods that take advantage of CBT features. Therefore, this paper reports the explora-
tory case and initial evaluation of the prototypical CBT writing task, an alternative to 
the conventional PBT in the classroom. The purpose of this paper was addressed in the 
research question—to what extent can CBT visualize students’ thought processes and 
provide pedagogical information that informs instruction?

The advantages of CBT over PBT

Although computerizing tests would involve some changes, test developers and evalu-
ators should clarify the expected differences between PBT and CBT to introduce CBT 
for assessing the next generation. The advantages of CBT over PBT are as follows: first, 
CBT allows us to pose questions and answers in a variety of ways such as via audio, com-
puter graphics, video, and dynamic objects. Second, CBT also allows us to control and 
measure each item and obtain answer operation logs, which enable us to understand 
the thought processes of the test-takers (e.g., National Center for university entrance 
examinations, 2021; Nishigori et al., 2017). Third, by analyzing the log data of test-takers 
along the thought process to the final answer, CBT allows us to clarify the tendency of 
students to make certain types of mistakes, highlights their insufficient understanding of 
the question items, and provides useful information for improving instruction and diag-
nosing learning (e.g., The Japan Association for Research on Testing, 2007).

Most of the CBT studies on writing have been conducted by converting the PBT into 
CBT and analyzing whether there are any differences in the quality of writing between 
them (e.g., Brunfaut et al., 2018; Chan et al., 2018). Few studies have developed questions 
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that take advantage of the CBT features and analyzed the test-takers’ writing. In recent 
years, many studies have attempted to elucidate learners’ writing process by ana-
lyzing keystrokes obtained by having them type English on a computer (e.g., Bennett 
et al., 2022; Talebinamvar & Zarrabi, 2022). These studies, however, are rarely intended 
to provide teachers with a simple way to identify students’ obstacles in the process lead-
ing up to the product or connect them to classroom instruction. CBT questions are not 
designed with the students’ thought processes in mind, which the teachers/evaluators 
aim to elicit.

At present, only one case study in Japan—by Masukawa et al. (2021)—has attempted 
to utilize the CBT features to assess ability. According to Masukawa et  al. (2021), the 
advantage of CBT is that it can control and record the answering process—which is not 
possible in PBT—and bring out the cognitive process intended by evaluators better than 
PBT can. CBTs of the revised version of the Japanese reading comprehension questions 
(that made it impossible to see the following question and revise the answer) and the 
conventional version without such a function were administered to 40 middle-ranking 
university students and 39 high-ranking high school students. The university students 
scored higher in the conventional version by using strategies such as transcribing, which 
the evaluators did not anticipate, while their scores were lower in the revised version 
as a result of following the answering process as per the expectations of the evaluators. 
Conversely, high school students followed the answering process intended by the evalu-
ators in both versions; their scores were higher in the revised version and lower in the 
conventional one.

Overall, PBT can observe only a fragmented part of an activity, while CBT can repro-
duce an activity on a computer and observe it intermittently. Therefore, it is possible to 
evaluate a series of thought processes that lead to problem-solving.

The use of response process data in educational evaluation

Another major advantage of using CBT is that it provides response process data, unlike 
PBT. Response process data refers to not only the data related to thought processes, 
strategies, and approaches used when reading, interpreting, and forming solutions to 
assessment tasks, but also to the behavior of the examinee (Ercikan & Pellegrino, 2018). 
For instance, Kitazawa and Shirouzu (2020) developed a CBT system that can measure 
the behavior and solution strategies between the question and the text for a previous 
Japanese language test of the National Center University Entrance Examination. They 
found three types of processes by visualizing the solution processes: reading the text to 
the end after checking the lead sentence, answering questions while checking the ques-
tions and options, and reading and answering the text after checking the questions. 
However, the effect of the type of solution process on the percentage of correct answers 
could vary considerably.

One of the typical elements of response process data is response time (RT), which is 
obtained by measuring the amount of time taken by a test-taker to solve a single prob-
lem or the amount of time taken between starting and finishing an item (e.g., Sahin & 
Colvin, 2020). Gong et al. (2020) automatically measured preparation time (PT), execution 
time (ET), and mean execution time (MET) per answering event on a scientific inquiry task 
used in a pilot study of the NAEP. PT reflects the process of understanding a question and 



Page 5 of 23Niimi and Matsuura  Language Testing in Asia           (2022) 12:38  

planning an answer, ET reflects the process of using strategies in answer writing, and MET 
reflects information about the efficiency of answer writing. Test takers who spent more 
time on PT tended to have lower scores on the task. In another RT-based writing study, Xu 
and Ding (2014) analyzed the time spent on prewriting in computer-assisted writing con-
ducted among 24 Chinese learners of English and found that less-skilled writers spent more 
time on the prewriting stage than did skilled writers. These findings reveal that the ability of 
test-takers to efficiently plan their answers affects the outcome of the task. Lee et al. (2019) 
conducted a hierarchical cluster analysis on a single simulation-based task consisting of 11 
items—using the RTs of the test takers on each item as a variable—and found three clusters: 
slow, fast, and moderate RT patterns. The RT patterns among the clusters showed a similar 
trend for most items, but certain items deviated from the trend and more time was spent 
on them. In addition, each cluster had lower scores for items that took more time.

Thus, if the advantage of assessing academic achievement through CBT is that it can 
evaluate not only the products of test-takers but also the production process, it is then pos-
sible to evaluate students’ thought processes by controlling the order of answers and hav-
ing them follow the thought process intended by the evaluator or by effectively obtaining 
response process data. By using CBT, we attempted to visualize students’ thought processes 
and evaluate them for instruction by asking sequential questions following the thought pro-
cess that occurs when they carry out a certain language activity.

Case description
Design of CBT

In this study, we decided to assess students’ integrated skills related to reading informa-
tion and writing down their opinions. These skills include understanding and selecting 
information according to the purpose of writing, organizing and integrating the selected 
content, and linking information to one’s own ideas (e.g., Chan et  al.,  2015; Knoch & 
Sitajalabhorn, 2013; Plakans, 2008).

We chose to assess integrated skills for two reasons. First, MEXT (2017, p. 53) high-
lights the importance of English lessons in “expressing facts, one’s own thoughts, and 
feelings through speaking and writing by selecting and extracting information and 
expressions obtained by listening to and reading English on everyday and social topics;” 
thus, there is a growing focus on integrated skills. Second, language activity involves 
a long thought process, which likely makes use of the features of CBT. By being able 
to control the order of questions—such as by not being able to return to the previous 
question or screen—it is possible to evaluate the thought process. In addition, we tried 
to evaluate the integrated skills that require a long thought process before answering 
by considering the possibility of evaluating the thought process itself using response 
process data such as RT and analyzing it for each item. Based on the evaluation target 
of this study, Fig. 1 shows the core thought process assumed in this study, referring to 
Matsuura (2021). Based on the contents of the foreign language lessons’ expert meeting 

Fig. 1 The core thought process assumed in this study
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on the preparation of the Japanese curriculum guidelines, Matsuura analyzed the way 
the thinking abilities are to be learned in foreign language lessons, as indicated in the 
National Curriculum Standards. Matsuura presented a series of core processes involv-
ing thinking abilities in foreign language lessons, which are as follows: (a) understand-
ing purposes, situations, and circumstances, (b) extracting information according to the 
purpose, etc. (c) organizing and integrating knowledge and information, (d) forming and 
organizing opinions and ideas, and (e) expressing logically. The goal of this study is to 
create CBT questions for Japanese junior high school students that are compliant with 
the goals outlined in the National Curriculum Standards. Therefore, the thought process 
proposed by Matsuura is a useful reference for the creation of the CBT as it clarifies the 
thinking abilities, which are the first component of the academic skills to be learned in 
English language lessons in Japanese school education, and shows the core thought pro-
cess involved in these abilities.

Based on the assessment abilities and the core thought processes described above, we 
implemented a continuous task on the TAO open-source CBT platform (Table 1). After 
answering the questions on each screen, the test-takers clicked on the “Next” button to 
proceed to the next screen and could not return to the previous screen.

In conventional PBT, students are often presented with an English text on a certain 
topic and asked to write their thoughts and opinions on it using English. This type of 
questioning, however, only evaluates English writing as a product; evaluators cannot 
obtain information on students’ thought processes leading to English writing, such as 
whether they were able to understand the presented English text or whether they formu-
lated their own ideas. To understand students’ English achievements that cannot be cap-
tured by the conventional PBT, the CBT was designed to ask questions about the process 
leading to English writing, as shown in Table 1. Each of the screens shown in Table 1 is 
described in detail below, with figures.

With the theme of improving English, Screen 1 displays a scene/situation, as shown 
in Fig. 2. Screen 2 displays source text A written by Mr. A and Source text B written by 
Ms. B, which students are expected to read, as shown in Fig. 3. The source texts used in 
this study are summarized in Table 2. They both highlight the value of improving Eng-
lish skills, although Mr. A and Ms. B present different points. On Screen 3, students are 
asked to choose from four options regarding the two types of source texts (Fig. 4). Next, 
on Screen 4, they are asked to choose from three options related to the main points of 
Mr. A’s opinion that it is better to study abroad and Ms. B’s opinion that it is possible to 

Table 1 Summary of the continuous task adopted in this study

“S” indicates screen

S Task description Answer type

1 Understand the scene and situation

2 Read two types of source texts

3 Answer the question to read the outline of the two types of source texts Multiple-choice (4 choices)

4 Answer the question to read the main points of the two types of source texts Multiple-choice (3 choices)

5 State your position on each source text Multiple-choice (2 choices)

6 Formulate and organize your own opinions, thoughts, and reasons Essay style (in Japanese)

7 Connect the source texts with your ideas and state them logically in English Essay style (in English)
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Fig. 2 Screen 1: Understanding the scene and situation

Fig. 3 Screen 2: Reading two types of source texts

Table 2 Summary of source texts used in this study

Topic Main point Number of 
sentences

Token 
frequency

A How can you improve your English? You should study abroad 4 43

B You can improve even in Japan 5 44
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learn English in Japan (Fig. 5). Screens 1 to 4 focus on comprehension of the scene/situa-
tion and source texts, while Screen 5 focuses on producing English writing.

On Screen 5, students are asked to choose whether they agree with the opinion of Mr. 
A or Ms. B (Fig.  6). On Screen 6, they have to type the reasons for their selection in 
Japanese, comparing it with the source text of the other option (Fig. 7). Although stu-
dents can formulate and organize their opinions in their minds, Screen 6 was created to 

Fig. 4 Screen 3: Choose the outline of the source texts

Fig. 5 Screen 4: Choose the main points of each
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understand what the students were trying to express in English. Screen 7 requires stu-
dents to type their opinions on what they need to do to improve their English, com-
paring their opinions with those of Mr. A and Ms. B (Fig. 8). The maximum number of 
words that can be typed was set at 65. Finally, the CBT is completed by clicking on the 
“End Test” button at the bottom right of the screen.

Fig. 6 Screen 5: Choose the source you agree with

Fig. 7 Screen 6: Organize your ideas in Japanese
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Students’ RTs, which can be obtained in CBTs, are automatically measured when the 
“Next” button is clicked to proceed to the next screen. In other words, RTs reveal how 
much time the test-takers spent on each screen to reach an answer.

We asked three graduate students majoring in English education to actually undergo 
the CBT and judge whether it was appropriate to assess integrated skills for third-year 
junior high school students. Based on their opinions, some corrections were made to the 
source texts and instructions to ensure the content validity.

Participants

A total of 32 students (15 boys and 17 girls) participated in the CBT. They were third-
year students from the same class of a public junior high school in Hiroshima, Japan. 
According to their self-reports, one student had passed grade Pre-2 EIKEN Test, which 
is widely recognized as the domestic public test on practical English proficiency in Japan, 
four students had passed grade 3, four students had passed Grade 4, and one student had 
passed grade 5.

Before the CBT, the typing speeds of the students were measured using Typing Test 
Pro (https:// pro. typin gtest. com/), an online typing test for English. Students were asked 
to type the English text displayed on the screen as fast and accurately as possible in one 
minute, and their gross speed, accuracy, and net speed were measured. Gross speed is 
the number of words typed per minute (WPM), accuracy is the percentage of typing 
accuracy, and net speed is the number of words typed, adjusted for typing accuracy. 
Table 3 shows the descriptive statistics of the students’ typing net and gross speeds, and 
Fig. 9 depicts the beeswarm plots. Among 32 students, 9 had gross and net speeds of 
zero WPM due to a network problem; these scores were treated as missing values and 
excluded from the analysis of typing speed.

Fig. 8 Screen 7: State your ideas logically in English

https://pro.typingtest.com/
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The participating students were able to type an average of only about 12 WPM. Judg-
ing from the fact that Japanese junior high school students were able to type approxi-
mately 17.4 Japanese characters per minute in the Information Use Proficiency Survey 
conducted by MEXT in 2013, the students’ typing speed was quite slow. However, two 
students were able to type 47  WPM. Gross speed was slightly higher than net speed, 
confirming that in addition to slow typing speed, the students were also inadequate in 
handling keyboard operations such as typing errors, case conversion errors, and space 
errors. The above demographic information will not be used in the analysis but will be 
discussed.

Procedure

In mid-May 2021, the students underwent CBT using their laptops (Dynabook K50) in 
the classroom during class hours. It was conducted in the following order: pre-survey 
explanation, logging in to the test site, typing test for warm-up, and the CBT. In the pre-
survey explanation, the students were instructed to press the “Next” button as quickly 
as possible after answering the questions to proceed to the next screen. They were 
informed that once they proceeded to the next screen, they could not return to the pre-
vious screen. We also informed them that CBT questions were to be read and answered 
in English and they would have about 25 min to answer the questions.

Before conducting the study, we requested the school administrators to cooperate and 
obtained their consent after providing them with oral and written explanations of the 
study and ensuring the protection of personal information. This study was approved by 
the Joint Committee for Ethical Review of the Graduate School of Humanities and Social 
Sciences, Hiroshima University (Approval No. 2021019).

Table 3 Descriptive statistics of students’ typing net and gross speeds

The unit of measurement is words per minute. IQR refers to interquartile range

n M Median SD IQR

Net. speed 23 11.57 8.00 11.78 5.50

Gross. speed 23 12.70 9.00 11.66 8.00

Fig. 9 Beeswarm plots representing students’ typing net and gross speeds. ○ represents each student’s 
word per minute. Solid lines represent the first and third quartiles. Thick lines represent the median
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Scoring

The multiple-choice questions in Screens 3 and 4 were scored automatically based on 
whether they were correct or incorrect. The essay questions on Screens 6 and 7 were 
scored by two graduate students, majoring in English language education, using an over-
all rating scale ranging from 0 to 5. For the rating scale, Yang’s (2012) scoring rubric for 
the reading-based writing and graph-based writing tasks was used with some modifica-
tions to fit the essay questions created in this study (see Table 9 in Appendix). Prior to 
the start of scoring, a rater training session was conducted. The researcher explained the 
CBT questions and the rating scale and clarified the raters’ doubts. In addition, while 
referring to the model English essays for each score, we discussed scoring based on the 
rating scale; eventually, scores were assigned based on a common understanding of the 
English essays for each score. Answers with a difference in points were discussed and 
re-rated by the researcher as the third rater. Cohen’s weighted κ coefficient, which repre-
sents inter-rater reliability, was 0.81 for the question on Screen 6 and 0.88 for the ques-
tion on Screen 7; thus, high reliability was ensured.

Data analysis

Since this study is a small case study, descriptive analysis and data visualization were 
actively conducted. First, regarding the quality of English writing produced by the stu-
dents, we calculated descriptive statistics of the students’ English writing scores on 
Screen 7 and visualized the distribution of scores. We showed several actual writings 
corresponding to those scores. Then, regarding the process leading to the English writing 
product, we showed the total number of correct and incorrect answers for the multiple-
choice questions on Screen 3 through 5 and the distribution of scores for the question 
on Screen 6, in which students summarized their opinions in Japanese to understand the 
overall trend.

Next, to identify the stage of thought process reached by each student in this study, 
when a question was answered incorrectly for the first time in the transition from Screen 
3 to Screen 7, it was excluded from the analysis regardless of whether it was answered 
correctly in the next screen. Based on the results, students were grouped to easily deter-
mine the stage of the reading and writing process within which a group of students with 
difficulties existed. Furthermore, we visualized the relationship between the results of 
the answers in each stage of the thought process and the English scores obtained.

Third, we calculated descriptive statistics for the amount of time students spent on 
each screen. Hierarchical cluster analysis (Ward’s method, Euclidean distance) using 
seven variables of the percentage of time spent on each screen relative to the total time 
spent on screens 1 through 7 was used to analyze the relationship between the RT char-
acteristics of the clusters found and the mean, score distribution of English writing 
scores for that cluster.

Discussion and evaluation
Overall results for items

The score distribution of the students’ writings typed in Screen 7 is shown in Fig. 10. 
Excerpts from the actual English writings corresponding to each score are presented 
below.
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Excerpt 1 Student A’s English writing (score 5).

I think we can improve our English in Japan. I have two reasons. First, we have Eng-
lish classes. We can hear English in it. Second, we must study other subjects. If I am 
in America, I cannot study these subjects hard

Excerpt 2 Student B’s English writing (score 4).

I think that A’s opinion is good because I can’t to study hard. But if I am in America, 
I have to study and speak to live there. But I am in Japan, I am not to study hard

Excerpt 3 Student C’s English writing (score 3).

I think B idea is very good. Many people can improve hear English. It can school and 
at home. We using TV or CDs to study English. We are lr

Excerpt 4 Student D’s English writing (score 2).

I think you must learning English at school every day. And you have to more study-
ing English. You should think that I can studying English

Excerpt 5 Student E’s English writing (score 1).

I think is studying English talk is good

Table  4 shows the descriptive statistics of the scores. The number of students who 
scored 0 or 1 was 25 out of 32, indicating a floor effect. The conventional PBT, which 
assesses only production, can only provide information to this extent. The CBT in this 
study, however, provides a detailed picture of how far the students were able to proceed 
in their thought processes.

Regarding the results of the students’ answers for each screen, Table 5 shows the 
number of correct and incorrect responses to the questions on Screen 3, which asks 
students to read the outline of source texts A and B, and Screen 4, which asks them 
to read the main points of source texts A and B. Figure 11 shows the distribution of 
scores for Screen 6, which asks students to summarize their opinions and thoughts 

Fig. 10 Distribution of the scores in Screen 7

Table 4 Descriptive statistics of the scores in Screen 7 (N = 32)

M SD Skewness Kurtosis

Score 1.09 1.23 1.45 1.79
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in Japanese. Overall, 25 out of 32 students (78%) were able to read the outline, but 
only 17 (53%) were able to read the main points, indicating greater difficulty in read-
ing the main points than in reading the outline. As the number of correct and incor-
rect responses to the questions related to reading the main points of the source text 
A and B differed greatly, there may have been a difference in the difficulty level of 
English text or a problem in deciding on one option. However, considering that the 
options comprised three choices that are the same for both source texts A and B, it 
can be concluded that the students who were able to complete both questions were 
able to read the main points. In terms of summarizing one’s opinion in Japanese, the 
scores varied from 1 to 5, and it was possible to judge whether the students were 
able to formulate and organize the contents they wanted to express.
Students’ achievements based on the thought process

We ascertained the number of students who were able to reach which stage along 
the thought process. For this purpose, when a question was answered incorrectly 
for the first time in the transition from Screen 3 to Screen 7, it was excluded from 
the analysis, regardless of whether it was answered correctly on the next screen. 
The analysis revealed that seven out of 32 students (22%) answered Screen 3 incor-
rectly, which required them to read the outline, and were unable to read the outline 
of the two source texts. Of the remaining 25 students, 10 students (40%) answered 
Screen 3 correctly but Screen 4 incorrectly, indicating that although they were able 
to read the outline, they could not read the main points of each source text. There-
fore, 15 out of 25 students (60%) were able to read the outline and main points of 
the source texts.

Furthermore, out of these 15 students, three (20%) who were able to read the outline 
and main points of the source texts were not able to formulate their opinions, thoughts, 
and reasons (scoring 2 points or less on Screen 6). Of the remaining 12 students, eight 

Table 5 Correct and incorrect responses in Screens 3 and 4 (N = 32)

Correct indicates the number who answered correctly both questions in the task “Read the main points”

Task Correct Incorrect

Screen 3 Read the outline 25 (78.1%) 7 (21.9%)

Screen 4 Read the main points 17 (53.1%) 15 (46.9%)

Read the main points of A 18 (56.3%) 14 (43.7%)

Read the main points of B 30 (93.7%) 2 (6.3%)

Fig. 11 Distribution of the scores in Screen 6
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(67%) were able to read the outlines and main points of the source texts and also form 
their own opinions, thoughts, and reasons, but they were not able to connect them to 
the source texts and state them logically in English (scoring 2 points or less on Screen 7). 
Table 6 summarizes each group, the characteristics, and the number of students in the 
group we discovered.

Relation between the results of the thought process and the quality of English writing

The analysis of the relation between the results of each stage of the thought process and 
the quality of English writing is depicted in a beeswarm plot with different markers for 
each stage, as shown in Fig. 12.

We determined that students who answered all the questions in Screens 3 and 4 cor-
rectly were able to read the outline and main points; students who answered Screen 3 
incorrectly but Screen 4 correctly were able to read the main points but not the outline, 
while students who answered both Screens 3 and 4 incorrectly were not able to read 
either. Only the students who were able to read the outline and main points (four stu-
dents) scored 3 to 5 points in English writing, while students who could neither read the 
outline nor the main points (five students) scored 0 to 2 points. Conversely, 11 students 

Table 6 Each group and the characteristics discovered

Group n Characteristics

Group 1 7 This group is unable to even read the outline of the source texts

Group 2 10 This group is able to read the outline of the source texts, but is unable to read the main points of 
each of the two source texts

Group 3 5 This group is able to read the outline and main points of the two source texts and even express 
their position on each text, but is unable to form their own opinions, thoughts, and reasons

Group 4 7 This group is able to read the outline and main points of the two source texts, express their posi-
tion on each source text, and even form their own opinions, thoughts, and reasons, but is unable 
to connect the source texts and their own thoughts and express them logically in English

Group 5 3 This group is fully able to connect source texts with their own ideas and state them logically in 
English

Fig. 12 Beeswarm plots representing the scores of the writing. ○ indicates students who could read the 
outline and main points, ● indicates those who could read the outline but not the main points, □ indicates 
those who could read the main points but not the outline, and + indicates those who could read neither the 
outline nor the main points
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were able to read the outline and main points but scored 0 or 1 in English writing. Out 
of them, three could not summarize their opinions and reasons in Japanese, while eight 
could. An example of one of the three students who could not summarize his/her opin-
ions or reasons in Japanese and an excerpt of the English writing by the student (score 1) 
are shown below.

Excerpt 7 Student F’s Japanese writing that could not summarize their opinions and 
reasons.
私は、Bの意見文の方がいいと思います。理由は家で英語を学ぶ方法について書いてある

からです [English translation: I think B’s opinion is good because it mentions the way to 
learn English at home.]。

Excerpt 8 Student F’s English writing (score 1).

I think B is good. became A is go to Amerika but B is learn English

Response time (RT)

The descriptive statistics of the RT of students on each screen are shown in Table 7.
To examine the results in more detail, a hierarchical cluster analysis (Ward method, 

Euclid distance) was conducted using the seven variables of percentages of each RT 
to total RT obtained from Screen 1–7. We visualized it with a dendrogram and finally 
decided that it was appropriate to divide it into five clusters (Fig.  13). Table  8 shows 

Table 7 Descriptive statistics of students’ RTs (in seconds) on each screen (N = 32)

Screen M SD Skewness Kurtosis

1 (Understand scene and situation) 14.37 11.71 2.13 5.12

2 (Read two types of source texts) 102.05 50.18 0.94 0.65

3 (Choose the outline) 28.83 14.35 0.81 -0.22

4 (Choose each main point) 72.47 35.61 0.46 -1.14

5 (Choose the source text that you agree with) 19.73 22.54 2.80 8.67

6 (Organize your own ideas in Japanese) 371.49 176.01 0.86 0.94

7 (Write your own ideas in English) 560.8 284.99 0.36 0.73

Fig. 13 Cluster dendrogram
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the average percentage of each RT to total RT for Screens 1–7 for each cluster. We also 
plotted the average values for each cluster to visualize the characteristics, as shown in 
Fig. 14.

Evaluation

The CBT prototype in this study allowed us to identify students with difficulties in a 
multilayered manner by posing questions to determine their thought processes and by 
analyzing the relations among their answers based on their thought processes, RTs, 
and English writing scores. As a result of being able to analyze students’ achievement 
using their thought processes, we were also able to identify the students who could 
not even read the outline, who could read the outline but not the main points of each 
source text, who could form their opinions, thoughts, and reasons but could not con-
nect the source texts to their own ideas and state them logically in English, and those 
who could state their own ideas logically in English. Using PBT, it would be difficult 
to ascertain which of the above stages have been reached by the students because it 
does not necessarily require the test-takers to start from the beginning and the order 
of answers is left up to them. It is also possible to go back to previous questions and 
change an answer. Therefore, the test takers may not necessarily have solved the ques-
tion as the evaluator intended. Controlling the answering process in CBT prevents the 
test-takers from engaging in an answering process that the evaluator does not intend 
(Masukawa et  al., 2021), allowing for a more accurate diagnosis of their stumbling 
blocks. Moreover, due to analyzing the answers for each process, we found that only 
a few students answered incorrectly in one process but correctly in the next. There 
was only one student who could read the main points but not the outline, and four 
students who could not read the main points could summarize their opinions in Japa-
nese sufficiently (one student scored 5 points and three students scored 3 points). This 
suggests that once they stumble in the middle of the thought process, it is difficult to 
answer correctly in the next stage.

The results of the cluster analysis using the ratio of RT for each screen to the 
total RT as a variable reveal five clusters. The clusters with low English writing 
scores were Clusters 3 and 4 (wherein students took too much time to form and 
organize opinions leaving little time to write in English). Students in Cluster 2 
took too much time to understand the source text, which can show difficulties 
in English reading comprehension (e.g., Chan, 2017). Students in Clusters 3 and 
4 spent more time forming and organizing their opinions on Screen 6 and had 
lower English writing scores, which can be interpreted as their inability to effec-
tively conceptualize English writing in the prewriting stage (Xu & Ding, 2014). In 
this way, we can visualize the stages in which the students who could not write 
well in English stumbled.

There are several implications of CBT assessment for learning and teaching 
methods. In conventional PBT that only assesses language production, the main 
concern is whether a certain language performance task has been achieved; if not, 
the assessment is low. Tasks with a higher degree of difficulty are more likely to 
show a floor effect, as in this study; in fact, although eight students reached the 
stage of forming their opinions one step ahead, the overall task achievement was 
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rated low. Therefore, it would be difficult to utilize the results in learning instruc-
tion because the points that needed to be taught were unclear. In a process-based 
evaluation method such as the prototype CBT, however, the main focus is to deter-
mine to what extent a student can solve a certain language performance task. Even 
if the task is not achieved in the end, the students can be actively evaluated accord-
ing to different stages of achievement. Therefore, specific points that need to be 
taught will be identified and can be utilized in learning instruction (The Japan 
Association for Research on Testing, 2007). Specifically, CBT can be used to iden-
tify students who are not able to write English essays well but can complete the 
process of producing English writing. Those struggling with forming and organiz-
ing opinions can be provided instruction on generating and arranging ideas. Other 
students who are struggling only with logical expression in English can be pro-
vided explicit instruction on useful expressions. One last thing to take into con-
sideration is that evaluation should be used for a specific purpose, and the actual 
evaluation method should be considered after the purpose has been defined. We 
can confidently say that the prototype CBT we created in this study has functions 
that can directly inform instruction.

In converting PBT, which has been utilized as the primary means of evaluation in 
Japanese school education, to CBT in the future, it is necessary to carefully consider 
the purpose of the CBT conversion. This case study purported to analyze the pro-
cess leading to the product of each student and link it directly to the improvement of 
instruction instead of conventional PBT. In other words, the value of converting to 
CBT was not viewed simply in terms of efficiency, but in terms of its use in improv-
ing teachers’ instruction and promoting students’ learning. If CBTs are to be used 

Fig. 14 Mean plots of each cluster
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in this way, not only educators but the Japanese society as a whole will have to dras-
tically change its perception of testing, and the shift to CBTs is an opportunity to 
modify this perception of testing in Japan. Until now, testing has been strongly asso-
ciated with judging the ability of the examinees based on products and has been per-
ceived simply as a means of grading them. However, depending on the test design, 
CBT can more powerfully link curriculum goals, teaching, learning, and assessment, 
allowing examinees to understand how far they have achieved their goals, where 
they need to actively improve, and then to envision the concrete actions needed 
next. To realize these goals, it will be necessary for Japanese society as a whole to 
take an interest in CBT and understand how CBT questions are designed, imple-
mented, and validated. However, the aspect of the test that discriminates between 
high-ability and low-ability students will not be lost, so educators will need to build 
consensus on the purpose of CBT use.

Conclusions
This study proposed a CBT that overcomes the difficulties of PBT; it attempted to under-
stand students’ difficulties related to their thought processes in a multilayered manner. 
The results suggested that CBT can detect students who are able to complete the lan-
guage performance task by controlling the order of answers, asking questions sequen-
tially, and obtaining RT effectively. Therefore, CBTs could allow for the connection to 
instruction based on that student’s achievement in the thought process.

As indicated by the demographic information of the participants, the students’ typ-
ing speed was quite slow, which may have affected their English writing scores. The net 
speed of the students with English writing scores of 4 and 5 was 11 WPM and 15 WPM 
respectively, which was slightly higher than the average of 11.57 WPM. In contrast, the 
two students with a net speed of 47 WPM, which is much higher than the average, had 
English writing scores of 0 and 1. Except for these two students, the net speed (exclud-
ing missing values) of the 18 students who scored 0 or 1 on their English writing score 
was low (M = 5.61, SD = 3.5). Barkaoui (2014) suggests that poor keyboarding skills may 
have a small but negative effect on test-takers’ language performance, which is why it is 
necessary to examine whether the same can be said in the context of English education 
in Japan. Although the time for answering the test was set at about 25 min, it is possible 
that the students with low English writing scores did not have sufficient time to answer 
the questions.

In this study, it was not possible to determine whether CBT with a controlled answer 
order captured students’ thought processes and English achievements more accurately 
than PBT because we did not compare the results with PBT utilizing the same questions. 
Moreover, due to the small sample size, it was not possible to verify the validity of the 
CBT, which is another avenue for future research. Finally, due to the educational consid-
erations of the participants, we were only able to propose one research question, which 
was very limited in scope. Since we only presented one assessment case, in the future, we 
would like to investigate whether a similar questioning and assessment approach would 
be effective for other skills.
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Appendix
Table 9

Abbreviations
ET  Execution time
MT  Mean execution time
PT  Preparation time
WPM  Words typed per minute
CBT  Computer-based testing
MEXT  The Ministry of Education, Culture, Sports, Science, and Technology

Table 9 Reading-into-Writing Product Rubric
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NAEP  The National Assessment of Educational Progress
PBT  Paper-based testing
PISA  The Program for International Student Assessment
RT  Response time
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