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A systematic review of Stimulated Recall (SR) in
educational research from 2012 to 2022
Xuesong Zhai 1,2,7, Xiaoyan Chu1,7✉, Minjuan Wang3,4✉, Chin-Chung Tsai5,

Jyh-Chong Liang5 & Jonathan Michael Spector6

Stimulated Recall (SR) has long been used in educational settings as an approach of retro-

spection. However, with the fast growing of digital learning and advanced technologies in

educational settings over the past decade, the extent to which stimulated recall has been

effectively implemented by researchers remains minimal. This systematic review reveals that

SR has been primarily employed to probe the patterns of participants’ thinking, to examine

the effects of instructional strategies, and to promote metacognitive level. Notably, SR video

stimuli have advanced, and the sources of stimuli have become more diverse, including the

incorporation of physiological data. Additionally, researchers have applied various strategies,

such as flexible intervals and questioning techniques, in SR interviews. Furthermore, this

article discusses the relationships between different SR research items, including stimuli and

learning contexts. The review and analysis also demonstrate that stimulated recall may be

further enhanced by integrating multiple data sources, applying intelligent algorithms, and

incorporating conversational agents enabled by generative artificial intelligence such as

ChatGPT. This article provides a comprehensive analysis of SR studies in the realm of edu-

cation and proposes a promising avenue for researchers to proactively apply stimulated recall

in investigating educational issues in the digital era.

Introduction

Stimulated Recall (SR) is an approach commonly used to prompt participants’ retrospection
by employing diverse stimuli and interview strategies. This method is frequently applied to
examine instructors’ and students’ reflections on their cognitive and affective responses

during or after specific educational events or activities (Calderhead, 1981; Gass and Mackey,
2016). This type of SR represents an effective qualitative method for educational researchers to
gather implicit data and has been broadly practiced to investigate various teaching and learning
occurrences, including teacher cognition, study strategies, and language learning (Meade and
McMeniman, 1992; Van der Kleij et al., 2017; White et al., 2016; Sundberg et al., 2018;
Martinelle, 2018; Cao et al., 2019; Martinelle, 2020). Moreover, in addition to serving as a
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research tool to explore instructors’ and learners’ internal
thoughts, several studies have innovatively implemented SR as a
teaching and learning strategy to foster students’ metacognition
(Zhai et al., 2018; Jensen, 2019). Nevertheless, although the
purposes of SR-enabled research appear to be diverse, there are
reasons to extend its use in more educational and research
settings.

The vast technology integration into education has ushered in
changes in the selection of stimuli and technologies for adopting
SR in educational research (Gazdag et al., 2019). Technological
advancement applied in teaching and learning settings have also
expanded the sources of stimuli beyond traditional written notes,
classroom photographs, and video recordings. Participants’
learning records on digital platforms and mobile devices can also
be used as stimuli to evoke the memory of their own learning
path (Koltovskaia, 2020; Lindfors et al., 2020). Furthermore, the
shift of instructional environments from offline to online has
rendered educational activities in physical scenes more static,
lacking observable interactivity to generate an effective stimulus
(Duo and Song, 2012; Gijselaers et al., 2016; Tan et al., 2021).
Some studies have leveraged physiological feedback signals such
as eye movement, setting position, and EEG data to provide
valuable cues about changes in learners’ inner thoughts (Zhai
et al., 2018; El and Windeatt, 2019). However, owing to the
constantly evolving technological landscape in learning environ-
ments and pedagogical strategies, the question of whether tradi-
tional stimuli need to be improved and how to choose new
stimuli remains unresolved (Wijayasundara, 2020).

When practicing interview strategies, researchers have exhib-
ited distinctive tendencies in time arrangement and questioning
techniques (Gass and Mackey, 2016). Even when the same stimuli
were selected, the adoption of interview strategies varied across
studies. Concerning the time arrangement of the interview, most
researchers contend that participants should be presented with
the stimuli and interviewed immediately after the instructional
activity, while some researchers intentionally introduce an
interval before further interviewing (Gass and Mackey, 2000;
Kurki et al., 2016). In terms of questioning techniques, inter-
viewers’ questions can be either entirely open-ended or focused,
depending on the research design and educational settings. For
instance, Heikonen et al., (2017) commenced with general ques-
tions and subsequently narrowed the question scope to explore
student and instructors’ reflections on classroom incidents. In
contrast, Hu and Gao (2020) posed rather specific questions on
students’ responses to linguistic challenges in learning science
through English. These disparities may be attributed to the

distinct subjects and research questions that SR measures aim to
address (Jackson and Cho, 2018; Tiainen et al., 2018).

In light of the ongoing developments in education and tech-
nology, it is worthwhile to conduct a meticulous review of the
latest research on applying SR methods in education. Previous
reviews were either outdated or narrow in scope. For instance,
Keith’s (1988) review centered on studies that applied SR to
investigate instructors’ cognitive processes, which, although
valuable at the time, can only provide limited guide for current
applications of SR in education. More recently, Gazdag et al.,
(2019) reviewed 35 articles on the use of Video Stimulated Recall
(VSR) to enhance instructors’ reflective thinking. However, this
study’s scope was confined to implementing VSR in teacher
training and excluded studies in broader educational settings.
Therefore, further studies are needed to comprehensively exam-
ine the application of SR across diverse contexts.

The present study offers a comprehensive review of research
using SR in manifold teaching and learning contexts over the past
decade. The investigation scrutinizes the characteristics of these
studies, such as their research aims, stimuli, and interview stra-
tegies. It examines the interplay among these elements, including
variations in the purposes of SR employment across disciplines.
The ultimate goal of our study is to provide valuable insights for
future applications of SR in education and also to aid researchers
in exploring the external behaviors and internal thought processes
of both instructors and students in a more effective manner.

Literature review
The theoretical foundation of SR in education. SR is a research
technique inspired by Dewey’s (1933) reflective thinking concept,
which involves presenting participants with vivid prompts to
evoke their memories of an original scenario (Bloom, 1953). Since
its inception by researchers at Stanford University in 1970, SR has
been an essential tool in pedagogical research and widely adopted
to investigate various teaching and learning activities in educa-
tional research (Stough, 2001). Typically, SR comprises two
stages: presenting stimuli and proposing recall questions (see
Fig. 1) (Chu and Zhai, 2023). Researchers select specific artifacts,
such as notes, audio or video recordings, that exhibit participants’
behavior or cognitive tasks as stimuli, followed by interviews that
prompt participants to articulate their intrinsic thoughts, mental
processes, or individual feelings at the moment when the stimuli
were generated (Calderhead, 1981; Lyle, 2003).

The theoretical basis of SR in educational research draws on
the Retrocue Effect and the Cognitive Theory of Multimedia
Learning (CTML) (Mayer and Moreno, 1998; Moreno and

Fig. 1 The flow chart of the SR procedure. The figure shows the main stages of presenting stimuli and proposing recall questions when applying SR.
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Mayer, 1999; Souza and Oberauer, 2016; Shepherdson et al.,
2018). The Retrocue Effect, a cognitive psychology theory,
suggests that an individual’s visual working memory is enhanced
when their attention is directed toward prior information, even
after a delay or distraction (Souza and Oberauer, 2016).
Neuroscientific and biopsychological research both provide
evidence supporting the protective effect of retroactive attentional
focusing on working memory (Duarte et al., 2013; Schneider
et al., 2017). According to this theory, retro cues, such as visual
stimuli, improve the quality of retrieval and cognitive processes
while also reducing cognitive load effects (Shepherdson et al.,
2018). Based on this mechanism, SR can offer accurate and
specific insights into an instructor or a learner’s thoughts and
attitudes towards educational tasks.

In addition, the Cognitive Theory of Multimedia Learning
(CTML) suggests that multimedia learning is most effective when
information is presented in both visual and auditory formats, as
learners are actively engaged in the learning process (Mayer and
Moreno, 1998; Moreno and Mayer, 1999). As described in the
CTML, learners have two separate channels for processing
information: visual and verbal (Mayer, 2002; Mayer and Moreno,
2003). When multiple forms of stimuli are presented during the
SR interview, instructors and learners become more cognizant of
their prior experiences in each channel, which helps them
articulate their thought processes in greater detail and enhances
their retrospection of previous knowledge and cognition. In
conclusion, the application of SR in educational research is rooted
in the principles of the ICT and the CTML. Implementing SR
provides researchers and practitioners with a valuable tool to gain
insight into learners’ and instructors’ cognitive processes,
ultimately leading to more effective teaching and learning.

The educational application using SR. The SR method is an
effective technique used in qualitative educational research to
gather data on instructors’ and learners’ thought patterns related
to specific events. This method allows researchers to explore
instructors’ and learners’ thinking and decision-making pro-
cesses, making it a valuable tool for data collection (Nguyen et al.,
2013; Bowles, 2018). The use of SR in educational research is
critical for maintaining internal validity, as it provides intro-
spective data. Additionally, SR has broad applicability and can be
employed in various disciplines for a range of research aims
(Meade and McMeniman, 1992; Kurki et al., 2016; Yu and Hu,
2017; Rietdijk et al., 2018; Martinelle, 2020). For instance, Yu and
Hu (2017) used SR to probe second language learners’ intrinsic
and personalized perceptions of peer feedback in collaborative
writing assessment, by exploring students’ learning behaviors
through interviews. Similarly, Kurki et al. (2016) and Rietdijk
et al. (2018) tapped into SR to explore how instructors use various
teaching strategies and their underlying beliefs, particularly con-
cerning non-cognitive dimensions such as social and emotional
factors.

Aside from its application as an educational research method,
SR can also serve as an effective teaching and learning strategy.
Instructors can use SR to assess what learners remember or may
have overlooked to determine learning reinforcement strategies.
SR enables learners to examine and articulate their thoughts
through memory retrieval and thus elevating their thinking to a
new level of expression. Therefore, SR can enhance learning
rather than solely serving as a research approach (Smagorinsky,
1998; Egi, 2008). In addition, VSR is a valuable teacher training
and development tool that includes video-supported reflection
and questioning. This approach motivates instructors to reflect on
themselves and their practice consciously, facilitates metacogni-
tive reflection among preservice teachers, and provides reflective

prompts for educational interactions (Geiger, Muir, and Lamb,
2016; Endacott, 2016).

While linguistics and teacher education are the primary
application areas of SR, it is also used in other subjects, such as
STEM education (Gass and Mackey, 2016; Al Mamun, Lawrie,
and Wright, 2020; Schindler and Lilienthal, 2019). However, the
purpose of applying SR varies depending on the subject and
learning environment. Recent advances in instructional technol-
ogies have transformed teaching strategies and educational
settings, yet the relationship between these elements and the
principles of SR application in distinct contexts is still ambiguous.

Stimuli and interview strategies in SR. The rapid diffusion of
Information and Communication Technology (ICT) and the
exponential growth of online learning have brought new chal-
lenges and opportunities for using SR in educational research and
in teaching and learning. Integrating ICT into education requires
a careful selection of stimuli that can adapt to the constantly
evolving learning environments. When applied in physical
environments, audio or video stimuli respond favorably to
interactions between teachers and students, enabling subsequent
interviews to investigate their inner impressions or perceptions
(Chu and Zhai, 2023). In contrast, educational activities incor-
porating digital technologies are not easily observable, with
instructional behaviors conducted through electronic devices and
in video or audio conference systems. It is often challenging to
find informative stimuli reflecting teacher-student interactions in
digital settings.

Nevertheless, technological breakthroughs have enriched
stimuli by expanding data collection channels and capacities at
the same time. Through the integration of additional stimuli
sources such as weblogs, computer screen captures, and
biofeedback data, researchers are able to unearth information
about learners’ inner workings. For example, Révész et al., (2017)
gained a comprehensive picture of the L2 writing process and
acquired a deeper understanding of implicit thinking using eye
movement data-based stimuli. Overall, considering the diverse
data collection methods and changing learning contexts, stimuli
selection in SR in technology-enabled schooling still requires
further clarification.

The interview stage is another crucial aspect of SR that
distinguishes it from conventional memory recall. This stage
emphasizes estimating internal thinking processes and determin-
ing how the method can encourage instructors’ and learners’
reflection and delve into their internal ideas. During the interview
stage, researchers mainly acquire tacit data. Previous studies are
inclined to perform interviews promptly after class and employ
standard open-ended questions to encourage participants’ agency
in reflecting on their experiences (Gass and Mackey, 2000; Chu
and Zhai, 2023). However, some studies have chosen different
approaches. For example, when investigating early childhood
teachers’ instructional activities, behavior, and emotions, Kurki
and his colleagues (2016) delayed inviting teachers to take part in
the interview by two weeks. Additionally, researchers argue that,
apart from using generic questions, incorporating specific follow-
up questions that closely align with the research aim is equally
crucial (Heikonen et al., 2017; Hu and Wu, 2020). Despite the
significance and disparities in interview strategies, few studies
have specifically analyzed this issue, and well-developed princi-
ples of organizing interviews and questions is absent.

SR has become an essential technique for examining cognition
and behavioral patterns in education by activating instructors’
and students’ retrospection through stimuli and interviews. As SR
has evolved and educational paradigms have transformed, the
research purpose and critical steps, such as stimuli selection and
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interview strategies, of applying SR in educational research
require further discussion. Education is a complex system with
intertwined intrinsic elements such as discipline differences and
learning environments (Jacobson and Wilensky, 2006; Jacobson
et al., 2019), which can influence stimuli preference and the
conduct of interviews.

Therefore, in order to provide insights for learning from past
educational applications of SR and enhancing future develop-
ments, the present systematic review scrutinized the evolution of
the SR method in educational research from 2012 to 2022. It
aimed to elucidate what the contributions SR has made, how SR
has been implemented, and the challenges and potentials it
presents. To fulfill these objectives, we further proposed six
specific coding items (see Table 1) to guide our content analysis
coding procedure and decoding interpretation.

Methods
Guided by the aforementioned research questions, we system-
atically analyzed and interpreted studies related to SR from 2012
to 2022. Given the significant changes in teaching environments
and research methods associated with the rapid development in
educational technology, we believe that a 10-year time span can
provide sufficient coverage of research in a variety of disciplines.
We used qualitative content analysis to examine these studies,
which consists of two steps: selecting papers for review and
coding these papers by using an established coding scheme.

Paper selection. To guarantee the quality of selected, our research
team reviewed well-recognized peer-reviewed articles in the Web
of Science (WOS) core collection, Scopus, and IEEE Xplore.
These databases contain reputable journals with recognized
impact factors. The articles retrieved in WOS and Scopus can be
further refined into social science or educational categories,
allowing for more precise retrieval. Additionally, given the focus
of this research on the use of technology in education, the IEEE
database provides focused research in scientific and technical
disciplines.

Two stages comprise the processes used to identify the research
papers. In the first stage, the keyword “SR” was selected, and the
discipline was refined to “education and educational research”.
This process yielded 309 articles. In the second stage, the abstracts
and full text of the chosen articles were manually and system-
atically screened by researchers to confirmed that they: (1)
included the SR protocols, (2) prompted participants to reflect on
their thinking process, (3) focused on research issues in the field
of education, and (4) provided empirical evidence or evaluation
rather than solely summarizing previous findings. For example,
some articles merely reviewed others’ research on the SR method
employed in teaching settings or using painting-based stimuli to
spark students’ prior knowledge did not meet the inclusion
criteria (Gazdag et al., 2019; Walan and Enochsson, 2019).

According to Golhasany and Harvey’s (2023) study, the coder
should pose doctoral degrees or professorships in the relevant
field, and each identified papers should be individually scruti-
nized by experts. Finally, three experts were selected to examine
the sample pool: two of whom have doctoral degrees and
professorships on learning technology, while the third have a
doctoral degree in educational management and post-doctoral
experience on learning technology. Moreover, to ensure there are
no conflicts of interest, only one coder is involved in the
authorship. The inter-coder reliability was assessed following a
specific schedule: first, the coders independently examine the
selected samples and provided their judgment. Then we use the
Fleiss Kappa test in SPSS 26 to test the reliability. The results
ranged from 0.874 to 0.973 indicating satisfactory inter-rater
reliability and consistent coding for each item. Finally, we
adopted the final coding results if all the experts or at least two of
them agreed. Finally, the research team identified 257 represen-
tative papers as the research sample of this study. As
recommended by Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA, Page et al. 2021), we
conducted the systematic review with a strong and thorough
methodology. Figure 2 depicts the flow of this screening process,
which is in accordance with Moher et al. (2009).

Coding procedure. The identified articles were systematically
coded to carry out a precise and thorough examination of the
utilization of SR in education. By adopting Gass and Mackey’s
(2000) definition of SR, this study identifies its key components.
They established a coding framework, including the research aim,
stimuli, questioning technique, and questioning interval. Addi-
tionally, coding the learning subject and educational context
helped clarify how to implement SR effectively in various situa-
tions. Table 2 illustrates the background information of SR
research, such as the learning subject and educational context.
Despite reviewing research involving instructors and students as
subjects, this study did not differentiate between these two groups
as the primary focus of SR is to investigate the participants’
consciousness and thinking behind their behavior, regardless of
their roles. The table included in supplementary information
described our data collection process.

The coding process involved identifying and extracting relevant
data from the selected papers. Any discrepancies were resolved
through discussion and consensus-reaching among the research
team. We then analyzed the coded data and identified patterns
and themes abiding by the content analysis method. The findings
of this review are presented in the following sections, addressing
the research questions outlined earlier.

Results and discussion
In accordance with the content analysis and coding criteria
mentioned above, 257 papers were thoroughly examined. The

Table 1 Research objectives and coding items.

Research objectives RQ Coding items

Contributions of SR to educational research RQ1 According to the selected sample pool, what were the research aims of applying SR in
educational research from 2012 to 2022?

Implementation of SR in educational research RQ2 How have the stimuli evolved during the implementation of SR in the last decade?
RQ3 What time factors should or could be considered with regard to the efficacy of stimulated

recall? Are they limited to the duration of a single course?
RQ4 What interview strategies have SR research reviewed in this paper employing?
RQ5 What is the relationship between different components (research aim, stimuli, question

strategies, learning subject, etc.) of SR?
Challenges and potentials of SR in future
educational research

RQ6 How can educational research adopting SR be improved in the future?
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following sections present the results and provide a correspond-
ing discussion of the research questions.

RQ1: Research aims. The current literature reveal that SR is often
applied to studying instructors’ and learners’ inner thoughts and
ideas, prompting them to recall and comment on their thinking
process. Furthermore, this approach can also examine the effect
of teaching and learning strategies and to improve participants’
metacognitive skills. Because SR has long been used in educa-
tional settings, it is surprising that more substantial research has
yet to be conducted on how it might be expanded and how to
overcome its limitations such as time factors and distractions.
Therefore, our work focuses on promoting the effectiveness of
widespread application of SR in teaching and learning.

Exploring thought patterns. Exploring thought patterns is the
primary focus of most educational research that uses SR. This
includes investigating non-cognitive and cognitive processes, as
well as higher-order thinking. As shown in Table 3, over half (157
in total) of the research reviewed employed SR to achieve this
objective. Eighty-two of the reviewed studies explored patterns of
non-cognitive processing, such as motivation, emotions, and
cultural orientation (Lichtinger and Kaplan, 2015; Ucan and
Webb, 2015; Wilby et al., 2017). This method can also investigate
the variables influencing the willingness to communicate or the
ethical considerations of instructional practices in language
learning (Rissanen et al., 2018; Chichon, 2019; Peng, 2020).

In addition, fifty-five studies explored patterns of cognitive
processing, probing the epistemic thinking of diverse participants
in various subjects, including language learning, STEM, and the
arts (Bogard et al., 2013; dos Santos and Loveridge, 2014; Révész
et al., 2017). Furthermore, some studies based on SR also
obtained insight into both cognitive as well as non-cognitive
processes through the integration of multimodal data (Lambert
and Zhang, 2019). It is worth mentioning that a total of 11 papers
explored both cognitive and non-cognitive thought processes
with SR.

Finally, nine studies applied SR to investigate patterns of
higher-order thinking, such as creative thinking and critical
thinking, as well as the collaborative process (Rissanen et al.,
2019; Schindler and Lilienthal, 2020; Łucznik and May, 2021).
The application of SR in these studies allowed for a more
comprehensive understanding of participants’ thinking processes
and the factors that contribute to effective collaboration and
higher-order thinking.

Investigating the effect of educational strategies. Another purpose
for research employing SR is to investigate how participants’
learning processes and experiences are affected by instructional
design or learning models. Specifically, 35 articles used SR to
investigate the impact of specific learning strategies in educational
settings, yet 54 studies examined instructional techniques. It
seems that SR can facilitate investigating how instructors and
students understand and apply newly adopted teaching or
learning strategies.
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Fig. 2 Research flow. The diagram presents the systematic review flow according to PRISMA.

Table 2 Research foci.

Research foci Description

Research aim The expected purposes of using SR by the researcher
Stimuli The materials used to trigger reflection among participants on prior activities
Questioning technique Techniques implemented for questioning to stimulate retrospection during SR
Questioning interval The time duration between the in-class activities and the SR interview
Learning subject Disciplines where SR was employed to conduct research
Educational context The learning environment in which SR was employed to conduct research
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For instance, SR has revealed the pedagogical knowledge base
related to the use of dashboards and the provision of feedback by
novice teachers (Karimi and Norouzi, 2017; Molenaar and
Knoop-van Campen, 2018; Yu, 2021). In terms of the effective-
ness of learning techniques, such as computer-enhanced self-
directed learning, SR offers a more precise and comprehensive
understanding from students’ viewpoints (White et al., 2016;
Deng, 2020; Chu and Zhai, 2023).

Extensive empirical studies have shown that data acquired
through SR can enhance the interpretability of single-outcome
data, such as test results, and also produce more insightful
information to evaluate and enhance strategies for improved
learning outcomes for both instructors and students (Van der
Kleij et al., 2017). In these studies, SR provided a deeper
comprehension of how instructional design or learning strategies
impact participants’ learning experiences and outcomes.

Improving metacognition. Nine articles took advantage of SR to
improve participants’ metacognition. One example is using SR in
online language learning, where learners can compare feedforward
and eye-movement data to develop their metacognitive skills (Zhai
et al., 2022). Metacognition refers to an individual’s awareness of
their thinking processes and understanding of the underlying
patterns (Flavell, 1979). Educational psychologists have widely
acknowledged the significance of metacognition due to its sub-
stantial correlation with learners’ academic achievements.

Metacognitive activities usually occur during the self-reflection
phase and involve the participants’ evaluation of their own
cognition, understanding, and task performance. Using recorded
learning processes as stimuli, participants are prompted to
explain or evaluate their past behavior instead of simply recalling
knowledge. Encouraging student participation in video-
stimulated recall conversations enhances their self-reflection
and improves their metacognitive skills by giving them a scaffold
(Van der Kleij et al., 2017).

RQ2: Stimuli. Regarding the stimuli used to arouse recall, video
recordings of the learning process have gained tremendous
popularity. While some changes have occurred during the evo-
lution of SR methods, such as the improvement of video stimuli
and the integration of physiological feedback data.

Optimizing video stimuli. Video recordings are a widely popular
type of stimuli in educational SR research, as evidenced by nearly
70% of the reviewed studies (173 articles) that utilized them. This
prevalence of video stimuli has been noted in previous review
research by Gazdag et al. (2019), which to some extent, explains
the exclusive focus on video stimuli in his study. These recordings
commonly consist of real-life scenes from classrooms, labora-
tories, and screen captures of technology-mediated learning set-
tings. To serve as effective incentives for participants, video
recordings should reflect the interactions between instructors and
learners, and researchers ought to regulate their length to prevent
participant weariness (Lee, 2020).

A number of enhancement options have been suggested by
researchers. One technique is to use multiple cameras to record
and display split-screen videos, providing various perspectives of
the learning environment. For instance, Jackson and Cho (2018)
produced a split-screen video recording of teachers’ and students’
simultaneous behaviors, enabling a more potent stimulus for
supporting event recall, contextual and situational recall.

Additionally, some researchers have used head-mounted video
cameras to record video from the participant’s perspective, visually
reproducing original learning scenarios. Such an approach is
beneficial in studies examining interpersonal communication,
such as those exploring teacher-student interactions or teacher
interventions in early childhood peer conflict (Agricola et al., 2021;
Myrtil et al., 2021).

Utilizing biofeedback data. With more accurate and detailed data,
biofeedback data (14 articles) is increasingly considered a

Table 3 Descriptive results of included articles (n= 257).

Description n % Description n %

Research aim Questioning interval
Patterns of cognitive processing 55 21.40 Instant reflection 126 49.03
Patterns of non-cognitive processing 82 31.91 Delay reflection 23 8.95
Patterns of higher-order thinking 9 3.50 Not mentioned 108 42.02
Effect of instructional strategies 54 21.01 Learning subject
Effect of learning strategies 35 13.62 Linguistics 115 44.75
Improvement of metacognition 9 3.50 Teacher education 48 18.68
Patterns of cognitive & non-cognitive process 11 4.28 STEM 35 13.62
Patterns of cognitive process & Effect of instructional strategies 1 0.39 Physical Education (PE) 10 3.89
Patterns of cognitive process & Effect of learning strategies 1 0.39 Art 9 3.50
Stimuli Other subjects 5 1.95
Text 31 12.06 No specific domain 35 13.62
Pictures 5 1.95 Educational context
Video recordings 173 67.32 Physical settings 194 75.49
Audio recordings 13 5.06 Online platform 48 18.68
Physiological data 14 5.45 OMO environment 6 2.33
Not mentioned 5 1.95 Virtual Reality 1 0.39
Text & pictures 4 1.56 Not mentioned 8 3.11
Text & audio/video recordings 10 3.89
Pictures & audio/video recordings 2 0.78
Questioning technique
General 63 24.51
Specific 73 28.40
General first and then specific 25 9.73
Specific first and then general 1 0.39
Not mentioned 95 36.96

A few papers may have more than one research aims and make use of several sources of stimuli.
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stimulus choice for self-reflection. Currently, eye-tracking tech-
nology is the most commonly used physiological feedback tech-
nique. The Eye-Mind hypothesis suggests that eye movements
correspond to mental operations, allowing researchers to infer
cognitive processes from gaze patterns (Obersteiner and Tumpek,
2016, p. 257). By combining eye-tracking data with self-reflection,
potential ambiguity and uncertainty in eye-tracking techniques
are reduced, giving a more thorough overview of the educational
process for reflection (Schindler and Lilienthal, 2019; El and
Windeatt, 2019; Chu and Zhai, 2023).

Moreover, other physiological indicators have served as
informative stimuli in self-reflection. Zhai et al. (2018) found
that online learners’ reading comprehension and cognitive
abilities were significantly improve by using both eye-
movement and EEG physiological signals as stimuli. Multiple
physiological indicators can be included to provide a more
thorough and accurate picture of the cognitive and affective states
of learners during the learning process.

RQ3: Time factors. Considering time factors is crucial for the
utilizing SR method in educational research. This is because time
not only influences the selection and processing of stimuli but
also has implications for the subsequent interviews. Specifically,
enhancing the temporal properties involves both reducing the
presentation time and increasing the span of information pro-
vided by the stimuli source. Moreover, it is essential to set
appropriate time intervals to schedule the interviews. The
reviewed literature suggests that the interview schedule may vary
depending on the study.

Enhancing the temporal properties of stimuli. Presenting learners
with stimuli is intended to assist them in reflecting on their previous
learning activities. Nevertheless, if the presentation of stimulus
sources persists for too long, it can also impose a heavier cognitive
load on learners (Pratt and Martin, 2017). In general, stimuli
sources in textual, image, and other static formats are more con-
venient due to their controllable presentation duration for partici-
pants. However, for classroom video recordings stimuli, direct video
replay may take a considerable amount of time. Considering the
time spent, one such approach involves selecting clips from full-
length video footage, reducing the duration of the stimuli, and
enabling participants to concentrate specifically on behaviors that
are pertinent to the research aim (Määttä et al., 2016).

The time span of stimuli is also not limited to the classroom.
As demonstrated in the 16 studies reviewed, combining multiple
data sources has proved more effective. The integration of various
materials, including text, video, and pictures, enhances the
information capacity and authenticity of the recorded details.
For instance, in limited interaction scenarios, researchers often
use think-aloud methods, allowing participants to verbalize their
thoughts, along with the videotapes, to augment the information
provided (Kang and Pyun, 2013).

In addition, incorporating stimuli from multiple sources can
encompass both subjective and objective aspects. Video record-
ings only capture a limited timeframe, while learning behaviors
extend beyond the confines of the classroom. Cues to stimulate
participants’ recall can also come from guide sheets, teacher
preparation notes, and student class notes (Chu and Zhai, 2023).
In an investigation on the use of metacognitive interventions in
twenty-first century writing pedagogies, stimuli included a
classroom tour video, a literacy autobiography, a teaching plan,
and other instructional materials (Jensen, 2019).

Setting up flexible intervals. The time interval between in-class
instructional activities and SR interviews generally varies across

researchers. Among the 149 reviewed studies where the time
interval was specified, the majority of the study (126) preferred
instant reflection. Instant reflection involves conducting SR
interviews as soon as participants finish their learning tasks,
typically with only a 5- or 10-min interval or a slight delay
according to the timetable for curriculum (White et al., 2016;
Rassaei, 2015; Shintani, 2016; Fernandez, 2018).

A shorter time span makes sure that participants recollect the
task’s cognitive processes more precisely, which improves the
accuracy of the interview results (Gass and Mackey, 2000).
Instant reflection is particularly valuable in studies that require
precise information about the learners’ cognitive processes and
strategies during the learning task.

However, some researchers (23 studies) purposefully extended
the time interval between instruction and recall, for example,
2–4 weeks after the task was completed (Harvey et al., 2014). This
design may optimize the study by allowing more time for the
process of previously recorded raw data and footage (Nurmu-
khamedov and Kim, 2010; Kurki et al., 2016). Delayed interviews
can also reduce research impact on participants by avoiding
interference with subsequent teaching and learning activities (Dos
Santos and Hentschke, 2011).

RQ4: Interview strategies. During the interview phase of SR, to
better guide participants in autonomously reflecting on the
teaching and learning process, researchers also need to pay
attention to the use of strategies, including the openness and
value-oriented nature of the questions.

Posing appropriate questions. SR interviews are utilized to
encourage reflective thinking in participants within an open and
dialogic environment through questioning strategies. Typically,
this kind of interview consists of a succession of open-ended,
introspective, and generic questions that do not require pre-
determined answers. This pattern has been observed in 88
reviewed studies, including research merely posing general
questions, as well as those starting with general questions and
then progressively narrows down the focus. During these inter-
views, researchers should take on the role of listeners, serving to
train, facilitate, and illuminate while avoiding asking leading
questions that could result in biased responses (Ramnarain and
Modiba, 2013; Egi, 2008; Gass and Mackey, 2000; Sato, 2019). For
instance, researchers should avoid yes-no questions that could
encourage participants to react a specific way or provide pre-
sentational responses. This approach ensures that the purpose of
the SR interview is maintained and that the risk of biased
responses is minimized (Thararuedee and Wette, 2020; Rassaei,
2020;).

While questioning in SR interview should leave ample room
for participants to retrospect, it must also address the research
questions. Thus, 25 papers suggest that questions should be open-
ended at the beginning but become increasingly specific as the
interview progresses (Stolpe and Björklund, 2013). Researchers
can use supplementary queries as prompts to ensure that the
interview stays on topic and delves deeper into the research
questions, depending on participants’ responses (Qiu and Lo,
2017; Qiu, 2020; Chu and Zhai, 2023).

Staying value-neutral in guiding. In addition to the scope of
questioning, the neutrality and guidance provided by the inter-
viewer are crucial. Participants receive training before the inter-
view on how to reflect on previous cognitive processes, and the
interviewer should remain as neutral as possible during the
interview to capture retrospective thinking solely supported by
the stimuli (Consuegra et al., 2016). If respondents feel that the
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questions are biased or contain value judgments, they may feel
pressured to rationalize or make up explanations, leading to
inaccurate reporting of their thoughts. Therefore, the interviewer
must carefully design questions wording and adopt a supportive
attitude that indicates curiosity in the descriptions provided by
participants rather than making judgments (Wu, 2019; Schindler
and Lilienthal, 2019).

RQ5: The relationship between different coding items. In
addition to key application procedures such as research aims,
stimuli, time factors, and interview strategies, the implementation
of SR in educational research is also influenced by intrinsic factors
within the educational context, such as learning subjects and
educational context. The results of the review (see Table 3)
indicate that SR is primarily employed within the fields of lin-
guistics (115 articles) and teacher education (48 articles), with
relatively fewer studies in areas such as the arts (9 articles). Over
75% of the articles still apply SR in physics learning environ-
ments, while nearly 20% explore the use of SR in online
platforms.

To enhance the exploratory nature of the research discussion,
the current study delved deeper into the intricate relationship
between coding items. It is important to note that only outcomes
warranting further exploration and discussion are presented in
the subsequent section.

The relationship between research aims and learning subject. This
bubble chart (Fig. 3) illustrates the connection between research
aims and learning subjects, with the size of the bubbles indicating
the number of relevant papers reviewed. Our current analysis
aimed to explore whether SR is more suitable for investigating
specific research questions in different disciplines.

Regarding research aims, SR was primarily used to investigate
patterns of non-cognitive processing and the effect of instruc-
tional strategies across all subjects. In linguistics, researchers most
frequently utilized SR to explore patterns of cognitive processing
(29 articles), non-cognitive processing (29 articles), and learning
strategies (26 articles). Another six studies focused on both
cognitive and non-cognitive occurrences in linguistic teaching
and learning. These findings are consistent with prior research
highlighting the importance of non-cognitive factors (e.g.,

motivation) and learning strategies in language learning (Lin et
al., 2017). Furthermore, 20 studies using SR investigated non-
cognitive elements in teacher education contexts where teachers’
non-cognitive factors, such as intrinsic motivation, are strongly
associated with their professional development (Maaranen et al.,
2019).

In the realm of educational subjects, SR has also occupied a
pivotal within the domain of STEM and art education research.
Within the STEM disciplines, researchers have employed this
methodology to probe the impact of pedagogical strategies (13
articles), non-cognitive processing (10 articles), and cognitive
processing (6 articles). Intriguingly, SR has been invoked more
frequently to investigate cognitive rather than non-cognitive
factors within the sphere of art education (four articles versus
three). This inclination may stem from the intricate nature that
cognitive processing exhibits in artistic creation (Révész et al.,
2017). Nonetheless, SR has demonstrated its utility as an effective
facilitator, enabling arts educators to acquire profound insights
into the cognitive aspects of art instruction and learning. For
instance, dos Santos (2018) documented music teachers’
approaches to the instruction of rhythmic skills as stimuli,
facilitating their reflection upon their cognitive processes and
their utilization of their didactic content knowledge.

Linguistics and teacher education are two fields that more
frequently took advantage of SR as a teaching strategy beyond
research methods (Meade and McMeniman, 1992; Geiger et al.,
2016; Sanchez and Grimshaw, 2019). Four articles in linguistics
and three in teacher education explore using SR to improve
participants’ metacognition. In particular, teacher’s professional
development and language learning emphasize reflective practice
and metacognition (Belvis et al., 2013; Zahid and Khanam, 2019).
For example, research on teachers’ noticing highlights the
importance of their cognition and behavior in classroom
situations (Chan et al., 2021; Amador et al., 2021). In language
learning, metacognitive awareness has been found to enhance
foreign language writing ability, emphasizing the need for
metacognitive strategies to improve learners’ skills (Ramadhanti
and Yanda, 2021; Farahian, 2015). These requirements for
introspective behavior and metacognition in language learning
and teachers’ professional development align with the essential
steps and reflective characteristics of SR.

Fig. 3 Bubble chart involving research aim and learning subject. The relationship between research aims and learning subjects is depicted in this bubble
chart, where the size of the bubbles represents the quantity of relevant studies.
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The relationship between stimuli and educational context. The
bubble diagram (Fig. 4) displays the stimuli and learning envir-
onment, with the size of the bubbles corresponding to the number
of articles in the review. Our analysis aimed to scrutinize which
stimuli are commonly adopted in different learning environments.

Firstly, video footage remains the dominant stimulus across
various scenarios, with over half of the studies (141 articles) utilizing
video in physical learning settings and 23 studies using video
footage to stimulate reflection in digital learning platforms and
OMO settings. However, there is a disparity in the type of videos
used in these settings. Physical learning environments mostly relied
on live-action videos that authentically recorded participants’
behaviors and interactions (Chan and Yung, 2015; Nyberg and
Larsson, 2017), whereas digital learning environments utilized
device screen recordings that captured participants’ operations on
computer-supported learning platforms (Rassaei, 2013; Lee, 2020).

Secondly, alongside video recordings, physiological data of
participants is most frequently used as a stimulus for SR research
based on online platforms (10 articles). This trend is reasonable as
screen recordings alone may not fully reflect students’ behavior,
mainly if they do not perform mouse manipulation or keyboard
input. For instance, eye-gaze behaviors provide direct and
objective evidence, including fixation duration, fixation count,
and scanning path, allowing for stronger conclusions about
learners’ cognitive processes and learning strategies (Lai et al.,
2013; Michel et al., 2020).

Thirdly, the diagram indicates that studies utilizing SR in
physical environments are more mature and inclined to utilize
multimodal stimuli. However, studies in online platforms, OMO
environments, and VR environments are still limited, with
predominantly homogeneous stimuli. Only one study explored
students’ learning strategies in an English task using video footage
as stimuli in a virtual reality setting (Park, 2018). Thus, more than
relying on text, images, or audio and video alone as stimuli is
required, and more physiological and multimodal stimuli should
be employed in future teaching and learning environments.

The relationship between questioning strategy and research aim.
The diagram presented here (Fig. 5) displays the questioning

strategy and purpose of the study using the SR method, with the
size of the bubbles representing the number of articles. Based on
this information, our analysis aimed to explore whether the
purpose of the study influenced questioning strategies.

They were excluding articles that did not mention questioning
techniques, 23 studies exploring non-cognitive processing utilized
general questions during SR, outnumbering studies that imple-
mented more focused questioning strategies (20 articles). This
preference for general questioning may stem from the diverse and
individualized nature of non-cognitive skills, which include
motivation, responsibility, and perseverance (Smithers et al.,
2018). Consequently, general questions are more appropriate as
they allow participants to autonomously recall non-cognitive
processing activities with the aid of stimulus materials. Moreover,
reflection on non-cognitive processing is prone to interference from
external factors. If interview questions are too directed towards the
research objectives, they may interfere with the results.

In contrast, studies focusing on cognitive processing patterns
predominantly utilized questioning sessions centered on research
questions (21 articles), nearly double the number of studies using
general questioning strategies (14 articles). Cognitive processing
is often intimately related to the teaching or learning activity.
Thus, researchers tend to focus their questioning on the learning
activity that concerns the research goals. Notably, one article
exploring cognitive patterns adopted a different questioning
technique: focused first and then general. This article investigated
what musicians learned when teaching older adults (Perkins et al.,
2015). On the one hand, the research questions themselves were
exploratory, and the researcher expected participants to provide
more cognitive information. On the other hand, this phenom-
enon may also reflect the divergent and creative thinking of art
learning, requiring questions that encourage participants to
reflect freely after satisfying the research objectives.

RQ6: Potential improvements. In addition to exploring how
effectively employ SR in education, the current review also points
to possible future directions on SR research with existing models
of computer-supported learning and technology-assisted
instruction.

Fig. 4 Bubble chart involving stimuli and educational context. With the size of the bubbles indicating the number of articles in the review, the bubble
diagram illustrates connection between learning environment and stimuli.
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Enhancing the dependability of outcomes through the synthesis of
multifaceted data sources. Table 3 shows that a mere fraction
under 10% of the studies (16 articles) utilized multi-source sti-
muli. Indeed, the amalgamation of data derived from disparate
stimuli can provide a complementary and robust scaffold for the
outcomes of SR. This is attributable to the fact that the integration
of heterogeneous types of stimuli broadens the information
spectrum, providing participants with supplementary prompts
that facilitate the recollection of cognitive processes. Such an
approach diminishes the cognitive load on subjects, assists them
in articulating more accurate reflections, and arguments the
reliability of SR. Furthermore, this practice contributes to the
transparency of educational research (D’Oca and Hrynaszkiewicz,
2015). For instance, combining video, audio, and text stimuli can
offer a more comprehensive and nuanced understanding of
learners’ cognitive processes and behaviors.

Additionally, using multimodal stimuli can help address the
limitations of using a single type of stimuli and enhance the
ecological validity of the study by better replicating real-world
learning environments. Some researchers (e.g., Rankanen et al.,
2022) conducted a study that employed both quantitative and
qualitative methods to investigate the impact of non-instructional
clay-making in art education on learners’ creative thinking and
positive emotion stimulation. By combining multiple data
sources, including physiological data such as heart rate variability
(HRV) and electrocardiogram signals, this study provides a more
detailed understanding of the art experience and the mechanisms
at work in different art forms. Unlike previous research that relied
solely on questionnaires, this study includes more objective and
in-depth quantitative data analyses of art learning tasks.
Additionally, the researchers used video-stimulated recall in
addition to HRV data to provide a comprehensive perspective on
the learners’ experience of non-instructional clay-making in art
education. Including qualitative data can reveal the positive or
negative value of the emotional experience of artmakers and
provide a more nuanced understanding of the emotional
complexity of art.

Strengthening the acquiring and processing of stimuli by adopting
intelligent algorithms. The synthesis of the review indicates that

over 70% of the studies (185 articles) employ video recordings as
a singular or combined source of stimuli as depicted in Table 3.
Therefore, the employment of AI algorithms to refine the pro-
cessing of video stimuli could markedly enhance the application
of SR in education research.

Firstly, algorithm-supported techniques can assist in selecting
the relevant learner interaction portion of video stimuli, thus
shortening the length of SR and automatically extracting key
information. Wass and Moskal (2017) proposed an automatic
video annotation tool, which scaffolds more profound reflections
and reduces the cognitive load in participating instructors and
students. This intelligent excerpting and annotation process saves
time and reduces labor, thus improving the efficiency of SR.
Furthermore, algorithm-supported techniques can help to auto-
mate the coding and analysis of the data, reducing the potential
for human error and increasing the reliability of the findings.

Intelligent algorithms can effectively address the challenge of
identifying specific moments or events in classroom videos that
are relevant to research questions and require meticulous
observation, particularly in cases where the video playback
duration is extended. Recent advances in computer vision and
machine learning have made it possible to automatically extract
valuable information from classroom videos, such as the head
pose, gaze direction, and facial expressions of instructors and
learners, as well as synchronous behaviors between neighboring
students (Goldberg et al., 2021). Furthermore, the use of
Convolutional Neural Networks (CNN) and Deep Neural Net-
work (DNN) enables the analysis of audiovisual data to identify
and annotate class environments, such as the teacher’s instruc-
tional strategies, student engagement, and classroom manage-
ment (Ramakrishnan et al., 2023). The application of these
intelligent algorithms has significant implications for using video
recordings in SR, as they provide an accurate and comprehensive
depiction of the classroom experience, enabling a more efficient
analysis of video recordings in SR. By integrating intelligent
algorithms, the effectiveness of retrospection can be enhanced, as
algorithm-supported stimuli playback offers a reflective cognitive
scaffolding beyond the mere recollection of the learning process.

Considering that many researchers have begun to incorporate
physiological data as a source of stimuli (14 articles, as indicated

Fig. 5 Bubble chart involving questioning strategy and research aim.With the size of the bubbles signifying the number of articles, the diagram illustrates
the SR questioning strategy and the research aim.
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in Table 3), the application of computer vision or machine
learning algorithms could also be instrumental in capturing and
analyzing learners’ physiological data in a lightweight manner,
such as recognizing and analyzing their gestures and micro-
expressions via webcam, which enriches the informativeness of
stimuli (Zhai et al., 2022). Machine learning algorithms can now
identify and analyze patterns in learner behavior that may not be
apparent to human observers, providing a more nuanced
understanding of cognitive processes. Moreover, intelligent
algorithms enhance the reliability of findings and can also
prevent the potential for the Hawthorne effect resulting from
direct observation and data collection.

Facilitating the implementation interviews by using virtual agents
powered by generative AI. Interviews are instrumental in the
process of SR, with the majority of researchers opting to pose not
merely general enquiries, but targeted ones (99 articles, as refer-
enced in Table 3). This necessitated the undertaking of compre-
hensive interviews with each participant, a process that is notably
time-intensive and requires substantial human endeavor. Future
research could explore the use of virtual agents supported by
generative AI technologies as an alternative approach to com-
pleting the questioning process of SR. Educational research has
shown that intelligent agents positively affect learner motivation,
academic performance, and cognitive load, making them ideal for
training learners’ metacognitive abilities (Dinçer and Doğanay,
2017; Kautzmann and Jaques, 2019).

Intelligent conversational agents powered by natural language
processing (NLP) and large language models (LLM) can replace
researchers in providing participants with questions that prompt
their recall and offer adaptive feedback based on their responses
(Bozkurt, 2023). Employing intelligent agents to conduct inter-
views increases the number of subjects without increasing labor
costs. For instance, OpenAI has developed several cutting-edge AI
technologies, including the GPT series of language models such as
ChatGPT, which can presumably be applied to provide
personalized intelligent tutoring services in which feedback-
enabled iterative learning occurs (Qadir, 2022). Furthermore, the
LangChain architecture makes it easier to develop domain-
specific agents. Such technologies provide tailored feedback to
learners, enhancing their metacognitive awareness and learning
outcomes. Additionally, recent advancements in generative AI
have shown promising results in producing various forms of
multimedia content, including text, images, videos, and 3D
models (Gozalo-Brizuela and Garrido-Merchan, 2023). This
ability to generate multimodal content aligns with the Cognitive
Theory of Multimedia Learning, which emphasizes using multiple
sensory channels to facilitate learning experiences (Mayer, 2002;
Mayer and Moreno, 2003). By providing learners with diverse
visual and auditory information, this technology can enhance the
effectiveness of educational activities and promote reflection
among instructors and students.

Nonetheless, using virtual agents in educational SR research
raises ethical and privacy concerns that require attention in future
studies. Firstly, the employment of generative AI in SR interviews
involves communicating students’ sensitive data, including grades
or personal information. Secondly, conversational virtual agents
are trained on specific data, leading to the possibility of biased
and discriminatory responses when posing SR questions. There-
fore, SR researchers must utilize generative AI responsibly and
ethically (Mhlanga, 2023).

Conclusions
This study reviews 257 empirical articles on using SR in education
research from 2012 to 2022. The paper examines the changes and

adaptations of the SR method in the present educational land-
scape, where virtual and online spaces are prevalent, and tech-
nological tools are increasingly involved in the teaching and
learning process.

The revealed that researchers frequently employed SR to
investigate participants’ internal viewpoints and thoughts,
improving their metacognitive abilities. In terms of stimuli
selection and processing, the commonly employed video stimuli
undergo continuous advancements. Moreover, the sources of
stimuli are becoming diverse, with the inclusion of physiological
feedback data. Additionally, providing participants with space to
respond to interview questions is crucial. Researchers should
ensure the discussion does not deviate from the research ques-
tions and avoid influencing participants’ thoughts.

Furthermore, using technologies such as generative AI can
enhance the reliability and generalizability of SR, and the study
proposes suggestions for future research in result enhancement,
stimuli optimization, and interview implementation. This study
provides theoretical supplementation to manifesting the Retro-
cue Effect in educational settings. It strengthens the Cognitive
Theory of Multimedia Learning (CTML) with specific pedago-
gical strategies by combining it with SR. From a practical per-
spective, the current research synthesizes current findings and
can serve as a valuable reference for educators and researchers in
this field.

As with any systematic review, the current research has lim-
itations inherent to the selection and filtering process. Primarily,
the sample size is restricted to articles available through the Web
of Science, IEEE, and Scopus databases. There might be relevant
and high-qualify studies published outside these three databases
and are worthy studying. We hope future researchers can build
on our research and offer a more comprehensive review of the use
of SR in education.

In addition, education has now entered the era of Metaverse
and artificial intelligence (Wang et al., 2022). How can instructors
effectively apply SR in 3D virtual learning environments and in
learning setting empowered by AI and AIGC (AI-generated
content) remains a new territory for our continued research.

Data availability
All data generated or analyzed during this study are included in
this published article.
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