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Abstract

To explore the reactivity of think-aloud (i.e., whether think-aloud as a data collection tool would
influence the data it collects), the present study compared 60 Chinese-English bilinguals’
performances in solving Advanced Progressive Matrices (APM) in two thinking modes, either
thinking aloud or not. Furthermore, this study examined whether the potential task performance
difference was modulated by the think-aloud instruction language, either first language (L1) or
second language (L2). The participants were separated into two groups and instructed
respectively in L1 and L2 to solve APM in two thinking modes (with the order of the two modes
counterbalanced within group). Results show that there was no significant difference in task
performance between the two thinking modes; moreover, the think-aloud instruction language did
not have any significant modulating effect on the task performance difference between the two
modes. Implications of this study for empirical research employing think-aloud as a data collection
tool are discussed.
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1. Introduction

Intended to elucidate one’s internal cognitive processes, think-aloud (also named concurrent verbalization)
along with retrospective verbalization is one of the data collection tools widely used in studies on psychology (e.g.,
Ericsson and Simon, 1998; Eveland and Dunwoody, 2000; Aujla et al., 2018) first/second language acquisition
(Cohen, 1984;1986; Yi'an, 1998; Benson et al, 2009) translation and interpreting (Ivanova, 2000; Bartlomiejczyk,
2006) and so on.

A number of handbooks and manuals on think-aloud (Ericsson and Simon, 1984/1993; Ericsson, 2002; Guo,
2007) have thus emerged providing instructions on how to collect reliable and valid data by using this tool. The
use of this tool, however, remains controversial mainly due to our insufficient knowledge on two issues. First, the
issue of completeness and accuracy, that is, whether what one reports in a think-aloud process (that is, think-aloud
protocols) is consistent with one’s thinking process and product (Ericsson and Simon, 1984/1993; Stratman and
Hamp-Lyons, 1994; Wilson, 1994).

Second, the issue of reactivity, that is, whether one’s task performance under the condition of thinking aloud
differs from his or her performance in the same task under the condition of not thinking aloud, and what factors
may modulate the potential difference (Smagorinsky, 1994a;1994b;2001; Bowles, 2008;2010; Sanz et al., 2009).

The present study focuses on the second issue, aiming to investigate how task performance may differ under
different thinking modes (either thinking aloud or not thinking aloud), along with how the think-aloud instruction
may modulate the potential difference in task performance.

2. Literature Review
2.1. Think-Aloud

Think-aloud involves a process in which participants report verbally their immediate thoughts and
intermediate products of their continuingly-generated thoughts (Ericsson and Simon, 1984/1993).

Major manuals on think-aloud (Ericsson and Simon, 1980;1984/1993; Ericsson, 2002) illustrate three levels at
which think-aloud can be operated.
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Based on a series of empirical studies, these manuals concluded that (1) think-aloud at Level 1 (that is, simply
articulating thoughts that are already encoded in words, where no intermediate processes of transforming non-
verbal codes into verbal ones are needed) and at Level 2 (that is, describing one’s thoughts and labeling the
thoughts, of which some may not be encoded yet but is describable) can elicit reliable and valid verbal protocols; (2)
think-aloud at Level 3 (that is, explaining one’s thinking process through recoding thoughts, recalling thoughts
reported before, and connecting what have been reported to what to be reported), however, may not be able to elicit
reliable or valid verbal protocol.

Accordingly, the present study focuses on think-aloud at the first two levels aforementioned, and only studies
tollowing the instructions eliciting verbal protocols at these two levels are thus to be reviewed.

Inconsistent empirical findings on the reactivity of think-aloud can be found between the studies indicating
that think-aloud influenced one’s thinking process and thus task performance (Stinessen, 1985; Schooler et al., 1993;
Kim, 2002; Rossomondo, 2007; Sachs and Polio, 2007; Sanz et al, 2009) and the studies where no significant
difference was found in task performance with or without think-aloud operated (Flaherty, 1975; Schweiger, 1983;
Russo et al., 1989; Leow and Morgan-Short, 2004; Bowles and Leow, 2005; Sachs and Suh, 2007; Bowles, 2008).
After reviewing these studies, researchers (as reviewed below) propose that the inconsistency in the empirical
findings mainly originate from various factors that can modulate the potential influence of think-aloud on task
performance but were not well controlled in the previous studies, although these studies can be also improved in
the research design, sample size and statistical analysis.

2.2. Think-Aloud Instruction

Both theoretical and empirical studies have explored potential factors that can modulate the influence of think-
aloud on task performance, which include:

(1) level of think-aloud (Ericsson and Simon, 1984/1993)

(2) think-aloud instruction (Schweiger, 1983; Ericsson and Simon, 1984/1993; Guo, 2007)

(3) when participants think aloud, what type of task they are to accomplish (Russo ez al., 1989)

(4) what aspect of task performance is investigated, for example latency or accuracy (Sanz et al., 2009)

(5) participants’ familiarity with and expertise in the task (Stratman and Hamp-Lyons, 1994; Smagorinsky,
1994b; Fallshore and Schooler, 1995)

(6) participants’ language proficiency (Stratman and Hamp-Lyons, 1994) and how consistent participants’
perception of their language proficiency is with their actual language proficiency (Fallshore and Schooler,
1995)

(7) participants’ cultural background, in particular whether they feel comfortable with articulating while
thinking (Kim, 2002)

(8) participants’ thinking habit (thinking in images or not: (Brandimonte et al., 1992; Fallshore and Schooler,
1995) thinking in words or thinking in physical movements: Flaherty, 1975; thinking in a way of
intuition/insight or not: (Schweiger, 1983)

(9) think-aloud instructors’ personal traits (Stratman and Hamp-Lyons, 1994; Smagorinsky, 1994b).

Among these modulating factors, the current study focuses on the think-aloud instruction and, in particular,
the language used in the instruction. As the think-aloud instruction is found to play a critical role in eliciting
reliable and valid verbal protocols (Schweiger, 1983; Ericsson and Simon, 1984/1993; Guo, 2007) the language
employed in the instruction, which is one of the important elements of instruction, may also theoretically modulate
the potential influence of think-aloud on task performance.

So far no research has addressed the issue, which prompts the need for the present study to empirically
examine and compare the potential influence of think-aloud on task performance when the think-aloud instruction
language differs. The issue is particularly worth exploring to studies of second language acquisition and studies of
translation and interpreting, in which bilingual or multilingual participants are usually involved.

The justification is that in these studies where think-aloud is one of the commonly-used data collection tools, if
the think-aloud instruction language, either first language (L.1) or second/foreign language (L.2), is not found to
modulate the potential influence of think-aloud on task performance, it would be better justified for instructors to
use L2 in their think-aloud instructions (instead of solely L1) so that participants’ verbal thinking in L2 if any
(especially the mental activity generated in a bilingual or L2 task) can be elicited more efficiently compared with
when participants are instructed only in L1 (which is common in think-aloud instructions).

3. The Present Study

This study is intended to investigate the reactivity of think-aloud and the potential modulating effect of the
think-aloud instruction language on the reactivity. In order to control the other potential modulating factors (as
reviewed above) in which the current study is not interested, (1) we follow strictly the instruction of eliciting think-
aloud at Level 1 and 2 as introduced in the major manuals of think-aloud (Ericsson and Simon, 1984/1993; Guo,
2007) (2) all participants are invited to accomplish the same task and rated in accuracy; (8) L2 (in this case, English)
proficiency is assumed homogeneous (at the level no lower than intermediate) among participants, given that all of
our participants have passed a competitive English college entrance exam in mainland China and have been
enrolled in a national key university of foreign studies.
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We further prevent language proficiency from intervening our results by © choosing Advanced Progressive
Matrices (APM for short hereafter) (Raven et al., 1978) which is an established non-verbal problem-solving task, as
the major task in the current study and by (2) allowing participants to use any language they feel comfortable with
in think-aloud (no matter what language is used in the instruction).

Also to control the other potential modulating factors, (4) a practice session of APM is available so that
participants’ task familiarity is not likely to intervene in the results; (5) since all of our participants have been
brought up and educated mostly in China and all major in English in the same university, their cultural
background and thinking mode are assumed to be homogenous in general; (6) all participants are instructed by the
same think-aloud instructor under the same procedure.

The present study aims to answer two research questions as below:

(1) Does Chinese English-as-a-foreign-language learners’ performance in APM differ between different thinking
modes (either thinking aloud or not thinking aloud)?

(2) How much does the language used in the think-aloud instruction (either L1 or L2) modulate the potential
difference in task performance under different thinking modes?

3.1. Design

The within-subjects independent variable was thinking mode (thinking aloud or not thinking aloud) and the
between-subjects independent variable was instruction language (L1 or L2). The dependent variable was accuracy
in APM tests (as manifested in APM test score).

3.2. Participants

63 female first-year university students majoring in English at a national key university of foreign studies were
recruited on a voluntary basis to participate in the experiment. They were all Chinese-English unbalanced
bilinguals who learned English as a foreign language mainly in China for at least 10 years. Data from three
participants who did not follow the instruction of thinking aloud or the instruction of not thinking aloud were
excluded, resulting in data of 60 participants analyzed.

3.3. Materials

Major materials included (1) a questionnaire about participants’ demographic details (mainly age, general
education background, languages and self-assessed proficiency of these languages, age of first exposure to English,
major areas of learning and using English, and their familiarity with APM) and (2) two APM tests respectively
used in the condition of thinking aloud (Test Think-aloud) and in the condition of not thinking aloud (Test No
Think-aloud). The two APM tests used in the current study, each of which consisted of 10 items, were adopted
from the original APM test and were proved homogenous in a pilot study with 16 participants from the same
population as the aforementioned participants.

3.4. Apparatus and Procedure

The participants were separated into two groups (respectively labeled as Group L1 and Group L2) and
instructed in L1 (in this case, Chinese) and L2 (in this case, English) respectively. Each group was asked to finish
both Test Think-aloud and Test No Think-aloud, with the order of the two tests counterbalanced within group.
Between the two tests was a 10-minute interval for the participants to take a rest.

In Test Think-aloud, participants first watched a video demo of think-aloud, followed by an introduction of
think-aloud principles, which mainly included (1) only reporting thoughts that have indeed gone through their
mind; (2) not fabricating any idea for the report or explaining any of their ideas (for example, explaining the
rationale or justification for any idea or the logic underlying different ideas); (8) using or shifting between whatever
language(s) they felt comfortable with, no matter what language was employed in the instruction.

Afterwards, as a practice the participants solved three APM items while thinking aloud, during which they
were allowed to pause and ask the instructor questions if needed. The whole think-aloud instruction (either in L1
or in L2) followed guidelines offered by Ericsson and Simon (1984/1993) and Guo (2007) and had been modified
based on the feedback about our think-aloud instruction provided by three participants (from the same population
as the participants in the major study) in an interview after a pilot study.

After the think-aloud instruction and practice, the participants took Test Think-aloud independently. During
both Test Think-aloud and Test

No Think-aloud, which were held in a language laboratory, the think-aloud instructor paid close attention to
the participants’ verbalization via a monitoring system so that the participant who remained silent for longer than
30 seconds in Test Think-aloud would be prompted to report her thoughts as soon as possible; on the other hand,
the participant who did not keep silent in Test No Think-aloud would also be reminded (unless when they asked
the instructor questions).

All of the participants had consented to the use of the monitoring and recording system in the two tests.
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4. Results
4.1. Thinking Mode

As shown in Table 1, no significant difference was found in our participants’ APM test score (in total 10 points)
between Test Think-aloud and Test No Think-aloud (z(59) = -.72, p = .47 > .05), although the performance in the
former (Mean = 7.63, Standard deviation = 1.35) test was slightly better than that in the latter (Mean = 7.78,
Standard deviation = 1.83). The results suggest that no reactivity of think-aloud was found when our participants
reported verbally their thinking processes while solving APM.

Table-1. APM performances under two thinking modes (thinking aloud or not) (N=60)

Thinking mode Mean Standard deviation t p
not thinking aloud 7.63 1.85

. -0.72 0.47
thinking aloud 7.78 1.8

4.2. Instruction Language
As demonstrated in Table 2, the performance in APM was not found significantly different between the two
thinking modes within Group L1 (#29) = -.67, p = .51 > .05), nor was within Group L2 (#29) =-.37, p = .71 > .05).

Table-2. APM performances under two thinking modes (thinking aloud or not) when the instruction language was either L1 or L2
Instruction language N Thinking mode Mean Standard deviation t p
t thinking aloud 743 1.45
L1 30 no. .ln g a’ou -0.67 0.51
thinking aloud 7.63 1.38
not thinking aloud 7.80 1.30
L2 30 I -0.37 0.71
thinking aloud 7.92 1.29

To further investigate the potential interaction of thinking mode and instruction language, a two-way ANOVA
was performed on the APM test score of these two independent variables. The observed covariance matrices of test
scores were not found significantly diftferent across groups (Box’s M = .50, p = .99 > .05).

With values from the corrected F-tests considered (y? = .00 in the Mauchly’s test of sphericity), results (Table
3) showed that the two-way interaction between the variables was not significant (F (1, 59) = .06, p = .80 > .05).
Moreover, results from the Levene’s Test (Table 4) show that the error variance of the dependent variable (that is,
APM test score) was equal across groups (in think-aloud condition, I = .46, p = .50 > .05; in no think-aloud
condition, F = .71, p = 0.40 > .05).

These results indicate that the thinking mode and the instruction language were not found to have any
significant interaction on the participants’ task performance in APM, suggesting that no modulating effect of the

think-aloud instruction language was found on the relation between the thinking mode and the task performance in
APM.

Table-3. The within-subjects effect of thinking mode (thinking aloud or not) and its interaction with
instruction language (L1 or 12) (N = 60)

variable F P
Thinking mode 0.57 0.45
Thinking mode * Instruction language 0.06 0.80

Table-4. Levene's Test of Equality of Error Variances®

Test score F Sig.
in think-aloud condition 0.46 0.50
in no think-aloud condition 0.71 0.40

a. Design: Intercept + instruction language
Within Subjects Design: thinking mode

5. Discussion

The present study aimed to explore the potential influence of think-aloud on one’s task performance in APM
and the potential modulating eftect of the think-aloud instruction language on the aforementioned influence of
think-aloud. Two major findings were attained. First, the performance of solving APM did not significantly difter
between thinking aloud and not thinking aloud.

As illustrated by Ericsson and Simon (1984/1993) think-aloud at Level 1 and Level 2 do not occupy the
cognitive resources needed for accomplishing the major task, so one’s task performance when one thinks aloud
would not differ significantly from his or her task performance when he or she does not think aloud.

Our finding is consistent with the general findings in Flaherty (1975); Russo ef al. (1989) and Schweiger (1983)
indicating that think-aloud as a data collection tool does not have significant reactivity problem.

When Kim (2002) found difference in task performance between thinking aloud and not thinking aloud, the
study attributed the difference to participants’ Asian cultural background emphasizing the value of keeping silent in
public, which led to a suggestion that think-aloud should not be used in empirical studies where participants came
from Asian cultural background. Since the participants in our study were English learners in China, our findings at
least cast doubt on such a suggestion.
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Second, the results in our study did not show that think-aloud instruction languages had any significant
modulating effect on the relation between the thinking mode and the performance in the major task, indicating that
to future bilingual studies using think-aloud as a data collection tool, L2 can be one of the language options in the
think-aloud instruction, in particular when researchers aim to explore bilinguals’ verbal thinking in L2.
Nevertheless, it is noteworthy that in order to preclude the potential intervention from language proficiency, we
suggest that participants should be allowed to use whatever language in thinking aloud and they should not report
in their non-dominate language(s) until they spontaneously want to.

6. Conclusion

The present study is intended to examine whether APM task performance differs in different thinking modes
(thinking aloud or not). Furthermore, it aims to investigate how much the think-aloud instruction language (L1 or
L2) may modulate the potential task performance difterence under the two thinking modes.

The results show that no significant difference in APM task performance exists between the mode of thinking
aloud and the mode of not thinking aloud. Besides, the results show that the instruction language does not have
significant modulating effect on APM task performances in different thinking modes.

The results suggest that a proper think-aloud instruction plays an important role in eliciting non-reactive
verbal protocols. When think-aloud is carefully instructed, L2 can be one of the language options in think-aloud
instructions. Future research may further explore other factors potentially modulating the reactivity of think-
aloud.
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