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Abstract:

Stimulated recall is an empirically rigorous introspection data collection tool that
allows the interviewer to elicit, identify and explore participants’ thinking. In this
study it was used to identify the types of thinking skills and strategies employed by
first year university students engaged in a Chinese language and culture lesson in
Second Life. A valuable affordance of this technique is the ability to account for
stimuli from both the virtual and physical environments, thus strengthening the
researchers’ claims about the relationship between thinking and instructional design.
This was accomplished through the use of screen capture software to record both the
avatar’s on-screen activity in Second Life as well as the face of the participant (via
the web camera). This data was then used during the interview, within strict
methodological protocols, to stimulate participants’ recall of their thinking at the time
of carrying out the activity. The value of stimulated recall over other introspection
tools, within the context of this study, is discussed. In addition, methodological
concerns, especially those relating to reliability and validity of data, are outlined in
this article; we also use data from the study to explicate strategies to minimize those
concerns.

Keywords: Stimulated recall, Introspective process tracing methodology, Second Life,
Virtual World, Thinking skills, Think aloud, language acquisition, education, tertiary



Journal of Virtual Worlds Research — Stimulated Recall Interviews 4

What are users thinking in a virtual world lesson? Using stimulated recall interviews to
report student cognition, and its triggers.

This article details and exemplifies the utilization of an empirically rigorous, qualitative
methodology called stimulated recall. The aim of the study was to identify the types of
thinking skills and strategies used by first year university students engaged in a Chinese
language and culture lesson in Second Life (SL). The study also intended to identify the
triggers or stimuli, both in-world and in-class, which resulted in those thinking skills and
strategies. In achieving these aims a stimulated recall approach was selected because it has
been validated as a reliable introspection tool and consequently allows researchers to make
claims about participant in-situ activity; for instance, what participants were thinking when
completing a particular action or response in SL.

The study employed the stimulated recall method of using video to record participants during
the lesson and then replaying it during each individual’s retrospective interview. During the
interview the video was paused by the student when recalling a specific thought and/or by the
researcher when he considered a pause might elicit mediating processes. A major strength of
the stimulated recall interview is using the video to explore the visual cues, such as frowning
or taking notes, that have been found as major indicators of mediating processes (e.g., Gass &
Mackey, 2000; Henderson & Tallman, 2006).

While the stimulated recall interview holds many advantages over other introspection tools
(think aloud, questionnaire, and interview), no method is without limitations. The key
methodological concerns—especially those relating to reliability and validity of data—are
outlined in this article along with strategies to minimize those concerns. This article also
provides an unbroken trail from theoretical and methodological choice and continuing
through to analysis and discussion of findings. The implications will be of interest to
researchers trying to understand participant activity—in this article, cognition—while
engaged in a virtual world as well as to discretely account for simultaneous real life and in-
world stimuli triggers.

The aim of this paper is to provide readers with a useful introduction to using stimulated
recall within the context of research in virtual worlds. It uses the context and data from a
study of tertiary level students enrolled in a Chinese language and culture subject to illustrate
the discussion about the research design and process. While some of the findings are
presented here, this paper primarily concerns itself with a clear description of how
researchers can enable their own research utilising a stimulated recall approach.

Research Context

Universities and other educational institutions continue to invest heavily in acquiring virtual
worlds. However, rigorous research exploring the value of these environments in terms of
cognition is scant. In response, this qualitative empirical research gathered evidence of
student cognitive skills and strategies utilised during one of a series of 90 minute SL lessons
in a first year university core Chinese language and culture subject. Apart from the use of SL,
the subject consisted of the traditional weekly lectures and tutorial, independent study based
on textbooks, and their associated language DVD. Of the 153 students enrolled in the subject,
11 students volunteered to be video recorded and interviewed.
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The lesson under scrutiny in this study was specifically designed to reinforce and extend the
language and culture content previously covered in the lectures and textbook. In this lesson
the students had a number of learning objectives aligned with those of the subject which was
contextualised within a collaborative learning activity—identifying and ordering appropriate
food in Mandarin in a Chinese restaurant setting (see Figure 1). In a dynamic semi-
spontaneous scenario, communication was centered around, but not limited to, practicing key
vocabulary and phrases related to ordering food learned from the textbook and to expand on
the textbook through new phrases introduced by the tutor or robots (automated avatars).
Successful completion of the SL lesson could only be achieved through reading, writing and
negotiating choices in Chinese text. The interaction between avatars was limited to text
because one of the lesson objectives was to strengthen student use of Pinyin to input Chinese
characters on a computer as well as to be able to read Chinese characters.
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Figure 1. Chinese restaurant in Second Life

Theory and Methodology

Stimulated recall is a tried and tested data collection tool that allows the interviewer to elicit,
identify and explore participants’ thinking (Gass & Mackey, 2000; Henderson & Tallman,
2006). For instance, this approach has been used to study:
e teacher librarians’ mental models (Henderson & Tallman, 2006)
e first year medical students’ engagement with interactive multimedia (Pausawasdi,
2001)
* the relationship between teachers’ beliefs and classroom practices (Meade &
McMeniman, 1992)
* physician reasoning (Barrows, Norman, Neufeld & Feightner, 1982)
* sports coaches’ decision making (Gilbert, Trudel & Haughian, 1999)
* second language acquisition (Gass & Mackey, 2000).
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While stimulated recall is versatile, it also has a number of limitations. Consequently, in
order to strengthen validity and reduce concerns over limitations, such as reliability, it is
important for researchers to recognise that stimulated recall is inherently grounded in
information processing theory, the mediating process paradigm and introspection process
tracing methodology. Figure 1 illustrates the relationship between the theory, paradigm
and methodology that are discussed in greater detail below.
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Figure 2. Diagrammatic Model of Theoretical and Methodological Framework for
Stimulated Recall (adapted from Henderson & Tallman, 2006; Pauswasdi, 2001).

In brief, the information processing theory delineates how learning and remembering occur
by examining the way we take in, discard, act on, store, and retrieve instructional input (e.g.,
from the instructionally designed Chinese restaurant environment in SL) to produce an
outcome (e.g., correctly using Mandarin to order appropriate food) (Anderson, 1990;
Atkinson & Shiffron, 1968; Craik & Lockhart, 1972; Miller, 1956). As depicted in the
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simplified diagram (Figure 2), the stimuli are sent to sensory memory where it is forgotten,
discarded, or given attention and forwarded to the short term working memory for
processing. Next, after being processed, it is discarded or sent to long term memory to be
categorized, stored and retrieved back into working memory. Finally, the student would
deliver their cognitions as learning outcomes.

The mediating processes paradigm allows identification of the thinking skills, strategies, and
processes of participants when carrying out a task in a virtual world. These mediating
processes mediate, that is, come between stimuli (e.g., lesson task) and outcomes (e.g.,
selecting appropriate dishes) and are “the fine-grained elements of cognition through which,
and by which, learning outcomes are realized” (Henderson, Putt, Ainge, & Coombs, 1997, p.
103). The mediating process paradigm is in contrast to the prevalent process-product
paradigm in which thinking processes (e.g., recall) are assumed to have occurred because an
outcome has been observed (e.g., ordering the correct meal in Mandarin). Consequently, the
process-product paradigm is flawed as it cannot capture the choices, decisions and judgments
made by students during a learning activity nor what actually triggered these cognitive
processes (Marland, Patching, & Putt, 1992; Shulman, 1986).

Introspective process tracing methodology is utilized to access mediating processes based on
the tested assumption that a participant can access these at some level and verbalize their
thoughts (Ericsson & Simon, 1999; Gass & Mackey, 2000; Henderson & Tallman, 2006;
Lyons, 1986; Shavelson, Webb, & Burstein, 1986; Vermersch, 1999). Mediating processes
can be accessed through verbal protocol analysis including: (a) introspection think aloud, talk
aloud or, as it is sometimes referred to, self-revelation, (b) self-observation (retrospective
interview) and (c) the retrospective (as it is occurring after the event), stimulated recall
introspective-prompted interview (in short, stimulated recall interview).

(a) Think-aloud Introspection Method

The “think aloud” method requires the participant to voice his thoughts as a running
commentary when performing a task in SL (or other situation). However, thinking aloud is
not a straightforward task as it does not come easily for the participant (Branch, 2000,
Nielsen & Yssing, 2003, 2004). There are three major problems reported in the literature.

One: think aloud is alleged to be the most “invasive method” (Karasti, 2000) as it interferes
with the participant’s normal thought routines, processes and actions. If we had utilized
“think aloud” as the data collection method in our SL study, then the participants’ perceptions
and actions ... [would] be transferred to talk, and even if the speech is immediate and run
concurrently with the thoughts — users’ attention has to shift focus from ... interacting with a
multi-modal interface: colours, layout, sound, graphics, animations ... [that is, from] visual
perception ... to understanding to verbalization (Nielsen & Yssing, 2003, p.69). Thus, think
aloud generates an artificial situation that adds cognitive strain in working memory (Branch,
2000; Karsenty, 2001).

Two: Afflerbach and Johnston (1984), Ericsson and Simon (1984) and Langer (1993) pointed
out decades ago that participants are unable to verbalize as fast as they think or act, unless
they are slowed down by a particularized problem. Hence, think aloud is inappropriate for
research on synchronous collaborative activities such as group work in Second Life.
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Three: think aloud is seen to require participant training (Gass & Mackey, 2000). For
instance, Freeman (2003) described a study in which participants had to undergo “intensive
training to ensure reliability of results ... providing at least 10,000” separate verbalized think
alouds before being judged reliable (Freeman, 2003, p. 11)! Although this demonstrates a
fanatical adherence to clinical protocols, participant training remains an issue of validity and
reliability in concurrent think aloud research (Bielaczyc, Piroll, Brown & Brow, 1995;
Branch, 2000; Gass & Mackey, 2000; Hertzum, Hansen, & Andersen, 2009).

These three weaknesses supported the decision to discount using the concurrent think aloud
method. The study aimed to identify the thinking skills and strategies of students engaged in
the lesson that required in-world interaction, including collaborative decision making. An
intrusive approach that slows down the interaction would seriously influence the data being
collected. In addition, since the study participants were university students with limited time,
there would have been little or no opportunity for training to strengthen reliability.

(b) Retrospective Self-Observation Method

The retrospective self-observation method—usually an interview or written/online
questionnaire based on the researcher’s interests—requires participants to report what they
had being doing, thinking, strategizing, and/or feeling during a past activity, such as a SL
session. It relies heavily on the participant’s memory and, without a visual (e.g., video of, or
actual picture or diary used), aural (audiotape) or written (e.g., notes taken during a lecture)
artifact reminder, it is open to charges of non-reliability and non-validity (Ericsson & Simon,
1993; Meade & McMeniman, 1994). This is confirmed by current research. For instance,
Clarke, Fieberg and Gerdtham (2008) reported that, although retrospective self-observation
can deliver large amounts of information, “the longer the period before recall, the greater the
likelihood of error” (p.1275). One example is the study of 144 undergraduate students who
increasingly made inferential errors about events and causes as the time increased from the
original event (Hannigan & Reinitz, 2001). Similarly, Ottesen, Foss and Gronhaug (2004)
found substantial perceptual errors made by their participants while Andersen and
Mikkelsen’s (2008) research indicated considerable under-reporting—by 82 participants—in
a retrospective questionnaire of occupational injuries over the previous month.

Of particular relevance to this study is the research by Harris and Wear (1993) in which 15
undergraduate education students were asked to recall when they deviated from their planned
lessons and when their students deviated from the lesson topic. Despite the short time
between lesson and the retrospective self-observation these pre-service teachers averaged
only 42 percent accuracy for their own deviations and 35 percent for their students’
deviations. This was considered to be a serious concern for the current study because, unlike
Harris and Wear’s studies that simply required participants to recall their behaviour, it
required participants to recall their specific thinking processes while completing activities in-
world.

One of the memory dangers with retrospective self-observation without an artifact stimulus
trigger is that participants may infer plausible stories without consciously realizing that they
are doing so. One reason is because we are “essentially sense-making beings and tend to
create explanations” (Gass & Mackey, 2000, p.6), such as filling in omissions that were not
present because they are typical of that situation (Hannigan & Reinitz, 2001; Waldmann,
Holyoak, & Fratianne, 1995). This weakness has been well documented, especially the way
in which details from one event or context intrude upon, and are incorporated into, memories
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of a completely different event and, consequently, result in erroneous data (Allen & Lindsay,
1998; Hannigan & Reinitz, 2003; Lindsay, Allen, Chan, & Dahl, 2004).

(c) Stimulated Recall Introspection Interviews

Stimulated recall is also referred to as retrospective stimulated recall (as it occurs after the
event to be introspected), “retrospective think aloud” (e.g., Guan, Lee, Cuddihy, & Ramey,
2006) and “retrospective user-reported” interview (e.g., Card, Pirolli, Van Der Wege,
Morrison, Reeder, Schraedley, & Boshart, 2001). The goal of stimulated recall, and the other
introspection tools, is to record the participant’s reported thoughts. It does not require them to
become knowledgeable about their own subjective experience of reliving and reporting the
initial experience.

Reliability and Validity Issues.

No methodology is without critics and no methodological tool is without limitations. It would
be as foolish to claim infallibility for introspective reports (Lyons, 1986) as it would for other
perceptual reporting. Stimulated recall has been criticized most notably on the issue of
reliability (see Ericsson & Simon, 1993; Lyons, 1986; Nisbett & Wilson, 1977; Smagorinsky,
1994). In response, Henderson and Tallman (2006) proposed six issues that need
consideration in order to strengthen reliability and validity: (1) timing of the stimulated recall
interview, (2) capturing the data, (3) conduct of the interview, (4) interviewer training, (5)
interviewee and interviewer fatigue, and (6) coding and categorizing the data.

(1) Timing of the stimulated recall interview

Recall accuracy is a reliability issue. Bloom’s (1954) stimulated recall study is particularly
relevant. Prompting participant recall with aids within two days of the task, recall was 95
percent accurate but declined to 65 percent two weeks later. Garner (1988) also demonstrated
significantly fewer recalls 48 hours later than on the day of the event. As mentioned
previously, there is greater likelihood of plausible, schematic and/or causal-inferential gap-
filling errors, the longer the timeframe between the event and the recall. Consequently in our
study, ten of the eleven stimulated recall interviews were conducted within 15 minutes of the
video-recorded SL lesson. The eleventh occurred 70 minutes after the lesson.

(2) Capturing the data

This study followed the well established method of video recording each participant during
the SL computer lab lesson and then replaying the video during the participant’s stimulated
recall interview. Eliciting participant thoughts through a video prompt has the advantage of
staying close to the actual events in the sequence they occurred. Perceived as a memory
retrieval cue with high associative strength, it is more likely to trigger accurate memory
recall, thus avoiding guessing or reporting thoughts that they think they might have had [or
what they think the interviewer would like to hear]. In fact, the process of recalling one’s
thoughts appears to strengthen the overall memory of the immediate past event (Ericsson,
2002, p.984).

Guan, Lee, Cuddihy, & Ramey (2006), after comparing their 24 undergraduate participants’
stimulated recall verbalizations with their actual eye movements during the task, affirmed the
“validity and reliability ... of stimulated RTA [retrospective think aloud] as it provides a
valid account of what people attended to in completing tasks, it has a low risk of introducing
fabrications, and its validity isn't affected by task complexity” (p.1253).
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A significant enhancement in this study was the use of innovative screen capture software
(Screen Flow) to record both the on-screen SL activity as well as the face of the participant
(via the inbuilt web camera). Unlike previous use of videotape technology, this allowed full
resolution capture of the screen, crystal clear pause during the interview, full-facial
expression capture, synchronization of face and screen video capture, as well as audio capture
from both the SL-world and participants’ in-class learning site. Additionally, Screen Flow did
not require rendering time and allowed instant visual scrubbing (fast forward and rewind)
along the video. Consequently, the participant or interviewer could move quickly forwards,
backwards, jump to places of interest or return to points in the timeline as the need arose.

Additionally, Screen Flow allowed for a particularly non-invasive data collection process as
opposed to participant head or lapel microphones, video cameras with tripods, and roving
camera operator. It provides the distinct advantage of unobtrusively capturing rich data of
what students are doing in SL synchronously with their verbals and non-verbals in-class. It
also captured other stimuli, such as the lecturer giving instructions to the class in the
computer laboratory.

(3) Conduct of the stimulated recall interview
The validity and reliability of the data being collected is highly dependent on the way in
which the stimulated recall interview is conducted. Three issues need consideration: (a)
promoting interviewee confidence, (b) instructions to the interviewee and (c) interviewer
prompts.

(a) Promoting interviewee confidence.: Establish rapport, mutual trust, and respect with the
interviewee by being supportive, a good listener, interested in, and non-judgemental of, what
the interviewee is saying. Becoming aware that they are capable of telling the interviewer
about their thoughts and feelings allows interviewee realization that they are the authority on
their cognitive processes during the activity (e.g., Henderson & Tallman, 2006; Marland, et
al., 1992).

(b) Instructions to the interviewee: These are simple, minimal, and implement the previous
stipulation. At the beginning of each stimulated recall interview, there are two general
statements.

The first statement situates what is required within of the purpose of the interview: “What we
want you to do is tell us what you were thinking during the lesson. [Interviewer pauses.] If
you cannot remember what you were thinking or if you were thinking about something other
than the lesson, either is okay. Just tell us.” Specific instructions about what to recall are not
permissible as this contaminates the validity of the data. For instance, Ethell and McMeniman
(2000) undermined the reliability of their collected data by requiring multiple tasks of the
interviewee who was asked to walk the researcher through the lesson, stopping the video at
any point where he would like to elaborate on what he was thinking, how he was feeling, or
what thinking, beliefs, knowledge, or theories influenced any in-class decisions and
observable teacher practices (p.93). As Ericsson and Simon (1993) cautioned, asking
participants to vocalize their thoughts, seek out specific targets (e.g., theories), and explain
them, increases cognitive load in short term memory and consequently impedes memory and
recall.

The second statement delineates who is to pause the video. For example, “As you are
watching the replay, when you remember what you were thinking, please pause the video and
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tell me those thoughts. I will also pause the video and prompt you to tell me what you were
thinking and feeling.” This instruction reduces researcher bias of determining when the
student reported (Gass & Mackey, 2000; Henderson & Tallman, 2006; Marland, et al., 1992).

(c) Interviewer stimulated recall prompts: Gass and Mackey (2000) contend that researchers’
questions and responses are “the most serious of difficulties” (p. 89) as they have the
potential to compromise the data. Exposure of the participant’s thoughts through adherence to
tested protocols helps maximize reliability and credibility of recall. These protocols involve
attention to non-directive questioning, interviewer versus participant initiation of responses,
the timing of questions, and checking to ascertain recall versus the plausible story.

The nature of the interviewer’s prompt is an important validity issue in participant recall and
researcher bias. Prompts are used to focus respondents so that they can access their memory
and then vocalize what it was that they were thinking during the activity. There is a high
likelihood of obtaining validity and accuracy of recall if the interviewer’s prompts (a) are
non-directive, “What were you thinking then?”; (b) also include a specific context that is
being viewed, “When you heard the pronunciation of the food, what were you thinking?”’;
and (c) seek confirmation: “Did you think that just now or when you were in the SL lesson?”
If an interviewee’s response is “I can’t remember” or “No thoughts!” then asking, “So what
were you doing there [interviewer points to the screen where the video has been paused]” is
usually an effective memory aid that provides valuable thoughts to the follow-up question,
“Okay, can you remember what you were thinking when you did that?” If prompts are more
directive, such as those used in Sim’s (2004) study — “What is the basis for your using this
technique/directing the lesson in this way” (p. 353) — then the prompts are keying the
participant to report those thoughts that align with the research focus. There is a high
likelihood of the participant reporting and creating plausible stories as explanation rather than
recalling what they actually do remember thinking.

Notwithstanding their emphasis on non-directedness, Gass and Mackey (2000) commented
that “unstructured situations do not always result in useful data” (p. 55). In our research, this
has not been the case. Our prompts followed the strict protocols adapted from Marland, et al.
(1992) and authenticated in other research (Burton, 2006, Henderson & Tallman, 2006;
Patching, Putt & Henderson, 1996; Pausawasdi, 2001). What this research and our experience
suggest is that researchers can take confidence in open non-directedness in terms of
instructions and prompts rather than trade off reliability and validity against the fear of not
obtaining information about their specific research focus.

A solution to this trade-off is to conduct a modified self-observation interview (Henderson &
Tallman, 2006), that immediately follows the stimulated recall interview. Questions, usually
asked in a survey or interview, are now permissible. Examples are: “Can you tell me
something about your relationship with your avatar?”; “What are your thoughts about
learning with SL?” Notice that these deliberately remain non-directive, unlike “What
strategies did you use in your SL lesson, today?” which was also included to confirm and
augment those identified from the stimulated recall data.

(4) Interviewer Training
In contrast to the participant training in the think aloud introspective interview, interviewers
need to be trained to maximise reliability and accuracy of recall. Some guidelines are
proposed by various researchers (e.g., Ericsson & Simon, 1999; Henderson & Tallman, 2006;
Marland, et al., 1992) as well as in this study. Three critical strategies are advocated. Two
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have been covered above: promoting interviewee confidence and conduct of the stimulated
recall interview. The third examines interviewer training.

The literature generally does not identify how the researchers should be trained. However,
based on the authors’ experiences in this and other research projects, it is recommended that
interviewer training occurs at least twice, and that one of those sessions is scheduled just
before the actual research is conducted as a timely refresher. To promote optimum
interviewer success, training includes a video replay of both the neophyte and skilled
stimulated recall researchers carrying out a short task (e.g., 5-8 minutes is adequate). First,
the inductee is interviewed by the researcher. Then the roles are reversed. This allows a
“walking in my moccasins” experience in both roles. In this research project there were 3
interviewers (one experienced in stimulated recall). After each practice the interviewers
compared notes, talked through issues such as establishing rapport, appropriate prompts, and
interview fatigue.

(5) Interviewee and interviewer fatigue

Fatigue in both interviewee and interviewer, but especially interviewer, are infrequently
discussed in stimulated recall or other research literature, despite having a potentially
dramatic influence on the reliability and validity of the data. The process of stimulated recall
can be particularly fatiguing since the one-on-one interview typically lasts, at minimum,
twice as long as the activity under study (Henderson & Tallman, 2006). The interviewee and
interviewer are required to watch the video replay as well as to pause the video to allow
participant verbalization of their thinking. In addition, back-to-back interviews may cause
increasing fatigue across the interviews.

As interviewers become fatigued their adherence to protocols and observation skills can
deteriorate, not to mention their willingness to follow up potentially significant actions or
utterances from the participants. Similarly, participants who are fatigued are more likely to
make recall errors and overlook potentially valuable incidents.

The risk of fatigue needs to be weighed against how much of the video needs to be played in
order to provide sufficient data to achieve the research aims. Options are: to play all of the
video; only particular segments; or to use a fast-play option wherein the play-back is set at a
slightly faster speed than normal. The researchers in this study chose the fast-play option.
This allowed the interview to cover more of the lesson while still allowing the interviewee
and interviewer ample time to slow down, pause, or rewind the video at points of interest.

(6) Coding and categorizing the data
An accurate transcription of the interview is important since some utterances can convey
significant implications in terms of categorizing thinking skills. The interviews are audio-
recorded, usually professionally transcribed, and the transcription checked by the researchers.
The video recording allows confirmation.

Coding reliability is critical. In the coding process, there is constant referral to a coding
schema based on the research aim. Our study followed a well established list of thinking
processes, including their definitions (see Henderson, 1996; Marland, et.al., 1992; Table 1).
When there is a difference, consensus among the researchers occurs through justification of
the rationale for that categorization. If there is no consensus, then that mediating process is
excluded as usable data. In this study, guided by the lead researcher, all researchers coded the
same interview transcript and subsequently debated coding differences. Coding reliability
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was further strengthened by every transcript being coded a second time by a different
researcher; differences were debated. This means that every identified thinking skill reported
in this research was approved by at least two researchers.

Table 1: Cognitive Skills and Strategies Utilized by Participants with Total Number Used and
Percentage of Total

Type

Definition of
Cognitive Skill *

Interviewee Example

Thinking %
Skills # #

Affect

reports feelings aroused
by SL and by real-world
stimuli

“I was feeling sort of excited!”

“[When he said, ‘You have to
write in Chinese’], [ was really
scared.”

145 19.7

Analysing

reduces, breaks down
whole (e.g., problem,
task, issue) into parts

“Is this going to come back and
is it going to come up with my
name and say what I put down
and will I be assessed as to
what I’d done.”

14 1.9

Anticipating

wonders about  the
possibility of an event,
relevance of material, or
content; predicts

“I thought: ‘What if I click on
something and it  does
something wrong?’ ”

“I thought, ‘I wonder what kind
of dishes is there?’”

31 4.5

Applying

considers the use of an
idea, tactic in a different
context.

“I’m going to order this dish in
Mandarin when 1 go to my
favourite Chinese restaurant.”

Categorising

sorts items, ideas, skills
into different groups

“I was thinking, that dish is
some kind of meat because roe
1s meat.”

18 2.5

Comparing

1dentifies similarities,
differences between two
statements, concepts,
1deas, models, situations,
points-of-view, etc.

“They know it and I don’t.”

34 4.6

Confirming

judges that the ideas in SL
support own tactics,
practices; verifies actions,
thoughts, and significance
of SL

“I already have it — the non-
spicy dish!”

“Oh, yeah, I'm in the right
Second Life place.”

24 33

Deliberating

engage in “thinking”
about a topic, segment,
etc., (type of thinking not
disclosed):

“I’m just wondering if I need to
talk with the waitress.”

Diagnosing

identifies strengths
and/or weaknesses in
idea, strategies, points-
of-view

“Huh, that didn’t work but I
still got something.”

24 33

Evaluating

worthwhileness of SL,
activities, own strategies,
graphics, and issues of

“It’s hard. It’s too hard for me
to understand properly.”
“I thought, ‘She’s sitting on the

107 14.6
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morality and  ethical

behavior in SL

food! Yeah, well, it’s still
inappropriate’!”

Generating

formulates one's own
questions, examples,
ideas, or  problems;
interpolating; beyond
what was in SL & class

“I was thinking: ‘If I ever go to
China, if 1 ever go and order
something in Chinese, even if I
don’t like this meal, this is the

29

one I’m going to order’.

32

4.4

Imaging

creates a mental image to
gain a fuller
understanding

“Im a very picture person. I
remember, ‘this one [picture of
a dish] was here on the food
counter and this one was over
here ... and because I have a
memory picture, [ draw
connections’.” (see Fig.1)

0.1

Justifying

rationalizing, explaining,
and providing reasons for
their actions and thoughts

“I was thinking: ‘Where is this
stupid thing? I have so many
things in my inventory, how
am | supposed to find one
thing?’”

63

8.6

Linking

associates or  brings
together two or more
ideas, topics,
experiences, tasks

“[I heard the voices] and then I
was wondering, ‘Which
teachers of the Chinese faculty
they are’ [sic].”

15

2.0

Metacognising

thinks about, reflects on,
evaluates their certainty
of understanding; directs
own thinking, ways to
troubleshoot lack  of
comprehension

“I thought: “Don’t expect to
learn anything straight away.
You know, like, a little bit, but
don’t expect to know the dishes
at the end or remember what
they were made of. Come and
do it again before the exams.”

(L6)

73

9.9

Recalling

brings back into working
memory an idea, opinion,
fact stored in long-term
memory

“At the start he [the lecturer]
said, ‘You should ask other
people’.”

“What were the different
names of food [in the text

book]?”

14

1.9

Reflecting

general indication of
consideration over past
action and response

“I was thinking, ‘I didn’t
realise I was typing something
wrong! [Then I did realise and]
I thought, ‘Oh, no! I’ve done it

29

four times’.

0.3

Selecting

identifies key material,
gist material, or that
which is relevant to
assessment.

“I thought, ‘I know those
dishes don’t have the win sign,

29

so don’t order them’.

0.1

Strategy
Planning

plans ways for
processing and carrying
out the lesson tasks,
manoeuvring in SL, and

“If I don’t finish I can do it,
like, double check at home.”

(13)
“Try to find some food that

121

16.5
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subsequent strategies you know in Mandarin, like
Mee-fun. It’s only rice, so go
there and order some rice.”

Translating using their own words to  “I was thinking, ‘She’s not 7 1.0
interpret, explicate, taking it too seriously; that’s
and/or clarify what is irritating. It’s a difficult task
happening and we really have to
coordinate properly and we’re

%9

at different stages’.

Thinking Skills TOTAL 733 100

* definitions adapted from Henderson (1996); Marland, et.al. (1992).
# the numerical tally and percentage of the total number are discussed below (see Analysis).

There are two issues that require close attention in order to maximize validity and reliability
of the coding. These are: types of thoughts accessed and leading questions by the interviewer

Types of thoughts accessed. Both the video and interviewer prompts trigger the participant’s
thoughts. As depicted in Figure 3, there are two types of thoughts reported during stimulated
recall interviews. These are “recall thoughts” and “hindsight reports”.

Interviewee Thoughts

2 types
Recall — T Hindsight
e “there and then” e “here and now”
e introspective e explanatory; interpretation; evaluation
e occurred during actual event e occurred during interview
e confirmation of this category e confirmation of this category

‘ Researcher Coding Action ‘
Discarded if led by the researcher Discarded from SR coding

Figure 3: Types of interviewee thoughts and researcher action

Stimulated recall thoughts occur during the performance of the task and are the “back there
and then during the SL lesson” thoughts. For instance, “Can you tell me what you were
thinking when you were trying to find a way around it?”, elicits “I was thinking, I’'m never
going to find this, and what am I going to do if everyone else is speaking in Chinese
characters and I’'m not?”” Thus they are introspective thoughts and therefore coded and tallied.
In contrast, hindsight thoughts only occur during the interview, and can be labelled “here and
now” thoughts and are sometimes explanatory, as is seen in Figure 4 (see participant
statement labelled “A”). Such hindsight thoughts may be interesting but they cannot be coded
as stimulated recall.
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Q Yeah, we can do that at the end, yes. So any thoughts as you’re
moving around now?
A 1 was on Mac keyboard, and it doesn’t have the same keys, so it
= doesn’t have page up, page down, so I had to use the little thing in the
{LJL T s corner to be able to move, which was kind of annoying.
00 qu’\,(::{ \ A0 'Q Right, so you felt annoyed back then?

Figure 4: Excerpt from an interviewee’s transcript demonstrating a leading question.

Leading the interviewee. This excerpt from a transcript (Figure 4) demonstrates, in the first
“Q” (meaning Interviewer Question) a non-leading prompt, “So any thoughts as you’re
moving around now?” that only elicits explanatory “here and now” thoughts (Figure 3). The
interviewer then asks a leading question—*“Right, so you felt annoyed back then?” (Figure
4)—and consequently the interviewee’s subsequent thought of feeling annoyance had to be
excluded from the “affective” tally (see Table 1).

In the following excerpt (Figure 5), the typed section is the verbatim transcript from an audio
recorded stimulated recall interview. The left hand margin is used to record the thinking skills
and strategies utilized by the student during the SL lesson. The underlined text delineates the
thinking skill and/or the SL and real world triggers. The right hand margin identifies the
trigger—those from the SL Chinese restaurant and those from the real world of the SL lesson
in the computer lab.

i sam\d,
A I'was thinking, oh well right now I was thinking this dish says beefor 4o ..
gl ¢ | por ybe if I order it with just beef and not pork it could bea | Cowd
) | Muslim dish.” And T was thinking is that cheating 7can I actually do- « Mus\ww

R wtbdl-w‘i th__g_tf And then I was also thinking I don’t know how to say in Chinese

\ . . AW W20
;,:5,_ lacod ~ 'mo pork, just beef’ And T was thinking maybe one of my other °, SN/ :
ingredient ones has vegetarian. Because I was also thinking, bk v
that's very tricky for us to just say no pork, beef, I thought that was too \Qmguay

.~

2 pﬂiﬂj"s much of a trick question. But then I was also-thinking I don’t think T y Pop e
2ol have enough recipes to refer to for this,faybe I can  maybe swing my ot SN
stuab Plow| way through that though. - And then T was glad __t_h,at__l;actuafly was on
2ot tMaaod the right track. o

Q So that’s what you were thinking then, and feeling? wy Cladd
4 - A Yep. I was relieved | And then “was next to me then, and | was ([0
e really careful about what I said because I didn’t want to say the wrong ‘ A Sl LBV KX
thing and look silly. P ey
Q So you were tl’}i/nking that? | ' | L1000
A T was thinking don’t look silly; don’t look silly in front of ! And C Digl_m :
then | think 1 was saying, [oT This 15 when T reansed have |( |~ 990

— 1o leave soon, and I was thinking she's only got four, so maybe if she , ;o Lo Lo
S kel \'J(Uf‘b has 1o still go, I'll give Kier my récipe cards and she can work off those. » %‘Jquv\('\
meba coq And then I was thinking I don’t know how to do that/ #aybe I can e hatdos ba

Figure 5: Delineation of cognitive skills and SL and real world triggers

Analysis

The coding process resulted in the identification of 733 instances of thinking skills or
strategies used by the 11 participants (see Table 1). A more detailed table of each
participants’ thought types and their associated triggers (not presented here due to limited
space) reveals considerable variability between the participants. For instance, Interviewee 7
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reporting 178 thoughts and Interviewee 6, a mere 23, that had occurred while they were
working through the SL lesson.

Although each student engaged in the same instructional activity in SL they varied in the
number and types of thinking skills employed. Such a variation across the 11 participants
clearly begged to be investigated. One such line of inquiry for the researchers was to see if
the instances of one type of thought process was related to a particular trigger and/or occurred
in conjunction with another type of thought process. For instance, while a substantial number
of complex thinking skills (e.g., metacognition and strategy planning) were indicated by the
participants, the most common category of thinking was Affect, defined as: feelings aroused
by SL and real-world stimuli (e.g., “I’m happy that I now have three dishes”). The second
most common thinking skill was Strategy Planning, for example, devising tactics to
accomplish the lesson objectives and for passing the exam. As a result the researchers were
prompted to consider if the frequency of Affective thinking was a result of instructional
stimuli (e.g., an effective learning task in which success elicits an affective state), or is related
in some way to the more complex Strategy Planning, or is perhaps explained by some other
theory. The data provided by stimulated recall allows for this kind of exploration.

The value of stimulated recall becomes particularly evident when the types of thinking skills
and strategies are linked to their triggers (the event that made them think, such as an
automated waitress greeting them at the door of the restaurant) and then compared over time
with a specific participant as well as across the participants. This enables the researchers to
explore such things as the influence of types of in-world instructional stimuli, in-world
collaborative activity, real life lecturer instructions, audio and text media, and pace.

For instance, researchers interested in instructional design of SL lessons could match the
trigger with the mediating process (cognitive skill) providing them with possible teaching and
learning design strategies that cognitively engage students to utilize more complex thinking
skills. For example, generative thinking (see Table 1) was triggered in all of the participants
at the time of choosing and ordering dishes from the Chinese restaurant menu for people with
particular dietary requirements, such as a vegetarian or a diabetic. Another example of the
ways in which stimulated recall can inform pedagogy is how it highlighted the effect of the
lecturer moving around the class to work with students. The researchers were able to analyse
if the lecturer’s movement and interaction triggered thinking across the gamut of students. In
this case it was revealing to note that some of the students reported feeling self-conscious
when he stopped near them in the real world of the classroom (e.g., Figure 5 includes the
example of a student who said “[the lecturer] was next to me then, and I was really careful
about what I said because I didn’t want to say the wrong think and look silly”’). However, no
student indicated similar thinking being triggered when the lecturer’s avatar stood next to the
students’ avatar.

A more detailed analysis of this research data will be conducted in another forum. The intent
of this paper has been to demonstrate some of the ways in which data provided by stimulated
recall can support analysis. Although the number of participants in stimulated recall research
is usually small due to the intense amount of work, the data is rich and it is possible to use
statistical analysis if there are sufficiently detailed coded examples of both the type of
mediating process and its triggers. Additionally, one transcript affords various analyses, such
as identifying and explicating: the SL and real-world triggers of the participants’ cognitive
skills and strategies; identity of self and avatar when learning in a SL world; the matches and
mismatches between the lecturer’s thoughts and actions and those of the students during the
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SL session; ascertaining if a deliberate lesson design elicits certain cognitive processes and
collaboration; charting whether the SL lesson outcomes are affected by the novelty value of
one SL lesson compared with two or more SL lessons.

Conclusion

To reiterate, stimulated recall is an empirically rigorous introspection data collection tool that
allows the interviewer to elicit, identify, and explore participants’ thinking. In this study it
was used to identify the types of thinking skills and strategies employed by first year
university students while engaged in a lesson in Second Life. Stimulated recall enabled the
researchers to make claims about the kind of thinking triggered by the virtual world
environment in general and the instructional design in particular. In addition, a valuable
affordance of this technique is the ability to account for stimuli from not just the virtual, but
also from the physical environment, thus strengthening the researchers’ claims about the
relationship between participants’ cognitive processes and instructional design.

This article described how stimulated recall could be used by other researchers. The key
methodological concerns, especially those relating to reliability and validity of data, have
been outlined along with strategies to minimize those concerns. Of particular note is that
stimulated recall is embedded within an information processing-mediating processes-
introspection theoretical framework and requires adherence to strict methodological practices
to maximize reliability and validity of the data and analysis. However, it less intrusive on
thought processes than the concurrent verbal reporting of think-aloud methods and is more
reliable than other introspection reporting tools.
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