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Abstract
The projects in this dissertation focus on the efficiency of feedback on Chinese as a foreign
language (CFL) assignments using an intelligent tutoring system (ITS), with a particular interest
in understanding how to provide feedback effectively to students to promote CFL learning. The
first three projects compared Chinese learning efficiency between the ITS and traditional
handwriting methods. The initial project assessed online Chinese word recognition challenges.
The second and third projects delved deeper into Chinese word recognition with ITS, examining
the effectiveness of ITS versus handwriting. These projects, comprising five experiments,
collectively confirmed that recognizing Chinese words through ITS is more efficient than
handwriting. The fourth and fifth projects examined the efficiency of feedback timing in CFL
learning with ITS. The fourth project compared immediate and delayed feedback, demonstrating
that immediate feedback outperformed delayed feedback in conceptual knowledge learning. The
fifth project focused on immediate feedback timing, revealing that end-of-question feedback was
more effective than end-of-assignment feedback. Based on the previous projects, the final project
focused on immediate feedback through semi-open-ended questions in ITS for CFL. A teacher
survey and in-class experiment revealed that providing only correct responses led to the highest
learning gains, requiring less time for feedback and enhancing student learning judgment. This
dissertation offers insight into effective teaching practices in foreign language education and ITS

interventions. It contributes to developing efficient approaches to CFL instruction.
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Chapter 1. Introduction

Many speakers of non-logographic languages believe that the Chinese language is
difficult to learn. As a logographic language, Chinese uses characters, which are often only
vaguely related to the meaning or pronunciation of the words. In order to successfully read
Chinese, students studying the language must memorize all the three aspects of each word: visual
(orthography), pronunciation (phonology), and meaning (semantics), and practice combinations
of these aspects for reading and writing (Shen, 2004).

Orthographic elements have been shown to increase the burden of retrieval and retention
(Chinese Language Committee, 2009). Handwritten character practice has been isolated as the
most time-consuming activity for Chinese as foreign language (CFL) learners (Walker, 1989),
significantly slowing the learning process and preventing students from engaging in meaningful
communication, especially in the earliest stages of learning (De Francis, 1984; Allen 2008).
Since Chinese characters are not directly related to pronunciation or meaning to improve Chinese
reading and writing ability, students historically were tasked with copying characters by hand
repetitively in order to then remember and output them. Technological development has brought
new opportunities for Chinese learners. With the popularization of computers and the internet, as
well as the help of the pinyin system, students can easily input the pinyin on keyboards and then
select the correct words to complete writing tasks. This kind of writing is commonly called
"digital writing (F2’5 ) "(Xie, 2014). Digital writing will likely become a weapon that subverts
the way the Chinese language is learned as a second language.

As a CFL instructor by profession and observing students arrive at my class with passion
for learning, yet flinching in the face of the Chinese language, | established my career trajectory

to improve students’ learning efficiency. I sought opportunities to allow my students to believe



that CFL learning is more similar to a pleasant stroll in the park rather than a strenuous climb.
This goal motivated me to undertake an exploration of the learning sciences and technology
field. I am deeply convinced that technology can change and improve the efficiency of CFL.

As | received more exposure to different aspects of learning sciences and technology, |
became interested in the learning procedure and how various kinds of student interaction affect
the learning results, as well as the psychological reasons behind these learning behaviors. The
first thing | have noticed throughout my research relates to the timing of feedback. The timely
feedback function of online learning platforms provides great convenience for the teaching and
learning of CFL. The effectiveness of feedback timing on online platforms has been extensively
studied in the learning science field (Butler & Woodward, 2018; van der Kleij et al., 2015).
Some studies support immediate feedback, while others support delayed feedback (Attali & van
der Kleij, 2017; Corral et al., 2021, Lefevre & Cox, 2017; Mullet et al., 2014; Sinha & Glass,
2015; van der Kleij et al., 2012). While most of these studies are based on STEM learning, there
is limited research conducted on foreign language learning. In addition, the impact of learning
science and technology on language learning, especially Chinese, is also a field full of unknowns
and challenges. Therefore, substantial research is needed on CFL online learning, and it is
critical to provide effective instructional support that promotes students’ CFL online learning
that occurs outside of the classroom setting.

Appropriate online assignments and feedback have the potential to enhance CFL learning
efficiency, both in and outside of classrooms. Informed by Stephen Krashen's theory of second
language acquisition (Krashen, 1988) and Long’s Interaction Hypothesis (Long, 1996), I

investigate how to improve the learning efficiency of CFL learning through online assignments.
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My goal is to help students overcome the difficulty of learning Chinese and make the learning
process more efficient.

Specifically, I present six projects designed to advance the efficiency of Chinese learning.

The first project explores the difficulties of learning word recognition online. Because
Chinese words are not phonetic, Mandarin Chinese learners must construct six-way mental
connections in order to learn new words, linking characters, meanings, and sounds. Very little
research has focused on the difficulties inherent to each specific component involved in this
process, especially within digital learning environments. The manuscript Understanding the
Complexities of Chinese Word Acquisition Within an Online Learning Platform (Lu, Ostrow, &
Heffernan, 2019a) examines Chinese word acquisition within ASSISTments, an online learning
platform commonly known for mathematics education. Students were randomly assigned to one
of three conditions in which researchers manipulated a learning assignment to exclude one of
three bi-directional connections thought to be required for Chinese language acquisition (i.e.,
sound-meaning and meaning-sound). Researchers then examined whether students’ performance
differed significantly when the learning assignment lacked sound-character, character-meaning,
or meaning-sound connection pairs, and whether certain problem types were more challenging
for students than others. Assessment of problems by component type (i.e., characters, meanings,
and sounds) showed that students exhibited higher accuracy with fewer attempts and a lesser
need for system feedback when sounds were used for the prompt. However, analysis revealed no
significant differences in word acquisition by condition, as evidenced by next-day post-test
scores or pre- to post-test gain scores.

The second and third projects further examine online CFL word recognition and the

effects of supplemental handwriting practice. In these two projects, a series of four experiments
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have been conducted to investigate the efficiency of online Chinese word recognition both with
and without handwriting. The second project Save Your Strokes: Chinese Handwriting Practice
Makes for Ineffective Use of Instructional Time in Second Language Classrooms (Lu, Ostrow, &
Heffernan, 2019b) explores the efficiency of Chinese handwriting practice and computer-
mediated typing practice on word recognition. Handwriting practice is the most time-consuming
activity for learners of CFL. CFL instructors commonly allocate at least one-third of their course
time to handwriting practice, despite the fact that it prevents students from engaging in
meaningful communication, especially in the earliest stages of learning. The amount of time
students spend in a college course is relatively fixed, so the present study sought to understand
the best use of students’ time if their primary goals are word acquisition and communication.
Although a significant amount of literature has supported the correlation between Chinese
reading and handwriting, the principle of “read and type more, handwrite less” has gained more
traction in the CFL field. This project aimed at testing the effectiveness of online versus
handwriting practices regarding word recognition. We examined word acquisition and
recognition while manipulating the two conditions of No-Handwriting (NH) practice and With-
Handwriting (WH) practice, and post-test point (1 (immediate), 2 (one day delay), and 3 (one
week delay)). Two-way repeated-measures ANOVAs revealed significant differences between
conditions and test points in online and on-paper measures of word recognition and handwriting,
respectively. The second project serves as a replication of our pilot work. Prior to data collection
and analysis, this study was accepted as a pre-registered publication in AERA Open. The pilot
work is included in the third project as the first experiment.

Building from the findings of the second project (Lu et al., 2019b), I present the third

project manuscript as part of the dissertation research. The manuscript Chinese Word
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Recognition Practices in Novice Language Learners: Typing Proven a More Effective Practice
as Compared to Handwriting (submitted as a book chapter for intended publication by the
Publishers in the work Transforming L2 Hanzi Teaching and Learning in the Age of Digital

Writing: Theory, Research, and Pedagogy 4 G/ 10K 7 Z 51922 it 5 5E#2) conducted three

experiments to examine CFL word recognition in an online learning environment and the effects
of supplemental handwriting practices. The three experiments included conditions with-or-
without handwriting in an allotted amount of time. The first experiment consisted of three
conditions: no-handwriting (NH) and with-handwriting (WH), and the second experiment was a
replication of the first experiment which conducted at a different university to test the
generalizability of the results. The third experiment further explored the results by adding
another condition to the comparison: 70% of NH practices, which reduced the handwriting time
by 30% and shortened participants practicing time to 70%, in only online platforms. The same to
the second project, the results of the three experiments in the third project revealed a significant
difference between NH and WH conditions in the online posttest results. Participants in the study
performed better on the word recognition tasks when their practice time was spent entirely on
digital writing.

Whereas the previous two studies demonstrated the efficiency of online Chinese word
recognition practice, my fourth and fifth projects explore the efficiency of feedback timing as it
relates to online text-based Chinese learning practice. Researchers have held different views on
the effects of feedback timing for decades. A closer reading of the timing of feedback literature
that favored delayed feedback revealed that this conclusion may have been reached prematurely.
Results might have been affected by the time interval between feedback and a posttest. The

fourth project differs from previous feedback timing studies in three distinct ways: First, this
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study addressed the limitations of previous studies by holding a time interval between the
feedback (either immediate or delayed) and the posttest constant. Second, this study included
various types of knowledge and investigated the interaction between feedback timing and
different knowledge types. Third, most studies that investigate the comparative effectiveness of
immediate and delayed feedback on written assignments were conducted in the STEM fields,
whereas few studies can be found in the second language learning field. The fourth project
Immediate Versus Delayed Feedback on Learning: Do People’s Instincts Really Conflict with
Reality? (Lu, Sales, & Heffernan, 2021) explores the efficiency of immediate and delayed
feedback on CFL written assignments. It reveals that the immediate feedback condition
significantly outperformed the delayed feedback condition on conceptual knowledge learning,
however, no difference between the two conditions was found on situational knowledge learning.
Results of this study contradicted the findings that claim a significant delay-retention effect, and
supported the effectiveness of immediate feedback when learning conceptual knowledge such as
grammar.

A closer reading of the research related to immediate feedback, however, reveals that the
definition of “immediate feedback” is inconsistent. Findings from the STEM literature were not
well supported by other fields. As a result, clarification is needed in order to assess which type of
immediate feedback leads to improved performance in a computer-assisted learning
environment. Research related to the effects of immediate feedback outside of STEM classes is
meaningful in order to better understand whether the findings can be generalized. The fifth
project Immediate Feedback Timing on Second Language Text-Based Assignments: How
Immediate Should Immediate Feedback Be? (submitted to Computers & Education Open for

review) investigated the effects of immediate feedback timing in online language learning
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exercises. Three conditions were examined: no feedback, end-of-question feedback, and end-of-
assignment feedback. A Planned Contrasts test revealed that with a pretest functioning as the
covariate, the end-of-question feedback condition received significantly higher grades in the
posttest, compared to the end-of-assignment feedback condition, and students’ learning improved
significantly while taking assignments in the end-of-question feedback condition. Students with
lower pretest scores used more attempts, although their learning progress was not significantly
better as compared to students with higher prior knowledge. The findings of this project provide
insights into the use of immediate feedback to improve learning as part of foreign language
classroom instruction.

Finally, | propose to extend the two projects by investigating the effectiveness of
immediate feedback types toward semi-open-ended short answer questions in Chinese language

learning, followed by the status of work and a proposed timeline.
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Chapter 2: Understanding the Complexities of Chinese Word Acquisition Within an Online

Learning Platform

This chapter presents the following manuscript:
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Abstract

Because Chinese reading and writing systems are not phonetic, The Mandarin Chinese learners
must build six-way connections in order to learn a word, linking characters, meanings, and
sounds. Little research has focused on the difficulties inherent to each specific component
involved in Chinese language acquisition, especially within the digital world. The present work
studied Chinese word acquisition within the ASSISTments online learning platform. Students
were randomly assigned to one of three conditions examining the loss of each connection pair
within Chinese language acquisition (i.e., sound-meaning and meaning-sound). The research
questions were: do students’ performance differ significantly when word assignments lack
sound-character, character-meaning, or meaning-sound connection pairs? Which type of
questions is the most difficult one for word acquisition? Assessment of problems by their
component type revealed support for the relative ease of problems that provided sounds, with
students showing higher accuracy, fewer attempts, and less need for system feedback when
sounds were included. However, analysis revealed no significant differences in pre-to-posttest
gains by condition. Implications and suggestions for future work are discussed.

Key Words: Chinese (Mandarin), foreign/second language learning/acquisition, strategies,

computer-assisted language learning (CALL)

20



Introduction

Mandarin Chinese is one of the most difficult languages for a native English speaker to
learn. In 1982, the Foreign Service Institute (FSI) of the U.S. Department of State published a
ranking comparing the approximate amount of time required for native English-speaking
students to achieve General Professional Proficiency in Speaking and General Professional
Proficiency in Reading in various foreign languages. The report lists Chinese as one of the five
most difficult languages to learn, requiring 2,200 class hours to achieve speaking and reading
proficiency, whereas French and Spanish require less than 600 hours (Liskin-Gasparro, J., 1982,
Wolff, D., 1989). Chinese takes substantially longer to master than traditional European
languages currently being taught in American public schools (e.g., French, Spanish, German,
etc.) due to its lack of common vocabulary roots, its novel tonal and writing systems, and its
distinctly different syntactic structure.

As many other researchers, De Francis, J. (1984) has pointed out that “the most difficult
and time-consuming aspects of learning Chinese are character recognition and handwriting”.
Because Chinese reading and writing systems are not phonetic, learners must build six-way
connections in order to learn a word. To learn a word, students must learn a specific character
and successfully link the character to the proper sound and meaning. These connections must go
both ways for successful use of the word in conversation, writing, and reading. On the other
hand, learners of traditional European languages usually only need to build two-way connections
to be able to read or produce a word because of the language’s phonetic nature. Native speakers
of these traditionally phonetic languages struggle when learning Mandarin because they cannot

“spell” Chinese characters and, often, there is no obvious link between a character and its sound.
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Even native Chinese speakers may come up blank when called upon to write the character for a
relatively common word due to the lack of intuitive connections.

These connections must go both ways for successful use of the word in conversation,
writing, and reading. On the other hand, learners of traditional European languages usually only
need to build two-way connections to be able to read or produce a word because of the
language’s phonetic nature. Native speakers of these traditionally phonetic languages struggle
when learning Mandarin because they cannot “spell” Chinese characters and, often, there is no
obvious link between a character and its sound. Even native Chinese speakers may come up
blank when called upon to write the character for a relatively common word due to the lack of
intuitive connections.

Warschauer, M. & Healey, D. (1998) pointed out that the development of information
technology has provided foreign language instructors and learners with new possibilities for
practicing language acquisition. For instance, the extremely successful language-learning app
Duolingo (2017) offers 27 gamified, self-paced courses for native English speakers to learn a
new language (NPR/TED Staff, 2014). The app simultaneously uses learners’ responses as a
verification process to translate sites and articles on the Internet into foreign languages.
However, Duolingo has not branched into Mandarin until 2017 (Hagiwara, M. 2017), likely due
to its time consuming and difficult nature. Alternatively, the app ChineseSkill follows a
gamified format similar to that of Duolingo, but focuses strictly on Mandarin (ChineseSkill Co.,
Ltd., 2017). These applications broaden the reach of the Chinese language to those who may
have otherwise been intimidated by the learning curve.

Research has shown that reading and writing Chinese characters are two separate

information acquisition processes with different influencing factors (Jiang, X., 2007). The use of
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Pinyin, a Romanization system for Mandarin, helps to link these processes by transforming
characters into phonetic words. Through Pinyin, online learning platforms and applications allow
learners to type a phonetic version of Chinese characters without having to write the characters
by hand. Zhu, Z., Liu, L., Ding, G. & Peng, D. (2009) indicated that Pinyin as a digital input
method can strengthen character recognition through the consolidation of pronunciation
capability. While tablets and other touch devices may allow for character drawing, Pinyin
bridges the availability of Chinese learning acquisition to broader digital environments. Of
course, learners must still memorize characters for the sake of recognition, and in order to
connect the character and its Pinyin equivalent.

Despite Chinese language acquisition requiring characters, meanings, sounds, and often,
Pinyin, little research has been done on the difficulty inherent to each of these specific
components. Even less work has focused on how Chinese language acquisition has adapted to
the digital world. As a Chinese language instructor at a major institution in New England, the
first author observed that students typically begin word memorization by practicing connections
between sound and meaning, considering the character/meaning connection as a secondary task.
Tan, L. & Perfetti, C. A. (1999) suggested that phonology is an obligatory component of word
identification in Chinese reading. Perfetti, C. A. & Liu. Y. (2006) supported this idea, stating that
phonology is automatically activated in reading words, regardless of whether activation occurs
before or after the moment of lexical access and regardless of whether it is instrumental in
retrieving the word’s meaning. Essentially, Chinese characters activate pronunciation, even when
the reader’s goal is to determine the character’s meaning.

Based on past research and considering the six connections required for Chinese word

acquisition, it is easy to speculate that connections between meaning and character are more
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difficult because sound is also accessed, even if unintentionally. It becomes difficult to discern if
and how these components can be teased apart in language acquisition, and whether providing
particular types of connections more frequently than others has the potential to produce more
robust learning. As such, our hypotheses were that students’ performance are different when
word assignments lack sound-meaning, meaning-character, or character-sound connection pairs,
and questions providing sound are the easiest one for word acquisition when looking into the
word assignment procedure.

The present study manipulated three levels of conditions examining the removal of a pair
of connections involved in language acquisition: sound focused condition, meaning focused
condition, and character focused condition. Students’ correct rates were dependent variables.
When measuring the difficulties of question types during assignments, questions providing
sounds, meanings, and characters were compared, and students’ learning gains on these question
types, assignment accuracy, hint counts, attempts counts, and answer requests during practices
were measured. This study sought to answer the following research questions:

1. Do students’ performance on the platform, as measured at posttest, differ significantly
when word assignments lack sound-meaning, meaning-character, or character-sound connection
pairs?

2. Which type of questions is the most difficult one for word acquisition? Are word
practices that lack sound connections more difficult? That is, do students require significantly
more attempts or feedback when completing these types of problems?

Methods
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Participants

Participants included 60 students enrolled in an Intermediate Level Chinese class at a
major university in New England, conducted during the Fall 2016 semester. Students were
participating in the course for credit, and had been enrolled at the intermediate level through a
placement exam or following experience in a preliminary Chinese course. A total of 60 students
were assigned the pretest and assignment as a single problem set on Day 1. Of these students,
two did not have access to video content and were removed from the study. Additionally, three
students failed to complete any problems and were not assigned to a condition. The remaining
55 students were randomly assigned to one of three experimental conditions, a sound focused
practice, a meaning focused practice, or a character focused practice. Student-level
randomization did not result in a particularly normal distribution across conditions, but attrition
between conditions was not significantly different. Three students failed to complete the Day 1
assignment, and 51 students were assigned the posttest on Day 2. Of the 50 students completing
the posttest, 46 had first completed the Day 1 assignment.
Setting

All study materials were delivered within a graded classwork assignment, and all subjects
participated during their regular class period. The ASSISTments platform was a novel tool for
language acquisition to all students in the study. The present work was the first of its kind to be
conducted within ASSISTments, an online learning platform typically used for middle school
mathematics. The platform is offered as a free service of WPI, with the goal of providing
students with instructional ASSISTance while offering teachers reports for formative
assessMENT, establishing its moniker (Heffernan, N. and Heffernan, C., 2014). The system also

allows researchers to conduct randomized controlled trials within a library of premade content,
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providing access to a large subject pool of 50,000 student users. Additionally, the platform can
also be used to develop material and research in other domains, and is growing with regard to
Physics, Chemistry, and Language.

All of the data produced by the ASSISTments platform are anonymized. In the form that
researchers fill out before running research, they agree to not de-anonymize the data. Current
study was overseeing by the ASSISTments’ IRB approval, and signing agreements from
participants were waived.

Materials

The first author, a lecturer of the Intermediate Level Chinese course but not the active
teacher of study participants, worked collaboratively with the sitting lecturer to select ten novel
words from the textbook to assign as learning targets. The ten words can be found at Lu, X.
(2017). It was expected that the students would not have prior experience with the chosen
words. A pretest was used to assess participants’ knowledge of these words prior to beginning
the classwork assignment. Students that knew any or all words were still required to complete
the assignment, but their data was not included in any analysis examining word acquisition.

The classwork assignment consisted of sixty possible questions. For each of the ten new
words, questions were established corresponding to each of the six connections between
language acquisition components of sound, meaning, and character. Each word included
questions prompting students to provide solutions transitioning from sound to meaning, sound to
character, meaning to sound, meaning to character, character to sound, and character to meaning.
Questions with a sound component included a brief YouTube video providing the audio. All

questions are available at Lu, X. (2017) for additional reference.
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Procedures

The experimental assignment spanned two class days and students were allowed to work
at their own pace. On the first day, students created ASSISTments accounts and were provided
an explanation of how to proceed with their assignment. At the start of the assignment, students
completed a question assessing their ability to access YouTube videos to verify that students
would receive the sound component of problems or hints.

If students could not access video content, they were routed into an alternative
assignment and excluded from the study. Participants were then randomly assigned to one of
three conditions examining the removal of a pair of connections involved in language
acquisition. Each condition’s assignment began with a ten-question pretest assessing knowledge
of each novel word. Each problem followed the format: “Please write down the English meaning

of the word “#% ¥, hai2zi0”. If you don’t know this word, please enter the word “no”.”

Following the pretest, participants in Condition 1 received four problem types related to
sound-based connections for each target word (e.g., sound to meaning, sound to character,
meaning to sound, character to sound), totaling 40 problems. Participants in Condition 2
received 40 problems related to meaning-based connections, and participants in Condition 3
received 40 problems related to character-based connections. For each problem, if students were
unable to provide the correct answer, they could ask for a single hint. Each hint provided the
student with the language component missing from the problem. For instance, if the problem
asked the student to convert a character to it’s meaning, the hint would provide the character’s
sound through a YouTube video. If the student was still unable to reach the solution after
realizing all three components of the word, they were able to access the correct answer in order

to move on to the next problem.
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On the second day, students began class by logging into ASSISTments and taking a
posttest with the 10 problems. Students were not overtly aware that their Day 1 assignment was
part of an experiment, and therefore the interleaving was used to make the posttest more
comprehensive of their overall classroom learning. Students were told that their score on the
Day 2 assignment would count as a daily quiz grade.

Analyses

Data included the pretest and posttest results, as well as students’ performance on the first
day’s assignments including accuracy, response time, attempt count, hint and answer requests.
All data was logged by the ASSISTments learning platform, and analyzed by SPSS.

The analysis of learning gains focused on the pretest, assignment, and posttest correct
rate comparison using ANNOA. Descriptive statistics of learning gains across conditions were
calculated and listed in Table 1.

The analysis of learning difficulty focused on students’ performances during the first day
assignments, including accuracy, hint count, attempts count, and answer requests. For each
dependent variable, ANOV As were conducted to examine differences across problem types and
across assigned conditions. Examining averages for these measures controlled for the number of
problems students experienced within each condition. Descriptive statistics were calculated and
listed in Table 2.

Table 1

Means and SDs of learning gains exhibited across groups

n Pretest Assignment Posttest Gain (Pre-Post)
Group 1 — Sound Focused Practice 10 0.32(0.15) 0.69(0.11) 0.78 (0.17) 0.43 (0.25)

Group 2 — Meaning Focused Practice 22 041 (0.20) 0.80(0.08) 0.81(0.13)  0.40 (0.27)

Group 3 — Character Focused Practice 14 .42 (0.26) 0.76(0.16)  0.83(0.19) 0.47 (0.25)
Note. Mean (SD).
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Table 2

Descriptive statistics and ANOVA results within and between groups

Problem Type Accuracy Hint Count Attempt Answer
Count Requests
Providing Sound F(2,52) = F(2,52) = F(2,52) = -
8.29** 20.91*** 6.32**
Group 1 — Sound Focused Practice 0.76 (0.14) 0.08 (0.05) 1.38 (0.28) 0.00 (0.00)
Group 2 — Meaning Focused Practice 0.90 (0.10) 0.00 (0.00) 1.14 (0.16) 0.00 (0.00)
Group 3 — Character Focused Practice 0.90 (0.11) 0.01 (0.05) 1.16 (0.20) 0.00 (0.00)
Total 0.87 (0.12) 0.02 (0.05) 1.20 (0.23) 0.00 (0.00)
Providing Meaning F(2,52) = F(2,52) = F(2,52) = F(2,52) =
57.80%** 31.60%** 24 56%** 17.16%**
Group 1 — Sound Focused Practice 0.32 (0.25) 1.02 (0.58) 3.53(1.62) 0.39 (0.31)
Group 2 — Meaning Focused Practice 0.65 (0.14) 0.52 (0.33) 2.18 (0.85) 0.21 (0.17)
Group 3 — Character Focused Practice 0.95 (0.08) 0.00 (0.00) 1.08 (0.13) 0.00 (0.00)
Total 0.67 (0.28) 0.47 (0.52) 2.14 (1.32) 0.19 (0.24)
Providing Character F(2,53) = F(2,53) = F(2,53) = F(2,53) =
48.98*** 20.33*** 18.03*** 14.75%**
Group 1 — Sound Focused Practice 0.93 (0.08) 0.08 (0.13) 1.19 (0.27) 0.02 (0.04)
Group 2 — Meaning Focused Practice 0.98 (0.04) 0.00 (0.00) 1.02 (0.04) 0.00 (0.00)
Group 3 — Character Focused Practice 0.63 (0.19) 0.44 (0.38) 2.43 (1.36) 0.17 (0.18)
Total 0.85 (0.20) 0.17 (0.30) 1.54 (1.02) 0.06 (0.13)
Note. Mean (SD). *** p <.001, ** p <.01
Results

The hypotheses of this study were that student performance differ significantly when

word assignments lack sound-meaning, meaning-character, or character-sound connection pairs,

and questions providing sound are the easiest one for word acquisition when looking into the

word practice procedure.

Students’ learning gains, assignment accuracy, hint count, attempts count, and answer

requests during practices were measured.

Learning Gains

Average target word scores and standard deviations across conditions were presented in

Table 1 for students’ performance on the pretest, assignment, and posttest. In order to assess

whether student performance, as measured at posttest, differed significantly when word
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assignments lacked sound-meaning, meaning-character, or character-sound component pairs, the
performance of the 46 students completing both Day 1 and Day 2 assignments were analyzed.
An analysis of variance (ANOVA) revealed that conditions were not significantly different at
pretest, F(2, 53) = 0.87, p > .05, eta squared= .03, despite a lower average for those assigned to
receive sound focused assignment. Average scores on the 40 problem word acquisition
assignment were significantly different across conditions, F(2, 53) = 3.38, p < .05, eta squared
= .11, driven by a significant difference between sound focused assignment and meaning focused
assignment. Students receiving meaning focused assignment solved assignment problems with
significantly more accuracy in post hoc tests, p = .04, 95%CI[-.21, -.01], Cohen’s d=-.26.
Despite significant differences amongst assignment scores, no significant differences were
observed at posttest, F(2, 43) =0.29, p > .05, eta squared = .01. Additionally, pre-to-post test
gains were not significantly different between conditions, F(2, 42) =0.31, p > .05, Partial eta
squared=.01.
Learning Difficulty

In order to assess whether word assignments that lack sound connections were more
difficult, the Day 1 assignment performance of the 56 students assigned to conditions was
analyzed. In order to examine the effect of providing-sound questions, the data was resorted to
consider question type. Problem types included those providing sounds, those providing
meanings, and those providing characters as prompts. Using this reorganization, students were
asked 10 or 20 problems of each type, depending on their assigned condition. Dependent
variables used to explore difficulty included students’ average accuracy on problems in the
assignment, the number of hints requested during the assignment, the number of attempts

required, and the number of answers requested. For each dependent variable, ANOV As were
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conducted to examine differences across problem types and across assigned conditions.
Examining averages for these measures controlled for the number of problems students
experienced within each condition. Means and standard deviations for all metrics within and
between conditions were presented in Table 2. Problem type averages were also presented
visually in Figure 1.
Accuracy

Significant differences were observed between students’ accuracy on differing problem
types, F(2,163) =14.49, p <0.001, eta squared=.15. Specifically, significant differences were
observed between problems providing sounds and those providing meanings, p <.001, Cohen’s
d = .93, as well as between problems providing meanings and those providing characters, p
<.001, Cohen’s d = .74. Problems that provided meanings resulted in the lowest accuracy (M =
0.67, SD = 0.28). In contrast, problems that provided sounds and those that provided characters
resulted in higher accuracy, (M =0.67, SD =0.28 and M = 0.67, SD = 0.28, respectively).
Significant differences were also observed between experimental conditions with regard to
problems providing sounds, meanings, and characters, as shown in Table 2, all at p <.01.
Figure 1

Average accuracy, hint count, attempt count, and answer request across question types
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Hint Count

Significant differences were also observed between the number of hints requested by
students on differing problem types, F(2,163) = 23.58, p < 0.001, eta squared = .22. Specifically,
significant differences were again observed between problems providing sounds and those
providing meanings, p <.001, Cohen’s d = 1.21, as well as between problems providing
meanings and those providing characters, p <.001, Cohen’s d =0.71. Students required the most
hints on problems that provided meanings (M = 0.47, SD = 0.52), and the least hints on problems
that provided sounds (M = 0.02, SD = 0.05). Students required a moderate amount of hints on
problems that provided characters (M = 0.17, SD = 0.30). Significant differences were also
observed between experimental conditions with regard to problems providing sounds, meanings,
and characters, as shown in Table 2, all at p <.001.
Attempt Count

Significant differences were also observed between the number of attempts students made
on differing problem types, F'(2,163) = 13.11, p <0.001, eta squared = .14. Specifically,
significant differences were again observed between problems providing sounds and those
providing meanings, p <.001, Cohen’s d = .99, as well as between problems providing meanings
and those providing characters, p = .002, Cohen’s d = 0.51. Students made the most attempts on
problems that provided meanings (M = 2.14, SD = 1.32), and the least attempts on problems that
provided sounds (M = 1.20, SD = 0.23). Students made a moderate number of attempts on
problems that provided characters (M = 1.54, SD = 1.02). Significant differences were also
observed between experimental conditions with regard to problems providing meanings at p
<.001, as shown in Table 2.

Answer Requests
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Significant differences were also observed between the number of answer requests students
made on differing problem types, F'(2,163) = 20.54, p < 0.001, eta squared = .20. Interestingly,
regardless of condition, students did not request answers at all when confronted with problems
that provided sounds (M = 0.00, SD = 0.00, all conditions). Significant differences were
observed between problems providing sounds and those providing meanings, p <.001, as well as
between problems providing meanings and those providing characters, p <.001, Cohen’s d = .67.
Students requested answers most frequently when working on problems that provided meanings
(M=0.19, SD = 0.24), but fewer when working on problems that provided characters (M = 0.06,
SD = 0.13). Significant differences were also observed across problem types between conditions
with assignments focused on meanings and with assignments focused on characters, as shown in
Table 2, at p < .01.

Discussion

Past research has confirmed that Mandarin Chinese is one of the most difficult languages
for native English speakers to acquire, requiring almost four times as much class time to reach
the same level of speaking and reading proficiency as French or Spanish (Liskin-Gasparro, J.,
1982, Wolff, D., 1989). Because Chinese reading and writing systems are not phonetic, learners
must build six-way connections between sounds, meaning, and characters in order to learn
words. However, little work has focused on the relative importance of each pair of connections.
Online learning platforms and applications have allowed learners to broach language acquisition
in new and unique ways, while allowing researchers the flexibility to investigate the complexities
of word acquisition. The present work sought to examine the components of Chinese word
acquisition (sounds, meanings, and characters) within an online learning platform in which

language research was novel.
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Specifically, the present work first sought to understand if removing a pair of component
connections (i.e., sound to meaning and meaning to sound) would significantly alter students’
learning as measured by a delayed posttest. An assessment of average target word posttest scores
for 46 participants revealed no significant differences, despite significantly different assignment
performance across conditions. Following 40-word assignments lacking a component pair by
condition, gain scores from pre-to-post test also revealed no significant condition differences.
Thus, despite the emphasis that past research has placed on sound components within Chinese
word acquisition, the present work offered no evidence that the removal of sound
disproportionately hindered word acquisition.

Additionally, based on past research (Perfetti, C. A. & Liu. Y., 2006; Perfetti, C. A.,
Zhang, S. and Berent, 1., 1992; Tan, L. & Perfetti, C. A., 1999) the present work sought to
examine whether word assignments lacking sound connections would be more difficult to
students, considering their average accuracy and need for system provided feedback elements
within a classwork assignment. Using data resorted by problem type, analysis of 52 students
revealed significant differences in within-assignment difficulty as measured by students’ average
accuracy, hint usage, attempt counts, and answers requested across assignment problems. For
each dependent variable, significant differences were observed between problems providing
sounds and those providing meanings, as well as between problems providing meanings and
those providing characters.

Problems that provided sounds were the most likely to be solved accurately, while
requiring the fewest hints and attempts, and never causing students to request answers. In
contrast, problems that provided meanings were the most likely to be solved inaccurately, while

requiring the most hints and attempts, and causing students to request answers most frequently
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on average. Problems that provided characters resulted in moderate performance across metrics
of difficulty. These results suggested that problems providing meanings were most difficult
within assignment (meaning to sound, meaning to character) while problems providing sounds
were least difficult within assignment (sound to meaning, sound to character). While this work
did not directly replicate the Universal Phonological Principle described by Perfetti, C. A.,
Zhang, S. and Berent, . (1992), it reflected the principle from an alternative perspective. Based
on these findings, teachers can expect that practices providing sounds will be easier for students,
while those providing meanings will be more difficult. When designing assignments, it may be
better to start with practices that provide sounds, and spend additional time practicing meaning
connections as secondary instruction.

The present work presented several limitations. First, despite student-level random
assignment conducted by the ASSISTments platform, distribution across the three experimental
conditions was not well balanced. As the unbalanced distribution came by chance, a larger
sample size may have resolved this issue. A larger sample size may have also revealed greater
differences in learning gains between conditions. Given the observation that problems providing
meanings posed greater difficulty for students, while problems providing sounds were met with
the most ease, future work should consider how altering practice strictly by component (i.e.,
removing sound prompting problems by removing sound to meaning and sound to character
problems) rather than by a component connection pair (i.e., removing sound to meaning and
meaning to sound) alters students’ learning and retention. This would likely result in
significantly different learning gains, but was not employed in the present work for the sake of

fair learning within an authentic classwork assignment.
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Further, the present work was based on only four word practices per target word. While
this resulted in 40 problems spanning the ten target words, future work should examine how
adding additional practice instances might ultimately enhance learning. Learning gains may be
stronger through additional practice, or the current work may have caught a ceiling effect, which
future investigation could reveal or confirm. Additionally, future work should consider long-term
retention, as learning gains spanning longer terms may function differently than gains observed
with the brief delay of a single day.

Future work should also further examine why problem types guided by acquisition
component (sound, meaning, or character) pose different levels of difficulty to students. What is
it that makes a particular type of problem more difficult to answer? Do problems providing
meaning strain recall? How can teachers and learning platforms better assist students with these
types of problems, and, is the added difficulty inherently beneficial for later word retention?

Conclusions

Little work has focused on the relative importance and difficulty of the connections between
sound, meaning, and character components required for successful Chinese language acquisition.
The present work teased apart these components within the context of an online learning
platform, finding that problems had significantly different difficulty levels by component type,
but that the removal of particular connections between components did not significantly impact
learning as measured at posttest. Results suggest that problems providing meanings are most
difficult within practice (meaning to sound, meaning to character) while problems providing
sounds are least difficult within practice (sound to meaning, sound to character), ultimately
suggesting that teachers of Chinese as a foreign language, and those building online learning

content for Mandarin, should begin practices with sound connections and spend extra time on
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meaning connections later in practice. While subtle, this finding has the potential to enhance the
way Chinese language is taught in foreign language classrooms and in online learning
environments, reducing students’ difficulty and, perhaps, enhancing their motivation to continue
in the pursuit of language acquisition.
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Abstract
Handwriting practice is the most time consuming activity for learners of Chinese as a foreign
language (CFL). CFL instructors commonly allocate at least one third of their course time to
handwriting practice even though it prevents students from engaging in meaningful
communication, especially in the earliest stages of learning. As the amount of time students spend
in a college course is relatively fixed, the present study sought to understand the best use of
students’ time if their primary goals are word acquisition and communication. This work replicates
a pilot study examining CFL word recognition in an online learning environment (ASSISTments)
and the effects of supplemental handwriting practice. We examined word acquisition and
recognition while manipulating condition (No-Handwriting (NH) practice and With-Handwriting
(WH) practice), and Posttest test point (1 (immediate), 2 (one day delay), and 3 (one week delay)).
Two-way repeated measures ANOVAs revealed significant main effects for both condition and
test point in online and on paper measures of word recognition and handwriting, respectively.
Potential implications for CFL instruction and directions for future work are discussed.
Keywords: Chinese as a foreign language (CFL) instruction, word acquisition, word

recognition, handwriting, randomized controlled trial.
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Background

As a logographic language, Chinese has numerous features that set it apart from Western
languages. Chinese reading and writing systems use characters that are formed with radicals and
strokes that are often only vaguely related to their meaning or pronunciation. As such, it can be
difficult for learners to extract accurate meaning or pronunciation from characters alone.
Characters are not equivalent to words in the Chinese language. Chinese words are formed by one
or more characters, and most words are disyllabic in nature, or formed by two characters.
Handwriting refers to the action of producing these characters or words by hand from memory.

Chinese is also a tonal language. Pinyin, the standard Romanized system for transliteration,
is often used to help learners understand pronunciation and to connect a word’s sound to its
meaning. In order to successfully read Chinese, students must learn to rapidly combine the three
aspects of each word: visual (orthography), pronunciation (phonology), and meaning (semantics)
(Shen, 2004). Research has shown that Chinese courses exhibit greater difficulty conforming to
the ACTFL (American Council on the Teaching of Foreign Languages) proficiency guidelines
(ACTFL, 2012), and that learners taking Chinese as a foreign language (CFL) often find it difficult
due to its orthographic nature, which increases the burden of retrieval and retention (Chinese
Language Committee, 2009).

De Francis (1984) and Allen (2008) both isolated handwriting practice as the most time
consuming activity for CFL learners, noting that it significantly slows the learning process and
prevents students from engaging in meaningful communication, especially in the earliest stages of
learning. Hand copying characters by following stroke order is one of the most commonly used
practices for writing and word recognition. Many CFL teachers believe that this type of mechanical

repetition helps students solidify word recognition skills. However, the need to write characters
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and words by hand has rapidly declined in nearly all Chinese social settings (Allen, 2008; Xie,
2014). Still, support for handwriting practice has been found in Chinese-language literacy contexts
(as a native language) in both reading-development research (e.g., Huang & Hanley, 1994; Leck,
Weekes & Chen, 1995; Tan, Spinks, Eden, Perfetti & Siok, 2005; Chan, Ho, Tsang, Lee & Chung,
2006; Packard et al., 2006) and neuroimaging studies of normal adult subjects (e.g., Siok, Perfetti,
Jin & Tan, 2004). Tan et al. (2005) indicated that for Chinese children, the ability to read Chinese
words is more strongly related to writing skills than phonological awareness, as compared to the
results of children learning alphabetic native languages. Tan, Xu, Chang & Siok (2013) also
indicated that primary-school children’s reading development may be negatively impacted by
transitioning handwriting practice to Pinyin or typed practice. Such theories have enhanced CFL
teachers’ beliefs that handwriting should be required to help reading development. But these
hypotheses were based on native-language learners rather than second-language learners; should
the effects of writing share the same mechanism?

Although different CFL programs maintain different requirements and pedagogical goals
for learning (Everson, 2011), several researchers have suggested a close relationship between
Chinese word recognition and handwriting (e.g., Ke, 1998; Cao et al., 2012; Cao et al., 2013; Guan
etal., 2011). For instance, Guan et al. (2011) compared the effects of three types of online writing
tutors: handwriting, reading only, and Pinyin typing. They suggested that both writing skill and
phonological awareness, as proposed by Tan et al. (2005), may play roles in CFL reading, noting
practical implications for the integration of handwriting and Pinyin typing in promoting reading
Chinese in second-language contexts. Xu et al. (2013) compared the effectiveness of different
approaches on CFL learners’ orthographic knowledge of Chinese and found that writing and

animation helped improve form recognition, that reading led to stronger recall of meaning and
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sound, and that writing promoted character reproduction from memory. However, their results
were based on a sample of foreign-language learners with orthographic knowledge and general
understanding of stroke-order rules — students who were regularly assigned the task of writing
words from memory on homework and quizzes. Unfortunately, when foreign-language learners
begin learning Chinese, they lack this knowledge and understanding. Hsiung et al. (2017) also
found that writing exercises helped students to memorize the orthography and output of Chinese
characters. However, their experiment was conducted on CFL learners who were studying abroad
in Taiwan; learners who had not only mastered orthographic knowledge, but who had spent much
of their study time focused on Chinese language learning. This suggests that their results were not
particularly generalizable.

Guan et al.’s (2011) hypothesis that writing helps reading in Chinese might be true for
native-language learners; there is no doubt that language teachers and learners alike should
continue to value the tradition and art of handwriting. However, as researchers and educators have
come to realize the unbalanced input and output of handwriting at novice levels, the principle of
“listening and speaking first” has gained traction, proposing non-synchronized character/word
recognition and production (Jiang, 2007; Cui, 1999). This principle makes sense for CFL teachers,
who often share the primary concerns of: 1) finding the most efficient ways to reach high-
proficiency levels; and 2) helping lower-level students communicate as quickly as possible in order
to maintain interest. Real-world communication typically requires skill in speaking and reading.
As such, it makes sense to reduce the amount of time that lower-level students are expected to
spend on handwriting practice.

To better understand the current state of Novice- and Intermediate-Level CFL teaching, we

surveyed 27 secondary- and college-level instructors in the United States. Responses were
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representative of 17 college instructors and 10 secondary-level instructors at 26 schools. Of those
polled, 70% of instructors required their students to be able to write all learned Chinese words by
hand. This statistic increased to 88% when only considering college level instructors. Many CFL
instructors believe that handwriting is the most reliable approach for novel word acquisition,
recognition, and retention, and feel it should be undertaken from the start. When asked, “When
assigning homework to students, what percentage of time do you expect students to spend on
writing by hand? (Handwriting-required practices include: copying characters/words, essay
writing, answering questions based on text, translating English to Chinese, etc.),” instructors at the
college level who required students to be able to write all words by hand expected students to
spend an average of 44% of their homework time on handwriting. Even instructors without strict
handwriting requirements expected students to spend an average of 30% of their homework time
on new word memorization techniques. However, these instructors are allocating at least one third
of their course time on practice that may not actually be helping their students learn and retain
novel words.

Non-native beginners typically use few orthographic strategies in their approaches to
character learning, while more advanced students tend to rely more heavily on orthographic
knowledge (Shen, 2005). The time commitment required to build such a knowledge base adds
significantly to a student’s work load (Shen, 2005). As such, we believe that the most valuable
focus for CFL instructors is not whether handwriting should be included, but rather, isolating the
most efficient strategies for teaching CFL and understanding how those strategies may differ for
novices.

Before the popularity of technology, “reading before writing” was a rather contrived

concept. Warschauer and Healey (1998) stated that the development of information technology
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has provided foreign-language instructors and learners with new possibilities. Computerized
Chinese instruction began more than a decade ago and instructors are frequently turning to
computer-based tools in the digital age (Xie, 2014). Language learning principles have been
developed to suit the context of computerized language instruction and researchers believe that
computerization has made proficiency-based Chinese instruction more efficient and more aligned
to the guidelines of foreign-language learning in the 21st century (Xie, 2014). Zhu, Liu, Ding &
Peng (2009) noted that Pinyin typewriting can be beneficial for both the phonological and
orthographic processing of Chinese characters. Zhu et al. (2016) even suggested that CFL
beginners should rely on the Pinyin-input method found in word-processors (e.g., Microsoft Word)
rather than practicing conventional handwriting techniques, as the former medium led to better
performance in essay-writing tasks. Whereas students would traditionally combine orthography,
phonology, and semantics (Shen, 2004), Zhu et al.’s (2016) work suggested that reducing some of
this burden through the affordances of technology led to more efficient and effective outcomes
(Appendix A explains how the Pinyin input method can be used to type in Chinese). In the present
study, online practices were used to teach novel target words by providing one or two formats of
each word (orthography, phonology, or semantics) and asking students to supply the third. For
instance, when prompted to supply the orthographic aspect of a word, students entered their
response using Pinyin rather than hand-copying characters. Similarly, when prompted to supply
the phonological aspect of a word, they entered Pinyin with tone marks.

The present study specifically considered recognition of disyllabic, or two-character, words.
Word recognition is the ability of a reader to recognize written words correctly and effortlessly.
Everson (1998) defined Chinese word recognition as “deriving both the phonetic codes (or

pronunciation) as well as lexical meaning from printed Chinese characters.” In the present study,
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we measured “isolated word recognition" or a reader's ability to recognize words individually
without contextual help. It should be noted that in Chinese, word recognition is different from
character recognition. From a psychological perspective, two-character Chinese words require that
readers assemble characters, increasing processing complexity above that necessary for single
characters (Tan & Perfetti, 1999). Previous work has suggested that rapid word recognition is the
main component of fluent reading. When considering communication, words (rather than
characters) are the basic unit of a sentence; the vocabulary list of most CFL textbooks are built on
the foundation of words.

A pilot version of this work (Lu, Ostrow & Heffernan, In Preparation) revealed that
handwriting practice was an ineffective use of instruction time for CFL learners; participants
scored significantly lower on online portions of word recognition posttests after spending 30% of
their practice time on character/word hand-copying exercises. These significant differences were
apparent immediately following word acquisition practice sessions and upon repeated testing one
day and even one week later. Worse, results of handwriting posttests did not reveal significant
gains for those who had spent time focused on hand copying. As such, pilot results lent credibility
to the proposition that CFL instructors should not sacrifice time in the early stages of learning on
handwriting when word acquisition and communication are of primary concern.

The present study serves as a replication of our pilot work. We considered word recognition
while manipulating two independent variables: condition and test point. Condition included two
levels: No-Handwriting (NH) practice and With-Handwriting (WH) practice. Test point indicated
posttest time point and included three levels: 1 (immediate), 2 (one day delay), and 3 (one week
delay). Given that the amount of time students spend in a college course is relatively fixed, we

sought to understand the best use of students’ time if the primary goal is word acquisition and

47



communication. We sought to confirm that students perform better on word-recognition tasks
when conventional amounts of handwriting practice are eliminated to make more time for online
word-acquisition practice. Thus, we hypothesized that, as observed in our pilot work, students
would score significantly higher on word recognition posttests when they were not subjected to
hand copying exercises.

Methods
Participants

Participants included 60 students enrolled in an Intermediate Chinese class in the fall 2018
semester at a university in the northeastern United States. The average age of participants was
19.45 years (SD = 1.25 years), with a distribution of 25 males and 35 females, 13 freshmen, 29
sophomores, 9 juniors, 8 seniors and 1 graduate student. Students participated in the course for
credit and were enrolled via a placement exam or following experience in a preliminary Chinese
course after displaying “Novice-High” ACTFL Levels of language proficiency. The participants
had prior knowledge of Pinyin and were required to be able to type and read all new words, but
were not required to hand copy words from memory on homework or quizzes.

On the first day of the experiment, 52 of the 60 sampled students participated in the Pretest,
word practice session, and Posttest 1; the remaining eight students missed class. On the second
day, 51 of the remaining 52 participants participated in Posttest 2. On the eighth day, 49 of the
remaining 51 participants participated in Posttest 3. Analyses were conducted using treated rather
than intent-to-treat methodologies, therefore taking these smaller samples into account.

Setting
This study was conducted using ASSISTments, an online learning platform that provides

students with immediate feedback and teachers and researchers with robust student-level data
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(Heffernan & Heffernan, 2014). While the system is more commonly used for mathematics
education, content from other domains including statistics, physics, chemistry, electronics, biology,
history, English, and now Chinese has been created and researched using its research infrastructure,
E-TRIALS. Previous work on this platform has explored the intricacies of CFL, including
approaches to word recognition (Lu, Ostrow & Heffernan, 2016; Lu, Ostrow & Heffernan, 2018)
and the benefits of various feedback mediums (Lu, Xiong & Heffernan, 2017). All participants
took daily in-class quizzes using their laptops and had completed at least two in-class quizzes on
ASSISTments before the study began, establishing class-wide familiarity with the system. The
Pretest, word practice session, and Posttests were delivered using ASSISTments during class time.
Supplemental handwriting practice was conducted on paper. The pilot version of this work
followed the same structure.

Materials

Two sets of five Chinese words were curated by the first author of this work. These sets,
“Word Set X (with words 1-5) and “Word Set Y (with words 6-10) are shown in Table 1. All
ten target words were two-character words selected from the Second-Class Vocabulary listed in
the Outline of Graded Vocabulary for HSK (HSK Department, Chinese government, 1992). To
increase the likelihood that these words were novel to study participants, we verified that none
could be found in preliminary course textbooks.

For the word practice session, the first author developed two 85-second introductory videos
for Word Set X and Word Set Y, available for reference at Lu (2018). These videos introduced the
new words by reading each word aloud twice in Chinese, reading its English meaning aloud twice,
and then reading the word twice aloud again in Chinese. Chinese characters, along with their

Pinyin and English meanings, were shown on screen while each word was read aloud. To create
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the practice session, the first author then developed seven question types for each word, as shown
in Table 2. After watching the appropriate introductory video, participants cycled through these
seven question types two to three times during a 13-minute, timed word-practice session. When
students were randomly assigned to practice handwriting for a particular word set, they had to hand
copy each word three times using proper stroke order on paper at the beginning of the practice
round. A sample of the hand-copy practice sheet is provided in Figure 1.

The Pretest and the online portion of all Posttests contained the same ten problems (one for
each word) presented randomly to each participant at each test point (see Appendix B). Each
problem contained two sub-tasks focused on word recognition, requiring participants to enter the
meaning or pronunciation of each word using Pinyin after viewing the Chinese characters for the
word. All test points included online word recognition tasks and on paper handwriting tasks.
Participants were expected to answer online portions using ASSISTments (following the format
of the Pretest) and produce characters from memory on a provided paper worksheet, as prompted
by the word’s Pinyin and English meaning. The order of the ten target words on the handwriting
worksheet was randomized for each test point. A Posttest worksheet sample is included as
Appendix C.

Design

The present study was comprised of two conditions that all participants experienced using
a crossover design: No-Handwriting (NH) and With-Handwriting (WH). The only difference
between these conditions was that students in the WH condition began each round of practice with
a handwriting exercise on paper that took approximately 30% of their practice time (see Figure 1),
while those in the NH condition spent all of their practice time in ASSISTments cycling through

word acquisition practices (see Table 2). In a counterbalanced fashion, participants received Word
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Set X or Word Set Y in their randomly assigned condition, followed by an immediate posttest,
before moving to the remaining set and the remaining condition, as shown in Figure 2. This
approach was used to control for both word order and condition order. Minimal washout was
thought to be required based on word novelty.

Within the NH condition, participants practiced the ten target words using ASSISTments.
Thirteen minute practice sessions for each word set were designed using two rounds: the first round
contained question types one to four, while the second contained question types five to seven (see
Table 2). Rounds were assigned randomly to balance the distribution of question types. If
participants were able to finish the second round within the allotted time, they were offered another
iteration of the first- and second-rounds. To help participants become familiar with the novel words
at the start of the practice session, question types one and two were presented in a linear fashion
for each word. Subsequent rounds featured fully randomized question types. While practicing
within ASSISTments, participants were able to access hints (orthographic, phonological, or
semantic, as shown in Table 2) and could ultimately access the correct answer in order to move on
to the next question. Hints always provided the missing facet in the word acquisition task; for
instance, if participants were given a sound and asked to choose the orthography, the hint gave the
meaning of the word. All materials are available at Lu (2018) for further reference.

Within the WH condition, students began each 13 minute practice session by completing a
hand copying worksheet (see Figure 1). A prompt in ASSISTments (see Figure 1) directed students
to complete and hand in this worksheet before moving on to the online content already described
in the NH condition. As such, approximately on third of learning time in the WH condition was
lost to handwriting practice in order to allow students to practice hand copying characters,

mimicking the course structure followed by most CFL instructors.
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Procedure
Blocking Participants and Randomization

To increase the chance that participants were randomly assigned to groups with equal
variance, we blocked and randomized students based on prior knowledge, producing groups that
were sufficiently homogenous. We used students’ average grades from daily class quizzes prior to
participation in the study as a measure of prior knowledge. To block and randomize participants,
we rank ordered these scores, paired the two highest-performing participants and all subsequent
pairs, and then randomly assigned each pair member to a condition progression (NH — WH or
WH — NH). The same method was then used to divide condition progression groups into four
sub-groups in order to counterbalance the influence of word set order (as shown in Figure 2).
Experimental Process

Prior to the experiment, the first author explained the procedure to participants and
reminded them to take advantage of each question type and to use the hint function as necessary
to keep moving forward. Participants then took an online Pretest assessing their knowledge of the
ten target words. Participants then began the first round of their randomly assigned practice content.
They were given 13 minutes for the first practice session, which began with an 85-second video
introducing their assigned word set. After watching the video, participants were expected to work
through the practice questions at their own pace. If assigned to the WH condition, participants
were expected to first submit a handwriting practice worksheet before moving on to their online
content. A Posttest (1a) on the assigned word set was provided immediately following the 13
minute practice session. This process was then repeated for a second session of practice in which
participants experienced the alternate word set and condition. They again had 13 minutes,

including an introductory video, to proceed through handwriting (if applicable) and online practice
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as assigned. A Posttest (1b) on the new word set was provided immediately following this second
practice session. Posttest 2 covering both word sets was given on day three of the experiment
during a regularly scheduled course meeting. Posttest 3 was then given during scheduled course
time eight days later. This experimental design is depicted in Figure 2.
Training and Delivery

The first author was in charge of enacting the procedure and monitored the whole
experiment together with two teaching assistants. To ensure that the experiment ran smoothly, the
first author, who also conducted the pilot study, trained two teaching assistants on the procedure
using the flowchart shown in Figure 2. All 52 participants that attended day one engaged in the
Pretest, the word practice session, and the immediate Posttests (1 a & b). A stopwatch was used to
ensure that all participants received the same practice time (13 minutes) in each session, but
Posttests were self-paced and participants could take as much time as they needed.
Scoring Protocol

All online Pretest and Posttest scores were sourced from log data collected by
ASSISTments. Data were anonymized and are available at Lu (2018) for further reference.
Participants’ average posttest scores were calculated by adding the number of questions answered
correctly and dividing that sum by the total number of questions on each test. Partial credit scores
were generated for answers with otherwise accurate Pinyin using the wrong tones. The first author
scored the handwriting portions of each Posttest (blindly) by calculating the number of characters
written accurately divided by the total number of characters on each test.

Results
Our null hypothesis was that there would be no difference between NH and WH conditions

on either online or on paper portions of word recognition and handwriting Posttests. Further, we
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predicted that scores would decrease with each test point, as observed in our pilot work, denoting
forgetting. Tables 3 and 4 present mean scores and standard deviations for all test points by
condition, with Table 4 providing practice session metrics and a comparison to our pilot work.

As anticipated, most participants got zeroes on both online (M = 0.05, SD =0.11) and on
paper (M = 0.04, SD = 0.10) portions of the Pretest. As we counterbalanced practice orders and all
students participated in both conditions, we performed two paired t-tests to determine whether
there were within group differences at Pretest by condition. No significant differences were
observed within groups in the online portions of the pretest, with students performing
approximately the same in the NH condition (M = 0.05, SD = 0.09) and the WH Condition (M =
0.06, SD =0.12), #51) =-1.0, p = .322. Similarly, no significant differences were observed in the
on paper portion of the pretest, with students performing approximately the same in the NH
condition (M = 0.04, SD = 0.08) and the WH Condition (M = 0.05, SD = 0.12) , t(51) =-1.42, p
=.162. Thus, we concluded that our groups were largely homogeneous and that we could proceed
with planned Posttest analyses.

We then conducted a two-way repeated measures ANOVA to examine the main effects of
condition (NH, WH) and posttest test point (1, 2, 3), and to examine the interaction effects of these
independent variables on the online portion of posttest scores. There was a significant main effect
of condition, F(1, 47) = 6.49, p = .014, with a moderate effect size (np*> = 0.12) indicating both a
statistically and practically significant difference between online word acquisition practice (M =
0.47, SE = 0.04) and with-handwriting practice (M = 0.41, SE = 0.04). We explored this main
effect further using post hoc paired ¢ tests. Figure 3a shows the scores of each condition by test
point. As hypothesized, students exhibited a clear downward trend over time, representing

forgetting. This graph also depicts relatively stable reliable differences between conditions. There
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was a significant difference observed between conditions on Posttest 1, with students in the NH
condition (M = 0.67, SD = 0.25) outperforming those in the WH condition (M = 0.56, SD = 0.28),
#(51) = 3.05, p = .004, 95% CI [0.04, 0.18], Cohen’s d = 0.41. There was also a marginally
significant difference observed between conditions on Posttest 2, with students in the NH condition
(M =0.43, SD = 0.29) slightly outperforming those in the WH condition (M = 0.39, SD = 0.29),
#(50)=1.95, p=.058, 95% CI [-0.001, 0.09], Cohen’s d = 0.14. However, significant differences
were not observed between conditions by Posttest 3, with students scoring approximately the same
in both the NH condition (M = 0.32, SD = 0.27) and the WH condition (M = 0.29, SD = 0.26), #(48)
=0.87, p =.391. These results suggest that the NH condition produced better word acquisition on
average than the WH condition, especially in early measures of learning, reaffirming that time
spent on handwriting instruction in CFL classes may be misplaced.

There was also a significant main effect of test point F(2, 94) = 80.30, p<.001, with an
impressive effect size (np> = 0.63), indicating we could reject the null hypothesis that there was no
change across test points. Results revealed evidence of learning immediately following practice
sessions (Posttest 1) and were suggestive of forgetting as anticipated. Pairwise comparisons
revealed significant differences between Posttest 1 (M =0.61, SE =0.03) and Posttest 2 (M = 0.40,
SE =0.04), p <.001, Posttest 1 and Posttest 3 (M = 0.31, SE = 0.04), p <.001, and Posttest 2 and
Posttest 3, p <.001.

A second two-way repeated measures ANOVA was conducted to examine the main effects
of condition (NH, WH) and test point (1, 2, 3), as well as the interaction effects of these
independent variables, with regard to students’ scores on the on paper portions of each posttest.
There was a marginally significant main effect of condition, with students in the WH condition (M

=0.39, SE =0.05) outperforming those in the NH condition (M = 0.31, SE=0.04), F(1,36)=3.91,

55



p=.056, np>=0.10. We explored this main effect further using post hoc paired ¢ tests and observed
a significant difference between conditions on Posttest 1 and Posttest 2. At Posttest 1, students in
the WH condition (M = 0.45, SD = 0.34) outperformed those in the NH condition (M = 0.33, SD
=0.26), #(51)=-2.92, p=.005, 95% CI [-0.20, -0.04], Cohen’s d = 0.40. This difference remained
at Posttest 2, with students in the WH condition (M = 0.35, SD = 0.29) outperforming those in the
NH condition (M = 0.29, SD = 0.26), #(43) =-2.13, p = 0.039, 95% CI [-0.12, 0.003], Cohen’s d =
0.22. However, significant differences were no longer observed between conditions by Posttest 3,
with students in the WH condition (M = 0.31, SD = 0.28) performing approximately the same as
those in the NH condition (M = 0.28, SD = 0.24), #(40) = -0.68, p = .503. Figure 3b shows scores
by condition and test point. These results suggest that while the WH condition led to better hand
copying skill, differences were nonexistent at one week, suggesting no lasting impact of limited
handwriting practice.

On paper portions of Posttests also exhibited a significant main effect of test point, F(2, 72)
=15.33, p<.001, with a large effect size (np> = 0.30), indicating we could reject the null hypothesis
that there were no changes across test points. Pairwise comparisons revealed significant
differences between Posttest 1 (M = 0.40, SE = 0.05) and Posttest 2 (M =0.33, SE=0.04), p <.001,
and between Posttest 1 and Posttest 3 (M = 0.30, SE = 0.04), p <.001. There was no significant
difference observed between Posttest 2 and Posttest 3, p > .05.

We also examined word practice session data from ASSISTments to help inform our
analysis. Data revealed that each participant saw an average of 31.86 problems (SD = 17.58), made
an average of 1.29 attempts per problem (SD = 0.28), and used an average of 0.14 hints per problem
(SD = 0.11). Average time spent per problem was 27.84 seconds (SD = 35.01 seconds), while

median time spent was 9.62 seconds (SD = 7.85 seconds). While assigned to the WH condition,
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all participants completed the first round of handwriting practice within the allotted time. Twenty-
one participants were then able to start a second round of handwriting practice, and three
participants were able to start a third round. When considering completed handwriting problems,
participants spent an average of 4.51 minutes (270.54 seconds, SD = 126.62 seconds) on
handwriting practice, or 34.69% of overall practice time.
Discussion

We hypothesized that students would perform better on word recognition tasks if they were
able to spend more of their practice time on word acquisition activities instead of allocating
approximately 30% of their practice time to handwriting practice. Findings suggested a significant
difference between practice with and without handwriting when considering immediate word
recognition outcomes, favoring the removal of handwriting exercises (p = .004), with a marginally
significant lasting impact three days later (p = .058). Although these results were not as robust as
those observed in our pilot study, they trended in the same direction and reaffirmed that replacing
handwriting with additional word acquisition training may lead to stronger word recognition in the
short term. This gain was lost one week later, denoting a natural forgetting curve. These findings
suggest that handwriting is an ineffective use of practice time; students scored significantly lower
on word recognition tasks after spending 34.69% of their practice time on handwriting exercises,
mimicking the structure of a traditional CFL course. This aligned with the findings of our pilot
work in which students scored significantly lower on word recognition tasks after spending 30.38%
of their practice time on handwriting exercises.

When considering students’ performance on handwriting tasks, findings suggested a
significant difference between practice with and without handwriting when considering immediate

handwriting outcomes, favoring the inclusion of handwriting practice exercises (p = .005), with a
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marginally significant lasting impact three days later (p = .039). This gain was lost one week later,
again denoting a natural forgetting curve. These findings differed from those observed in our pilot
work (interestingly, our pilot work did not reveal significant differences on handwriting outcomes),
but they did not deviate from our expectations. The format of the handwriting portion of each
Posttest asked students to write a word’s characters as prompted by its Pinyin and meaning. The
purpose of this exercise was to measure how well students could write the target words from
memory, not to measure word recognition. It is logical that students who practiced handwriting
were more likely to successfully write each word. However, it is worth reminding readers that
proficiency in handwriting is not necessarily helpful for beginning CFL learners hoping to
communicate and efficiently build their vocabulary. Thus, we prioritized gains in word recognition
in the present study as suggesting greater promise for CFL learners. Plus, observed gains in both
word recognition and handwriting were lost after one week, suggesting that spending 30% of
course time on handwriting practice may be ineffective, but that simply filling that time with
additional word acquisition practice may not be a viable solution to support long term retention.

Still, the results of both our pilot work and the present study indicated that spending 30-
35% of practice time on handwriting hinders students’ immediate word recognition. While these
results do not suggest that handwriting should be removed from CFL curricula all together, they
speak to the efficient use of students’ learning time. As the amount of time students spend in a
college course is relatively fixed, our results support that the best use of students’ time, if their
primary goals are communication and vocabulary growth, is on word acquisition tasks rather than
handwriting practice.

Our pilot work and the present study both took place at the same university in two class

sessions of the same course over a two year period. Both studies consisted of the same ten target
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words. The two classes requirements for handwriting were the same, and neither class required
students to be able to write characters from memory in everyday homework or exams. Both classes
frequently utilized computers, were familiar with typing characters and words, and had been
exposed to the learning platform used for study implementation, ASSISTments. Pretests for both
the pilot study and the present work confirmed that students were not familiar with the target words.
Learning curves, forgetting, and observed differences between conditions and across test points
were largely comparable. Learning habits within practice sessions were also largely comparable,
as shown in Table 4, but participants in the present study spent considerably more time per problem
(M = 27.84, SD = 35.01, seconds) than those in the pilot study (M = 16.92, SD = 62.21). This
would have led to fewer repetitions of target words experienced within allotted practice time in the
present study, which may explain deflated scores on Posttest 2 in comparison to our pilot work.

One major limitation of this work was our measure of “long-term” results. It is possible
that word recognition may change over longer periods of time and future work should explore
longer-term outcomes by extending the duration of practice and by considering Posttests with
greater delay. It is also important to note that handwriting practice is not the only activity that may
facilitate performance on handwriting Posttests; word familiarity may also influence performance.
Participants who did not practice handwriting may have been able to write out the target words
based on familiarity from word acquisition practice. It is easy to imagine that characters with fewer
strokes would be easier to remember and write out. Unfortunately, the present study did not control
for stroke number across target words or consider confounding character difficulty.

Further, findings from the present study suggested that students scored significantly higher
on word recognition Posttests when they were not subjected to handwriting practices. However,

both our pilot work and the present study took place in a Chinese course that had adopted a
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computer-assisted learning approach, one that did not focus on strengthening handwriting practices
in its everyday structure. It is possible that this approach may have weakened students’
performance on handwriting tasks and iterations of this work should be considered in more
traditional CFL settings in which 30% of course time is regularly spent on handwriting practice.
Future work could also extend beyond word recognition to examine the efficacy of handwriting
on reading outcomes, in order to determine the optimal length of handwriting practice required to
balance reading gains and resulting handwriting skill.

The present study improved upon our pilot work by pretesting students’ handwriting ability,
thereby enhancing the validity of the experiment. It also raised supplemental questions regarding
the importance of “efficiency” as a criteria in CFL learning. While many studies have supported
handwriting in Chinese instruction (e.g., Hsiung et al. 2017), most have failed to consider the
efficient use of students’ time and some have even failed to rule out learning time as a major
confounding factor. As such, the present work fills a critical gap in CFL literature while presenting
results that challenge the standard of practice in CFL instruction. Essentially, CFL students should
save their strokes: handwriting practice is an ineffective use of instructional time.
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Appendix A
Entering Chinese Characters on a Computer
All computers come with built in input method editors. First time users may need to set
Chinese as their input method, allowing them to type Chinese using Pinyin. Pinyin is the standard
Romanized system for transliterating Chinese and borrows from the English alphabet. As such,
users can type Pinyin using a standard QWERTY keyboard. To generate a word, users enter Pinyin
based on how the word sounds and a list pops up displaying characters or multi-character words

that match the supplied Pinyin (as shown below).

shang'hai

1.E8 2/p%E 3@8 488 5L <

Many Chinese words and characters sound similar but look different, so the user is
prompted to choose the intended character or word from a list. The image above shows what the

user sees when typing “Shanghai.” The first listed choice provides the characters for writing the

city name Shanghai.
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Appendix B

Pretest and Posttests

1) Problem #PRABEJGC ""PRABEJGC - pre03"

A) Write down the English meaning of Chinese word "#5#£". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: Fxi

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see {/R4F, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

2) Problem #PRABEJGD ""PRABEJGD - pre04"

A) Write down the English meaning of Chinese word "Ji[A]". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of Chinese word J&[A:

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see /R4, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

3) Problem #PRABEJGF "PRABEJGF - pre0l1"

A) Write down the English meaning of Chinese word "#z 52" If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: #& &/F& &

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see R4, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

4) Problem #PRABEJGJ "PRABEJGJ - pre02"

A) Write down the English meaning of Chinese word "f7-41". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: {¥4/{F4fl

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see Y/R4F, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

5) Problem #PRABEJGN "PRABEJGN - pre05"

A) Write down the English meaning of Chinese word "3:52". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: FLs/3 &

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see R%F, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

6) Problem #PRABEJGE "PRABEJGE - pre06"

A) Write down the English meaning of Chinese word "FE ", If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: 2 &5 /5

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For

example: if you see /R4, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".
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7) Problem #PRABEJGG "PRABEJGG - pre07"

A) Write down the English meaning of Chinese word " J5§". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: J& 1#/1% 1§

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see /R4, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

8) Problem #PRABEJGH ""PRABEJGH - pre08"

A) Write down the English meaning of Chinese word "#4&". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: #4Z&

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see Y/R4F, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

9) Problem #PRABEJGK "PRABEJGK - pre09"

A) Write down the English meaning of Chinese word " 3}j". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: 3= 5h/E &)

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see {/R4F, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

10) Problem #PRABEJGM "PRABEJGM - prel0"

A) Write down the English meaning of Chinese word "F#&". If you do not remember, please feel free to answer "dnk".

B) Type out Pinyin of the Chinese word: T &/ /&

Please type out tones as well, and use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0 for neutral tone. For
example: if you see /R4, you should type out “ni3hao3”. If you do not remember, please feel free to answer "dnk".

11) Problem #PRABGMJW "PRABGMJW - Please ask for ap..."
Please ask for a test sheet from teacher, and try your best to write down characters based on meaning and pinyin. Feel free to leave any

of them blank. Once completed, please click "completed” on ASSISTments.
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Appendix C
Posttest Worksheet Sample
Please try to write down characters for the following words:

1. Meaning: be familiar with; know well;
be acquainted with
Pinyin: shuxt

2. Meaning: hence; as a result; and then
Pinyin: yushi

3. Meaning: Standard, criterion
Pinyin: biaozhtin

4. Meaning: Carefully; attentive
Pinyin: zixi

5. Meaning: Distance; range
Pinyin: juli

6. Meaning: reason; cause
Pinyin: yuanyin

7. Meaning: Regret
Pinyin: houhui

8. Meaning: Initiative
Pinyin: zhtdong

9. Meaning: actually, in fact,
as a matter of fact
Pinyin: qishi

10. Meaning: stable
Pinyin: wénding

Table 1
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Target words, Pinyin Pronunciations, and English Meanings

Target Word  Pinyin English Meaning
Word Set X
feE wénding  stable
4 zixi carefully; attentive
FrAE bidozhin  standard; criterion
J5 yuanyin reason; cause
Hoap qishi actually; in fact; as a matter of
fact
Word Set Y
e juli distance; range
Je houhui regret
A& shiixt be familiar with; know well
7)) zhudong  initiative
T2 yushi hence; as a result; and then
Table 2
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Question, Answer, and Hint Types and Correct Responses for the word /&

Question Type Answer Type Hint Type Correct Response
1. Choose the correct meaning of the word. Multiple Choice ~ wénding fatlE — stable

2. Choose the correct Pinyin of the word. Multiple Choice  stable feE — wen3ding4
3. Listen and choose the word that matches the sound.*  Multiple Choice  stable wen3ding4 — f&iE
4. Type out the English meaning of the word. Entry wénding f1E — stable

5. Choose the word that matches the meaning. Multiple Choice ~ wénding stable — fat7E

6. Type out Pinyin of the Chinese word. Please type out Entry stable f&E — wen3ding4

tones as well, and use 1 for first tone, 2, for second
tone, 3 for third tone, 4 for fourth tone and 0 for neutral

tone. For example: if you see {K%F, you should type out

“ni3hao3”.

7. Type out words based on meaning. Entry wénding stable — f&E

* Audio was provided through a YouTube video showing the question, with the word read aloud twice.

Students could replay the video if needed.
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Table 3

Sample Sizes, Pairwise Comparisons, Means and (Standard Deviations) for Pretest and Posttest

Test Points by Condition for Online and On Paper Scores

Online On Paper
NH WH NH WH
Test Point N M (SD) N M (SD) t )4 N M (SD) N M (SD) t ¥4
Pretest 52 0.05(0.09) 52 0.06(0.12) -1.00 .322 52 0.04(0.08) 52 0.05(0.12) -1.42 .162
Posttest 1 52 0.67(0.25) 52 0.56(0.28) 3.05  .004** 52 033(0.26) 52 0.45(034) -2.92 .005%*
Posttest2 51  0.43(0.29) 51  0.39(0.29) 1.95 .058 44 0.29(0.26) 44  035(0.29) -2.13  .039*
Posttest3 49  0.32(0.27) 49  0.29(0.26) 0.87  .391 41 0.28(0.24) 41 0.31(0.28) -0.68 .503

Notes. NH = No Handwriting. WH = With Handwriting.

* p <.05.

* p <.01.
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Table 4

Mean and (Standard Deviation) for Pretest, Posttest Test Points, and Practice Session Metrics

across Pilot and Present Studies by Condition for Online and On Paper Scores

Pilot Study Present Study
NH 0.04 (0.07) 0.05 (0.09)
Online
WH 0.05 (0.08) 0.06 (0.12)
Pretest
NH N/A 0.04 (0.08)
On Paper
WH 0.05 (0.12)
NH 0.76 (0.22) 0.67 (0.25)
Online
WH 0.64 (0.27) 0.56 (0.28)
Posttest 1
NH 0.09 (0.10) 0.33 (0.26)
On Paper
WH 0.13(0.13) 0.45 (0.34)
NH 0.50 (0.28) 0.43 (0.29)
Online
WH 0.41 (0.30) 0.39 (0.29)
Posttest 2
NH 0.08 (0.09) 0.29 (0.26)
On Paper
WH 0.10(0.12) 0.35(0.29)
NH 0.39 (0.27) 0.32 (0.27)
Online
WH 0.32(0.24) 0.29 (0.26)
Posttest 3
NH 0.11(0.10) 0.28 (0.24)
On Paper
WH 0.11(0.12) 0.31(0.28)

Problems Seen

37.46 (12.12)

31.86 (17.58)

Attempts

1.27 (0.22)

1.29 (0.28)

Hints

0.15(0.11)

0.14 (0.11)

Time per Online Problem (sec)

16.92 (62.21)

27.84 (35.01)

Median =7.11

Median = 9.62

Time per Hand-Copy Practice (sec)

236.98 (95.82)

270.54 (126.62)

30.38% of overall practice time

34.69% of overall practice time

Note. NH = No Handwriting. WH = With Handwriting.
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Figure 1

Hand-copy practice prompt and worksheet example

Problem ID: PRABERZK Comment on this problem

Please ask for a paper practice sheet from teacher.

Practice sheet name: Y1

Copy each character 3 times on character worksheet, following stroke orders. Once completed,
please check "completed” and move on.

Select one:
completed

Submit Answer

NAME

Hand Copy Practice X Round:
Please copy each character 3 times following stroke orders. Once completed,
please click check “completed” on ASSISTments and move on.

ﬁ : 6.4 i § ol [E40 12 4N I

fa

' I ' . .
' . 1 ' '
B T ey e b ed b edabcaaa
'
[ 1
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Figure 2

Experimental design flowchart

e
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Figure 3
Percent Correct on Pretest and each Posttest Test Point by Condition for a) Online Word

Recognition Tasks (left) and b) On Paper Handwriting Tasks (right)

Online Portion (Word Recognition) Tests Results On-Paper Portion Handwriting Tests Results
——MNoHandwriting = = WithHandwriting ——NoHandwriting — —WithHandwriting
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Chapter 4: Save Your Strokes: Further Studies on the Efficiency of Learning

Chinese Words Without Hand-Writing

This chapter presents the manuscript accepted by Transforming L2 Hanzi Teaching &
Learning in the Age of Digital Writing: Theory and Pedagogy ( (G 1CX FH FZHIFE it 5
2D ), Routledge, UK for publication as a book chapter.

Lu, X., Ostrow, K. S., Yang, Q., & Heffernan, N. T.
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Abstract

This study aimed to test the effectiveness of no-hand-writing (NH) and with-hand-writing (WH)
practices for word recognition among lower-level Chinese as foreign language learners. It
included four experiments in an online learning environment. Each experiment had NH or WH
conditions for an allotted time. The online post-test results for Experiment 1 revealed significant
differences between the NH and WH conditions. Experiments 2 and 3 were replications of
Experiment 1 to test the findings’ generalizability. They both confirmed Experiment 1’s results.
Experiment 4 further explored the results by adding another condition to the comparison: 70% of
NH practice, which eliminated 30% of hand-writing time and shortened the participants’
practicing time to 70% (online only). Participants still performed better on the word recognition
tasks when their practice time did not include hand-writing tasks, and no differences were found
between the 70% NH condition and the WH conditions. The practical implications for teaching
and learning CFL word recognition are discussed.

Keywords: Chinese word recognition, Chinese as a foreign language (CFL), online

learning, hand-writing, second language acquisition, classroom-based experiment
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Introduction

Achieving functional literacy in L2 Chinese is a well-documented challenge (Allen,
2008; Everson, 2009). According to a survey by Lu et al. (2019), the majority of Chinese as
foreign language (CFL) instructors still try to improve students’ word recognition through
traditional means of assigning hand-writing tasks both in and out of class. Some instructors
(70.37%) self-reported “‘strict hand-writing requirements”, that is, the requirement that students
to be able to handwrite all the words they have taught them (rather than, say, a subset). Lu and
colleagues’ survey also found that even instructors without strict hand-writing requirements
during class time (22.22%) still expected lower-level students to spend an average of 30% of
their homework time hand-writing, though unlike instructors with strict requirements, these
instructors only required students to be able to handwrite a portion of their target vocabulary in
an effort to alleviate some of the burden of hand-writing. With the emerging interest in
pedagogies focused on e-writing in Chinese, recent research has questioned the efficiency of
hand-writing in CFL learning. Among the factors contributing to CFL learning, word recognition
plays a fundamental role in reading and comprehension (Grabe, 1991), and some scholars have
insisted that hand-writing is a necessary precursor to reading ability (e.g., Guan et al., 2011).
However, most studies in the CFL field have focused on character recognition instead of word
recognition, and even fewer studies have focused on the efficiency of CFL learning when
discussing these issues.

This chapter summarizes a series of four experiments measuring the efficiency of word
recognition practice with or without hand-writing practice for lower-level learners. Experiment 1
examined word recognition while manipulating the conditions (no-hand-writing [NH] practice

and with-hand-writing [WH)] practice) and post-test test points (1 [immediate], 2 [one-day delay],
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and 3 [one-week delay]). The NH condition outperformed the WH condition on all the three
post-tests. Experiment 2 (Lu et al., 2019), which was published separately, served as a
replication of the first experiment in the same institution with the same learning material. The
hypothesis was that students’ word recognition performance would improve if they spent more
time practicing word acquisition activities online rather than allocating some of their practice
time to hand-writing practice. The results again revealed a significant difference in short-term
learning outcomes between the NH and WH conditions, and suggested that removing hand-
writing exercises led to better word recognition performance. The first two experiments revealed
a significant difference in learning outcomes between the NH and WH conditions, particularly in
the short-term. Namely, the results strongly suggested that lower-level students using online
questions to practice new words without hand-writing recognized words better than students
practicing hand-writing for the same amount of time. Experiment 3 sought to further develop this
line of research by replicating the experiment used for Experiments 1 and 2 in a different
institution, and Experiment 4 further advanced the research by adding an additional condition to
investigate the effectiveness of the time spent on hand-writing practice. The primary goal of this
collective body of experiments was to explore whether teachers should ask students to spend
time on hand-writing in the early stages of learning practice when word recognition and
communication are the ultimate goals. In other words, if it is assumed that a primary goal of
learning is word recognition and communication for lower-level (i.e., beginner) learners, is hand-
writing actually necessary or facilitative of these learning outcomes?

Literature Review

Chinese Word Recognition Differs from Character Recognition
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A word is defined as “a speech sound or series of speech sounds that symbolizes and
communicates a meaning usually without being divisible into smaller units capable of
independent use” (Brown, 2020). In Chinese, a word can be formed by one, two, three, or more
characters/syllables. Statistics have shown that two-character words account for more than 60%
of all Chinese words (Su, 2001), and 75.57% of CFL target words are two-character words
(Hanban, 2010). Word recognition is “the ability to accurately identify printed words” (Hayes &
Flanigan, 2014). Word recognition should be effortless and automatic to ensure reading
comprehension (Garnett, 2011). Previous studies have suggested that word recognition is central
to reading proficiency (e.g., Koda, 1996). As such, the vocabulary in most CFL textbooks and
curricula is built upon the foundation of words, not characters. Although controversy exists, the
majority of studies have concurred that Chinese reading is word based (Li & McBride-Chang,
2014). Li et al. (2014) conducted an eye movement study to explore reading in Chinese from a
psychological perspective, finding that Chinese reading is similar to that of alphabetic languages
and is word-based rather than character-based. A meta-analysis of fMRI studies by Zhao et al.
(2017) further supported this finding.

Chinese word and character reading play different roles in Chinese reading
comprehension (Pan, et al., 2021; Yang, et al., 2022). The fundamental process of word
recognition differs significantly from character recognition. Characters function as lexical

morphemes in most Chinese words, hence recognizing that single characters do not equal the

word-level combination of sound and writing system. For example, The Chinese character "7K"

(shui) means "water". However, the word "7K5R" (shui gud), which consists of two characters,

means "fruit". This highlights how the Chinese reading system operates on two levels - character
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level and word level. Two-character Chinese words undergo a constituent character assembly
process that increases processing complexity and is unnecessary for single characters (Li &
McBride-Chang, 2014; Tan & Perfetti, 1999). Therefore, findings based on character recognition
may not explain word recognition in Chinese.

Despite the importance of word recognition for fluent reading, research has been mostly
performed on Chinese character recognition (e.g. Ke, 1998; Tan et al., 2005; Xu et al., 2013;
Hsiung et al., 2017). Few studies have focused on Chinese word recognition. Guan et al. (2011)
compared the effects of hand-writing, reading, and typing with Pinyin on CFL learning and
determined that the hand-writing condition outperformed the reading condition in word
recognition. However, they ignored the difference between Chinese characters and words, and
they used characters as testing material to draw conclusions on word recognition. Lyu et al.
(2021) reviewed 43 comparison studies of e-writing and hand-writing in Chinese language
learning and found only one study (Lu et al., 2019) comparing the learning results at word level.
Lu et al. (2019) reported that reading and typing practice was a more efficient way of learning
word recognition than hand-writing.

Reading Does not Depend on Hand-Writing

Language reading and hand-writing are two distinct functional systems in the brain that
interact predictably (Berninger et al., 2002). Although Chinese word recognition and hand-
writing are correlated, they are separable. Bi et al. (2009) noted a Chinese individual with brain
damage whose capacities challenged that connection, concluding that “reading does not depend
on writing, even in Chinese” (p.1198). From a practical perspective, these findings indicate that

learners can learn how to read without knowing how to handwrite.
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The Pinyin input method employs pronunciation information of words to write digitally
(i.e., typing via a keyboard with Roman letters), allowing L1 and L2 users alike to retrieve word
information through sound when composing text via technology. Many studies have shown that
sound plays a critical role in word recognition and it is automatically activated (Kilpatrick,
2020). Zhu et al. (2016) recommended that CFL beginners should rely on the Pinyin input
method instead of hand-writing practice for more efficiency in essay writing tasks. Zhang (2021,
also this volume) described the Pinyin input method in detail, summarizing the theories related to
Pinyin-based e-writing methods from a cognitive psychology perspective and noting that Pinyin-
based e-writing employs the holistic processing of phonological-visual chunks, while hand-
writing is a sub-lexical process that does not necessitate activation, encoding, or retrieval of
sound information. She performed a longitudinal study on the learning results of e-writing versus
hand-writing, which provided additional evidence that e-writing improves word recognition at
the sentence level.
Research Gaps and the Present Chapter

When trying to improve CFL word recognition, one must consider efficiency. As Yue
(2017) demonstrated how most Chinese teachers face the challenge of raising language ability to
sustain students' motivation while avoiding intimidating them with vocabulary learning and
boring them with memorization. To address this issue, it is crucial to consider efficiency when
measuring learning results. Given that students’ learning time is limited, the efficiency of CFL
word recognition practice has become increasingly important. Would e-writing without hand-
writing be a more efficient way of learning Chinese for lower-level learners? Although studies
have compared CFL online and hand-writing learning results (Lyu et al., 2021), many of these

failed to consider efficiency by not measuring the learning results with a time dimension.
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Another issue to consider is whether hand-writing practice is the best way to improve
CFL word recognition when e-writing is widely used by proficient L2 users and all L1 users.
Substantial research has found some evidence of a relationship between hand-writing practice
and character recognition in the contexts of native language learning (such as Tan et al., 2005;
Tan et al. 2013; Packard et al. 2006) and foreign language learning (such as Osborne et al., 2020;
Xu et al., 2013). However, few studies have focused on the effects of hand-writing on word
recognition, especially in the CFL field. The present study considered ways to improve student
word recognition and the role (or possible lack thereof) of hand-writing for this purpose.

Finally, it is worth noting that learning strategies for CFL lower-level learners may differ
from those of higher-level learners (Shen, 2005). Most research related to CFL character or word
recognition has been conducted at the advanced level or in a study-abroad program in Chinese-
speaking regions, and most of those participants have already mastered hand-writing skills, and
also have substantial oral language skills and mental lexicons. Little word recognition research
has been performed in lower-level CFL classrooms with students unfamiliar with the Chinese
writing system.

The present series of studies aimed to measure the efficiency of CFL word recognition by
comparing a WH condition to a NH condition in an online learning environment, in addition to
considering the effects of supplemental hand-writing practice. Collectively, these studies helped
identify the factors that could contribute to developing more efficient methods of learning CFL.
The current study attempted to answer the following research questions:

1. Which condition is more efficient for lower-level learners’ Chinese word recognition,

WH or NH?
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2. Our previous study indicated that students in the WH condition spent at least 30% of their
learning time on hand-writing, but the 30% of hand-writing time did not result in learning
gains to match or outperform the non-hand-writing group. Would a difference exist
between including or not including the 30% hand-writing time? In other words, could
students avoid the 30% hand-writing time and still achieve the same learning goal with
only 70% NH practice?

Experiment 1: Intermediate Learners

Method
Participants

Participants were 48 undergraduate students enrolled in an Intermediate Level Chinese
class from a private university in the U. S. They were non-heritage learners on their third
semester of CFL learning, had prior knowledge of Pinyin and were knowledgeable about typing
Chinese with a computer.
Setting

This experiment as well as the following three were conducted in class using
ASSISTments, an online learning platform that supports student learning with hints and
immediate feedback (Heffernan & Heffernan, 2014). Two in-class quizzes on ASSISTments
were assigned before the experiment began to help participants become familiarized with the
system. The pretest, word practice assignments, and post-tests were delivered using
ASSISTments during class time. The hand-writing pretest and post-tests, as well as the
supplemental hand-writing practice during the experiment, were delivered on paper during class
time.

Materials
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Two sets of five novel Chinese words (Appendix A) were selected for target words: “Set
X (with words 1-5) and “Set Y (with words 6-10). It was verified that the words could not be
found in preliminary course textbooks. All ten target words contained two characters and were
selected from the Second-Class VVocabulary listed in the Outline of the Graded VVocabulary for
the HSK [ & 7k “F % K] (HSK Department, 1992).

For the practice content, the following materials were developed: (a) Two 85-second
introductory videos for Set X and Set Y, which introduced each new word by reading it twice in
Chinese, reading its English meaning twice, and then reading it twice again in Chinese, with the
characters, Pinyin, and English meanings displayed on the screen. (b) Seven online question
types were developed for word practice content as shown in Table 1. Question types varied by
providing one of three elements (orthographic, phonological, or semantic) in the word
acquisition task and required one additional element. While practicing within ASSISTments,
participants were able to access hints and could ultimately obtain the answer to move on. To help
participants become familiar with the new words at the start, practice in each set were designed
using two parts: the first contained question types one to four, while the second contained
question types five to seven. At the first part in the first round, each word for question types one
and two appeared in a linear order. The second part question types and orders were randomized.
If participants were able to finish the first round with both parts within 13 minutes, they would
be offered a second round of practice with all the question types in a randomized order. If they
could finish the second round within the given time limit, they would then be offered additional
rounds until the time is up. (c) A hand-writing practice sheet (see Appendix B) was developed
for participants to practice hand-writing in the WH condition. In the WH condition, the hand-

writing practice sheet was provided at the beginning of each round of practice. No matter
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receiving hand-writing practice or not, all participants spent an equal amount of time on the

practice content across conditions.

Table 1

Question types, answers, hint types, and correct responses for a sample word 72 Z in all the four

experiments

. Answer Hint
Question Type Type Type Correct Response
1 Choose the correct meaning of the word. Multiple  wénding  f& & — stable
Choice
2  Choose the correct Pinyin of the word. Multiple  stable & E — wénding
Choice
3 Listen and choose the word that matches ~ Multiple  stable “wénding” — &
the sound.* Choice
4 Type out the English meaning of the word.  Entry wénding &% — stable
5 Choose the word that matches the Multiple wénding stable — &=
meaning. Choice
6 Type out Pinyin of the Chinese word. Entry stable #& & — wen3ding4
Please type out tones as well, and use 1 for
first tone, 2, for second tone, 3 for third
tone, 4 for fourth tone and O for neutral
tone. For example: if you see 174, you
should type out “ni3hao3”.
7  Type out words based on meaning. Entry wénding  stable —» f& &

Note. Audio was provided through a YouTube video showing the question, with the word read

aloud twice. participants could replay the video if needed.
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The pretest and the online part of all the post-tests contained the same ten problems
which were presented in random order to each participant in each test. Each problem contained
two sub-questions which focused on word recognition by showing participants a Chinese word
and requiring them to enter the meaning and pronunciation using Pinyin. An example of these
problems was shown in Table 2.

All post-tests included a hand-writing task right after the online recognition task.
Participants were expected to produce characters from memory on a worksheet, as prompted by
the word’s Pinyin and English meaning. The presenting order of the ten target words on
worksheets was randomized for each post-test. An example of post-test worksheet questions was

shown in Figure 1:

Table 2

An example of problems with two sub-questions in the online pretest and post-tests in Experiment

1

Question 1a | Write down the English meaning of Chinese word "% Z". If you do not

remember, please feel free to answer "dnk”.

Question 1b Type out Pinyin of the Chinese word: 7% Z. Please type out tones as well, and
use 1 for first tone, 2, for second tone, 3 for third tone, 4 for fourth tone and 0
for neutral tone. For example: if you see #& #F, you should type out “ni3hao3”.

If you do not remember, please feel free to answer “dnk”.
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Figure 1

Example of hand-writing post-test questions

Please try to write down characters of following words:
1. Meaning: be familiar with, know well;
be acquainted with
Pinyin: shuxi

............

Design

This experiment was a 2*3 within-subject design with two conditions and three test
points. An online pretest was conducted to test participants’ prior knowledge of the target words.
The two conditions that all participants experienced in a crossover fashion ere: no-hand-writing
(NH) and with-hand-writing (WH). The crossover design means that all participants were
exposed to both conditions but in a different order. In the current study, some participants started
with the NH condition and then switched to the WH condition, while others started with the WH
condition and then switched to the NH condition. This was done to control for individual
differences in the participants' responses and to increase the statistical power of the study.
Appendix C figure a illustrated the crossover design used in the experiment. Both conditions had
a time limit of 13 minutes. The only difference between the two conditions was the inclusion of
hand-writing practice. Participants in the NH condition spent all of their practice time in the
online environment answering the seven question types (Table 1) round after round while
participants in the WH condition started each practice round by completing a hand-writing

practice sheet (see Appendix B), before proceeding to the same online practice within the given
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time limit. Participants were randomly assigned to four subgroups for the purpose of the
crossover design, and these four subgroups were counterbalanced in a way that each subgroup
experienced the two conditions in a different order (Appendix C figure a). Participants received
Set X or Set Y in one condition, followed by a post-test, before alternating to the other set and
the remaining condition. Three post-tests were assigned on the first and second day, in addition
to one week later.

Procedure

Piloting. Before the experiment, a small-scale pilot experiment was conducted to
determine the ideal number of target words and the amount of time necessary to complete at least
one round of practice. A student from the same university who was not enrolled in the course,
but had a similar Chinese language learning background to those enrolled, was recruited to test
the online and hand-writing practice. The instructor recorded the amount of time she spent in
each type of practice and decided to give 13 minutes for each set of question practice (question
set X orY).

Block participants and randomization. Participants were anonymized and rank-ordered
based on daily quiz grades. Then, the top two performing participants were paired, and each
paired member was randomly assigned to a condition progression, thereby increasing the chance
that participants in each subgroup had equal variance. The same method was repeated to divide
each condition progression into two subgroups.

Experimental process. On the first day of the experiment, the instructor explained the
entire procedure to participants prior to the experiment, reminding them to take advantage of
different types of practices by continuing to progress. Then, participants began with an online

pretest to assess knowledge of the ten target words. We verified that the words could not be
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found in preliminary course textbooks. However, since students may learn from different sources
on their own, we expected that some participants might know certain aspects of some of the
target words. Upon completion of the pretest, participants began practicing content by watching
the introductory video that provided them with a specific word set. After the video, participants
in the NH condition worked through the practice questions online at their own pace round after
round until the time limit was reached, while participants in the WH condition were provided
hand-writing practice worksheets prior to moving on to their first round of online content. If they
were able to finish the first round before the time was up, they would start a second round again
with another hand-writing practice worksheet prior to the online content. A post-test (post-test 1-
a) on the assigned word set was provided immediately following the 13-minute first word set
practice session. This process was then followed by a second practice session in which
participants were given the alternate word set and condition. Another post-test (post-test1-b) on
the alternative word set was provided immediately following the second practice session. A
second post-test which included all the ten target words was given on Day Two of the
experiment during the next course meeting. A third post-test which included all the ten target
words was given during class one week later. The post-tests were self-paced, and all students
were able to complete in ten minutes. The procedure of the experiment can be found in Appendix
C figure a.

Training and delivery. The course instructor oversaw the procedure and monitored the
whole experiment together with two teaching assistants. The two teaching assistants were trained
before the experiment to familiarize themselves with the procedure and to distribute and collect
worksheets during practices. A stopwatch was used to ensure that all participants started and

ended concurrently.
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Scoring. All online pretest and post-test scores were collected by the ASSISTments
system. Those who used the correct Pinyin with wrong tones received partial credit scores (.5 out
of 1) for the questions asking for the correct Pinyin with tones. All the hand-writing post-tests
were anonymized and graded by one Chinese instructor, and scores were calculated as the rates
of the correctly written characters.

Results

44 students completed the experiment. Most participants received 0 on the pretest of 20
questions and participants’ average grades were 4%. Paired t-test did not find differences within
participants on the pretest divided across conditions. No pretest was offered for hand-writing
because it was expected that participants’ scores on hand-writing would be very low. Table 3
presented the mean scores and standard deviations for all tests in both the NH condition and WH
condition.

Table 3

Mean scores and standard deviations for all tests in NH and WH conditions in Experiment 1

Online word recognition results Hand-writing results
NH WH Difference NH WH Difference
Test time condition condition by Condition condition condition by Condition

mean (SD) mean (SD) p value (SE) mean (SD) mean (SD)  p value (SE)

Pretest 04 (.07) 05 (.08) 36 (.01)
Post-test 1 77(22) 67(27)  .003**(03) .11 (1l) 14 (14) 09 (.02)
Post-test 2 50 (.28) 40 (.29) 02* (.04) 10 (.10) 11 (13) 56 (.02)
Post-test 3 39 (27) 32 (24) 04* (.04) 12 (.10) 12 (12) 94 (.02)

Notes. *. The mean difference is significant at the .05 level.

**_ The mean difference is significant at the .01 level.

93



A two-way repeated measure ANOVA was conducted on the basis of two independent
variables on the online word recognition post-test scores. Both main effects were statistically
significant at the .005 significance level. The main effect for “condition” yielded an F ratio of F
(1, 39) = 10.60, p =.002, partial eta squared = .21, observed power = .89, the effect size was
large, indicating a significant difference between online-only practice (M = .55, SD =.03) and
WH practice (M = .46, SD = .04). This main effect was further explored with post hoc paired t
tests, and Figure 2a shows the online word recognition scores of each condition broken out by
test intervals. It showed a clear downward trend that represented forgetting, and at the same time,
showed reliable differences split out by conditions. There was a significant difference in the
scores for post-test 1 NH condition (M =.77, SD =.22) and post-test 1 WH condition (M = .67,
SD =.27),t(43) = 3.1, p =.003, 95% CI [.04, .18], Cohen’s d = .47; a significant difference in
the scores for post-test 2 NH condition (M = .50, SD = .28) and post-test 2 WH condition (M
= 40, SD = .29) , t (41) = 2.46, p = .02, 95% CI [.02, .16], Cohen’s d = .38; and a significant
difference in the scores for post-test 3 NH condition(M = .39, SD =.27) and post-test 3 WH
condition (M = .32, SD = .24) , t (41) = 2.11, p = .04, 95% CI [.003, .15], Cohen’s d = .33. These
results suggested that the NH condition led to better post-test results in all online post-tests
compared to the WH condition.

Another two-way repeated measure ANOVA was conducted to compare the main effects
of conditions and test time on the hand-writing post-test scores in (Figure 2b). Both main effects
were not statistically different, p >.05. The post hoc paired t tests results did not find difference

between conditions (Table 3). These results suggested that the hand-writing post-test results did
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not reveal significant hand-writing improvement, the hand-writing practice time is inadequate for
hand-writing output.

All 45 participants who attended class on the first day engaged in both online and hand-
writing practices. The word numbers seen, attempts tried, hint count, time spent per word, as
well as time spent on hand-writing practice can be found in Table 5. All participants completed
the first round of hand-writing practice in the WH condition except for one. Twenty participants
started the second-round hand-writing practice and 11 of them completed it as well by the end of
the practice session. Three participants started the third round and two of them completed it, and
one student also completed the fourth and fifth rounds. When students practiced hand-writing in
the WH condition, the time spent on hand-writing was recorded by the platform. To account for
personal error, actions recorded less than 20 seconds for the hand-writing practice were removed.
Each student spent an average of 3.95 minutes (236.98 seconds, SD = 95.82) on hand-writing
practice in WH condition, which took 30.38% of their overall practice time during the learning

phase of the experiment.

Figure 2

Scores for each condition in each post-test in Experiment 1
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Experiment 2: L Replication of Experiment 1

Experiment 2 (Lu et al., 2019) served as a replication of Experiment 1, and the results
and data have been published. Experiment 2 was run on the same campus with students at the
same language level using the same material. The same experimental procedure was repeated.
The only change was including a hand-writing pretest to enhance the validity of the experiment.
The purpose of this replication was to add information about the reliability of the conclusions,
and we hypothesized that, as observed in Experiment 1, students would score significantly higher
on word recognition post-tests when they were not subjected to hand-writing exercises.

This experiment observed a significant difference between The NH condition and the
WH condition on the immediate post-test (post-test 1) on online word recognition, with students
in the NH condition (M = .67, SD = .25) outperforming those in the WH condition (M = .56, SD
= 028), with a t-value of 3.05, p =.004, 95% CI [.04, .18], and Cohen’s d of .41. On Post-test 2,
there was a marginally significant difference between the NH condition (M = .43, SD = .29) and
the WH condition (M = .39, SD = .29) with t-value of 1.95, p =.058, 95% CI [-.001, .09], and
Cohen’s d of .14. However, no significant differences were found between the conditions on
Post-test 3, with similar scores for students in both the NH condition (M = .32, SD =.27) and the
WH condition (M = .29, SD = .26), t (48) = .87, p = .391. Although the results were not as
significant as in Experiment 1, Experiment 2 trended in the same direction as Experiment 1 and
reaffirmed that practice without hand-writing in the same amount of time led to better word

recognition in the short term.
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Figure 3
Scores for each condition in each post-test in Experiment 2

Online Tests Results Hand-Writing Tests Results

——No-Handwriting With-Handwriting No-Handwriting With-Handwriting

Note. This graph demonstrated the online word recognition and hand-writing test results of
Experiment 2. Adapted from “Save Your Strokes: Chinese Handwriting Practice Makes for
Ineffective Use of Instructional Time in Second Language Classrooms,” by X., Lu, et al., 2019,

AERA Open, 5(4). https://doi.org/10.1177/2332858419890326. CC BY-NC 4.0.

Experiment 3: Novice Learners

Experiment 3 assessed the external validity of the study by replicating Experiment 1 at a
different university, at a different language level, and with similar material. It aimed to confirm
the results of Experiments 1 and 2.
Method
Participants

Participants were 34 undergraduate students enrolled in a Novice-high Level Chinese
class from a public university in the U.S. They were non-heritage learners on their second
semester of CFL learning, had prior knowledge of Pinyin and were knowledgeable about typing
Chinese on the computer.
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Materials

Selection standards of the ten target words were identical to Experiment 1, however,
there was word variation to ensure that the target words were not listed in their preliminary
course textbooks (Appendix A). The introductory videos, seven question types of practice, hand-
writing practice sheets, and assessments were identical in design to Experiment 1.
Design & Procedure

Experiment 3 shared the same design and procedure with Experiment 1 and 2. Due to
various class schedules of the two Chinese programs, the second post-test was given on Day
Three of the experiment during course meetings, rather than on the second day. The procedure
chart was shown in Appendix C figure b.
Results

The experiment included 28 participants. The online pretest average grade was .02 (SE

.01). The average grades of each post-test were .39 (SE =.05), .10 (SE =.03), and .09 (SE

.03), respectively. A two-way repeated measure ANOVA was conducted based upon two
independent variables on the online word recognition scores. Both main effects (online test time
and conditions) were statistically significant, and there was a substantial difference in the
interaction. The main effect for “conditions” yielded an F ratio of F (1, 22) =7.04, p = .01,
partial eta squared = .24, observed power = .72, the effect size was large, indicating a significant
variance between online-only practice (M = .19, SE = .03) and WH practice (M = .11, SE =.02).
This main effect was further explored with post hoc paired t tests, and Figure 4a shows the online
word recognition scores of each condition broken down by test intervals. It showed a clear
downward trend that represented forgetting, and at the same time showing reliable differences

split out by conditions. No difference was found in the pretest for NH condition (M = .04, SD
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.06) and WH condition (M = .02, SD =.06), t (26) = .85, p = .40, 95% CI [-.02, .04], Cohen’s d

.16. There was a significant difference in the scores for post-test 1 NH condition (M = .44, SD

:32) and WH condition (M = .30, SD = .27) , t (28) = 2.46, p = .02, 95% CI [.02, .25], Cohen’s
d = .46; a significant difference in the scores for post-test 2 NH condition (M = .14, SD = .16)
and WH condition (M = .07, SD = .12) , t (27) = 2.64, p = .01, 95% CI [.02, .13], Cohen’s d
=.50. No significant difference was found in the scores for post-test 3 NH condition (M = .11,
SD =.17) and WH condition (M = .07, SD = .10), t (25) = 1.82, p = .08, 95% CI [-.006, .10],
Cohen’s d = .36. These results were consistent with Experiment 1 and 2, and suggested that NH
condition led to better post-test results in short-term online word recognition post-tests compared
to WH condition.

The average grade of the hand-writing pretest was .02 (SE = .01). The average grades of
the three hand-writing post-tests were .06 (SE =.02), .02 (SE =.01), and .02 (SE = .01),
respectively. A two-way repeated measure ANOVA was conducted to compare the main effects
of conditions and test time on the hand-writing scores. The main effect “conditions” between NH
practice (M = .02, SE = .01) and WH practice (M = .04, SE = .02) was not significantly different,
F (1, 18) = .63, p = .44, partial eta squared = .03, observed power =.12. These results suggested
that WH condition did not lead to better post-test results compared to the NH condition (Figure
4b). Table 4 presented the mean scores and standard deviations for all tests in both the NH and

WH conditions.
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Table 4

Mean scores and standard deviations for all tests in NH and WH conditions in Experiment 3

Online word recognition results Hand-writing results
WH Difference by WH Difference by
NH condition NH condition
Test time condition Condition condition Condition
mean (SD) mean (SD)
mean (SD) p value (SE) mean (SD) p value (SE)
Pretest .04 (.06) .02 (.06) 40 (.02) .02 (.05) .02 (.05) .60 (.01)
Post-test 1 44 (.32) .30 (.27) .02* (.06) .04 (.06) .08 (.14) 57 (.03)
Post-test 2 14 (.16) .07 (.12) .01** (.03) .03 (.07) .02 (.05) 77 (.01)
Post-test 3 11 (.17) .07 (.10) .08 (.03) .01 (.03) .03 (.07)
.38 (.02)
Notes. *. The mean difference is significant at the .05 level.
** The mean difference is significant at the .01 level.
Figure 4
Scores for each condition in each post-test in Experiment 3
Online Tests Results Hand-Writing Tests Results
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The word (item) numbers seen, attempts tried, hint count, time spent per word, and time
spent on hand-writing practice can be found in Table 5. All participants completed the first round
of hand-writing practice during the WH condition. Eight participants were able to start the
second round of hand-writing practice, however, only two of them could complete the second
round by the end of the practice session. When considering all the completed hand-writing
problems, each student spent an average of 6.87 minutes (412.19 seconds, SD = 140.01) on hand-
writing practice, which took 52.84% of total practice time. The results indicated that these
participants spent more time on hand-writing compared to the first two experiments, but scored
lower in the hand-writing post-tests. Since the Experiment 3 class were in the second semester
while the other two experiment classes were in the third semester, the difference might account
for the difference in learning experiences and prior knowledge. Another explanation could be
that spending more time on hand-writing resulted in seeing fewer problems in online practices,
and the lower repetition frequency hindered learning. More discussion can be found in the

discussion section.
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Table 5

In-Experiment Practice Phase Data Comparison of Experiments 1 and 3

Experiment 1 (Intermediate Low-Mid Experiment 3 (Novice

learners) High learners)

mean (SD) mean (SD)
Items (words) seen

37.46 (12.12) 33.76 (11.94)
per student
Attempts made per

1.27 (.22) 1.37 (.25)
student
Hint count per

15 (.11) .19 (.06)
student
Time spent per 16.92 (62.21) 17.07 (52.25)
item (seconds) Median =7.11 Median = 6.71
Time on hand- 236.98 (95.82) 412.19 (140.01)
writing practice

30.38% of overall practice time 52.84% of overall practice time

(seconds)

Experiment 4: Accounting for Time Spent Hand-Writing
The first three experiments revealed a significant difference between the NH and WH
conditions in short-term results. These results strongly indicated that lower-level learners using
online-only questions to practice new words recognized words more effectively than students
who practiced hand-writing for the same time. In the previous experiments, participants in the
WH condition spent at least 30% of their time on hand-writing practice, and this amount of time
yielded unsuccessful results. In the current experiment, the results were further explored by

adding one more condition to the comparison: 70% NH practice without the remaining 30% WH.
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The goal of this experiment was to investigate whether exempting students from the 30%
of hand-writing practice time during word learning would result in similar learning outcomes on
the post-tests. Specifically, the experiment aimed to determine whether the 30% amount of hand-
writing practice has an effect on the efficiency of word recognition among lower-level learners.
Would a difference exist with or without the 30% hand-writing time? If the 30% hand-writing
time does not have an effect on the learning outcomes, the experiment would further confirm that
students can save time and effort by focusing solely on online practice, rather than dividing their
time between online practice and hand-writing practice. The experimental procedure is shown in
Appendix C figure c.

Method
Participants

Participants included 60 students enrolled in three sections of an Intermediate-level
Chinese class from the same university as Experiment 1. They were non-heritage learners on
their third semester of CFL learning.

Materials

Eight, two-character target words were selected following the same standards as
Experiment 1, 2, and 3, which can be seen in Appendix A. The introductory videos, seven
question practice types while learning the words, hand-writing practice sheets, and the pretest
and post-tests were identical in design to Experiment 1, 2, and 3.

Different to the first three experiments, one more type of practice during the practice
section was added besides the online receptive practice and hand-writing practice: non-related
online practice. Non-related online practice was designed similarly to the online practice. The

online practice, however, focused on the target words while the non-related online practice
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emphasized non-target words. Including the non-related online practice helped to ensure that the
post-test timing was the same across all conditions.
Design

This experiment was a between-subject design and had two independent variables: the
test point and condition. The test point referred to a nominal variable indicating post-test 1, 2,
and 3, and the between-subject variable condition included three levels: A: No-Hand-Writing
with 70% of practicing time condition (NH70%), B: No-Hand-Writing condition (NH), and C:
With-hand-writing condition (WH) (Appendix C figure c). All the three conditions started with
16-minute NH online practice focused on eight target words. After the 16-minute online practice,
participants in condition A spent another 8 minutes taking non-related online practice,
participants in condition B took more online practice focused on the target words, while
participants in condition C spent time completing hand-writing worksheets to practice.
Procedures

This experiment was conducted over the course of seven days. Participants
randomization, scoring protocol, training provided and delivery of treatment were identical to
Experiment 1. The procedure of the experiment was also similar to Experiment 1 except for the
practice session on the first day (Appendix C figure c). Right after watching the video on the first
day, all participants had 16 minutes to do an online NH practice at their own pace. When 16
minutes approached, all participants were instructed to immediately quit the first practice session
and move on to their second practice session with a duration of 8 minutes. There were three
conditions and each received different content in the second practice session.

Results
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The experiment included 41 participants. There were four outliers whose online pretest

accuracy rates were higher than 20%. These were also excluded. The mean scores and standard

deviations for the three conditions in different test points in the various test mediums are shown

in Table 6. The three conditions were essentially the same in the pretest.

The online word recognition and hand-writing results were processed separately. Figure 5

shows both the online word recognition and the hand-writing test results. Factorial mixed

ANCOVAs were conducted for both online and hand-writing data to examine the main effects of

the three levels of each condition (NH70%, NH, WH), three levels of post-test administration (1,

2, 3), and the interaction effects of the independent variables, using pretest results as covariates.

ANCOVAs were administered for each post-test to ensure accuracy, again using pretest accuracy

as covariates (Dimitrov & Rumrill, 2003) to obtain a more profound understanding of the

variations between conditions in each post-test admission for each portion.

Table 6

Mean scores and standard deviations for all tests in the three conditions in Experiment 4

Online word recognition results

Hand-writing results

C: With- C: With-
A: No-Hand-  B: No-Hand- A: No-Hand-  B: No-Hand-
hand-Writing hand-Writing
Writing 70%  Writing 100% Writing 70%  Writing 100%
Test time 100% 100%
condition condition condition condition
condition condition
mean (SD) mean (SD) mean (SD) mean (SD)
mean (SD) mean (SD)
Pretest .005 (.02) .02 (.03) .00 (.00) .00 (.00) .01 (.03) .00 (.00)
Post-test 1 .64 (.26) .85 (.15) .65 (.24) .23 (.28) .22 (.16) .23 (.25)
Post-test 2 .53 (.28) .74 (.20) A7 (.25) 17 (.29) 16 (.14) 17 (.16)
Post-test 3 .39 (.30) .57 (.26) .34 (.25) 13 (.27) .14 (.16) 10 (.12)
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Figure 5

Scores for each condition in each post-test in Experiment 4

Online Tests Results

Word Recognition Results

Factorial mixed ANCOVA did not find differences between conditions in the online word
recognition, F (2, 31) = 2.10, p = .14, partial n2 = .12, observed power = .40. To observe the
differences between conditions in each post-test, three ANCOVAs were implemented for the
post-test 1, 2, and 3 results, each using pretest accuracy as a covariate. The covariate was
independent in the three post-tests. A significant difference between conditions was found in the
post-test 1, F (2, 44) = 4.04, p = .03, partial n2 = .16, »? = -.11. The contrast results (K Matrix)
indicated that after controlling for the pretest accuracy, NH condition (M = .85, SD =.15)
received significant higher scores than WH condition (M = .65, SD = .24), p = .02. No difference
was found between the WH condition and the NH70% condition (M = .64, SD = .26), p >.05. A
significant difference between conditions was found in the post-test 2, F (2, 42) = 4.64, p = .02,
partial n2 = .18, ? = -.14. The contrast results (K Matrix) indicated that after controlling for the
pretest accuracy, NH condition (M = .74, SD = .20) reached a significantly higher score than WH

condition (M = .47, SD = .25), p = .006. No difference was found between the WH condition and
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the NH70% condition (M = .53, SD = .28), p > .05. No significant difference between the three

conditions was found in the post-test 3, F (2, 33) = 1.80, p = .18, partial n2 = .10, w? = -.04.

Covariance of online post-tests accuracy with online pretest accuracy as covariates can be found

in Table 7.

Table 7

Covariance of online post-test accuracy as a function of conditions with online pretest accuracy

as covariates in Experiment 4

Source df SS MS F p n2
Post-test 1
Pretest (Covariate) 1 15 15 3.09 .09 .07
Condition 2 .39 .20 4.04 .03* .16
Error 44 2.13 .05
Corrected Total 47 271
Post-test 2
Pretest (Covariate) 1 15 15 2.52 A2 .06
Condition 2 .55 .28 4.64 .02* .18
Error 42 251 .06
Corrected Total 45 3.24
Post-test 3
Pretest (Covariate) 1 .06 .06 .92 .34 .03
Condition 2 .25 A2 1.80 .18 A0
Error 33 2.27 .07
Corrected Total 36 2.72

Notes. *. The mean difference is significant at the .05 level.

** The mean difference is significant at the .01 level.
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Hand-Writing Results

Factorial mixed ANCOVA did not find differences between conditions in the hand-
writing. An ANOVA with the pretest accuracy as the dependent variable, and with condition as
the independent variable, was run to check the independence of the pretest accuracy. The main
effect was significant, F (2, 44) = .6.03, p = .005 and demonstrated that pretest accuracy was not
independent of the conditions, and that it could not be used as a covariate when comparing the
results of the three conditions in each post-test. When analyzing the data, the NH condition’s
pretest accuracy was higher than the other two conditions because participants in that condition
already knew several of the words. Learning gains were used for analysis that further explored
the effects of different conditions, defined by post-test accuracy and reduced by pretest accuracy.
ANOVAs were conducted for the learning gains of the three post-tests. The main condition
effect (p > .05) was insignificant in terms of any post-test learning gain. Pairwise comparisons
showed no variation between the three conditions in the post-tests.

General Discussion

Summary of Main Findings

The studies reported in this chapter aimed to test the learning efficiency of CFL word
recognition among lower-level learners with or without hand-writing, replicating and extending
previous research to further our understanding of the relative roles of receptive learning and
hand-writing practice in CFL word learning at multiple proficiency levels.

The online word recognition results of all four experiments strongly indicated that the
NH condition led to better results in the online word recognition post-tests than the WH

condition. Experiments 1, 2, and 3 all showed significant differences between the two practice
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conditions on the online word recognition post-test results, supporting that hand-writing practice
is an ineffective use of practice time. Participants scored considerably lower on word recognition
post-tests after spending more than 30% of their practice time on hand-writing exercises. These
significant differences appeared immediately following practice and persisted with repeated
testing for at least one day after the test. Additionally, experiments 1, 3, and 4 found significant
differences in their second posttests, and in experiment 1, the significant difference lasted up to
the seventh day. One additional condition was considered in Experiment 4 based on the prior
experiments’ results. Experiment 4 also revealed that the NH condition received significantly
higher scores than the WH condition on the online word recognition post-tests 1 and 2. No
difference in any online word recognition post-test level was found between the WH and 70%
NH conditions. Experiment 4 reaffirmed that participants who spent their entire time practicing
online performed better on word recognition tasks than those spending partial time practicing
hand-writing on paper. Furthermore, 30% of hand-writing time resulted in inefficient word
recognition. The student performance of those who spend 70% of their time practicing online
and 30% of their time practicing hand-writing did not show improvement over that of students
who spent only 70% of their time practicing online. These findings reaffirmed Lu et al.’s results
(2019). They also aligned with previous classroom-based studies that have found that e-writing
was more efficient for word recognition and literacy development among CFL beginners (Jiang
2007; Zhang, 2021). In conclusion, online-only practice is a more efficient way for lower-level
CFL learners to recognize new words than hand-writing practice. Teachers should consider
encouraging students to focus their practice time on online activities to improve word
recognition efficiency.

Hand-Writing Practice Is Inefficient for Word Recognition
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The online word recognition results demonstrated that NH practice without hand-writing
is more efficient than WH, while the hand-writing post-test results specified that 30-50% of
hand-writing practice time is insufficient for word recognition and inadequate for hand-writing
output. The hand-writing post-test results in each experiment did not reveal significant hand-
writing improvement, even for those who spent time hand-writing words. This finding aligns
with Jiang’s (2007, 2017) study, which showed that reduced hand-writing practice led to better
performance on character hand-writing tests. It also further supported Zhang’s (2021) finding
that practice with NH produced the same level of character accuracy as practice WH.

Although correlated, word recognition and handwritten word production are two distinct
psychological processes. Word recognition involves searching for and matching pronunciation
and meaning to a target written form. In contrast, word production by hand involves recalling
and retrieving the written form of a target word and then writing it down by hand, without
necessarily activating the same (amount of) meaning and/or sound information. Interestingly,
both historically and contemporarily, many CFL teachers insist that students learn to handwrite
while learning reading, listening, and speaking, purportedly because this aids in literacy
development and word retention. This practice can be attributed to the mistaken belief that hand-
writing is a good use of time for increasing lower-level learners’ Chinese language knowledge.
This study demonstrated that hand-writing exercises negatively impact word recognition when
they are part of the limited amount of learning time allocated to language practice, adding
empirical evidence to Allen’s claim that ‘learning to write Chinese is a waste of time’ (2008).
Efficiency Leads to Success

Pedagogical efficiency, namely, allocation of limited resources (e.g., time) to obtain

maximal results (i.e., learning; see Chu, this volume) was the main goal of the studies reported in

110



this chapter. When considering efficiency, our results have shown that WH is not as efficient as
NH when preparing for word recognition tasks.

Among the few studies that have controlled learning time, Guan et al. (2011) reported
two studies comparing the effects of hand-writing, reading, and typing with Pinyin on CFL
learning and demonstrating that hand-writing conditions outperformed reading conditions on
word recognition. However, the learning time for each condition in their study was determined
by the time students required during hand-writing conditions. In the NH condition, students
could not do anything except passively look at words and characters. Other studies comparing
the effects of WH and NH have adopted a similar methodology (e.g., Xu et al., 2013). Staring at
a word without practice is an inefficient learning method. Meaningful practices related to the
word would impact efficiency and result in a significant learning improvement.

The current study’s objective is not to prove that hand-writing is completely useless or
that it should be completely abandoned. When considering efficiency, though, current
experiments have demonstrated that hand-writing practice is not as efficient as engaged reading
and e-writing practice when preparing for word recognition tasks. Therefore, the role of hand-
writing (in terms of amount, type, and timing—what characters are hand-written, when, for how
long, and under what conditions, e.g., recalled from memory or traced or copied) is a topic that
merits further exploration and scholarly conversation (see also, Coss, this volume).

High Repetition Frequency Improves Lower-Level Learners’ Word Recognition

Many studies have shown that word repetition and the frequency of its occurrence play an
essential role in second language word learning (Saragi et al., 1978; Webb, 2007; Uchihara et al.,
2019). Lu et al. (2019) observed that in the Experiment 2 condition, the difference between NH

and WH conditions did not last as long as in Experiment 1, possibly because students in
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Experiment 2 experienced fewer repetitions of target words during practice time. Experiment 3
further supported this conjecture. When comparing Experiments 1 and 3, it was found that
experimental data from the first-day practice exercises demonstrated that participants’ online use
of the interventions in the two experiments was balanced. This data included metrics
documenting the average attempts tried, the hint count, and the time spent on each problem, as
shown in Table 5. The two participant groups exhibited different learning habits, as evidenced by
the participants in Experiment 3 spending more time on hand-writing than those in Experiment 1.
Participants in Experiment 1 spent less time hand-writing, allowing them to view more problems
than those in Experiment 3. A higher repetition frequency of the target words could have been
responsible for higher scores.
Conclusions and Pedagogical Implications

This study tested the impact of WH and NH on word recognition for novice and
intermediate CFL learners. Experiment 1 was replicated twice in Experiments 2 and 3,
confirming that NH practice was a more efficient way for lower-level learners to learn Chinese
word recognition. Second, Experiment 4 results indicated that 30% of hand-writing practice time
was inefficient for word recognition. Students could save 30% of that time by not practicing and
achieving the same results in word recognition as those who practiced WH. It is worth
mentioning that 30% is only the minimum time a learner would spend on hand-writing without
strict hand-writing requirements. Lu et al. (2019) reported that instructors at the college level
with strict hand-writing requirements expected students to devote an average of 44% of their
practice time on hand-writing, and this number can reach as high as 70%. Thus, our study lends
further credibility to the proposition that word recognition with NH is a more efficient learning

method than a learning routine which includes both receptive learning and hand-writing.
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There has been considerable debate in the literature about the best teaching practices for
CFL with regard to Chinese characters. It is commonly accepted that Chinese takes considerably
longer to learn than other languages; consequently, the reading and hand-writing of Chinese
words should be taught starting on the first day of class. However, with the development of a
deeper understanding of CFL learning and the increasing amount of evidence supporting e-
writing (not to mention the ecological validity of e-writing as a communication method), more
CFL teachers have considered decreasing hand-writing requirements in favor of word
recognition practice when attempting to increase learning efficiency. Cui (1999) advocated that
students should first learn listening and speaking. Zhang (2021) found that compared with hand-
writing-primary method, the typing-based approach is a more efficient way for lower-level
learners to learn and maintain Hanzi, thus facilitating the development of their reading and e-
writing skills. Our study fills the gap in the literature by considering efficiency and further
supporting that lower-level CFL learners can learn word recognition more efficiently with NH.

The findings of this study should assist CFL teachers in making informed decisions about
best practices for teaching lower-level CFL learners to recognize Hanzi. Suggested pedagogical
implications include that, rather than spending time on hand-writing exercises, CFL teachers
should be spending valuable time focusing on listening, speaking, reading and e-writing skills if
the teaching objective is to make Chinese learning a more productive experience for early-stage
learners. Hand-writing may be inefficient and have limited value in terms of character and word
learning. Within the same amount of learning time, lower-level (novice and intermediate) CFL
teachers are encouraged to offer different kinds of reading and e-writing word recognition tasks
and demonstrate words in various contexts to enhance word recognition without requiring

learners to write or memorize characters or words via hand-writing.
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Limitations and Future Work

Despite the success of this study, there were certain limitations. Firstly, Experiment 1 did
not assess participants' handwriting ability prior to the study, as it was deemed illogical to
require participants to write down characters of unknown words. However, the lack of testing in
this aspect might impact the validity of the experiment. Experiment 2 and Experiment 3 made
improvements upon Experiment 1 by addressing this limitation. Secondly, Participants in the NH
conditions of the experiments received handwriting practice prior to online practice. However,
all post-tests included a handwriting task after the online recognition task. Although the online
tests and the handwriting tests assessed different skills and their results were analyzed separately,
aligning the test order to the practice order would have improved the study's design. In addition,
the drop-out rate of participants in Experiment 3 affected the results due to relatively small
sample sizes.

Future research could examine the long-term effects of online word recognition learning,
investigate the most effective question types for word recognition, and explore the interaction
between online learning effects and learning platform functions such as retry and immediate
feedback. Additionally, more studies comparing the differences between character recognition
and word recognition and how these two learning processes interact with each other would be of
interest.
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Appendix A

Target words, Pinyin pronunciations, and English meanings for the four experiments

Experiment 1 & 2 Experiment 3 Experiment 4

Target L English Target L English Target L English
Word Pinyin Meaning  Word Pinyin Meaning Word Pinyin Meaning
Set X Set X =W jianyi suggest; advise

&%  weénding  stable % Y xTyan to smoke W boli glass

4 - . I . sick of; . . .
G zixi tentative itk tdoyan disqusting Jdi 3L duli independent
¥  bidgozhun  standard & boli glass HE gligé reform
- \ . o turn down;

5 A 2 T3 : 4 !

J& yuanyin reason B3R 1ajT trash; waste B jujué refuse; reject
o gishi gi ?ar;latter e 3L dali independent 454 hiinyin ~ marriage
Set'Y Set'Y E #r mubiao  target; goal

- . — _ pollute; \ qingson  relaxed; take it
i juli distance NS wiiridn contaminate = /A g easy
S turn down;
| A Y & ’
e g houhui regret E4 jujué refuse: reject
be familiar environment
FARS shiixi with I huanjing

surroundings
7] zhudong initiative A xinggé  personality

qingson  relaxed; take

B 1ehl \
TE yashi hence EZX /N g it easy
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Appendix B

Hand-writing practice prompt and worksheet example for the four experiments

Problem ID: PRABERZE Comment on this problem

Please ask for a paper practice sheet from teacher.

Practice sheet name: X1

Copy each character 3 times on character worksheet, following stroke
orders. Once completed, please check "completed” and move on.

Select one:

completed I 100%
Submit Answer

Hand Copy Practice X (Round___)
Please copy each character 3 times following stroke orders. Once completed,
please click check "completed” on ASSISTments and move on.

%

>+

4
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Appendix C

! Break |

' ' '
8 Practice o
-

Experimental design for the four experiments

=

a. Experiment 1 & 2 b. Experiment 3 c. Experiment 4

124




Chapter 5: Immediate Versus Delayed Feedback on Learning: Do People’s Instincts

Really Conflict with Reality?

This chapter presents the following manuscript:
Lu, X., Sales, A., & Heffernan, N. T. (2021). Immediate Versus Delayed Feedback on
Online Learning: Do people's Instincts Really Conflict with Reality? Journal of Higher

Education Theory and Practice, 21(16). https://doi.org/10.33423/jhetp.v21i16.4925
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Abstract

Researchers have held differing views on the effects of feedback timing for decades. A closer
reading of the timing of feedback literature that favored delayed feedback revealed that this
conclusion may have been reached prematurely, because the results might have been confounded
by the time interval between feedback and a posttest. This study differs from previous feedback
timing studies in three distinct ways: First, this study addressed the limitations of previous
studies by holding time interval between the feedback (either immediate or delayed) and the
posttest constant. Second, this study included various types of knowledge and investigated the
interaction between feedback timing and different knowledge types. Third, most studies that
investigate the comparative effectiveness of immediate and delayed feedback on written
assignments were conducted in the STEM fields, whereas few studies can be found in the second
language learning field. Results revealed that the immediate feedback condition significantly
outperformed the delayed feedback condition on conceptual knowledge learning, however, no
difference between the two conditions was found on situational knowledge learning.

Key words: feedback timing, immediate feedback, delayed feedback, knowledge types,

second language learning
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Introduction

Feedback in educational contexts has been considered crucial to learning (Narciss &
Huth, 2004). Feedback effectiveness is affected by a range of factors such as the purpose,
specificity, information provided, forms, as well as the timing (Shute, 2008). Among all of the
above-mentioned features, the preference for immediate or delayed feedback has long been a
debate. The cognitive psychology literature suggests that the timing of feedback may affect
learning (Butler et al., 2007; Kulik & Kulik, 1988), and each preference has their own theories to
support it (Fu & Li, 2020). Researchers have been holding opposing conclusions on the effects of
feedback timing for decades (Butler et al. 2007; Clariana, 1999; Kulik & Kulik, 1988; Pound &
Bailey, 1975). Most educators and students assume that immediate feedback improves learning.
There has been a significant shift toward the use of immediate feedback in online courses, and
learning platforms are designed to improve learning through its use. Not everyone, however,
understands the effectiveness of immediate feedback the same way. Some researchers have
underscored the assumption that immediate feedback is intrinsically better as derived from the
behaviorist approach to learning (Holland & Skinner, 1961). However, behaviorism is far from
explaining human learning behavior based on current cognitive research results. Butler &
Woodward (2018) reviewed many studies and concluded that task-level delayed feedback
outperformed immediate feedback. Corral et al. (2021) conducted three experiments and argued
that longer intervals in delayed feedback might enhance the processing of feedback and enhance
conceptual knowledge learning. Furthermore, with the development of the cognitive revolution,
many laboratory studies reported that delayed feedback can be more effective in promoting long-

term retention than immediate feedback (e.g. Smith & Kimball, 2010, Mullet et al. 2014). The
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ManyClasses experiment (Fyfe et al., 2019) was a vigorous attempt in this regard and asked the
question about when delayed feedback is better than immediate feedback across a variety of
authentic educational contexts. They pre-registered a complete experiential analysis plan in
which several instructors tested the two conditions of immediate and delayed feedback. They did
not, however, find any significant difference between the two feedback conditions.

Does the desire to provide immediate feedback conflict with reality - that delayed
feedback improves learning? A closer reading of the timing of feedback literature which favored
delayed feedback reveals that past studies related to delayed feedback have reached premature
conclusions. Many of these studies contain methodological flaws that undermine their results.
For instance, the uncontrolled time interval between different kinds of feedback and posttests
might have misled the results (Metcalfe et al., 2009; Nakata, 2015). For example, Fyfe et al.
(2019) only required a set time period between the assignment and the posttest, and designated
delayed feedback provided a confounder between the assignment and the posttest, as students in
the delayed feedback condition received a shorter time interval between the exposure of the
question and answer to the posttest. However, the immediate feedback condition did not. Other
similar experimental designs include Mullet et al. (2014). In other words, previous studies were
designed inherently to support the opinion that delayed feedback is preferable for a “test with a
set date”. This contrast learning in which immediate feedback is given, because the delayed
feedback appears closer to the posttest, hence improving students’ test grades. The time interval
confounds the results, potentially caused by the different time interval rather than feedback
timing per se.

The types of information that students learn might also affect the feedback results, as

different types of knowledge indicate various informational processing methods in the brain.
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Educational psychologists De Jong, T., & Ferguson-Hessler, M. (1996) summarized previous
research on different types and qualities of knowledge, providing four major categories of
knowledge from the practical perspective: 1. situational, 2. conceptual, 3. procedural, and 4.
strategic. The first two types of knowledge, situational knowledge (such as a cultural fact) and
conceptual knowledge (such as the usage of a grammar pattern), are the most commonly
acknowledged in all learning fields, relatively easy to quantize, and each possess unique features.
Hence, we chose the first two types of knowledge as the research subjects of the current
experiment.

There have been studies that focus on the feedback timing of situational knowledge such
as vocabulary learning, especially in the first language learning field. In the second language
learning field, Nakata (2015) investigated the effectiveness of feedback timing on Japanese
college students learning English vocabulary. They were able to hold the time interval between
feedback and posttests constant to avoid confounding. However, they discovered little variance
between immediate and delayed feedback on vocabulary learning. As for conceptual knowledge
such as grammar patterns, it is not yet clear whether the learning of this kind of knowledge may
be affected by feedback timing in the field of second language learning.

In the second language learning field, feedback for oral communication and written
assignments are explored separately due to their distinct features. Most studies that focus on the
corrective feedback for oral communication favored immediate feedback (Fu & Li, 2020, Li,
2020). Although there have been many studies in the STEM field on the effects of feedback
timing on written assignments, few studies have been done in the second language (L2) learning
field. The “feedback” mentioned in the current study referred to written feedback, not oral

corrective feedback. Nakata (2015) compared the learning effects of immediate feedback
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(immediately after each response) and delayed feedback (withheld until the end of the entire
assignment) and found no difference between the immediate and delayed feedback. However, the
delayed feedback they studied was not typical delayed feedback in a real classroom: in a
traditional classroom with paper worksheets, teachers would typically not provide feedback until
a few days later.

In the current study, immediate feedback refers to feedback provided immediately
following each question and prior to the next one, while delayed feedback refers to feedback
provided a few days after students have completed the entire assignment. This study focused on
applied research in the classroom with computers rather than in laboratory research. As a result,
the definition of immediate and delayed feedback underscored the difference between online
assignment feedback, which can be provided right after each question, rather than the traditional
method of providing assignment feedback which usually takes a fews days. Feedback delay by a
few seconds is considered immediate feedback, rather than delayed feedback in the laboratory
(Carpenter & Vul, 2011).

This study differs from previous feedback timing studies in three keyways: First, this
study addressed the limitations of previous studies by holding the time interval between the
feedback (either immediate or delayed) and the posttest constant. By doing this, students in
different conditions had an equal length of time to forget information, and the posttest results
were not confused with a lag to posttest. Second, this study included different types of
knowledge and investigated the interaction between feedback timing and different types of
knowledge. Third, most studies on the comparative effectiveness of immediate and delayed

feedback on written assignments were conducted in the STEM fields, and not much support can
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be found in the second language learning field. This study sought to fill this gap by conducting
studies in a second language classroom.

This study hypothesized that immediate feedback is at least as effective as delayed
feedback when the same time interval between feedback and posttest are the same. The research
question is: how does feedback timing affect students' learning of situational and conceptual
knowledge in a second language classroom?

Methods
Participants

Participants were 41 undergraduate students enrolled in an Intermediate Level Chinese
class in the Fall 2019 semester at a private university. The participants included 24 males and 17
females, with 3 freshmen, 20 sophomores, 13 juniors, and 5 seniors. Students participated in the
course for credit.

Experimental Design

This study was a pre-post randomized experiment with a within-subject design: feedback
timing (Immediate versus Delayed) was the independent variable and students’ posttest results
were the dependent variable. Controlled variables included test contents, pretest score, and test
time.

Participants were randomly divided into two groups. To increase the chance that
participants in each group had equal variance, participants were anonymized and rank-ordered
based on the pretest scores. Then, the top two performing participants were paired, and each pair
member was randomly assigned to a group, as shown in Figure 1.

Both groups received all the situational and conceptual knowledge questions in the same

order of P, Q, X, Y, yet that contained different feedback conditions. Group A received question
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sets P and X with immediate feedback, Q and Y with delayed feedback, while Group B received

question sets P and X with delayed feedback and Q and Y with immediate feedback.

All the assignments and tests took place during class time. The time interval between

feedback and posttests was a period of seven days and that was determined by the course

schedule.

Figure 1

Experimental design and procedure
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Day 15

(Fourteen Days Later)

Day 22
(Twenty one Days Later)

Test2on Q|Test2on Y

Test 2 on P|Test 2 on X|

Notes:

P Q are problem sets testing on factual knowledge.
Each set contains three questions on three facts. The
question form is fill in blanks.

e.g.: Fill in the blank with one word. Please type out in the text-box
below:

The origin of the word “China” derives from the dynasty.

XY are problem sets testing on conceptual knowledge
(grammar). each set contains two questions on one
grammar pattern. The question forms are open-ended
questions: complete dialogue and comment on the
statement with the target grammar pattern.

eg.

X:g Comment on Xiao Wang's thoughts and statements using
rhetorical questions with i -

ME EA¥RRRGERB, AFRBEXET

Y: Complete each dialogue with a logical question using “4&"
sentence. Please make sure to mention the object in the
sentence, and feel free to make one up based on the content.

A
B: iiliE,
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Materials
Assignments

Four sets of assignments were designed: P, Q, X, and Y. Quiz P and Q each contained
three situational questions. Situational knowledge included a series of fun facts related to China
and Chinese culture rarely known by students and challenging to recall after a single reading.
Quiz X and Y each contained three conceptual questions for one grammar pattern. Two grammar
patterns were implemented that students learned previously, yet had a difficult time mastering:

making rhetorical questions for set X and ba (%) pattern for set Y. The questions for each

assignment were listed in Appendix A. P and X were grouped together, Q and Y were grouped
together when assigning quizzes to groups.
The Pretest and Posttests

Each test contained all the situational questions in P and Q, as well as two questions on
conceptual knowledge 1 and two questions on conceptual knowledge 2. P and Q were
represented situational knowledge, so the pretest and the two posttests contained the same
questions on the assignments. X and Y represented conceptual knowledge so the pretest and the
two posttests contained new questions about the same concepts in the assignments. The questions
for all the tests can be found in Appendix B. Identical questions were used in both the pretest and
posttests to better compare the learning results. Since no feedback was provided after the pretest,
and the time lag between the pretest and posttest was at least 7 days, it is assumed that the pretest
would not cause a significant difference in posttest learning. Target grammar patterns and
cultural facts were not mentioned in the class nor in any of the assignments during the entire
experimental process.

Feedback
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All the situational questions could be graded automatically by the system and both types
of feedback were provided: The feedback included confirmation of accuracy as well as the
correct answers. For the feedback of conceptual questions, a sample answer, as well as a few
sentences explaining the usage of the grammar pattern, were provided as feedback. This kind of
feedback was provided because there were numerous variations for grammar pattern usage, and
students’ answers could not be graded automatically. All students enrolled in the course accessed
and completed the assignments and received the same feedback. However, the timing of
feedback varied depending on the conditions. To ensure that the feedback was read, students
were required to view the feedback for each question in order to receive credit for completing the
assignment. A follow-up question appeared immediately following students reading of the
feedback, whether immediate or delayed, and the instructions prompted the following response:
“The correct answer is ... Did you get it right?”

Procedure

This experiment was conducted during regular class hours with the use of ASSISTments
embedded in the Moodle platform. ASSISTments is an online learning platform that supports
student learning with hints and immediate feedback (Heffernan, N.T. & Heffernan, C.L., 2014).
The assignments, immediate or delayed feedback, follow-up questions on feedback information,
and the posttest were all delivered using ASSISTments. Since the course gives all participants
daily in-class quizzes using student’s individual laptops, all participants were comfortable taking
quizzes online. Two in-class quizzes on ASSISTments were assigned prior to the experiment to
help students familiarize themselves with the system.

ASSISTments anonymized the research data before providing it to researchers. All

experiments were overseen by WPI’s IRB team.
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At the beginning of the semester, instructors announced the opportunity to participate in
the study, clarifying to students that participation in the research study would not change their
course experiences, but rather, stated that their course data would be provided to the researchers.
Before the experiment started, students had been assigned three homework assignments on
ASSISTments to familiarize themselves with the platform. A pretest was assigned during class
time with no feedback given. Then, students were assigned randomly into two groups based on
their pretest scores. On the first day of the experiment, the course instructor asked all students to
login to the Moodle platform. Instructors provided ample class time for all students to complete
their assignments. Depending on the groups, students received immediate feedback for two sets
of questions and no immediate feedback for the remaining two. Immediate feedback was
provided immediately following each question. If they received immediate feedback, students
would be asked to answer a follow-up question to confirm that it was read.

On the eighth day, the teacher again asked all students to login to the Moodle platform
and complete all the questions. Students were asked to take post-test 1 for the question sets on
which they had received immediate feedback seven days ago, as well as read delayed feedback
for the two sets of questions they hadn't received feedback on from seven days ago. The delayed
feedback is also followed by questions to confirm the reading of the feedback. On the sixteenth
day, students were required to take test 2 for the assignments with immediate feedback, and test
1 for those with delayed feedback. On the twenty-second day, students were asked to take test 2
for the assignments with delayed feedback. A procedure flow chart can be found in Figure 1.
Preregistration

The experimental design was pre-registered on OSF and the fully anonymized data can

be found in Lu & Heffernan (2020). The sole analysis change from the plan was using R instead
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of SPSS. During pre-registration t-tests and ANCOVAs in SPSS were suggested, however, given
the fact that we paired our students up during randomization, the stronger and more appropriate
analysis accounts for that pairing. So, we began implementing R and ran the linear mixed effect
model below with the pairing variable (called Pair Number) as a fixed effect.

Results

One participant did not attend on the posttest days and was excluded from the study.
Conceptual knowledge data and situational knowledge data were both analyzed separately.
Conceptual knowledge X, Y

A linear mixed model fit by REML in R (RStudio version 1.3.959) is used to perform
linear mixed-effects analysis of the relationship between posttest scores and conditions. T-tests
used Satterthwaite's method [ImerModLmerTest]. As fixed effects, we entered the condition, test
content, pretest score, and test time. As random effects, we had intercepts for subjects, and
converted the variable “pair number” into a factor but preserved the variable and value label
attributes. The experimental model was:

Score;; = Bopairfi] T B1Condition;; + B, TestContent;; + s PreAveXorY;; +
BsTestTime;; +1n; + & (1)

Where Score;; is the score for student i at measurement time j=1,2,3 (?), Bopair[i]1S @
fixed intercept for i’s randomization pair, and 7; is a random intercept for student i. The REML
criterion at convergence was 100.1. The model's intercept remained at 0.45 (SE = 0.21, 95% CI
[0.05, 0.70]). Within this model: The effect of condition was significant, ; =0.16, SE = 0.04,
95% CI1[0.07, 0.24], ¢ (110.65) = 3.71, p <.001*** which indicated the immediate condition
performed significantly better than the delayed condition. The effect of test content was

significant (beta = -0.23, SE = 0.05, 95% CI [-0.32, -0.12], £ (117.72) = -4.70, p < .001%%%),
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When looking into the test content, participants performed significantly better in X than in Y,
which might be caused by differing question types or the varying difficulty levels of the two
grammar patterns. The effect of the pretest was significant, (beta = 0.39, SE =0.11, 95% CI
[0.25, 0.68], ¢ (128.96) = 3.44, p < .001***), which indicated that higher pretest scores led to
higher posttest scores. The effect of test time was insignificant, (beta = -0.001, SE = 0.04, 95%
CI [-0.08, 0.09], £(110.31) =-0.03, p = 0.97. None of the effect of pair numbers was significant.

Variance explained by the random effect subject was 0.03, SD = 0.19. See Table 1.

Table 1

Linear mixed-effects analysis for conceptual knowledge using posttest scores as the criterion

Predictor /] SE df t p 95%CI
(Intercept) 0.448 0.207 39.262  2.160 0.037* [0.053, 0.704]
Condition 0.163 0.044 110.652 3.714 0.0003 *** [0.069, 0.241]

TestContent -0.233  0.050 117.721 -4.704  7.01e-06 *** [-0.315, -0.124]

Pretest Average  0.388  0.113  128.956  3.443  7.75e-04%*** [0.252, 0.677]

Test Time -0.001 0.043 110.313 -0.032 0.974 [-0.083, 0.086]

Notes: N=154; * p<.05; ** p<.001; *** p<.0001.
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Situational knowledge P, Q

The same model as the conceptual knowledge dataset was used for situational knowledge
data. The REML criterion at convergence was -1.5. The model's intercept was at 0.28 (SE =
0.12, 95% CI1[0.04, 0.41]). Within this model: The effect of condition was insignificant, beta = -
0.05, SE =0.09, 95% CI [-0.02, 0.10], £ (110.9) = -0.55, which indicated that the condition did
not explain much of the variance, and no difference was found between immediate and delayed
conditions. The effect of test content was insignificant (beta = -0.04, SE = 0.03, 95% CI [-0.03, -
0.09], £ (113.4) = 1.23, p =0.22). Alternatively, the pretest effect was significant, (beta = 0.54, SE
=0.10,95% CI[0.38, 0.74], ¢ (127.7) = 5.51, p < .001***), which indicated that higher pretest
scores led to higher posttest scores. The effect of test time was insignificant, (beta = 0.003, SE =
0.04, 95% CI1[-0.02, 0.09], £ (110.5) = 0.007, p = 0.99. None of the effect of pair numbers was
significant. Variance explained by the random effect “subject” was 0.02, SD = 0.13. See Table 2.
Table 2

Linear mixed-effects analysis for situational knowledge using posttest scores as the criterion

Predictor p SE af t P 95%CI

(Intercept) 0232 0.123 27.629 1.888 0.070 [0.045, 0.407]
Condition 0.042 0.029 111.776 1.452 0.149 [-0.016, 0.097]
Test Content ~ 0.038  0.031  114.430 1.233 0.220 [-0.027, 0.093]

Pretest Average 0.541  0.099  128.831 5.488  2.08e-07 *** [0.381, 0.744]

Test Time 0.032 0.029 111.741 1.101 0.273 [-0.023, 0.090]

Note: N=155; SE = standard error of B; * p<.05; ** p<.001; *** p<.0001.
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Discussion

The purpose of this study is to identify the optimal feedback timing for student learning
in the second language field. This study included two informational types to study the impact of
feedback timing with different knowledge types. This study also kept the time interval constant,
between feedback and posttests in both immediate and delayed conditions. Results of this study
suggested that the immediate condition performed significantly better than the delayed condition
when learning conceptual knowledge (grammar), no difference was found between the two
conditions when learning situational knowledge (cultural facts).

The results of this study contradicted the findings that claim a significant delay-retention
effect, and supported the effectiveness of immediate feedback when learning conceptual
knowledge such as grammar. This study partially supported that immediate feedback
outperformed delayed feedback by clearly defining immediate and delayed feedback in a
classroom setting while holding the time interval between the feedback and posttests as constant
in both conditions.

Conceptual knowledge and situational knowledge reacted differently to the feedback
timing. No variation was found between the immediate and delayed feedback conditions while
students were learning situational knowledge, and these results further supported Nakata
(2015)’s findings. However, a significant difference was found in the two conditions in the
learning of conceptual knowledge. According to Anderson (1983), conceptual knowledge is
encoded declaratively first, which is identical to situational knowledge, then translated into
procedures. If this is the case, then the different results on the two types of knowledge in our
study can be indirect evidence that immediate feedback has a positive impact on the procedures

of translating declarative information into conceptual knowledge.
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In the second language learning field, most research related to immediate feedback is
focused on vocabulary learning. Effects of feedback timing on the learning of grammar is not
explored thoroughly. One reason might be caused by the difficulties of providing immediate
feedback to open-ended questions, such as for grammar usage. For example, there are usually
several correct ways to say one sentence with the same grammar pattern due to language
variations. This study tries to fill this gap in the research by providing suggested correct answers.
Results indicated that the provision of correct answers improves students’ online learning for
open-ended questions.

It should be noted that the two different conceptual knowledge test content of X and Y
made a difference in the results, and R analysis indicated that students performed significantly
better in the posttest of X than in Y. In our data analysis, we discovered that X also received
significantly higher pretest results compared to Y. This might be caused by varying levels of
difficulty of the two grammar patterns or different question types. Test contents were selected
based on the course schedule to best serve students’ learning purposes. To prevent students from
learning the content of the second condition while completing the first, different contents were
required.

Pedagogically, the results imply that immediate feedback may be preferred when learning
conceptual knowledge such as grammar in the second language field, and both delayed and
immediate feedback may be used when learning situational knowledge such as cultural facts.
Since most educators and students have the assumption that immediate feedback improves
learning, providing immediate feedback for situational and conceptual knowledge might be more
desirable. The advantage of immediate feedback also indicated that online homework

assignments with feedback provided immediately after each question may be a more effective
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way of learning, as compared to traditional handwritten homework assignments which typically
take a few days for students to receive any feedback. Although it is challenging to immediately
correct open-ended questions such as forming sentences with a grammar pattern, it is
nevertheless beneficial for instructors to provide immediate feedback with suggested answers.
Acknowledgement

This work was supported in part by NSF (e.g., 2118725, 1950683, 1917808, 1931523,
1940236, 1917713, 1903304, 1822830, 1759229, 1724889, 1636782, & 1535428), IES (e.g.,
R305D210031, R305A170137, R305A170243, R305A180401, & R305A120125), GAANN
(e.g., P200A 180088 & P200A150306), EIR (U411B190024), ONR (N00014-18-1-2768) and

Schmidt Futures.

141



References
Anderson, J. R., (1983). A spreading activation theory of memory. Journal of Verbal Learning

and Verbal Behavior, 22 (3), 261-295. https://doi.org/10.1016/S0022-5371(83)90201-3.

Butler, A., Karpicke, J., & Roediger, H. (2007). The effect of type and timing of feedback on
learning from multiple-choice tests. Journal ofExperimental Psychology: Applied, 13(4),

273-281. https://doi.org/10.1037/1076-898X.13.4.273

Butler, A. C., & Woodward, N. R. (2018). Toward consilience in the use of task-level feedback
to promote learning. Psychology of Learning and Motivation, 69.

https://doi.org/10.1016/bs.plm.2018.09.001

Carpenter, S. K., & Vul, E. (2011). Delaying feedback by three seconds benefits retention of
face—name pairs: the role of active anticipatory processing. Memory & Cognition 2011

39(7), 1211-1221. https://doi.org/10.3758/S13421-011-0092-1

Clariana, R.B. (1999). Differential Memory Effects for Immediate and Delayed Feedback: A
Delta Rule Explanation of Feedback Timing Effects. Paper presented at the Association
of Educational Communications and Technology annual convention, Houston, TX.

Corral, D., Carpenter, S. K., & Clingan-Siverly, S. (2021). The effects of immediate versus

delayed feedback on complex concept learning. Quarterly Journal of Experimental

Psychology, 74(4), 786—799. https://doi.org/10.1177/1747021820977739

De Jong, T., & Ferguson-Hessler, M. (1996). Types and qualities of knowledge. Educational
Psychologist, 31(2), 105-113.

Fu, M., & Li, S. (2020). The effects of immediate and delayed corrective feedback on L2
development. Studies in Second Language Acquisition, 1-33.

https://doi.org/10.1017/S0272263120000388

142


https://doi.org/10.1016/S0022-5371(83)90201-3
https://doi.org/10.1037/1076-898X.13.4.273
https://doi.org/10.1016/bs.plm.2018.09.001
https://doi.org/10.3758/S13421-011-0092-1
https://doi.org/10.1177/1747021820977739
https://doi.org/10.1017/S0272263120000388

Fyfe, E., de Leeuw, J. R., Carvalho, P. F., Goldstone, R., & Motz, B. (2019, May 28).
ManyClasses 1: Assessing the generalizable effect of immediate versus delayed feedback

across many college classes. https://doi.org/10.31234/osf.i0/4mvyh

Heffernan, N. T., & Heffernan, C. L. (2014). The ASSISTments ecosystem: Building a platform
that brings scientists and teachers together for minimally invasive research on human
learning and teaching. International Journal of Artificial Intelligence in Education, 24(4),

470-497. https://doi.org/10.1007/s40593-014-0024-x

Holland, J. G., & Skinner, B. F. (1961). The analysis of behavior: A program for self-instruction.
New York, NY, US: McGraw-Hill.
Kulik, J. A., & Kulik, C-L. C. (1988). Timing of Feedback and Verbal Learning. Review of

Educational Research, 58(1), 79-97. https://doi.org/10.3102Timing of Feedback and

Verbal Learning - James A. Kulik, Chen-Lin C. Kulik, 1988/00346543058001079

Li, S. (2020). What is the ideal time to provide corrective feedback? Replication of Li, Zhu &
Ellis (2016) and Arroyo & Yilmaz (2018). Language Teaching, 53(1), 96-108.

https://doi.org/10.1017/S026144481800040X

Lu, X., & Heffernan, N. T. (2020, July 14). Data. Retrieved from osf.io/wvfxk
Metcalfe, J., Kornell, N., & Finn, B. (2009). Delayed versus immediate feedback in children’s
and adults’ vocabulary learning. Memory & Cognition, 37, 1077-1087.

https://doi.org/10.3758/MC.37.8.1077

Mullet, H. G., Butler, A. C., Verdin, B., von Borries, R., & Marsh, E. J. (2014). Delaying
feedback promotes transfer of knowledge despite student preferences to receive feedback
immediately. Journal of Applied Research in Memory and Cognition, 3, 222-229.

https://d0i:10.1016/j.jarmac.2014.05.001

143


https://doi.org/10.31234/osf.io/4mvyh
https://doi.org/10.1007/s40593-014-0024-x
https://doi.org/10.3102/00346543058001079
https://doi.org/10.3102/00346543058001079
https://doi.org/10.1017/S026144481800040X
https://doi.org/10.3758/MC.37.8.1077
about:blank

Narciss, S., & Huth, K. (2004). How to design informative tutoring feedback for multi-design for
multimedia learning. In H. M. Niegemann, D. Leutner, & R. Brunken (Ed.), Instructional
design for multimedia learning (pp. 181-195). Munster, NY: Waxmann.

Nakata, T. (2015). Effects of feedback timing on second language vocabulary learning: Does

delaying feedback increase learning? Language Teaching Research, 19(4), 416—434.

https://doi.org/10.1177/1362168814541721

Pound, L.D., & Bailey, G.D. (1975). Immediate Feedback Less Effective than Delayed Feedback
for Contextual Learning. Reading Improvement, 12(4), 222-224.
Shute, V. J. (2008). Focus on Formative Feedback. Review of Educational Research, 78(1), 153—

189. https://doi.org/10.3102/0034654307313795

Smith, T. A., & Kimball, D. R. (2010). Learning from feedback: Spacing and the delay-retention

effect. Journal of Experimental Psychology: Learning, Memory, and Cognition, 36(1),

80-95. https://doi.org/10.1037/a0017407

144


https://doi.org/10.1177/1362168814541721
https://doi.org/10.3102/0034654307313795
https://doi.org/10.3102/0034654307313795
https://doi.org/10.1037/a0017407

Appendix A
Assignment Questions for P, Q, X, Y

Assignment P:

The origin of the word “China” derives from the Qin dynasty.

China is considered to be the oldest civilization with some historians marking 6000 BC as
the beginning of the Chinese civilization. Also, it has the world’s longest-used written language.

The full name of the current leader/Chairman of China is Xi Jinping.

Assignment Q:

The population of China now is around 1.4 billion.

China has been the source of many innovations, scientific discoveries and inventions.
This includes the Four Great Inventions: papermaking, the compass, gunpowder, and printing.

The people's republic of china was founded in 1949.

Assignment X:

Comment on Xiao Wang’s thoughts and statements using rhetorical questions with #£ &

NE: FENERAER, AR5 RGE R LB Y.

Your comment:

A sample answer: XfEiE /R E > 4 TG 2

The subject “fX” can be put in front of “Xfi&” or right after it.

Did you get it right?

NE: REREHBER T .

Your comment:

A sample answer: & /R AN R 15 ?

Generally speaking, rhetorical questions that are affirmative in form carry an
emphatically negative meaning; rhetorical questions that are negative in form carry an
emphatically positive meaning. The meaning of the sample answer is: “Don’t you feel tired?”

Did you get it right?

You: IRIERELE T, IXIRFERE . (HARIIERBEA —E &K .

NE: HERADKMER!

You:

A sample answer: f/R/E -4 RIE ? MEEVRE WL 72

The underline meaning of the sample answer is “Since you didn’t see it by yourself, you
cannot say that Xiao Zhang stole it.”

Did you get it right?

Assignment Y:

Complete each dialogue with a logical question using “f" sentence. Please make sure to
mention the object in the sentence, and feel free to make one up based on the content.

A:

B: 55 I .

Sample answer: RI/EML 5 5¢ T2

The object should be known. You have to make one up which goes with the verb.

1 74] are most often used to describe what happened to the object in some detail.

Remember to use “ | as in this dialogue the action has taken place.
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The verb is not just "bare™; there's "more stuff" after it. In this case, a resultative
complement and “ | is needed.
Did you get it right?
A:
B: vK4H H .
Sample answer: /R4 EAETAER L 12
% sentences are most often used to describe location change of the object. When talking
about location, you should think about 7% in front of the question word. And if it has happened,
“J” is also needed.
Did you get it right?
A:
B: iR 4 .
Sample answer: FRAEFEIX AN ALAIE L5 HE?
When there are two objects in one sentence, i sentence is often used.
85741 are not tied to any particular time. When talking about plans, you do not need
“7 in the question.
Did you get it right?
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Appendix B
Pretest and Posttest Questions for P, Q, X, Y

Tests for P (same to the assignment questions)

1. The origin of the word “China” derives from the Qin dynasty.

2. China is considered to be the oldest civilization with some historians marking 6000
BC as the beginning of the Chinese civilization. Also, it has the world’s longest-used
written language.

3. The full name of the current leader/Chairman of China is Xi Jinping.

Tests for Q (same to the assignment questions)

1. The population of China now is around 1.4 billion.

2. China has been the source of many innovations, scientific discoveries and inventions.
This includes the Four Great Inventions: papermaking, the compass, gunpowder, and
printing.

3. The people's republic of china was founded in 1949.

Tests for X (different from the assignment questions)

Comment on Xiao Wang’s thoughts and statements using rhetorical questions with XEJHE:

L/hE: ERPNERNKARE, AR LERYT .
Your comment:

2.0 F: REPEBURKERE, AR TAEN OIFEA LT
Your comment:

Tests for Y (different from the assignment questions)

Complete each dialogue with a logical question using “f" sentence. Please make sure to

mention the object in the sentence, and feel free to make one up based on the content.

>

B: Bk

\S)

@ >

g /= g e 36 o
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Chapter 6: Immediate Text-Based Feedback Timing on Foreign Language Online

Assignments: How Immediate Should Immediate Feedback Be?

This chapter presents the following manuscript:

Lu, X., Wang, W., Motz, B., Ye, W., Heffernan, N. T. (2023). Immediate Text-Based
Feedback Timing on Foreign Language Online Assignments: How Immediate Should Immediate
Feedback Be? Computers and Education Open, 100148.

https://doi.org/10.1016/j.cae0.2023.100148.
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Abstract

Immediate feedback has been considered a cornerstone of online language learning platforms. A
closer reading of the research related to immediate feedback, however, reveals that the definition
of “immediate feedback” is inconsistent. Findings from the STEM literature were not well
supported from other fields. As a result, clarification is needed in order to assess which type of
immediate feedback leads to improved performance in a computer-assisted learning
environment. Research related to the effects of immediate feedback outside of STEM classes is
meaningful in order to better understand whether the findings can be generalized. This study
investigated the effects of immediate feedback timing in online language learning exercises.
Three conditions were examined: no feedback, end-of-question feedback, and end-of-assignment
feedback. A Planned Contrasts test revealed that with a pretest as the covariate, the end-of-
question feedback condition received significantly higher grades in the posttest compared to the
end-of-assignment feedback condition, and students’ learning improved significantly while
taking assignments in the end-of-question feedback condition. Students with lower pretest scores
used more attempts, although their learning progress was not significantly better as compared to
students with higher prior knowledge. The findings of this study provide insights into the use of
immediate feedback to improve learning as part of foreign language classroom instruction.

Keywords: Online learning; Immediate feedback; End-of-question feedback; End-of-

assignment feedback; Experiments and methodologies
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Introduction

With the rapid growth of learning technologies, educational systems have swiftly adopted
online learning technologies over the past decade (Liu et al., 2020). Similar to other disciplines,
language learning has embraced the potential of online tools for improving efficiency and
flexibility (Kannan & Munday, 2018). Increasing evidence suggests that, when properly
integrated into the curriculum, online learning tools (e.g., online tutoring systems and computer-
mediated communication) can facilitate improvements in foreign language (FL) development
and aptitude (Blake, 2011; Escueta et al., 2017). Among all of the language learning features that
online technology may provide, offering feedback on assignments is one of the most promising.
Therefore, the current study focused on the provision of text-based feedback on online textual
assignments, as it is not only ubiquitous in language learning compared with oral assignments
but also affordable (Bahari, 2021).

Shute (2008) used the term “formative feedback™ to define the feedback provided to
learners during the learning process. In the learning sciences, Butler and Woodward (2018)
defined feedback as “information about the gap between actual and desired performance” (p. 2).
Furthermore, feedback’s positive effects on student performance have been considered the
cornerstone of learning (Lipnevich & Panadero, 2021; Wisniewski et al., 2020), which is a
commonality across all educational systems. Many studies have supported this contention,
although only from multidimensional perspectives (Butler & Woodward, 2018). Hattie and
Timperley (2007) summarized the common features of definitions of feedback, underscoring that
the type of feedback and how it is provided can be differentially effective. Moreover, Shute
(2008) argued that the effectiveness of feedback depends on multiple features, such as its

specificity, complexity, length, and timing. Among these features, a prominent one is the timing
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of feedback, which is defined as the length of time following a learning action before feedback is
presented.

Determining whether differences exist in the effect of various timings of feedback on
learning could help researchers to improve the consistency of definitions, reduce the confusion of
concepts, tailor feedback to more effectively meet the needs of learners, and maximize the
impact of feedback on learning. Therefore, this study aimed to investigate the potential impact on
student FL learning by providing immediate feedback at different timings, and also to provide
empirical evidence as a point of reference for learners, educators, and platform designers to be
able to distinguish the two types of immediate feedback.

The feedback in this study emphasized the provision of textual explanations and
demonstrations of language and grammar knowledge for exercises, instead of individualized
feedback to student responses. An online textual assignment refers to an assignment offered on
an online platform in the form of text, requiring students to type answers or choose them from a
list. The assignment in this study focused on improving language skills rather than on being a
comprehensive project requiring in-depth research and analysis.

Literature Review
Theoretical Perspectives on Immediate Feedback
Behaviorism

Numerous studies have explored the effects of feedback timing, each backed up by
different theories. The systematic study of using immediate feedback in FL classrooms can be
traced back to the mid-20th century, when behaviorist theories of learning were prevalent in the
field of education (Budiman, 2017). According to behaviorists, the acquisition of language

occurs through the formation of habits, and the crucial factors in developing and reinforcing
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these habits are immediate positive feedback and correction. This led to an emphasis on
immediate feedback as a crucial part of language instruction.
Cognitive Load Theory

In addition to behaviorist theories, cognitive load theory (Sweller, 2011) supports the
notion that immediate feedback can enhance learning. This theory suggests that working memory
has limited capacity, and providing learners with detailed feedback in manageable amounts
prevents information overload. By offering immediate feedback, learners can better process and
integrate the information, leading to enhanced learning outcomes. Cognitive load theory supports
the notion that immediate feedback can be a powerful tool for facilitating language learning.
Lag Effects

Conversely, the leg effects (Bjork, 2018) posits that increasing the time interval between
practice and feedback can lead to improved retention in subsequent tests. The lag effects imply
that incorporating a time delay before providing feedback introduces increased learning
complexity, which has the potential to enhance retention and learning. Serfaty and Serrano
(2022) investigated the impact of lag effects on second language grammar learning and found
that longer lags between learning sessions were associated with significantly higher scores
among faster learners and learners with higher proficiency levels. On the other hand, shorter lags
were found to promote significantly higher scores among slower learners and learners with lower
proficiency levels.
Immediate Feedback Timing on Online Assignments

Regarding the timing of feedback, the effectiveness of immediate and delayed feedback
has been largely discussed, but conflicting research findings have been reported. Many educators

and students, especially students, favor immediate feedback over delayed feedback (see, e.g., van
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der Kleij etal., 2012; Lefevre & Cox, 2017), assuming that immediate feedback improves learning.
As a result, many online courses, learning platforms, and applications have been designed to
improve learning through the use of immediate feedback. Deeva et al. (2021) investigated the use
of feedback timing in selected online learning systems. They discovered that over 74% of systems
provided immediate feedback, either based on student actions or after the task was completed.
Providing immediate feedback immediately after students’ actions or errors was found to be
optimal.

However, a closer reading of the research related to immediate feedback revealed that the
definitions of “immediate feedback” have been inconsistent. To avoid confusion, instead of
immediate feedback, we defined the types as end-of-question feedback (EQF) and end-of-
assignment feedback (EAF). Text-based feedback refers to feedback provided in the form of text,
as opposed to the form of audio and video. Shute (2008) defined immediate feedback as feedback
provided “right after a student has responded to an item or problem or, in the case of summative
feedback, right after a quiz or test has been completed” (p. 163), which included both EQF and
EAF. Butler and Woodward (2018) reviewed many studies related to feedback and highlighted the
inconsistency of the definition of immediate feedback. Various authors have used the term
“immediate feedback” to refer to the following: (a) EQF, which indicates feedback provided
immediately after each question (see, e.g., Dihoff et al., 2004; Metcalfe et al., 2009; van der Kleij
et al., 2012; van der Kleij et al., 2015); (b) EAF, which indicates feedback provided immediately
after the entire assignment (see, e.g., Fyfe et al., 2021; Qi et al., 2020); and even (c) feedback
provided after a short delay, such as immediately after the assignment deadline (Mulletetal., 2014).
On the other hand, some studies have classified EAF as delayed feedback (see, e.g., Attali & van

der Kleij, 2017; van der Kleij et al., 2015). In a meta-analysis of feedback timing, van der Kleij et
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al. (2015) defined immediate feedback as feedback provided immediately after each question,
while all other feedback was called delayed feedback, including EAF. Crucially, without a clear
definition, one cannot draw any conclusions regarding the effectiveness of immediate feedback
timing.

Furthermore, few studies have addressed the difference between EQF and EAF. Dihoff et
al. (2004) compared various types of feedback, including EQF, EAF, 24-hour delay, and a control
group. They demonstrated that EQF promoted the most retention and the most accurate
identification of initial responses. Attali and van der Kleij (2017) investigated the effects and
interactions of feedback types; their unique timings, such as immediate or delayed; and item format
on learning. They found that EAF outperformed EQF when the option for a later review was
provided. However, which type of immediate feedback leads to improved learning retention
remains ambiguous.

A variety of factors must be considered when attempting to measure the effect of feedback
on student learning and retention, including incentivization and retry. For example, researchers
must validate that students have indeed read the feedback in the first place. Timmers and Veldkamp
(2011) found that half of their participants only paid attention to feedback on incorrect answers,
while a quarter did not pay any attention to feedback. Mullet et al. (2014) also found that a mere
half of the feedback provided on all homework assignments was actually viewed by students.
Additionally, assignments did not include incentives for students to view feedback. This suggests
that incentives to view feedback should be employed if researchers wish to examine differences in
feedback manipulation.

Another decision to make is whether to allow the “retry” function in a classroom

experiment design. This is widely provided by learning platforms immediately after students
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answer incorrectly and before feedback is provided. Some researchers considered the retry
function on assignments to design a confounder in a classroom experiment (Zhang et al., 2021).
They argued that different processing times and the engagement of different strategies would
confound the results or induce anxiety and frustration. Other studies have indicated that providing
choices and retry opportunities to students could enhance their learning (Culpepper, 2014; Ostrow
& Heffernan, 2014; Attali & Powers, 2010). After reviewing automated feedback technologies,
Deeva et al. (2021) emphasized the potential positive influences of a higher degree of control over
feedback on learners’ performance. It is reasonable to acknowledge each method of feedback as
having its own unique features for a classroom experiment aimed at measuring learning and
guiding best teaching practices. When considered holistically, all features may impact the learning
and retention of material.
Immediate Feedback on Chinese language Learning

Panadero and Lipnevich (2022) underscored the importance of feedback research within
different learning contexts. They noticed that different learning contexts impact the effects of
feedback timing. Feedback research in the FL learning field might provide a different perspective
(Lahcen & Mahmoud, 2022). Feedback in FL acquisition gained more research attention after
Long proposed the interaction hypothesis in 1983 (Gass & Mackey, 2014), which indicates that
corrective feedback might be a crucial method for enhancing language acquisition. Regardless of
the popularity of textual assignments and text-based feedback, most studies related to feedback
timing in the FL education field have focused on oral feedback in classroom communication
(Henderson, 2021; Li, 2022) due to the nature of the field. Rassaei (2019) highlighted that both
oral and text-based feedback are beneficial to FL learners, whereas Kang and Han (2015) found

that text-based feedback led to greater grammatical accuracy in FL writing. Therefore, the current
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study aimed to fill this gap.

Computer-mediated text-based feedback has been widely studied in the field of English as
an FL (Barrot, 2021). However, most studies have investigated the efficacy and accuracy of
providing text-based feedback (also called written corrective feedback), not the timing of feedback
itself. Among the researchers who have studied feedback timing, most have compared immediate
feedback (either EQF or EAF) with delayed feedback (either EAF or with a delay). Their findings
have been controversial, with some studies favoring immediate feedback (Shintani & Aubrey 2016)
and others favoring delayed feedback (Salajegheh et al., 2022).

Notably, only a few studies in the FL education field have offered empirical results on the
effects of immediate feedback timing on online text homework assignments; however, their
conclusions have still been immature. Nakata (2015) compared the effects of EQF and EAF on FL
vocabulary learning, finding nonsignificant differences between these feedback types. Henshaw
(2011) have found similar results. However, Kilickaya (2022) compared EQF (defined as
immediate feedback) and EAF (defined as delayed feedback) in computer-supported FL grammar
instruction and discovered EQF to be more efficient. With limited experimental studies comparing
the differences in immediate feedback timing in the FL learning field, it remains unclear which
type of immediate feedback is most effective when learning an FL.

Research Question and Hypothesis

Overall, providing immediate feedback is widely accepted to enhance learning, and
therefore, an increasing number of online tools that provide immediate feedback to language
learners have been offered. However, a more focused inquiry should be evaluated, as exemplified
in the following question: When should immediate feedback be provided to benefit learners the

most — after each question is answered or after an assignment is completed? Therefore, the present
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study built on currently available evidence regarding the effectiveness of immediate feedback in
online learning environments, aiming to clarify the inconsistent definition of immediate feedback
and to examine the possible impact on student learning by providing EQF and EAF. Specifically,
it investigated the differences between the two types of immediate feedback using an experimental
design in the teaching of Chinese as a FL. The following research question was addressed:

If immediate feedback improves FL learning, which type of immediate feedback is

preferable — EQF with retries (immediately after each question) or EAF (at the end of the

entire quiz assignment)?

Due to the limited research findings in this area, we hypothesized that no differences exist
between the EQF and EAF conditions, and that both feedback conditions would receive higher
scores in the posttest compared with the control condition.

Methods!
Participants

This study employed a convenience sampling method to recruit participants. The
participants were 81 undergraduate students enrolled in intermediate-level Chinese classes in the
fall 2020 semester at two private universities in the United States. Chinese was not their native
language, and students were placed into the classes based on placement tests at the beginning of
the semester for credits. There were 40 male and 41 female participants with an age range of 18—
25 years. Four students did not complete the experiment as a result of their absence.

The Online Learning Environment

L A time-stamped, independent, read-only registration of this manuscript and data is

available at https://osf.io/h95pv/?view only=0b8495850fdd43d6929f24ca775calbe.
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This study’s experiment was conducted during in-person classes with the use of the
ASSISTments platform. Similar to many other learning platforms, ASSISTments is an online
learning platform that supports student learning with hints, feedback, and scaffolding. The system
supports research, such as the current study, by sharing learner data with fellow data scientists
(Heffernan & Heffernan, 2014). Figure 1 presents the ASSISTments interfaces for students,
teachers, and researchers. At least one in-class quiz was assigned on ASSISTments before the
experiment began to familiarize students with the system. The quiz assignments, immediate
feedback, follow-up questions on feedback information, and posttest were all delivered using
ASSISTments, and all assignments, pretests, and posttests in the current experiment were
conducted during class time. The research data were anonymized by the platform before being
provided to the researchers. Each course provided all students with daily in-class quizzes
determined by the nature of the courses using the students’ personal laptop computers; as a result,
the participants were comfortable taking online quizzes. Both courses provided access to laptops
at the beginning of the semester to support inclusivity. Students could also use their smartphone

to take the quizzes.

158



Figure 1

ASSISTments Interfaces for Students (a), Teachers (b), and Researchers (c)
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A Tool For Researchers

Data Record for PSABM23U - Logs prior to December 10, 2020

Dear Researcher,

Welcome to the data record for problem set PSABM23U. You have received this record based on
your recent data request. Automated data analysis is featured below, offering a preliminary
overview of your sample and a selection of analyses for your consideration. The latter portion of
this report contains the raw data files from which you can conduct your own thorough analyses.
When publishing your work, please reference this report as a stable location for readers to access
your data for review and replication.

By clicking any link to download content from this page, you are agreeing to our Terms of Use.

Automated Data Analysis

Completion Rates
Students that have started PSABM23U : 42
Students that have completed PSABM23U : 41

Bias Assessment

Before analyzing learning outcomes, we suggest first assessing potential bias introduced by your
experimental conditions (i.e., examine differential dropout). The table below reports the number
of students that have completed PSABM23U, split out by experimental condition.

There is no data on completion rates for this study

c. Researcher Interface

Materials

Three sets of questions were created for a particular grammar topic — the first set for a
pretest, the second set for a quiz assignment, and the third set for a posttest. Each set contained six
target questions. A Chinese grammar topic, namely ba sentences, was chosen as the learning object.
ba sentence was selected as the target topic because it is considered one of the most challenging
grammar topics to learn in Chinese as a FL. The difficulty of the ba sentences reduced the

possibility of hitting the ceiling effect, which refers to a large percentage of participants receiving
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the full score or coming near this upper limit. Furthermore, it enabled more expansive possibilities
for material development. Three ba sentence grammar rules were chosen, and six questions around
each rule were developed for a total of 18 questions. Every six questions relating to one rule were
assigned randomly to one of the three question sets. As a result, each question set contained six
questions, with every two questions being related to one grammar rule. Then, the three question
sets were assigned randomly to the three conditions. The order of questions was randomized by
the platform in both the pre- and posttests. All of the questions used in the experiment can be found
in the Appendix.

A 4-minute teaching video was created to introduce the three grammar rules of a ba
sentence. The video introduced the grammar topic and listed all of the grammar rules that the
students needed to learn with examples provided. A third instructor, unaffiliated with the two
universities, recorded the video to standardize the classroom instruction.

Figure 2 demonstrates the questions and different types of feedback that the students saw.
The assignment questions were identical in all three conditions (Figure 2a), and all questions
included a “choose all that apply” option for students to select potentially more than one correct
answer. The students were required to select all correct answers for a given question for their
response to be considered correct. The question answer choices were randomized by the platform.
During the experiment, three questions of an unrelated grammar pattern preceded the quiz
assignment, followed by three questions of another unrelated grammar pattern.

During the experimental process, the control group did not receive any feedback. The
feedback in both the EQF and EAF conditions was identical in content and comprised the

following two parts: (1) an indication of whether the students’ answers were correct or incorrect
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along with the correct answer; and (2) a recap of the grammar rules and an explanation of the
reason for an answer being marked correct or incorrect (Figures 2b & 3c).

Figure 2

Feedback Examples

Assignment: Problem #PSABQRKM
& Complete the dla. Problem ID: PRABQRKM

Complete the dialogue by choosing all the correct and logical answers. There might be more than one choice.
Your mom is trying to find your stuff in your messy room. Please help her to locate the item.
9343 {REQFRARTERS)LOE?

Your answer:

REAMRTEAFE,
‘BEEMERT L,
RERRRERLT,

MR LEREAT, @

I 100%
Submit Answer

Problem ID: PRABQRK6 Comment on this problem

Complete the dialogue by choosing all the correct and logical answers. There might be more than one choice.
Your mom is trying to find your stuff in your messy room. Please help her to locate the item.
Y395 REYEBANTEN)LIR?

Your answer:

_100%@)

Correct!

Submit AnswerJ Next ?roblcm]

Problem ID: PRABQRK6

Feedback:

The correct answer is:
v RESRBREXRLT.
X sEapn7ERFE,
X BpEpELrt,

X REKEREWHRT.

Comment on this problem

The basic & structure is Subj. + & + Obj. + [Verb Phrase]. The {E+object should be placed before the verb phrase A7E.
This sentence is talking about the displacement of something, in this situation, & must be used to make a correct sentence.
When T is needed to indicate the completion of the displacement, T should be placed either at the end of the sentence or

after the directional complement of the verb, such as J7E in the sentence FIEBRMET K L.
Please choose all the correct answers again:

ct all that appl

DfEr LIERmnT .

DEEsuRTERF L.
DfEEsERERLT.

DgEmameER# L. . 100% ®

Submit Answer Show answer
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Assignment: undefined

Problem ID: PRABQRR2

Below are the feedbacks on the questions you have done above. Please read the feedback for each question and choose all the correct answers again.
Please check "Read feedback" to continue.

Select one:

“Read feedback

Submit Answer |

Problem ID: PRABQRR2

You were asked to:

Comp the dial by choosing all the correct and logical answers. There might be more than one choice.
Your mom is trying to find your stuff in your messy room. Please help her to locate the item.

B RASRESILR?

Your answer.

Check All That Apply:

v BERBHEERLT.

X REsBRTERTE,

X [pepEsrt,

X REREREMRT.,

Comment on this problem

The basic 1 structure is Subj. + {£ + Obj. + [Verb Phrase]. The E+object should be placed before the verb phrase A%7E.
This sentence is talking about the displacement of something, in this situation, 1€ must be used to make a correct sentence.
When 7 is needed to indicate the completion of the displacement, T should be placed either at the end of the sentence or

after the directional complement of the verb, such as i{7£ in the sentence FHIEBRHMIET KL,
Please choose all the correct answers again:

Select all that apply
DgERaMfERET.
DEEFERMRT .
DEessmT=R+E.

OfispmERF L. [r————— R T 1 ®

Submit Answer |

Show answer |

Note. a. Question with no feedback in Condition 0; b. question and EQF in Condition 1; and c.

EAF in Condition 2.

Experimental Design

With respect to students’ prior knowledge and learning, the present study employed a
between-subject design with the following three conditions in the context of Chinese language
learning:

Condition 0: No feedback (NF) condition;

Condition 1: EQF condition with retries;

Condition 2: EAF at the end of the quiz assignment.
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Figure 3

Flowchart of the Experimental Design

Block and randomize
students to three conditions

Pretest
\
Instruction
{ }
1: End-of-Question E
0: No Feedback : End-of-Assignment
Feedback
Feedback
v
Posttest

The independent variable was the condition, and the dependent variable was the posttest
results. The pretest results were used as a covariate.
Procedure

The first author was responsible for implementing the procedure and monitoring the entire
experiment in one university. The first author then trained an instructor at the other university
using the flowchart in Figure 3. During the training, this additional instructor also performed
exercises on ASSISTments to ensure that he could seamlessly gain access to the assignments and

assign questions to all students accordingly.
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This study followed a classic pretest—posttest design. Prior to the experiment, students in
each university were ranked based on their temporal course grades and then grouped by trios.
There were 27 trios in total. The purpose of blocking students was to distribute them evenly
between conditions to minimize the baseline difference. Each trio was then assigned randomly to
one of the three conditions, as indicated in Figure 3. Each condition had 27 students. Four trios
that contained absent students were dropped.

Prior to the experiment, students took the pretest with NF and then watched an instructional
video. The video was played only once and was controlled by the course instructor. On the day of
the experiment, the students were asked to use a learning platform to complete all assigned
questions, which differed according to their condition. They were told that they may or may not
receive feedback. Students in Condition O did not receive feedback (until after the posttest and the
experiment was complete). Students in Condition 1 received feedback immediately after
answering a question. If they submitted incorrect answers, they were allowed to retry up to three
times or to directly check the correct answer; furthermore, they could decline to retry the question
and check the feedback. Lastly, students in Condition 2 did not receive any feedback until they
had completed the entire assignment. After completing a question in Condition 2, students were
automatically directed to the next question. Once all of their answers had been submitted, a report
page was generated that presented all of the questions that they had completed, along with the
same feedback for each question in Condition 1. Feedback was incentivized by asking students to
select all of the correct answers again immediately after they received each piece of feedback to
ensure that the students had reviewed the feedback (Figures 2b & 2c). Since the order of choices
within each question was randomized in every feedback incentivization, it was necessary for the

students to read each of the choices again to select all correct answers. Three days after the

165



assignment, the posttest was conducted. The pretest, video viewing, assignment, and posttest were
all conducted in the classroom during class time. Students from both universities who participated
in this study used the same materials and followed an identical experimental procedure.

Furthermore, students’ interactions with all of the experimental materials were logged by
ASSISTments, including their scores, start and end time, duration, attempts, and hint usage, for
each question. Students’ average scores on their in-class quizzes were also collected to represent
their prior knowledge in addition to the data logged on ASSISTments.

Moreover, each participant was informed in detail about the aim and purpose of the study
and was required to complete an informed consent form. The ASSISTments platform anonymized
the research data prior to providing it to the researchers. To ensure that the study met ethical
requirements, students in the NF condition (Condition 0) received feedback after the posttest to
guarantee equal learning opportunities. Course instructors also went over the use of the target
grammar in the classroom after the experiment to eliminate any remaining confusion related to the
course material. The experiment was overseen by an Institutional Review Board team.

Data Analysis

First, descriptive statistics were computed related to participants’ performance on the pre-
and posttests. An ANOVA was then performed on the pretest scores of the three conditions to
determine their homogeneity. To answer the research question, a planned contrast test that included
a pretest as a covariate was conducted to investigate the impact of whether immediate feedback
was provided as well as its timing.

Descriptive statistics were computed during the experiment, and the in-experiment data
were analyzed to further explore how each type of immediate feedback impacted student learning.

We first calculated the gain score (i.e., the difference between the posttest and pretest scores) for
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each student before fitting a multilinear model to predict them based on prior knowledge and
conditions. Then, a two-way ANOVA was run to determine whether conditions, prior knowledge,
and the interaction of the main effects impacted students’ learning gains. Lastly, a regression was
employed to check the relationship between attempts used in the EQF condition and students’ prior
knowledge.
Preregistration

A time-stamped, independent, read-only registration of this manuscript and data is

available at https://osf.io/h95pv/?view_only=0b8495850fdd43d6929f24ca775calbe.

Results
Immediate Feedback Timing
Table 1 lists the means and standard deviations of the pre- and posttest scores of the three

conditions.

Table 1

Means and Standard Deviations of Pretest and Posttest Scores of the Three Conditions (N = 69)

Pretest Posttest
M
n M SD n M SD
adjusted
Condition 0 (NF) 23 0.229 0.235 23 0.347 0.376 0.269

Condition 1 (EQF) 23 0.319 0.194 23 0.486 0.448 0.219

Condition 2 (EAF) 23 0.258 0.183 23 0.318 0.326 0.233
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Before a planned test was run to determine the differences in the posttests between
conditions, all assumptions were checked. (1) First, we checked that the linearity assumption was
met and (2) that there was no significant interaction between the covariate and the grouping
variable (homogeneity of regression slopes). (3) Then, since we had a small sample size,
determining the distribution of the residuals was critical for choosing an appropriate statistical
method. A Shapiro—-Wilk test was performed, which did not reveal evidence of nonnormality (W
=0.976, p = 0.214). Based on this outcome, we were able to assume the normality of residuals and
used a parametric test. (4) Next, Levene’s test was conducted and the result was deemed
nonsignificant (F = 1.540, p = 0.222); therefore, we were able to assume homogeneity of variance.
(5) Subsequently, outliers were identified by examining standardized residuals and delineated as
the number of standard errors away from the regression line. Observations greater than 3 with
standardized residuals in absolute value were possible outliers. There were no outliers in the data,
as determined by no cases having standardized residuals greater than 3 in absolute value. (6) Then,
an ANOVA was performed on the pretest scores of the three conditions to check the conditions’
homogeneity. The interaction between pretest scores and conditions was nonsignificant (p = 0.649),
and homogeneity of the regression slopes existed. No difference was found in pretest scores
between the three conditions (F [2, 63] = 2.214, p = 0.118, generalized eta squared = 0.066).

To answer the research question, a planned contrast test that included a pretest as a
covariate was conducted to investigate the impact of whether immediate feedback was provided
as well as the impact of feedback timing, (see Table 2). Condition 2’s contrast results revealed that
students who received EQF earned significantly higher grades in the posttest than those who
received EAF (t[65]=—2.111, p =0.039 [two-tailed], r = 0.004, 95% CI [-0.664, 0.508]), and the

effect size was small. Condition 1’s contrast results revealed that whether feedback was provided
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did not affect the posttest results (t [65] = 0.228, p > .05, r =0.002, 95% CI [-0.502, 0.516]), and

the effect size was small. This effect was likely a result of the score difference between the two

feedback conditions, since the adjusted mean of the EAF condition (adjusted M = 0.326) was lower

than that of the NF condition (adjusted M = 0.376), while the adjusted mean of the EQF condition

(adjusted M = 0.448) was higher than that of the NF condition. The adjusted posttest means of

each condition are illustrated in Figure 4. The covariate pretest scores were significantly related to

the posttest scores (F [1, 65] = 40.746, p < .001, r = 0.014), and the effect size was small. This

result is reasonable as the students’ pre- and posttest scores were naturally related.

Table 2

Planned Contrast Results Using the Pretest as a Covariate (N = 65)

Estimate  Std. t value Pr (>[t]) r 95% ClI
Error

(Intercept) 0.186 0.039 4.817 9.1e-06  ***
Pretest Average 0.735 0.115 6.383 2.1e-08 *** 0.014
Condition 1 Contrast 0.004 0.016 0.228 0.8202 0.002  [-0.502, 0.516]
(NF = -2, EQF = 1,
EAF =1)
Condition 2 Contrast —-0.061 0.029 -2.111 0.0386 * 0.004  [-0.664, 0.508].

(NF = 0, EQF = -1, EAF

=1)

169



Figure 4

Adjusted Posttest Means of Each Condition (N = 69)

adjusted mean

0.30 0.35 040 045
|
|
\
|

T T T
0 Condition 2

Note. 0 = NF condition; 1 = EQF condition; 2 = EAF condition.

The students answered six questions during the experiment, and their average time spent
on each question was 53.5 seconds (SD = 37.9), 59.1 seconds (SD = 22.5), and 69.4 seconds (SD
= 72.2) in the NF, EQF, and EAF conditions, respectively. Time spent on feedback was not
considered. ANOVA and Tukey multiple comparisons revealed no differences between the
conditions in the average time spent on problems.

Immediate Feedback Timing and Students’ Learning Process

The in-experiment data were analyzed to further explore the interrelationship between each
type of immediate feedback and its subsequent impact on students’ learning. We first calculated
the gain scores for each student before fitting a multilinear model to predict them based on prior
knowledge and conditions. Students’ prior knowledge was categorized into a binary variable with

two levels (high and low) based on the average score of their prior knowledge. Each university
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was categorized separately. The multilinear model indicated that students’ prior knowledge did
not accurately predict learning gains across conditions (adjusted R:=—0.006, F [1, 67] = 0.617, p
= 0.435).

Then, a two-way ANOVA was run to determine whether conditions, prior knowledge, and
the interaction of the main effects impacted students’ learning gains. The results, presented in
Table 3, indicated that students’ prior knowledge did not have a significant effect on their learning
gains (F [63, 1] = 1.396, p = 0.242, 2 = 0.018), and the effect size was small. The interaction of
students’ prior knowledge and condition also did not have a significant effect on their learning
gains (F [63, 2] = 1.109, p = 0.336, . = 0.034), and the effect size was small. The results indicated

that feedback was equally beneficial for lower and higher prior knowledge students.

Table 3
Two-Way ANOVA with Conditions and Prior Knowledge as Independent Variables and Learning

Gains as the Dependent Variable

df Sum Sq Mean Sq F p o’
Prior Knowledge 1 0.055 0.055 1.396 0.242 0.018
Condition 2 0.118 0.059 1.504 0.230 0.230
Prior Knowledge *Condition 2 0.087 0.044 1.109 0.336 0.034
Residuals 63 2.479 0.039
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Nevertheless, when analyzing the learning process and verifying the use of attempts in the
EQF condition through a regression, we found that instead of checking the correct answer without
further retries, students tended to use the retry function to learn when their first answer was
incorrect; the average number of attempts used in the EQF condition was 2.469. Furthermore, the
regression revealed that students’ prior knowledge strongly predicted their attempts (f = —1.947,
p = 0.003, adjusted R- = 0.288), and the effect size was small to medium. Notably, students with
lower prior knowledge used more attempts.

Discussion
End-of-Question Feedback Is More Efficient

This study investigates the effects of two different time points for providing immediate
feedback to FL learners while they complete online language assignments. With respect to students’
prior knowledge and learning, this study aims to examine the possible impact on students’ learning
by providing EQF and EAF. The results of planned contrast tests indicate that EQF is more
efficient at improving learning outcomes than EAF; however, the EAF condition does not
outperform the NF condition.

A plausible explanation for EQF having a more significant impact on students’ learning
and retention could be cognitive load theory (Sweller, 2011), which posits that the capacity of
working memory is limited. This theory suggests that providing detailed feedback in manageable
amounts can prevent the information provided through feedback being disregarded due to

information overload. This finding is also consistent with the results of Opitz et al. (2011), who

investigated the role of visual immediate and delayed feedback in an artificial grammar learning
task. They suggested that EQF is more effective as it makes the task requirements less demanding

and hence leads to higher perceptual gain.
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Overall, the present study suggests that learning can be enhanced through the provision of
EQF. When students receive feedback immediately following the completion of a question, they
can assess the accuracy of their grammar understanding. This practice proves effective in helping
students consolidate knowledge and identify any misunderstandings. EQF has also been discussed
as beneficial for students’ ability to apply feedback to future practice (Hatziapostolou & Paraskakis,
2010). Moreover, Lee et al. (2021) believed that EQF also increases students’ confidence and
motivation to learn.

In addition, the present study reveals that the adjusted mean of the EAF condition is lower
than that of the NF condition. Since providing feedback is generally considered a positive teaching
method compared with NF, this finding is beyond our expectation. One possible explanation can
be found in the theory of errorless learning (e.g., Clare & Jones, 2008), which suggests that by
providing learners with immediate feedback and minimizing errors, errorless learning can reduce
the negative emotional experiences that may be associated with learning. If feedback is not
provided immediately after a response, the students’ errors might be consolidated, making them
more difficult to correct in the future. Another potential explanation could be attributed to the one-
time test design, which may have influenced the lower adjusted mean of the EAF condition. Mullet
etal. (2014) proposed that providing feedback with a delay promotes long-term retention. However,
the sole posttest in our study was administered three days following the assignment, limiting our
ability to assess longer-term learning outcomes.

More Attempts improve Learning of Students with Lower Prior Knowledge

According to Fyfe et al. (2012), prior knowledge is often considered a predictor of learning

from feedback. The current study does not support the two immediate feedback conditions being

more beneficial for students with lower prior knowledge. Nevertheless, upon further analysis of
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the data in the EQF condition, a strong correlation is found between students' prior knowledge and
retry attempts. Moreover, students with lower prior knowledge tend to use more attempts,
indicating that the retry function may be a key resource for the success of students with limited
prior knowledge. With more retries, students with lower prior knowledge can learn as much as
students with higher prior knowledge.

Although the present study supports the notion that allowing students to retry may be
beneficial, especially for those with lower prior knowledge, some researchers (Zhang et al., 2021,
Mullet et al., 2014) have expressed concerns that within an experimental design, permitting
students varying degrees of freedom for analyzing feedback, such as retries, may confound the
results. However, we argue that retrying should be considered an integral part of the immediate
feedback process. Students should still have a certain degree of freedom in terms of processing
their feedback; for instance, if they receive EQF immediately following each question, then they
should be allowed to retry before the answers are disclosed. This rationale is supported if one
considers a retry function to be part of EQF, which is similar to representing problems prior to
EAF as an essential part of the experimental process. When presenting feedback at the end of an
assignment, it is necessary to re-illustrate the questions, as depicted in Figure 2c. Each feedback
method possesses its own unique features, and we believe that all of these characteristics take
effect when considered holistically. We do not propose eliminating certain features simply because
they do not appear to be on par with the other condition. Since the intent of feedback is to
encourage students to correct their mistakes and to motivate them to explore and learn more, it
seems unreasonable to remove the retry function from the EQF condition merely because it
encourages more curiosity and potentially more time spent on feedback assessment.

Limitations and Recommendations
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A significant limitation of this study is that it did not investigate the long-term retention of
materials. A possible explanation for why some studies do not find conclusive variations between
EQF and EAF is that they do not provide enough time for variations between the two conditions
to appear. Therefore, future studies should consider including a long-term condition or a retest
after a considerable amount of time has passed. A larger sample size from more schools could also
help to increase the validity of the results.

The low posttest scores observed in the EAF condition could potentially be attributed to
the limitations of the one-time test design. To enhance the validity and accuracy of the results,
more tests should be implemented. It is also recommended to incorporate additional posttests,
particularly long-term posttests. This methodological adjustment would provide a more
comprehensive assessment and allow for a more robust evaluation of the effects of the EAF
condition on learning outcomes over an extended period.

In addition, future work should expand this experiment to other learning domains to further
test its validity. Since individuals may debate whether to include a retry in the EQF condition, it
would be appropriate to perform an investigation that focuses on this variable. Further exploration
is required regarding the psychological reasons behind the results.

As for the generalizability of the results, the following points should be noted: First, as the
study was conducted in two private universities, generalizing its findings to young learners may
not be appropriate. Further investigations are required to examine how the two types of immediate
feedback take effect in younger age groups while using educational computer systems. Second,
although our results are supported by part of the literature from other learning fields (Attali & van
der Kleij, 2017; Dihoff et al., 2004), this study was conducted in FL classrooms. Therefore, one

should be cautious when generalizing its results to other fields. Finally, since the current study
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focused on a classroom study, whether the effects of the two immediate types of feedback would
be the same in laboratories should be further examined. Chen et al. (2018) and Zhu et al. (2020)
have highlighted that delayed feedback appears to be more effective in laboratory studies, while
applied studies in the classroom usually favor immediate feedback. This is potentially because
immediate feedback reduces the preservation of initial misconceptions. Furthermore, as the current
study picked only one language as the research object, we hope to expand the research to other
language classrooms in the near future. Various experimental results in the field of language
learning could benefit from the study of immediate feedback timing to further inform FL learning.
Conclusions and Implications for Practice

Feedback has been considered fundamental to students’ learning as well as an essential
learning tool (Jensen et al., 2021). This study underscored the importance of differentiating two
types of immediate feedback — EQF and EAF — and explored the impact of various types of
immediate feedback. The results support that, in the context of designing online grammar learning
assignments, EQF outperforms EAF, and also that educators should provide students with choices
to resubmit answers. Rather than focusing on the development of novel educational technologies,
this study aimed to serve as a verification of learning outcomes, which will guide learners,
educators, and platform designers in exploring the best options for enhancing learning.

This study encourages a discussion related to a more clearly defined classification of
feedback timing while using educational computer systems. A univocal definition of immediate
feedback in computer-based assessments should be proposed to facilitate future studies. Not only
is this critical for ensuring the validity and reliability of future research but it can also serve as a
point of departure for educators to improve their online teaching implementation and design.

Lastly, this study underscores the interconnections between immediate feedback and other related

176



factors, such as retries. Additional considerations include the impact of retries on student learning
and the measurement of immediate feedback’s impact on retention.
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Appendix

Experiment Materials: pretest, assignment, and posttest

Pretest
Complete each dialogue by choosing ALL correct and logical answers. There might be more than one choice.
(P)G1-3. Your mom is trying to find your stuff in your messy room. Please help her to locate the item.
T ARERARLETE JLIE ?
Your answer:
@@ BAT/KARTBAE T B35
FACKMIL T F 5538
FACAKMIL T AT 551D .
AL S5 LRI T
(P)G1-5. Your mom is trying to find your stuff in your messy room. Please help her to locate the item.
. R TEERLETE ) LIE ?
Your answer:
@@ WICHEHRBEIRF T T .
FACTHERRIL TR T
RIBERRER T F T .
WAL T THEBERRIL T
(P)G2-3. You have a stomachache and go to see a doctor.
A REAT?
Your answer:
@@ I TAERTIZIR T .
@@ R TERAGIR T IHET .
FACVERAZIR 1T
RSP TAEIE T T
(P)G2-4. You are talking about your cat with a friend.
JRA: AR AT A 3X 4 12
Your answer:
@@ & HEERFM R T .
@@ & FHE IR TITHI -
EHEACREABEIZR T .
B IR E IR
(P)G3-1. Your mom is very strict with you. Please select what your mom will say in the following situation.
You: FIZH T, FRHFHNZIE .,
Your mom:
@@: EIRKIIRHZ 56«
AR R o
e SE AR AR o
HACIRIIRZ 58 «
(P)G3-4. Your mom is very strict with you. Please select what your mom will say in the following situation.
You: F/EAWH (clear up) 5 8] ?
Your mom:
@@: FeAT 5 ) B AR VE AR 2
S HRAT D5 18] BLA AR U el %
H S s 18] B A 2R e [l %
SR s 1) 5L 0 AR I el 5

Assignment
Complete the dialogue by choosing all the correct and logical answers. There might be more than one choice.
Your mom is trying to find your stuff in your messy room. Please help her to locate the item.
(E)G1-1. 18: fR A H i 208 ) LWE 2
Your answer:
@@ FACHBIBAEIR LT
AT RN 7 FE R T L
IR AE R T b
FRAEPR BT
Feedback:
The correct answer is:
AR IR £ T .
The basic ! structure is Subj. + % + Obj. + [Verb Phrase]. The 3%+object should be placed before the verb phrase i 1E.
This sentence is talking about the displacement of something, in this situation, ¥ must be used to make a correct sentence.
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When 1 is needed to indicate the completion of the displacement, | should be placed either at the end of the sentence or
after the directional complement of the verb, such as Ji{{E in the sentence FAE HLAN HE T IR Lo
Please choose all the correct answers again:

Your mom is trying to find your stuff in your messy room. Please help her to locate the item.

(E)G1-6. Wit VRIF-HLLER ) LW ?

Your answer:

@@ FACFHUBE BT T o

@@ FACTFHURE) 7 AL HT T o

FACF U T A LT T

FIFHUAE LTI T

Feedback:

The correct answers are:

FACF AU AL T .

KICTFHURR T AL AT

This sentence is talking about the displacement of something, in this situation, 2 must be used to make a correct sentence.
When 7 is needed to indicate the completion of the displacement,  should be placed either at the end of the sentence or after the
directional complement of the verb, such as Ji{#] in this sentence. So both i E LA AT T and i E] T HLAL AT are correct.

Please choose all the correct answers again:

(E)G2-1. 1t’s not your day. Everything goes wrong.

A ARB LA A A A %

Your answer:

@@ A AR I b (R IR T .

@@ F BRI RIS IR T AR R

IR R INE BRI T

ey 27 N N

Feedback:

The correct answers are:

WA I BAE A R FUIR R T

B BRI R IRFRIR T MR L

Resultative complements work well with # structure, but #t structure is not required in this situation. With 2 structure,
the sentence focuses on the result or influence of action on the object.

The verb in ! sentence is not just "bare"; there's "more stuff" after it. Often the "stuff" is related to some kind of
manipulation of the object, such as a resultative complement 3§ in this sentence, a phrase to describe the degree of the action, or 7 .

Please choose all the correct answers again:

(E)G2-5. Your friend is waiting for Wang Peng.

K EMOHATER?

Your answer:

@@ MhFERITERICERHA (racket) FT IR T -

@@ AEHERFTERFTIR T 2R3 (racket) o

L WE R AT ERFERHA (racket) 38 T &

MBAEFTERFTIR T BRH (racket) »

Feedback:

The correct answers are:

b E R FT BRACER A (racket) TR T

HBHERATERITIR 1 Bk 41 (racket) o

WERFTER is a topic, this sentence still needs a main verb which happens to be $I'. So I cannot be dropped.

Resultative complements work well with # structure, but % structure is not required in this situation. With 1 structure,
the sentence focuses on the result or influence of action on the object.

Please choose all the correct answers again:

(E)G3-3. Your mom is very strict with you. Please select what your mom will say in the following situation.
You: ZIMEENTEHWH AL T, WA H—LL?

Your mom:

@@: T IMEARATE 1A 5.

@@AEZIMEARNE R BHE T .

HACZIMERAE HE 5.

HLIMERATERBET .

Feedback:

The correct answers are:

LB ITEARAE B HE 5.
I EAATE HHHE T
When #B is used in front of the verb to indicate that “all” the object should follow the action, # structure must be used.
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The verb in ! sentence is not just "bare"; there's "more stuff" after it. Often the "stuff" is related to some kind of

manipulation of the object, such as a resultative complement 5¢ in this sentence, a phrase to describe the degree of the action, or 7 .

Posttest

Please choose all the correct answers again:

(E)G3-6. Your mom is very strict with you. Please select what your mom will say in the following situation.

You: FAF B -
Your mom:

@@: BRI AR BETE -
B TE R IR M
HRBE FER A R o
AR A ARBE TE »
Feedback:

The correct answer is:

FERAIA IR AR e 52 «

When # is used in front of the verb to indicate that “all” the object should follow the action, % structure must be used.
should be placed right before the verb.

Please choose all the correct answers again:

(Post)G1-2. Uhlith: /KA FELEMR JLIE 2
Your answer:

@@ BAEEHERWFZFAL T

@@ FRACEIHEB] T KA 5518 o
RACE T BT b

WA R T HIFZ LT T .

(Post)G1-4. it : ARATFTEME LW ?

Your answer:

@@ FTICHBHPERT .
AT .

BTACHFHCT AR

FRAE LG ) S5 AAE T .

(Post)G2-2. %5 Bt REFERPEE 4 XK T 2
Your answer:

@@ TRICERIREE T -

@@ RIS T R

PRI T .

PRAC IR AT o
(Post)G2-6. BI: el AT A K?
Your answer:

@@ il A R SR AR 5E

@@ A KA A3 5 H SR

b A RAFHE A SCAE VAR

A KAt AR 58 T SR

(Post)G3-2. You: K2 T, A FHED .
Your mom:

@@: EARE D ERAH S -

AR DR

LR e .

A TEER TR -

(Post)G3-5. You: FAEARESCH 200, HET?
Your mom:

@@: LEHHET, HiliE.

@@ BHE T, %
FACHIBE T, HHED

S F THIA, FiED.
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Chapter 7: The Effect of Immediate Feedback on Semi-Open-Ended Questions in

Online Foreign Language Learning

Lu, X., Heffernan, N. T.
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Abstract

Semi-open-ended (SOE) questions are commonly utilized in online foreign language
assignments; however, the effects of online feedback on SOE questions have received limited
attention in research. To address this gap, the current study employed an instructor survey and
conducted an in-class experiment to investigate the effects of online feedback on SOE questions.
The survey findings revealed that although most instructors had access to online platforms
enabling immediate feedback, only a small proportion of instructors utilized this function to
provide immediate feedback to SOE questions. Furthermore, the majority of instructors
expressed the belief that providing both correct responses and elaborated feedback would be the
most effective approach towards learning. Contrary to the findings of the instructor survey, our
experiment indicated that the impact of feedback on learning outcomes for SOE questions cannot
be solely attributed to feedback complexity. An in-class experiment was conducted using the
ASSISTments platform to examine the influence of various online feedback on students'
performance in responding to SOE questions, as well as to investigate the impact of feedback on
students' jJudgments of learning. It was demonstrated that providing only correct responses for
SOE questions resulted in the highest learning gains during the second-day posttest, while
providing elaborated feedback without correct responses yielded the lowest learning gain.
Furthermore, the results supported the notion that providing correct responses necessitated the
least amount of time for feedback and enhanced students' judgment of learning.

Keywords: semi-open-ended questions, online foreign language learning, immediate

feedback, judgment of learning
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1. Introduction

Given the ongoing digital transformation, computer-based automated feedback has
become readily available across diverse educational contexts, and its positive effects on learning
outcomes have been widely recognized (Swart et al., 2019). A substantial body of research (e.g.,
(Ma et al., 2014) has demonstrated the effectiveness of immediate computer-based feedback in
promoting learning. Among the current available research on immediate computer-based
feedback, most focuses on close-ended questions in the STEM field, there is a paucity of studies
on immediate feedback for semi-open-ended (SOE) questions in the realm of online learning as
well as in the field of foreign language (FL) learning.

The scarcity of research in this area can be attributed to the variability of correct answers
to SOE questions in terms of sentence form and word usage. Instructors are faced with the
challenge: either acquiring expertise in natural language processing and machine learning
techniques to design assignments capable of autonomously providing immediate feedback to
SOE questions (Zhang et al., 2022), or resorting to pre-designed assignment questions within
platforms tailored to specific textbooks.

At the same time, SOE questions are commonly employed in FL assignments and are
used more frequently than multiple-choice questions or questions with concise answers.
However, grading these assignments subjectively is a time-consuming task. As a result of the
grading challenges associated with SOE questions, instructors may be hesitant to utilize them.
Nevertheless, the provision of immediate feedback during online learning should not be
restricted solely to question types with single correct answers. The present project aims to

explore the effects of immediate feedback beyond close-ended questions, with a specific focus
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on SOE questions in the context of FL learning. This research sheds light on the need to alleviate
the workload of instructors while ensuring timely and consistent feedback for students.
2. Literature Review

A comprehensive literature review on the complexity of feedback in student learning and
the effects of feedback on the judgment of learning is presented, along with the selection of four
feedback types for the present study.

2.1 Online Immediate Feedback Types and Complexity

The provision of immediate feedback via online platforms for student learning holds
immense importance in today's digital era. With the increasing prevalence of online education
and remote learning, the availability of immediate feedback has become even more crucial.
Immediate feedback online allows students to receive timely guidance about their performance,
comprehension, and progress, enabling them to correct errors, reinforce their understanding, and
adjust their learning strategies accordingly (Epstein et al., 2002).

Shute (2008) summarized six types of feedback: no feedback (NF), verification (also
called knowledge of results), correct response (CR), try again, error flagging, and elaborated
feedback (EF). Swart et al. (2019) provided a summary of previous studies on feedback types
and emphasized the categorization of feedback into two sub-categories, namely verification and
elaboration, based on an information processing perspective. In our study, verification is utilized
to refer to feedback that entails confirming the accuracy or correctness of a task. Feedback types
that do not necessitate verification of students' responses have been employed to provide
immediate feedback to SOE questions, assuming that instructors do not have access to online
auto-grading engines. When considering the absence of verification, the feedback types

commonly utilized for SOE questions, as outlined by Shute (2008), included NF, CR, and EF
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addressing the target concept. These feedback types were arranged in ascending order of
information complexity, ranging from the simplest to the most complex.

Different types of feedback have varying complexities and effects on learning, as
supported by previous research (Enders et al., 2021). Existing studies have generally supported
the notion that immediate feedback of different complexities enhances error correction compared
to the absence of feedback (Kuklick et al., 2023). A large number of studies have supported the
idea that the effectiveness of feedback increases with its complexity (Van der Kleij et al., 2015).
Wisniewski et al. (2020) ran a meta-analysis on educational feedback research and found that the
greater the amount of information contained in feedback, the more effective it tended to be.
Swart et al. (2019) found that elaboration feedback outperformed verification feedback in
learning from text. Enders et al. (2021) conducted a study and found that elaborated feedback
yielded superior results compared to verification plus correct response in an assessment
involving close-ended questions, with Kuklick et al. (2023) further supporting this finding.
However, a body of research has yielded findings contrary to the commonly held belief that more
elaborate feedback is advantageous for learning (Golke et al., 2015). Kulhavy et al. (1985)
demonstrated that feedback versions with higher complexity have a minor impact on students'
self-correction of errors. Conversely, feedback with lower complexity offers greater advantages
to learners in terms of efficiency and outcomes compared to complex feedback. Ruth et al.
(2021) compared the effects of verification plus correct response feedback and elaborated
feedback on learning scores with mobile quiz apps but did not find a difference. Kuklick et al.
(2023) found that although all feedback enhanced learning compared to no feedback, EF did not
outperform CR. Jaehnig and Miller (2007) observed that students might necessitate additional

time to process more complex messages, potentially diminishing the efficiency of elaborated
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feedback. While a longer duration of time spent can serve as a positive indicator of motivational
attentiveness, it does not necessarily increase learning.

It is important to note that in the majority of the reviewed studies, both elaborated
feedback and correct response feedback were accompanied by verification (Van der Kleij et al.,
2015). One major reason is that most studies have focused on close-ended questions. Providing
verification before presenting more complex information for close-ended questions is a common
practice to establish a solid foundation for learning. Feedback that includes verifications has been
observed to outperform feedback without verifications (Kuklick & Lindner, 2021).
Unfortunately, feedback to open-ended questions typically lacks verification.

The complexity of feedback in relation to open-ended questions has received relatively
little research attention. The majority of research on feedback for open-ended questions has
primarily centered on natural language processing methods, which facilitate the automatic
evaluation of students' answers, and we did not come across any studies specifically focusing on
the provision of feedback for open-ended questions in the absence of auto-grading mechanisms.
To obtain a more comprehensive understanding of the influence of feedback types provided
following SOE questions, the current study employed four distinct feedback types with varying
levels of complexity. These types included (1) No Feedback (NF), which did not provided
feedback except for telling students “answer recorded”; (2) Correct Response (CR), which
illustrated one correct response example to the question; (3) Elaborated Feedback (EF), which
provided a detailed explanation of the required learning target by listing all the attributes; and (4)
All Feedback (AF), which encompassed both CR and EF.

2.2 Feedback and Judgment of Learning
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Beyond its effects on learning outcomes, feedback has also been suggested as a valuable
instrument for enhancing students' metacognitive skills related to performance (Butler et al.,
2008; Labuhn et al., 2010; Stone, 2000; Urban & Urban, 2021). Judgment of learning (JoL) is a
metacognitive process through which individuals predict or assess their own learning and
memory performance on a particular task or material. It involves estimating the likelihood or
certainty of being able to recall or recognize information in the future (Rhodes, 2016). By
examining JoL, we can gain a better understanding of how students assess their own learning
from different types of feedback and how different types of feedback affect students’ JoL.

There are several learning theories that help explain the concept of JoL and its
relationship to feedback. Among these is cognitive load theory, which suggests that learners have
limited cognitive resources and that the allocation of these resources can impact their ability to
make accurate judgments about their learning (Sweller, 1994). Based on this theory, feedback
that is concise, clear, and well-structured can reduce cognitive load and facilitate more accurate
JoL.

Another relevant theory that contributes to the understanding of JoL and feedback is
metacognitive theory. According to this theory, individuals possess metacognitive awareness and
monitoring abilities that allow them to assess their own learning and make judgments about their
future performance. Within this framework, feedback plays an important role by providing
learners with valuable information about their current level of understanding or performance.
Armed with this feedback, learners can then evaluate their progress and make informed decisions
about how to adjust their learning strategies accordingly (Flavell, 1979).

Furthermore, self-regulated learning theory emphasizes the role of feedback in self-

regulation processes such as goal setting, monitoring, and adjusting strategies (Zimmerman,
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2000). Feedback provides learners with information about the effectiveness of their strategies
and helps them make informed decisions about how to improve their learning.

Given the existing body of research indicating a positive correlation between higher
confidence levels and enhanced information retrieval from memory, we incorporated students'
JoL into our investigation and examined whether different types of feedback had an impact on
students' JoL. In the context of this study, JoL refers to students' self-evaluated scores indicating
their predictions of their own learning outcomes following the receipt of feedback. To minimize
the potential impact of JoL on learning outcomes, the cues of our JoL questions were
intentionally designed differently from the test questions (Myers, et al., 2020).

2.3 Semi-Open-Ended Questions in Foreign Language Learning

Online teaching and learning in the FL field have been extensively examined from
various perspectives, including design and teaching guidelines, particularly in response to the
COVID-19 pandemic. Moreover, an increasing application of technology has been witnessed in
the context of Chinese FL learning (Liu et al., 2022). Research has shown that open-ended
questions develop students’ problem-solving skills (Bonotto, 2013). The utilization of open-
ended items allows FL students to engage in real-life problem-solving scenarios where certain
information may be missing and where there is not a single predetermined solution. This
approach encourages FL students to employ reasoning skills and actively contribute to the
discussion by making assumptions and providing comments about the missing information.

Compared to multiple-choice questions that provide an answer list with options for
students to select from, short-answer questions require respondents to construct a response.
Responses to short-answer questions are usually between one and a few sentences in length. Ye

and Manoharan (2018) classified the answers to short answer questions with two categories,
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concise and descriptive, which are also often referred to as close-ended questions and open-
ended questions. Concise answers are fixed, and students are required to provide a number, a
word, or a phrase that is unique. For example, for the question “When was the Qin dynasty
founded?” the sole answer should be “221 BC.” A descriptive answer consists of one or a few
sentences. “What majors are you interested in? Please explain your reasons” is one example in
which the answers are open-ended and students can answer based on their own experiences.
Zhang et al. (2022) pointed out that the third category of short answer questions, SOE short
answer questions, falls between the two categories described thus far. SOE short-answer

questions prompt students to express their subjective opinions within a given context. For

example, for the question “Give a command to a robot with 8 (bi) structure and ask it to do a

chore for you,” a sample answer could be a sentence using the grammar structure “}E £ FET

/4 (Bi zhudzi ca ganjing), which translates to "Clean the table."

In the present study, our focus was specifically on SOE questions that elicit simple
answers with a restricted range of acceptable responses. We did not include open-ended
questions that require more complex answers involving critical thinking, information analysis,
and detailed explanations or arguments. For the sake of brevity and clarity, we refer to our
research targets as SOE questions that require the learner to provide a short, concise answer to a
question while still allowing for some variability in the response. SOE questions often begin with
an open-ended prompt but then provide specific instructions or parameters for the response.
These questions are often used in FL education settings to assess a student's understanding of a

specific topic or usage of language. Commonly used SOE question types in FL learning include
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translating, making sentences with a provided structure, completing dialogues, and answering
questions based on the text.

Some studies have used constructed-response questions to indicate open-ended questions.
We do not use constructed-response questions because this is a broader concept that ranges from
fill-in-the-blank questions to essay writing questions (Kuechler & Simkin, 2010), and it is more
often used for essay writing assessment (Livingston, 2009). Due to the fact that certain scoring
engines have the technical capability to grade SOE questions (Livingston, 2009), we do not use
non-computer-gradable questions to define the question type we are investigating either,
although these technologies are not yet widely accessible to frontline instructors.

3. Study Aims

3.1 Research Questions

Based on previous literature, the primary objective of the current study is to examine the
influence of various online feedback on students’ performance in responding to SOE questions,
as well as to investigate the impact of feedback on students' JoL. An instructor survey and an
experiment were conducted to investigate the following research questions:

1. Do instructors believe that feedback with high complexity provided for SOE questions would
lead to greater learning gains?

2. Do different types of feedback with varying complexity have significantly different effects on
students' performance when answering SOE questions?

3. Are there significant differences in students' JoL based on different types of feedback
provided for SOE questions?

4. Do students' performances in response to different types of feedback align with instructors’
perspectives on the effectiveness of feedback types?

3.2 Research Hypotheses
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Given the previous literature results, we hypothesized that instructors believe that high
complexity feedback (AF) to SOE questions would lead to greater learning gains (H1), and
students' performances in response to different types of feedback align with instructors’
perspectives on the effectiveness of feedback types (H2). We also assumed that CR, EF, and AF
would outperform NF (H3), and AF would potentially be the most effective in enhancing
learning (H4). For the relationship between time spent on feedback and learning, we anticipated
that the duration of time spent on feedback messages would positively predict learning gains
(H5). We also hypothesized that feedback with high complexity (AF) would yield greater JoL
scores compared to CR and EF (H6).

4. Instructor Survey
4.1 Survey Objectives

Despite the popularity of SOE questions in the field of FL learning and the recognized
role of immediate feedback in online learning, the provision of immediate feedback on SOE
questions during online learning is limited, probably due to the challenges associated with
subjective grading. It is important to note that although many instructors do not have access to
ready-made question banks that offer auto-graded immediate feedback for SOE questions, this
does not imply that feedback for SOE questions cannot be provided or that instructors are unable
to offer timely responses. Two common approaches for providing immediate feedback to SOE
questions without the support of auto-grading systems are CE, which offers sample answers, and
EF, which provides detailed explanations such as grammar pattern rules.

Prior to delving deeper into the experiment, we first gathered the perspectives of
instructors on this topic. Instructors are the ones directly responsible for delivering the

assignments and feedback. Their understanding of the students, teaching styles, and learning
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needs is invaluable. By conducting an instructor survey, we can gain insights into the challenges
they face, their preferences, and their expectations for the experiment. An instructor survey (see

appendix A) was designed to explore the attitudes and opinions of K-16 Chinese FL instructors

regarding feedback on online assignments and to investigate their views on providing immediate
feedback, especially for SOE questions.

4.2 Instrument

The survey used for data collection was developed by the author and reviewed by two
Chinese language instructors. The survey was written in English and included four sections with
15 questions.

Section 1 included two general questions asking about the type(s) of institutions where
the instructors taught and at what language level they taught.

Section 2 included six questions related to homework assignments and perspectives on
providing immediate feedback to close-ended questions, open-ended questions, and SOE
questions. To ensure that instructors understood the definition of SOE questions, an example was
provided. The ninth question asked instructors which method they used more often when
assigning homework: an online platform with the option to provide immediate feedback or
another format that could not provide immediate feedback (e.g., written homework or
email/upload answer sheet). Based on the feedback, instructors were asked to answer questions
either in Section 3 or Section 4.

Section 3 was designed for instructors who used an online platform with the option to
provide immediate feedback for homework assignments. This section consisted of three
questions: How often do you use online tools to provide immediate auto-feedback to close-ended

questions, open-ended questions, and SOE questions when assigning homework through an
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online platform? How do you provide immediate feedback to questions that are not auto-
gradable? When assigning homework without immediate auto-feedback, how long does it
usually take for students to receive feedback?

Section 4 was designed for instructors who didn't use an online platform with the option
to provide immediate feedback, and three questions were asked: How would you rate the
helpfulness of providing immediate feedback to questions that are not auto-gradable for
students? Which type of immediate feedback for non-auto-gradable questions do you believe
would be most effective? When assigning homework, how long does it usually take for students
to receive feedback?

4.3 Participants

Participants were Chinese language instructors in the United States who teach K-16.
4.4 Data Collection and Analysis

The survey was conducted using a web-based platform called Qualtrics that allowed
participants to respond to a series of questions via their personal electronic devices. After
receiving official IRB approval in late March 2023, the recruitment of participants for the survey
was carried out using a combination of email, social network platform WeChat, and personal or
professional contacts. The survey was designed to take approximately 10 minutes to complete
and was available to interested Chinese instructors for a period of two months. The data were
analyzed with Qualtrics built-in tools and Excel.

4.5 Results
A total of 60 Chinese language instructors took the survey, of which 17 were K-12

instructors and 43 were college instructors. A total of 35 (58.33%) of the participants taught
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beginning-level language courses, 20 (33.33%) taught intermediate courses, and 5 (8.33%)
taught advanced courses.

In total, an overwhelming majority of the respondents (83.94%) indicated that they assign
homework to their students at least once per week. 30.36% of the participants reported assigning
homework every day, 26.79% a few times a week, and 26.79% every week. When asked about
the components of the assignments given to students, on average, 38.11% of assignments were
close-ended questions, 37.96% open-ended questions, and 33.53% SOE questions. The top three
question types used most often in assignments were essay writing, multiple choice, and
translation; two out of three were open-ended questions.

The survey suggested that most instructors have access to online platforms with the
option to provide immediate feedback. Of the 56 instructors who answered this survey question,
26 (46.43%) used an online platform with the option to provide immediate feedback; 10
(17.86%) used other formats that cannot provide immediate feedback, such as on-paper practice;
and 20 (35.71%) reported using both.

When asked to rate on a 0-100% scale how helpful it would be for students to receive
immediate feedback on questions that are not auto-gradable, such as SOE questions, 55 out of 60
instructors answered the question. On average, they expressed 74.89% confidence that it would
be helpful. However, even with the immediate feedback option available and instructors’ belief
that immediate feedback for open-ended and SOE questions is helpful, only a low percentage of
instructors utilized the immediate feedback function, even for close-ended questions. Among the
instructors who could use an online platform with the option to provide immediate feedback,
only 17.78% always provided immediate feedback to close-ended questions all of the time, and

15.56% never provided immediate feedback to close-ended questions or other question types.
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The percentage of respondents providing immediate feedback was even lower for open-ended
questions and SOE questions. Only 9.76% of instructors always provided immediate feedback to
SOE questions. Figure 1 presents the percentage of instructors who provided immediate

feedback to different types of questions with varying frequencies.
Figure 1

Frequency of instructor answer occurrence for frequency of providing immediate feedback

across three types of questions
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In terms of providing immediate feedback when assigning homework online, the
respondents were mostly positive (76.61%) about its helpfulness/necessity. Fifty-five instructors
who answered the question expressed 74.89% confidence that immediate feedback is helpful for
questions that are not auto-gradable, such as SOE questions. Among the 56 instructors who
answered the question, the majority of them (85.71%) believed that feedback containing both CR
and EF is the most effective for SOE questions. Only two (3.57%) of them believed that CR is
the most effective, while four (7.14%) believed that EF is the most effective.

In summary, our survey found that most instructors had access to an online platform that
could provide immediate feedback, and most of them held positive attitudes towards providing
immediate feedback to all types of questions. However, only a low percentage of them actually
provided immediate feedback, even with the option available, and even fewer instructors
provided feedback for SOE questions. When considering different types of immediate feedback
for SOE questions, a majority (85.71%) believed that AF is the most effective for SOE questions.
The survey results offered backing to Hypothesis 1, suggesting that instructors generally hold the
belief that providing feedback with high complexity (AF) for SOE questions would result in
higher learning gains.

5. Experiment
5.1 Methods
5.1.1 Design

The experiment incorporated two factors and four conditions as well as four test points.
The two factors examined were the provision of CR and the provision of EF. These factors were
manipulated between participants, resulting in four distinct between-subject conditions: the NF

condition (no EF, no CR), the CR condition (with CR, no EF), the EF condition (with EF, no
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CR), and the AF condition (with CR, with EF). All participants underwent the pretest as well as
the three subsequent posttests.
5.1.2 The Online Learning Platform

The experiment was conducted in-person using the ASSISTments platform, which is an
online learning platform designed to provide support to students through hints, feedback, and
scaffolding (Heffernan & Heffernan, 2014). All assignments, pretests, and posttests were
administered during class time. Figure 2 displays the interfaces of ASSISTments as seen by
students, instructors, and researchers. The pretest, quiz assignments, immediate feedback, and
posttest were all delivered through the ASSISTments platform. Prior to analysis, the research
data was anonymized by the platform to ensure confidentiality. For each course, daily in-class
quizzes were administered to all students using their personal laptop computers. Students were
already accustomed to taking online quizzes and were provided with laptops at the start of the
semester to ensure inclusivity. Additionally, students had the option to use their smartphones to

complete the quizzes.

Figure 2

ASSISTments Interfaces for Students (a) and Instructors (b)
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5.1.3 Participants

A total of 91 undergraduate students participated in the experiment as part of their in-
class learning. Participants were recruited from four intermediate-level Chinese courses in the
spring 2023 semester at two universities. Chinese was not their native language, and students
were placed into the for-credit classes based on placement tests at the beginning of the semester.
Seven students who achieved an average score of 100 on the pretest were excluded from the
analysis as this indicated that they had already mastered the material.

5.1.4 Materials
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The Chinese grammatical structure ba (&) within the scope of intermediate-level

Chinese FL courses was selected to provide the content of questions, and the three primary
usages of the ba pattern were chosen as the specific learning targets for the study. Seven SOE
questions of the same difficulty but in different communicative situations were created for each
usage of the ba pattern. Out of these seven questions, four were intentionally designed to be
highly similar, with only variations in the usage of situations. These four questions were
randomly selected to be pretest and posttests prior to the commencement of the experiment, in
order to effectively minimize any testing differences. The rest three questions were used for
learning practice. An example of the four test questions, the three practice questions can be
found in Appendix B.

Three types of feedback were developed for each practice question. The first type was
CR, which provides an example of the correct answer for the question. The second type was EF,
which presents the necessary grammar instruction required to answer the question. The third type
is AF, which combines both CR and EF. An example question with its CR, EF, and AF feedback
can be found in Appendix B.

In calculating the content validity of the grammar tests and feedback, we collected expert
opinions. Three CFL instructors at the college level reviewed the content to ensure the questions,
situations provided, examples, and grammar explanations were appropriate and at the same
difficulty level.

After receiving a feedback (except for no feedback) in the learning practice question,
students were asked a JoL question to rate how likely they were to be able to use the grammar
pattern correctly on a later test based on the feedback they received within a range from 0% to

100%. See the example below:
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With the feedback given above, how likely will you be able to use this structure

correctly on a later test? Indicate from 0% to 100%.

0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%
5.2 Procedure

We oversaw the procedure and trained instructors before the experiment to help them
familiarize themselves with the procedure of delivering the experiment. Participants were
randomly assigned to one of the four conditions before the experiment started. On experiment
day, before providing consent, participants were informed that they would study grammar patten
ba and would be asked to take tests later on the same grammar patterns. Participants were not
told what type of feedback they would receive prior to studying the grammar pattern, although
they were told they might not be given feedback. They were told that the testing results were not
connected to their course grades. All students logged into ASSISTments with
laptops/computers/iPads to complete the tasks.

On the first day of the experiment, after signing the consent form, each participant
responded to three pretest questions in a randomized order; completed nine practice questions
covering the three usages in a randomized presentation order; and answered three questions for
Posttest 1, also in a randomized order. The order of the three questions in each usage was also
randomized. If assigned to a CR, EF, or AF condition, each feedback was immediately followed
by a JoL question in practice. On the second day, participants completed three questions for
Posttest 2 in a randomized order on ASSISTments. One week later (eighth day), participants took
three questions for Posttest 3, again in a randomized order on ASSISTments. No feedback was

provided for either test.
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To ensure that the study met ethical requirements, all students in the four conditions
received all types of feedback by the end of the experiment to guarantee equal learning
opportunities. Instructors also went over the target grammar usage in the classroom after the
experiment to eliminate any remaining confusion. All the experiments took place in the
classrooms to guarantee that students did not receive extra support beyond the feedback. The

experimental procedure is displayed in Figure 3.

Figure 3

Experimental procedure
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Throughout the experimental process, all participants’ attempts on the learning platform
were logged automatically, which served as a statistical analysis of the data. Participants from all
universities that participated in this study used the same materials and followed an identical
experimental procedure.

5.3 Scoring and Analysis

All questions, including the pretest, practice questions, and the three posttests, underwent
anonymization and were manually assessed by three raters using a grading rubric. The grading
rubric utilized in the study is provided in Table 1. Each question was assigned a maximum of

100 points and evaluated based on three criteria: structure (50 points), word usage (20 points),

and communication (30 points). In cases where typing errors occurred (e.g., "Fitl" instead of "

F{7"), these errors were considered as incorrect word usage. If an answer did not employ the

designated structure at all, it received a score of 0. Likewise, if the answer utilized the structure
correctly but lacked logical coherence with the question, indicating a lack of understanding of
the question or grammar usage and a failure in communication, the answer also received a score

of 0.
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Table 1

Grading rubric

Communication/
meaning delivery

connected to the
guestion and cannot be
used to answer the
question.

the
the

they understood
question,  but
answer  does  not
directly answer the
question and leads to
confusion.

Criteria Unsatisfactory Needs Improvement | Good
0 25 50
Did not wuse the|Used the structure | Used the structure
structure or used with | correctly with a minor | correctly.
wrong order (e.g., & mistake, such as the
Structure 5 5 5057 | wrong usage of or
< %Lm) or major missing ¥ in &
mistakes. o
structure, missing 2,
or missing resultative
complement.
0 10 20
Three or more words | One or two words in | All  words properly
not properly used in |the sentence  not | used.
the sentence, such as | properly used, such as
Word usage using 5= instead of &£ | using £ instead of &
*. -, or with one or two
typing errors, e.g., -
NE.
0 15 30
Answer not logically | Student showed that | Student successfully

answered the question
and  reached the
communication goal.

5.4 Results

5.4.1 Effects of Feedback Types on Learning Between Conditions

First, to investigate the effects of the feedback types on learning, we compared the

learning gains of students in each posttest between conditions. Robust ANOVA tests were

conducted for each posttest learning gain. By employing robust ANOVA tests, specifically using
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the WRS2 package in R, we were able to overcome the limitations associated with violations of

normality and equal variance assumptions. Robust ANOVA tests are designed to handle non-

normal and heteroscedastic data, making them suitable for analyzing our dataset. The analysis

included the learning gain results from each of the three posttests, with an effective number of

8,000 bootstrap samples. The summary statistics of the three posttest learning gains in different

conditions are included in Table 2.

Table 2

Means and standard deviations of the three posttests’ learning gain scores of the four conditions as

well as Robust ANOVA results for each posttest

Learning Gain Robust ANOVA
Condition
n Mean SD effective size statistic p-value
No Feedback (NF) 16 7.64 2390
Posttest Correct Response (CR) 20 16.90 25.00
1 0.31 1.31 0.29
Elaborated Feedback (EF) 19 1.810 25.90
All Feedback (AF) 22 1.67 25.60
No Feedback (NF) 15 8.93 16.10
Correct Response (CR) 17 25.00 20.80
rosttest 0.56 403 003
Elaborated Feedback (EF) 18 8.27 26.80
All Feedback (AF) 17 5.16 13.40
No Feedback (NF) 15 8.15 24.10
Correct Response (CR) 16 18.20 33.00
Pos:t))test 0.50 3.76 0.05
Elaborated Feedback (EF) 18 -7.19 28.70
All Feedback (AF) 16 1.13 20.00
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In Posttest 1, the test statistic was 1.31, resulting in a p-value of 0.29. The effect size was
0.31. No significant difference was found between the conditions. For Posttest 2, the test statistic
was 4.03, yielding a p-value of 0.03, and the effect size was 0.56, indicating a significant
difference between the conditions. A robust post hoc test using trimmed means revealed a
significant difference between the CR and EF conditions, 95% CI of [-37.78, -2.68], test
statistics value of -19.95. Providing CR was more effective than providing EF. No significant
difference was found between the AF and CR conditions (test statistics value of 13.14, CI [-4.77,
33.46]), suggesting that after CR is provided, providing EF or not does not make a difference. In
Posttest 3, the test statistic was 3.76, resulting in a p-value of 0.05. The effect size was 0.50,
indicating a marginal significant difference between the conditions. However, a robust post hoc
test using trimmed means did not find significant difference between conditions. Figure 4
displays the boxplot of the three posttest learning gains for different conditions, which supported
the observed differences between the conditions. In summary, robust ANOVA findings did not
indicate that providing feedback to SOE questions resulted in better performance compared to
the absence of feedback, but providing CR was more effective than providing EF in the Posttest

2 results.
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Figure 4

Box plots for the three posttest learning gains with four conditions
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5.4.2 Effects of CR and EF on learning

To further investigate how different factors affect learning, we conducted an analysis to
examine the impact of two factors, namely CR (with or without) and EF (with or without), on the
learning outcome. We aimed to determine the extent to which these factors could predict
students' learning gains. To achieve this, we employed robust linear regression models for each
posttest result. Effect coding was employed in our analysis to enable a meaningful assessment of
the effects of the predictor variables on the outcome variable. The model used to analyze the
learning gain for Posttest 1 did not account for a significant amount of the variance: F(3, 73) =
1.63, p =0.19, R2 = 0.06, adjusted R2 = 0.02. The analysis further revealed that neither the two

factors nor their interaction significantly predicted the Posttest 1 learning gain (p > 0.05 for both
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cases). In the case of Posttest 2, the model yielded a significant explanation for a portion of the
variance in the learning gain: F(3, 63) = 3.73, p = 0.02, R2 = 0.14, adjusted R2 = 0.10. These
findings indicated that the model demonstrated a meaningful relationship between the predictor
variables and the value of the Posttest 2 learning gain. Specifically, the analysis revealed that the
EF factor significantly predicted the value of the Posttest 2 learning gain (p = -10.25, t [63] = -
2.12, p =0.04, 95% CI [-19.89, -0.60]). This suggests that the presence or absence of EF had a
significant impact on the learning gain for Posttest 2, with negative values indicating a decrease
in learning gain. CR, on the other hand, did not significantly predict the value of the Posttest 2
learning gain (p > 0.05). The interaction between the two factors of CR and EF did not
significantly predict the value of the Posttest 2 learning gain (p > 0.05), indicating that the
combined effect of the two factors did not have a statistically significant influence on the
learning gain for Posttest 2. The model for Posttest 3 did not find a significant variance either: F
(3,61) =2.15, p=0.10, R? = 0.12, adjusted R? = 0.07. However, the factor of EF significantly
predicted the value of Posttest 3 learning gain: f =-16.20, t (61) =-2.43, p = 0.02, 95% CI [-
29.53, -2.88]. The factor CR and the interaction did not significantly predict the Posttest 3

learning gain (p > 0.05 for both cases). Table 3 summarizes the statistics of the three models.
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Table 3

Robust linear regression models for the three posttests’ learning gains regressed on two factors:

CR and EF
Factors  Coefficient Robust t- p - 95% df
®» standard statistic value Confidence

error Interval for B

Lower  Upper

bound  bound
(Intercept) 7.01 2.87 244 0.02 1.29 12.73 73
Posttest CR 4.57 5.74 0.80 043 -6.88 16.01 73
1 EF -10.54 5.74 183 007 -21.98 091 73
CR*EF -9.43 11.49 -0.82 041 -3232 1347 73
(Intercept) 11.84 2.41 491 6.893 7.02 16.66 63

e-06
Posttest CR 6.48 4.83 1.343 0.18 -3.16 16.13 63
2 Ef -10.25 4.83 212 004 -19.89 -0.60 63
CR*EF -19.18 9.66 -1.99 0.051 - 011 63
38.48

(Intercept) 5.07 3.33 1.52 0.13 -1.59 11.73 61
Posttest CR 9.18 6.66 1.38 017 -4.14 2251 61
3 EF -16.20 6.66 -2.43 0.02 -2953 -2.88 61
CR*EF -1.73 13.33 -0.13 090 -2837 2492 61

The results revealed that providing EF or not played a significant role in the posttest

learning gains. Regardless of whether CR was provided or not, the provision of EF negatively

affected learning. The difference was not significant in Posttest 1, but it emerged in both Posttest
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2 and Posttest 3. A boxplot for the three posttest learning gains with the two factors is presented

in Figure 5.

Figure 5

Box plots for the three posttest learning gains with the two factors
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5.4.3 Time Spent on Learning

To further explore how students interacted with feedback in different conditions, the in-
experiment data was analyzed. We first examined the time spent on problems as a potential
factor. The time spent on each problem was determined by subtracting the problem start time
from the problem end time. We constructed a robust linear model, clustering the data by student
ID and employing the CR? standard error type, to assess the relationship between the time spent
on each problem and the condition. Twenty-three problems that took longer than five minutes

were deemed errors and subsequently excluded from the data. The model did not yield
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significant results (F[3, 95] = 1.32, p = 0.27), indicating no significant differences in time spent
on problems were observed between the conditions.

We then examined the time spent on feedback as a potential factor. After each problem,
students spent some time reading the provided feedback (if any). The time spent reading
feedback was calculated as the feedback end time minus the feedback start time. Five attempts
with feedback durations longer than four minutes were taken as outliners and removed from the

data. The summary statistics can be found in Table 4.

Table 4

Summary statistics for in-experiment time spent on feedback by condition

Condition n Mean SD
(in seconds)

AF 228 18.80 26.30

CR 191 11.40 10.70

EF 210 15.60 19.50

Note: n indicates the number of feedback attempts collected for analysis in each

condition.

We constructed a robust linear model of time spent reading the content each feedback as
a function of condition, clustered by student ID, and employed the CR? standard error type. The
model has a significant effect: F(2, 76) = 4.11, p = 0.02, Multiple R? = 0.02, Adjusted R? =
0.02. Compared to providing all feedback (condition AF), providing only CR took significantly
less time, B =-7.45,t=-2.59, p = 0.01279. The regression results can be seen in Table 5. The

result obtained appeared to be reasonable given that the AF condition contained a higher amount
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of information. However, it was worth noting that despite the greater amount of information
provided in the AF condition, it did not outperform the CR condition in the subsequent tests.
Therefore, based on the findings mentioned earlier, it can be concluded that providing CR may

be the most efficient approach among the four conditions.

Table 5

Robust linear model of predictor condition on feedback time with 95% confidence intervals

Coefficient Std. Error t-value Pr(>Jt) Cl Lower CIl Upper df

(Intercept) 18.83 2.62 7.20 1.47e-07 13.44 2421 25.18
Condition CR  -7.45 2.87 -259  0.01 -13.24 -1.67 44.44
Condition EF  -3.24 3.39 -0.96 0.34 -10.06 3.58 48.27

5.4.4 Effects of Feedback types on JoL

After receiving each feedback text (if applicable) in the learning practice questions,
students were asked to provide a JoL score. To investigate the impact of different types of
feedback on students' JoL scores, we analyzed the JoL scores across the three conditions where
feedback was provided, taking students' learning gains into consideration. Figure 6 displays the
plot depicting the relationship between students' JoL scores and learning gain scores across

different feedback types.

219



Figure 6

Students’ JoL confidence scores and learning gain scores across different feedback types
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A robust linear model was employed with the CR2 standard error type, and data was
clustered by student ID. The model yielded a significant effect, indicating that the type of
feedback had a significant influence on students’ JoL scores (F[3, 621] = 35.34, p < 0.001). The
multiple R? value was 0.15. When holding students' problem scores constant, a significant
difference in confidence levels was observed between the CR condition and the AF condition.
Specifically, the CR condition received significantly higher confidence ratings compared to the
AF condition (B =0.04, t = 2.15, standard error = 0.02, p = 0.03). The regression results can be

seen in Table 6. These findings suggest that, when controlling for students' problem scores, the
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provision of CR led to significantly higher levels of JoL scores compared to the provision of both
CR and EF. Given that CR feedback had the lowest complexity in the experiment and AF
feedback had the highest, the results indicate that simpler feedback was more effective than more

complex feedback for SOE questions.

Table 6

Robust linear model of predictor score and condition on JoL scores with 95% confidence

intervals
Coefficient Std. Error t-value Pr(>It])
(Intercept) 0.66 0.018 37.17 <2e-16
Score 0.002 0.0002 9.93 <2e-16
Condition CR 0.04 0.02 2.15 0.03
Condition EF 0.003 0.02 0.16 0.87

6. General Discussion

The purpose of this study is to gain a better understanding of the effectiveness of
different types of immediate feedback on students' learning of SOE questions in FL classrooms.
Our survey results reveal that most instructors hold positive attitudes towards providing
immediate feedback to SOE questions; however, very few of them put it into practice. Most
instructors believe that providing immediate feedback with both a correct response and
elaboration would be the most effective response to SOE questions; however, this result is not
supported by our experiment on student learning gains. Our experiment results indicate that CR
and EF act differently on students’ learning, with CR more effective than EF. Surprisingly,
providing EF negatively affected SOE learning regardless of whether CR is provided or not. The

difference was not significant in Posttest 1 but emerged in Posttest 2 and Posttest 3. What’s
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more, students spent significantly longer time in the AF condition of feedback compared to the
CR condition. No difference was found between the time spent on feedback in the CR versus EF
conditions. Lastly, when controlling for students' performance on practice problems, the
provision of CR resulted in significantly higher levels of JoL scores compared to the condition
where both CR and EF were provided. However, providing only EF did not significantly raise
students’ JoL scores. Further elaboration will be provided in the subsequent sections.

6.1 More Complexity Does Not Mean Greater Effectiveness in SOE questions

In contrast to the results of the instructors' survey, the provision of both CR and EF for
SOE questions did not yield the best learning outcomes. Instead, CR proved to be a superior
choice compared to EF feedback; providing EF feedback actually had a negative impact on
learning with SOE questions. These findings contrast with previous research that generally
supported the idea that feedback providing more information is more effective.

It is important to note that most of the research ((\Van der Kleij et al., 2015) supporting
the increase in learning performance with feedback complexity is based on feedback for close-
ended questions, in which all complex feedback (CR, EF, AF) includes verifications. One key
difference between feedback for SOE questions and feedback for close-ended questions is the
lack of verification. Our study strongly indicates that without verification, learning outcomes
may not improve with an increase in feedback complexity for SOE questions. Upon examining
the CR and EF conditions in our experiment, we observe that while CR feedback does not
directly provide verification of responses, it still allows students to compare their answers to a
correct response, implicitly aiding them in verifying their answers. In contrast, the EF condition
only provides bullet points of grammar explanations, which may make it more difficult for

students to verify their answers. Feedback that includes verifications has been observed to
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outperform feedback without verifications (Kuklick & Lindner, 2021). Longer explanations
without the provision of verification may lead to students' uncertainty regarding their
performance on the task as well as uncertainty about how to respond to the feedback, potentially
confusing students and creating learning difficulties (Weaver, 2006). Hattie and Timperley
(2007) also assume that forms of feedback are “most useful when they assist students in rejecting
erroneous hypotheses and provide direction for searching and strategizing” (pp. 91-92). When
providing feedback for SOE questions, the answers provided by students are not verified, making
it challenging to reject erroneous hypotheses through feedback. In such cases, longer
explanations may lead to confusion rather than provide clear guidance.

Support for this viewpoint can be substantiated by theories from the field of psychology.
Cognitive load theory suggests that when learning materials cause confusion, cognitive resources
are diverted towards tasks that are not directly relevant to the learning process (Sweller, 2010).
EF might have provided overwhelming feedback to students compared to CR, especially when
an example which can be used as verification is not provided.

One remaining question to address is why the AF condition did not outperform the CR
condition in our experiment. The AF condition encompassed both CR and EF information, yet
the addition of EF to CR did not yield improved learning outcomes. One possible explanation is
that our study had a relatively small sample size, which may have hindered our ability to detect
an effect. The results could be attributed to individual differences. Additionally, since we did not
observe a difference between the AF and CR conditions, another reason could be that the
provided CR ensured students' learning outcomes in the AF condition, while EF did not have an
impact. This discrepancy might be due to the length of the EF or other factors that necessitate

further investigation.

223



6.2 Correct Response is More Efficient for SOE Questions

One notable finding of our study is that the provision of AF resulted in significantly more
time spent on feedback compared to providing CR; the provision of EF did not. This finding is in
line with expectations as the AF condition contained the most information. However,
interestingly, we did not observe a significant increase in the time spent on EF feedback despite
it also containing significantly more information compared to CR feedback; this implies that
simply including more information in the feedback does not necessarily lead to a longer learning
time. On the other hand, the combination of CR and EF feedback may significantly increase the
time students spend on feedback as CR helps students verify their answers in a certain way.
Without verification, students may feel confused and may not invest additional time in
examining detailed feedback. They may be unsure of what to focus on in the feedback or may
become overconfident in their answers, leading them to spend less time on the feedback details.
Hattie and Timperley (2007) emphasized that when feedback fails to establish a clear goal for
students, they may not perceive the need to bridge the gap between the goal and their current
status through feedback, thereby limiting their engagement with detailed feedback information.
A significant body of research has consistently demonstrated that learning outcomes are
enhanced with an increased investment of time in receiving feedback (Kuklick et al., 2023).
However, our study on SOE questions did not yield results indicating that the AF condition
outperformed the other conditions in terms of posttest learning outcomes. Consequently, our
findings did not align with the proposition that extended time spent on feedback contributes to
enhanced learning in the context of SOE questions.

When considering learning gains in relation to the amount of time spent reading

feedback, the provision of only CR feedback was more efficient than the provision of EF or AF
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because providing CR led to the highest scores with the shortest time spent on feedback. These
findings suggest that for SOE questions, CR feedback is more efficient in facilitating learning.
6.3 Correct Response Improves Judgment of Learning Qutcomes

Besides learning outcomes, we also discovered that the provision of CR led to higher JoL
outcomes compared to the condition where both CR and EF were provided. This finding is
consistent with prior research demonstrating that varying feedback content had a significant
impact on cognitive load (Taxipulati & Lu, 2021). The finding could be explained by a
substantial growth in cognitive load within both the EF and AF conditions, which likely played a
mediating role in lowering the JoL level. An alternative explanation for the observed results is
rooted in the concept that participants tend to base their JoLs on the fluency of information or
ease of processing (Castel et al., 2007; Yue et al., 2013). In this context, it is plausible that
participants perceived one-sentence examples as more fluent compared to detailed grammar
points, despite the latter containing a greater volume of information.
6.4 Implications for Practice

The idea for the present study originated from frontline teaching, and it is our intention
that the findings be applied to teaching practices. The results of this study offer encouragement
for instructors to incorporate more immediate feedback to SOE questions. Specifically, it is
recommended to provide immediate feedback in the form of a correct response, such as a
working example, rather than more detailed explanations. If providing EF is desired, ensure that
the correct response is provided alongside the EF. It is believed that students who receive correct
responses for SOE questions not only experience enhanced learning outcomes but also exhibit
improved judgment of their own learning, thereby positively influencing future learning

endeavors.
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6.5 Limitations and Future Research

First, the participant number is relatively small, which hindered the ability to detect a
difference between conditions in Posttest 1. Future research should increase the number of
participants to obtain more robust results.

Secondly, since our research primarily focused on feedback, JoL questions were
administered solely after the feedback conditions and not in the NF condition. This design choice
precluded us from comparing JoL between the feedback and NF conditions. Future studies may
consider incorporating JoL measures within the NF condition without unduly interfering with the
structure of assessment.

Extending the current findings through the investigation of additional types of feedback
with varying complexities would be beneficial. This could involve exploring EF with differing
levels of information, or considering EF both with and without verification components.
Although providing verification feedback to SOE questions poses challenges, it would be
intriguing to investigate whether the inclusion of verification would alter students' learning
behaviors and outcomes.

It might be useful to survey these students about their perceptions of the feedback.
Moreover, considering the utilization of focus groups and individual interviews could offer a
more comprehensive understanding of their perspectives.

Additionally, it is noteworthy that various types of SOE questions exist beyond the scope
of the questions examined in this study. Subsequent research endeavors should consider
including different question types to investigate potential variations in findings. Furthermore,
future studies should expand to encompass a wider range of open-ended questions as they may

also demonstrate the potential benefits of immediate online feedback. Considering the limited
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number of studies investigating feedback provided for open-ended questions, it is our aspiration
that our research will offer valuable insights into this matter.

Surveying these students about their perceptions of the feedback could provide valuable
insights. Additionally, conducting focus groups and individual interviews might offer even
deeper understanding.

7. Conclusion

This research serves as an initial endeavor in examining immediate online feedback for
SOE questions in FL learning. The current study contributes to our comprehension of the
impacts of feedback on SOE questions and offers preliminary recommendations on delivering
immediate feedback while administering SOE questions online. Although the generalizability of
the present findings should be established through future research, this study nonetheless
provides robust evidence supporting the provision of immediate correct responses to SOE
questions. It is our hope that this study will inspire further exploration in this crucial domain.
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Appendix A
Survey questions
Section 1: Background

1. Are you a K-12 teacher or a college instructor?

. K-12

o College

o both
2. At what language level do you teach? If you teach more than one level, please select the
lowest level and answer all the following questions based on this level.

. Beginning

. intermediate;

o advanced

o high advanced

Section 2: homework assignments and perspectives on providing immediate feedback to
close-ended questions, open-ended questions, and semi-open-ended questions

3. How often do you assign homework to students?

) every day

a few times a week
about every week
about every other week
about once a month
never (we do all the work in class)
4. What question types do you use most often in your assignments? Please check the top 3:
multiple choice
true or false
matching
fill in the blanks
translate
make sentences to complete dialogues
essay writing
listen and type
listen and record audio/video
collaborative/group project
forum discussion
other:
other:

. other:
5. (1) In general, what percentage of the assignments you give to students are close-ended
questions, such as multiple choice and fill in the blanks?

o choose from the scale: 0%-100%

(2) What percentage of the assignments you give to students are semi-open-ended short-
answer questions? Semi-open-ended short-answer questions require students to express their

descriptive answers based on a specified context. Examples in CFL learning are: using the
pattern to complete the dialogue, and summarizing the main idea of a text.
o choose from the scale: 0%-100%

(3) What percentage of the assignments you give to students are open-ended questions, such
as essay writing?
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) choose from the scale: 0%-100%
6. When assigning practice online, immediate feedback is an assessment technique that gives
students immediate feedback on their answers to a question. To what extent do you think this
technique is helpful/necessary?

o choose from the scale: 0%-100%
7. Which type of immediate feedback to semi-open-ended questions do you believe would
be most effective?

. a working example

J some explanation

o both an example and explanation

) no feedback

J other, please explain
8. How helpful do you think it would be for students to provide immediate feedback to
guestions that are not auto-gradable, such as semi-open-ended questions?

o choose from the scale: 0%-100%

o Optional: please explain
9. When assigning homework, which method do you use more often: an online

platform with the option to provide immediate feedback, or another format that cannot
provide immediate feedback (ex. written homework or email/upload answer sheet)?

o online platform with the option to provide immediate feedback

o other formats that cannot provide immediate feedback

o both

) neither (we do all the work in class)

Section 3: If assigning homework online or both, they will answer the following questions
10. When assigning homework through an online platform:
(1) Do you use online tools to provide immediate auto feedback to close-ended answer
guestions that are auto-gradable, such as showing the correct answers to a multiple-choice
guestion immediately after students submit their answers?

e never, (no need or they get to download the answers right after they hand in their
work)
occasionally, 0-24% of the auto-gradable problems
sometimes, 25%-49% of the auto-gradable problems
often, 50%-74% of the auto-gradable problems
most of the time, 75%-99% of the auto-gradable problems
100%, always
(2) Do you use online tools to provide immediate suggestions to questions that are
not auto gradable, such as completing the dialogue with a required structure? The
suggestions can be in the form of a suggested usage of the grammar structures, or a
working example answer.
e never, (no need, or students get to download the answers right after they hand in
their work)
e occasionally, 0-24% of the auto-gradable problems
sometimes, 25%-49% of the auto-gradable problems
often, 50%-74% of the auto-gradable problems
most of the time, 75%-99% of the auto-gradable problems
100%, always

234



11. How do you provide immediate feedback to questions that are not auto-gradable?
. a working example
some explanation
both example and explanation
no feedback
other, please explain
12.  When assigning homework without immediate auto feedback, how long does it
usually take for students to receive feedback?
) choose from the scale: never -4 weeks
o unsure- they get access to the answers after handing in their work

Section 4: If assigning homework without an immediate feedback option, they will answer
the following questions
13. How would you rate the helpfulness of providing immediate feedback to questions that
are not auto-gradable for students?
not at all helpful
somewhat unhelpful
neutral
somewhat helpful
extremely helpful
Optional: please explain
14.  Which type of immediate feedback to non-auto-gradable questions do you believe
would be the most effective?

o a working example

. some explanation

o both example and explanation

o no feedback

) other, please explain
15.  When assigning homework, how long does it usually take for students to receive
feedback?

) choose from the scale: 1 day — 2 weeks, Never-they are supposed to correct by

themselves
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Appendix B

Experimental Materials

Grammar pattern usage 1: Talk about result on an object with #E...... complement/ ¥ /—F

Iverb reduplication.
Pretest and three posttests:
1. Your parent has just returned home and is checking with you on the progress of your laundry.

Tell your parent what you have done or what happened with a 3 sentence.
2. Your parent has just returned home and is checking with you on your birthday party planning

progress. Tell your parent what you have done or what happened with a 3 sentence.
3. Your parent has just returned home and is checking with you on the progress of your

homework. Tell your parent what you have done or what happened with a #E sentence.

4. Your parent has just returned home and found that the fridge is all empty, so your parent is
checking with you what happened to the food in the fridge. Tell your parent what you have done

or what happened with a £ sentence.
Practices:

1. Give a command to a robot with & and ask it to do a chore for you.
An example of correct response: FEXHFAXARE 7 -
2. Your friend asks you if you have found the ball you lost yesterday. Use a # sentence to

answer it.
An example of correct response: FIEIKILE 1 -

3. Give a command to your little sister with ¥ and ask her to finish eating something.

An example of correct response: EHEIFNZ5T
Elaborated feedback with grammar explanation for the three practice questions:
a. The basic construction of £ is as follows: Subject + 3 + Object + Verb + Other

Element (Complement/ [, etc.) In a 3 sentence, the verb cannot stand alone, and must
be followed by another element that describes the detail or the result of the action.

b.1E sentences are most often used to describe what happened to the object in some
detail, with the result of the action indicated by the “other element”. Resultative
complements, directional complements, — ~, verb reduplication (e.g., 7£5t), and 1 are
often used following the verb.

d. When giving commands with 3&, the subject is often omitted.

e. The object of a £ sentence must be something specific and definite.

Grammar pattern usage 2: Talk about placement of an object with 3E...... M E/E
Pretest and three posttests:
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1. Your dorm room is a mess. Tell your roommate what to do to help clean it up. A few items for
your reference: books, laptop, cell phone, ...

2. Your dorm room is a mess. Tell your roommate to help clean it up by putting one of his
clothes away. A few items for your reference: pants, shoes, shirts, ...

3. Your dorm room is a mess. Tell your roommate to_help clean it up by putting one of his food
away. A few items for your reference: beverage, cake, apple...

4. Your dorm room is a mess. Tell your roommate what to do to help clean it up. A few items for
your reference: chairs, photos, pillows, water bottle, ...

Practices:

1. Your friend went grocery shopping with you and helped you to bring all the things back home.

Tell your friend where to put one of your grocery items with a £ sentence.

An example of correct response: 2 @RI K AR H
2. Your friend went to a shopping mall with you and helped you to bring all the things back

home. Tell your friend where to put one of your shopping items with a £ sentence.

An example of correct response: A A2 HEAAE B .
3. Your friend went to an Apple store with you and helped you to bring all the things back to

your home. Tell your friend where to put one of your electronic products with a 3£ sentence.

An example of correct response: % LI E ST I .
Elaborated feedback with grammar explanation for the three practice questions:

a. To talk about placement of an object (i.e. to put something in/at a place), 3 structure
must be used instead of the Subject+Verb+Object sentence.

b. The construction of £ sentence that indicating placement is as follows: Subject + £ +
Object + I TE/IE+location.
c. The object of a £ sentence must be something specific and definite.

d. When 7 is needed to indicate the completion of the displacement, f should be placed
either at the end of the sentence or after the directional complement of the verb.

Grammar pattern usage 3: Use 3 with two objects

Pretest and three posttests:
1. You are moving to another city and would like to give away your tableware. Tell your friend

to whom you are planning to give one of your dorm supplies using a & sentence.
2. You are moving to another city and selling furniture. Tell your friend to whom you sold one of

your pieces of furniture using a £ sentence.
3. You are moving to another city and gave your furniture away. Tell your friend to whom you

gave one of your pieces of furniture using a £ sentence.
4. You are moving to another city and selling your dorm supplies online. Tell your friend to

whom you sold one of your dorm supplies using a ¥ sentence.
Practices:
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1. You are eating dinner with your friend. Ask your friend to pass something to you with a
sentence.

An example of correct response: IR FEHLH -
2. Your friend saw you holding a gift, he asks whom you are giving the gift to. Answer the
question with a }E sentence.

An example of correct response: FHZ LALLM ZELBIEE -
3. You sold some of your used furniture, and your friends asks whom you sold them to. Please
answer the question with a £ sentence.

An example of correct response: LR FRE—MARFE T -

Elaborated feedback with grammar explanation for the three practice questions:
a. For certain verbs, you can have two objects in a # sentence. Their use in a & sentence

will also involve prepositions, and %5 is the most often used. They use the following
structure: Subj. + 3 + Obj. 1 + Verb + 25 + Obj. 2

b. Common verbs that take two objects include: 3% (song, send), £ (n4, take), 3% (di,
pass), SE (mai, sell), {& (jié, borrow/lend), 3£ (huan, return), /428 (jieshao, introduce).
c. When [ is needed to indicate the completion of the action,  can be placed either at
the end of the sentence or right after 5. When indicating that an action will happen, 2/

#8/% should be used before the verb. When used as a command, no 7 or E/48/% is
needed.
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