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Sharing the same languages helps us
work better together
W. Quin Yow 1* & Tony Zhao Ming Lim1

ABSTRACT Collaborative problem-solving, the mutual engagement of people in a coordi-

nated effort to solve a problem together, plays a critical role in the increasingly complex,

linguistically diverse, and interconnected world. In particular, being able to communicate in

the same languages provides a critical platform for facilitating problem solving among

members of a multilingual team. Little research has explored whether sharing the same

spoken languages would boost collaborative problem-solving over and beyond the effects of

possible confounding variables such as language proficiency, personality, ethnicity, nation-

ality, and non-verbal intelligence. This study manipulated the sharing of same languages by

pairing 118 English-speaking bilingual participants either with someone who shares the same

two spoken languages as themselves (English-same pair) or with someone who differs in one

language (English-different pair). We explored whether such sharing of the same languages

enhances collaborative problem-solving in multilingual pairs. Participants completed the

Raven’s Matrices individually, as well as an insight problem-solving task (Triangle of Coins

task) and a divergent thinking task (Mind-mapping) in pairs. English-same pairs performed

better than English-different pairs in the insight problem-solving task but not in the divergent

thinking task. English-different pairs collaborated (mean number of turns per minute) and

communicated (mean number of utterances) more than English-same pairs in the divergent

thinking task, although the effect of pair type on communication was fully mediated by a

difference in ethnicity within pairs. More collaboration could have been needed between

English-different pairs in the divergent thinking task to achieve comparable performance as

English-same pairs, possibly due to the different communication processes experienced by

English-different pairs. This study provides insights to the role of sharing spoken languages in

enhancing collaborative problem-solving in small multilingual groups.
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Introduction

Working in small groups becomes increasingly crucial as
problems become more complex. Working collabora-
tively on problems, or collaborative problem-solving,

is defined as the mutual engagement of participants in a coor-
dinated effort to solve a problem together (Roschelle and Teasley,
1995). This is different from cooperative work, or tasks that the
labor is divided but then completed individually (Dillenbourg,
1999; Roschelle and Teasley, 1995). For example, in mathematical
problem-solving, if one person does the first subpart and the
other does the second subpart, this would be termed as coop-
erative work. However, if both people work together to solve the
problems together, this would be termed as collaborative work.
Thus, collaboration requires mutual engagement of the group,
where members of the group work together and perform actions
toward a common goal (Dillenbourg, 1999; Roschelle and Teas-
ley, 1995). But successful mutual engagement of the group hinges
on the members’ ability to communicate with each other during
the problem-solving process. With the rising importance of col-
laborative problem-solving in multilingual and multicultural
work or study teams today, stemmed in part from an increasing
majority of the world’s population who speaks two or more
languages (Crystal, 1997; Ripoll et al., 1995; Springer et al., 1999;
U.S. Census Bureau, 2010), being able to communicate in the
same languages provides a critical platform for facilitating pro-
blem solving among these teams. This study aims to explore the
effect of similarities in spoken language between members of a
team on collaborative problem-solving performance.

Collaborative problem-solving in small groups has shown
multiple benefits over working as individuals in problem-solving
tasks (e.g., Arterberry et al., 2007; Barron, 2000; Kwon and
Cifuentes, 2009; Phelps and Damon, 1989). Barron (2000)
showed that students who worked in teams outperformed indi-
viduals in problem-solving and planning tasks. Kwon and
Cifuentes (2009) further showed that computer-based concept
maps that were collaboratively created by students were more
deeply conceptualized than concept maps that were created by
individual students. Even 5-year-olds performed better with a
partner than when working alone on puzzle problems, especially
if they know that their performance would be evaluated (Arter-
berry et al., 2007).

Past studies have examined various factors that could impact
collaborative problem-solving in small groups. Webb and col-
leagues (1995) showed that providing explanations instead of
only the right answer and engaging in constructive activity aided
collaborative mathematical learning in self-directed groups.
Woolley and colleagues (2008) showed the importance of having
expert members and collaborative planning in small-group col-
laborative problem-solving (note: engaging only in collaborative
planning or having expert members alone did not improve col-
laborative problem-solving). Having expert members in a team is
consistent with the notion that diversity in teams could be ben-
eficial. An early study by Hoffman and Maier (1961) found that
significantly more heterogenous groups (diverse groups that
varied in personality and gender) produced high quality solutions
compared to homogenous groups (less-diverse groups; 65% vs.
21%). Furthermore, greater diversity in problem-solving styles
within teams could improve collaborative problem-solving
(Kurtzberg, 2005; Thornburg, 1991; Villa et al., 1996; Wood-
man et al., 1993). For example, graduate and organizational teams
consisting of members with both structured and unstructured
problem-solving styles were found to have more creative ideas on
a collaborative idea generation task than teams that comprised
solely members with either structured or unstructured problem-
solving styles (Kurtzberg, 2005). Similarities among group
members could also boost collaborative problem-solving

(Canham et al., 2012; Curşeu and Pluut, 2013; Harrison et al.,
2002; Staples and Zhao, 2006). Harrison and colleagues (2002)
showed more favorable outcomes for work teams who had
surface-level and deep-level similarities than those who had not.
Interestingly, Curşeu and Plutt (2013) found that while gender
and nationality diversity had positive effects on collaborative
learning and problem-solving, variety in teamwork-related
expertize had indirect negative effects on the quality of team-
work processes. Thus, past studies demonstrated that the char-
acteristics that the team members shared or did not share with
each other can differentially impact on the problem-solving
process and performance outcomes.

Another characteristic that plays an important role in colla-
borative problem-solving is language. The specific role of sharing
the same languages on collaborative problem-solving has not
been previously studied directly, but past literature suggests that
similarities in language between participants can have positive
effects on collaborative problem-solving through better quality of
communication and affiliation (e.g., McLeod et al., 1996). Lan-
guage provides a medium for communication, sharing of ideas
and working on ideas through mutual engagement between small
groups and teams (e.g., Baldo et al., 2005; Kempert et al., 2011;
Mercer, 1996). Communication has been shown to be critical in
collaborative problem-solving processes by facilitating interaction
and collaboration among members of the team. Ross and Raphael
(1990) demonstrated that student communication was positively
related to performance in collaborative problem-solving, espe-
cially when the collaborative processes were structured. Dossick
and Neff (2011) further showed that communication of ideas led
to more effective problem-solving among small groups.

Language is also crucial in collaborative problem-solving as it
could increase the level of affiliation between members of the
team through shared identity, thus making them feel more
comfortable with each other and improving the quality of the
collaboration (e.g., Noels et al., 1996). Shepard (1964) postulated
that similarity aids in developing cohesion among work teams,
and cohesion in turn is associated with the success of a group. For
example, although ethnically diverse teams had better quality
work in a brainstorming task, members of these teams were
emotionally closer to members of another team who shared the
same language and ethnicity background as themselves (McLeod
et al., 1996). Relating to the prior work reviewed earlier, having
diversity in a team might not benefit collaborative problem-
solving if there is reduced cohesiveness. In Curşeu and Plutt’s
study (2013), the diversity in teamwork-related expertise might
have caused interpersonal conflict and reduced affiliation, which
in turn led to indirect negative effects on team performance. Since
past studies suggest that language promotes interaction and
bonding between members of a group, sharing the same lan-
guages might attenuate any potential conflict felt between
members (e.g., expert vs. non-expert members). Particularly in
this study, sharing the same spoken languages might facilitate
communication and collaboration between members for better
problem-solving outcomes, and help remediate against any pos-
sible negative effects of existing diversities (e.g., nationality and
ethnicity) to create positive outcomes on collaborative problem-
solving (e.g., Harrison and Klein, 2007; Woolley et al., 2008).

In this study, our measurement of both communicative and
collaborative processes was obtained through audio recordings,
which is consistent with past studies (Edelsky, 1981; Harris et al.,
2009; Harris et al., 2008; Kannampallil et al., 2016; Rice et al.,
2010). For example, Harris and colleagues (2009) used mean
number of utterances obtained from audio recordings to repre-
sent communication in their study that explored participants’
interactions with single-touch surfaces and multi-touch surfaces,
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while Edelsky (1981) defined the mean number of turns per
minute obtained from audio recordings as a measure of colla-
boration between adults. A turn refers to the start of when
someone begins talking and ends when someone else takes over.
The number of turns per minute has been used in previous stu-
dies to measure collaboration (e.g., Edelsky, 1981; Isaacs and
Tang, 1994; Kruger, 1993). Thus, we quantified communicative
processes as the mean number of utterances per minute and
collaboration as the mean number of turns per minute in our
study. We also coded for implicit communication processes
within each pair, e.g., how much the pairs spoke the same two
languages, how similar the pairs were in accent, and how com-
fortable the pairs appeared to be in their communication with
each other (e.g., Gluszek and Dovidio, 2010; Paradis, 1998).

Language can have a positive effect on problem-solving even
when the language status of the participants was not made known
explicitly to individual participants (e.g., Bialystok and Majum-
der, 1998; Cushen and Wiley, 2011; McLeod et al., 1996; Wright
and Lander, 2003). Cushen and Wiley (2011) showed that
bilinguals did better than monolinguals in an insight problem-
solving task when the language status of the participants was not
made known explicitly. Similarly, Bialystok and Majumder (1998)
found that balanced bilinguals (bilinguals that were equally pro-
ficient in both languages) showed better performance in linguistic
and non-linguistic tasks than partial bilinguals and monolinguals
in a group of Grade 3 students. The language status of the par-
ticipants was also not made known to the group. In this study, we
extend this by exploring the effect of sharing the same languages
in bilingual pairs when the language status is not made known to
the participants in the pair. To help isolate the effects of sharing
the same languages on the performance in the collaborative
problem-solving tasks, we randomly paired English-speaking
bilingual participants into two conditions (namely, English-same
language pairs or English-different language pairs) so that other
existing variables such as ethnicity, gender and personality would
be randomly distributed across the two conditions. English-same
language pairs referred to English-speaking pairs who shared the
same second language, and English-different language pairs
referred to English-speaking pairs who spoke English and a dif-
ferent second language. We also noted that explicitly revealing the
language status of the participants might lead to participants
second-guessing the aims of the study and changing the way they
behave to fit what they believe is the purpose of the study.

In addition to random sampling and random assignment, the
effects of other existing variables would also need to be explored.
Firstly, as the study is carried out in English, the differences in
English spoken proficiency between team members could affect
their performance in terms of how well they understood the task
and how well they could express their ideas and communicate
with each other. Differences in English spoken proficiency has
been shown to affect collaborative efforts in studies where English
was used (e.g., Neeley et al., 2009). Secondly, personality could
also play a role in affecting how conscientious participants are in
completing the task, how agreeable they are with each other, how
open they are to novel ideas, how much they interact with each
other and how much positivism they bring to the task. Personality
has been shown to be associated with collaborative problem
solving (e.g., Halfhill et al., 2005; Kickul and Neuman, 2000;
Maltzman et al., 1956). Kickul and Neuman (2000) found that
conscientiousness and cognitive ability were associated with team
performance among undergraduate students in mixed gender
teams. Halfhill and colleagues (2005) further showed that agree-
ableness, emotional stability and helpfulness had positive effects
in collaborative work environments. The same study (Halfhill
et al., 2005) also found that the more heterogenous the group was
on personality traits, the more problem-solving performance

would decrease. Thirdly, the nationality and ethnicity of the
participants could also play a role in collaborative problem-
solving. Participants with the same ethnicity and nationality
might feel more comfortable with each other leading to better
collaboration in the problem-solving tasks. However, differing
effects of diverse ethnicities and nationalities on collaborative
work teams were found in previous studies (e.g., McLeod et al.,
1996; Terenzini et al., 2001; Wright and Lander, 2003). McLeod
and colleagues (1996) discovered that work teams with medium
ethnic diversity did significantly better than work teams with no
ethnic diversity. But Wright and Lander (2003) found that teams
with nationality diversity were more inhibited in terms of their
verbal participation when collaborating on problem-solving tasks
than teams with no nationality diversity, which leads to worse
outcomes in these mixed teams. Lastly, the level of individual
non-verbal intelligence could affect how fast the participants
complete the insight problem-solving task, as well as the number
of novel ideas they can come up with in the divergent thinking
task. Higher non-verbal intelligence was shown to result in better
problem-solving in past literature (e.g., Hayslip and Sterns, 1979;
Resnick and Glaser, 1976). Hayship and Sterns (1979) found that
fluid intelligence was related to problem-solving involving
abstract stimuli. Thus, these five extraneous variables, spoken
English proficiency, personality, nationality, ethnicity, and non-
verbal intelligence were also examined in this study.

For this study, two types of collaborative problem-solving
tasks were selected—a collaborative insight problem-solving
task and a collaborative divergent thinking task. These tasks
required different levels of collaboration between participants
(see also Nelson, 1999, for a discussion on problem-based vs.
cooperative-based tasks, and Care et al., 2015, on content-free
vs. content-dependent tasks). A Triangle of Coins Task was
chosen as the insight problem-solving task and a mind-
mapping task was chosen as the divergent thinking task. The
Triangle of Coins task requires participants to flip a triangle of
ten coins around by moving only three coins. The dependent
variable is the time taken to complete the task. The task
requires a low level of collaboration between participants as the
answer could be derived through individual processes like
personal insight. The mind-mapping task requires participants
to brainstorm and generate as many ideas as possible on a given
problem. The dependent variable is the number of novel and
unique ideas that are produced by the participants (Srivathsavai
et al., 2010). This task requires a high level of collaboration
between participants to come up with as many novel solutions
as possible. Exploring the effects of sharing the same languages
on both of these tasks will allow for greater insights into tasks
that require differing levels of collaboration. As described ear-
lier, we also explored the level of communication and colla-
boration that is carried out during these tasks as measured by
the number of utterances and number of turns as exhibited by
the participants respectively.

In sum, we hypothesized that bilingual participants who share
the same two languages would overall perform better in colla-
borative problem-solving tasks than those who do not, taking into
account the differing communicative and collaborative processes
between pairs of participants, over and beyond the effects of
language proficiency, personality, ethnicity, nationality, and non-
verbal intelligence.

Methods
The study received approval and was conducted in compliance
with the ethical guidelines prescribed by the author’s university’s
Institutional Review Board (IRB). All participants provided
written informed consent prior to their participation.
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Participants. One hundred and eighteen healthy bilingual
undergraduate students (68 males, Mage in years= 22.22, SD= 1.92,
range= 18 to 28) were recruited from a local university. Parti-
cipants had to fulfill the following inclusion criteria: (1) be 18
years old and above; (2) speak English and another language, (3)
and have normal or corrected-to normal vision with no color
blindness.

Participants provided information on their parents’ highest
educational level (1=None; 2= Primary School; 3= Secondary
School; 4= Junior College; 5= Some University, not completed;
6=University Degree; 7= Postgraduate Degree; father:
M= 4.90; SD= 1.51; mother: M= 4.64; SD= 1.53), household
monthly income (1= S$0 to S$1000; 2= S$1001 to S$2000; 3= S
$2001 to S$3000; 4= S$3001 to S$4000; 5= S$4001 to S$5000;
6= S$5001 to S$6000; 7= S$6001 to S$7000; 8= S$7001 to S
$8000; 9= S$8001 to S$9000; 10= S$9001 and above; M= 5.77;
SD= 3.36), ethnicity (Chinese, Malay, Indian, or Others) and
nationality (native or non-native). Of the 118 participants, 98
were Chinese, 3 were Malay, 6 were Indian, and 11 were Others.
Sixty-nine of the participants were native citizens and 49 were
non-native citizens.

Participants provided information on their language status
(refer to section on Language background questionnaire),
including their language proficiency. All participants were
proficient in English. Bilingual participants were randomly paired
up into same or different language pairs based on the second
language (other than English) they were proficient in. English-
same language pairs consisted of English-speaking participants
who shared the same second language (e.g., English and
Mandarin). English-different language pairs were participants
who shared one language (i.e., English) but differed in their
second language (e.g., Mandarin vs. Malay). In total, there were
31 English-same language pairs (all pairs spoke English-
Mandarin) and 28 English-different language pairs (see Table 1
for the breakdown of languages spoken by different language
pairs). In addition, all pairs were of the same gender as past
literature found that teams made up of mixed gender performed
worse in collaborative problem-solving tasks (Strough et al., 2001;
Webb, 1984), where females in these mixed teams were shown to
perform worse than males on the collaborative problem-solving
tasks. In total, there were 34 male language pairs (20 English-
same language pairs and 14 English-different language pairs) and
25 female language pairs (11 English-same language pairs, 14
English-different language pairs).

Materials
Background variables. Language background questionnaire: Par-
ticipants completed a language background questionnaire that
contained items on demographics (such as age, gender, nation-
ality and ethnicity) and items to derive participants’ individual
language background (e.g., languages known, proficiency of each
language). To gauge language proficiency, we asked participants
to name each of the languages they knew and rate how proficient
they were in speaking each language, on a ten-point scale
(from 1= not proficient, to 10= very proficient). Proficiency in
speaking English was used as a measure of language proficiency in
this study due to the nature of the study where participants would
collaborate with their partner to perform the required tasks
mostly through speaking English with each other.

For demographic variables, to control for potential differences
in ethnicity and nationality, we coded the difference in ethnicity
of participants within pairs (Same Ethnicity: 0= if participants in
pair share the same ethnicity; 1= if participants in pair are of
different ethnicity) and the difference in nationality of partici-
pants within pairs (Same Nationality: 0= participants in pair
share the same nationality; 1= participants in pair are of different
nationality).

Big five inventory: Participants were given the Big Five
Inventory (John and Srivastava, 1999) as a measure of personality
traits. The Big Five Inventory consists of 44 items on five
personality traits: Openness, Extraversion, Conscientiousness,
Agreeableness, and Conscientiousness. Participants rated them-
selves based on how much the characteristics as described in the
items apply to themselves from a scale of 1 (disagree strongly) to
5 (agree strongly). Examples of these items include “can be tense”
and “is outgoing, sociable”. The Big Five Inventory has shown
good reliability and validity in the literature with a reported
coefficient alpha reliability of about 0.80 for all its dimensions (Li
et al., 2015). The difference in each of the five personality traits
within pairs (e.g., Same Openness: difference in rating scores in
Openness between first and second participant) was derived.

Raven’s progressive matrices: We used the Raven’s Progressive
Matrices (Raven et al., 2004) as a measure of non-verbal fluid
intelligence. In this task, participants are required to choose one
out of six figures that completes a pattern. The Raven’s
Progressive Matrices Task was administered using a laptop PC.
Visual stimuli were presented to participants from a distance of
about 70 cm via a 20-inch monitor with a refresh rate of about
60 Hz. Instructions for the computerized tasks were presented on
screen in English. A standard QWERTY keyboard was used to
respond to the tasks. Participants were instructed to respond as
quickly and as accurately as possible. Participants pressed the
number key on the keyboard that corresponded with their
selection. There was a total of 36 items and participants were
given 10 minutes to attempt as many as they could. The
dependent variable (DV) in this task is the number of correct
items completed within 10 minutes. Similarly, the difference in
this DV within pairs (i.e., Same Non-verbal intelligence) was
calculated.

Collaborative problem-solving tasks. Triangle of Coins task (insight
problem-solving): We used the Triangle of Coins as the colla-
borative insight problem-solving task. Participants were asked to
work together in pairs on the Triangle of Coins puzzle where they
needed to flip a triangle of ten coins around by moving only three
coins. Pairs who had prior knowledge of the Triangle of Coins
puzzle were asked to complete an equivalent Matchstick task
instead, where they would need to make seven squares by moving
only two matchsticks based on a given array of matchsticks. The
dependent variable of the collaborative insight problem-solving is
the time taken for each pair of participants to complete the task

Table 1 Breakdown of languages spoken by bilingual
participants of english-different language pairs.

Language of 1st
participant

Language of 2nd
participant

Number
of pairs

English–Mandarin English–Bahasa Indonesia 5
English–Mandarin English–Vietnamese 7
English–Mandarin English–Bengali 2
English–Mandarin English–Hindi 3
English–Mandarin English–Tamil 4
English–Mandarin English–Malay 3
English–Mandarin English–Korean 1
English–Mandarin English–Burmese 1
English–Mandarin English–Thai 1
English–Malay English–Bahasa Indonesia 1

Total 28

Note: The languages of the first participant and second participant in the English-different
language pairs are presented in the table. For example, there were 5 English-different language
pairs that had one participant who spoke English–Mandarin and the other who spoke
English–Bahasa Indonesia
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(in seconds). Fifty-one pairs completed the coin task and 8 pairs
completed the matchstick task. There was no significant differ-
ence in the time taken to complete the coin or matchstick task (t
(116)= 0.56, p= 0.58, η2= 0.002). Therefore, these tasks could
be conceived as tasks of equivalent difficulty.

Mind-mapping task (divergent thinking task): The mind-
mapping task was used to measure the divergent thinking
between pairs of participants. Both participants first watched a
video that provided the basic principles of mind-mapping
(SUTD-MIT International Design Centre, 2015). Next, they were
asked to brainstorm ideas on a given problem (i.e., how to keep
insects out of the house) and work collaboratively to come up
with a mind-map of solutions. Divergent thinking is measured as
the number of novel and unique ideas that are produced by the
participants. The complexity of the mind-maps was taken into
account as the ideas were first grouped into similar themes before
selecting the ideas that represented novel and unique constructs
so that ideas that represented the same themes were not double-
counted. One coder who spoke English as his first language
(Coder A) coded all 59 mind-maps for the number of novel ideas
produced by the participants. A second coder (Coder B) who
similarly spoke English as his first language randomly chose half
of the mind-maps (30 mind-maps) and coded the mind-maps in
the same way for the number of novel ideas produced by
participants. Split-half inter-rater reliability test showed signifi-
cant intra-class correlations for the number of novel ideas
generated in the divergent thinking task (ICC (3, 2)= 0.94, p <
0.001). Thus, there was a significant agreement (94%) between the
two coders on the number of novel ideas generated for the mind-
maps.

Audio recordings: Audio recordings were taken of the
conversations within the pairs during the insight problem-
solving and the divergent thinking tasks. Of all the 59 sets of
audio recordings, 56 sets of audio recordings (3 corrupted files)
were coded by Coder A for the number of utterances and the
number of turns. Coder B randomly chose half of the recordings
(28 recordings) and similarly coded the recordings. Mean number
of utterances per minute (as a measure of communication) and
mean number of turns per minute (as a measure of collaboration)
were then calculated. Split-half inter-rater reliability test showed
significant intra-class correlations for the mean number of
utterances per minute in the insight problem-solving task and
the divergent thinking task (ICC (3, 2)= 0.97, p < 0.001 and ICC
(3, 2)= 0.81, p < 0.001, respectively), and the mean number of
turns per minute in the insight problem-solving task and
divergent thinking task (ICC (3, 2)= 0.95, p < 0.001 and ICC
(3, 2)= 0.76, p < 0.001, respectively). The coders had significant
agreement (76 to 97%) on the number of utterances and turns
made between the same language and different language pairs.

Unidentified copies of the audio recordings were further rated
by an independent blind coder who spoke English as his
first language to explore the implicit communication between
pairs of participants during the tasks, such as “How similar
were participants in accent?” and “How comfortable were the
participants with each other?” from a scale of 1–10, and “Did
participants sound like they speak the same two languages?”
(0–“no”, 1–“yes”) (e.g., Gluszek and Dovidio, 2010; Paradis,
1998). A second independent blind coder who also spoke English
as his first language coded 50% of the data. Split-half inter-rater
reliability test revealed significant intra-class correlations (ICC (3,
2) > 0.62, all ps < 0.001): the coders had significant agreement
(above 62%) for the implicit communication variables coded.

Procedure. All tasks were administered individually in a quiet
room. Participants completed the background language

questionnaire and were paired into same or different language
pairs based on the languages they spoke. Participants then
completed the Raven’s Progressive Matrices Task individually and
the Triangle of Coins or Matchstick Task and the Mind-mapping
task in pairs. We audiotaped conversations between the partici-
pants while they completed the two collaborative tasks. The order
of the three tasks was counterbalanced across participants. The
entire session took about one hour.

Results
There were no significant differences found between male and
female pairs in performance, communication, and collaboration
on the insight problem-solving task and the divergent thinking
task (all ps > 0.10; η2 < 0.28), so we collapsed the data across
gender. One-way ANOVAs were performed on the pairs’ differ-
ences in English spoken proficiency, nationality, ethnicity, big-
five personality factors, and non-verbal intelligence across pair
type (same or different language). The significant variables were
then subsequently controlled for (see Table 2).

English-same language pairs were found to be more homo-
geneous in self-reported English spoken proficiency (F(1,
112)= 6.93, p= 0.01, η2= 0.06), ethnicity (F(1, 116)= 70.33, p <
0.001, η2= 0.38) and agreeableness (F(1, 110)= 4.48, p= 0.04,
η2= 0.04) than English-different language pairs. No other sig-
nificant differences were found. No multicollinearity was found
between pair type and the three variables (rs < 0.62; all
VIFs= 1.00). The three variables were controlled for in sub-
sequent analysis.

Overall task performance
Pair type and insight problem-solving task. Hierarchical multiple
regressions were carried out to explore the unique effects of pair
type on the time taken to solve the insight problem-solving task.
The three variables, within-pair differences in English spoken
proficiency, ethnicity of participants and agreeableness, were
entered as Step 1 of the hierarchical multiple regression. Pair type
(0= English-same language pairs; 1= English-different language
pairs) was entered as Step 2 of the hierarchical multiple regression
(see Table 3).

The four predictors accounted for 8.2% of the variance
(Adjusted R2= 0.05) of the time taken to complete the insight
problem-solving task. The model and the R2 change were

Table 2 Within pair differences in English-same and English-
different language pairs in language, demographic, and
personality variables.

Same language pairs Different language
pairs

M SD M SD

Same English spoken
proficiency

1.13* 0.98 1.58* 0.80

Same nationality 0.42 0.50 0.54 0.50
Same ethnicity 0.00* 0.00 0.54* 0.50
Same extraversion 0.63 0.47 0.81 0.63
Same openness 0.52 0.32 0.58 0.56
Same agreeableness 0.48* 0.44 0.68* 0.54
Same conscientiousness 0.68 0.42 0.72 0.50
Same neuroticism 0.47 0.30 0.62 0.53
Same non-verbal
intelligence

0.67 0.49 0.74 0.48

Note: The higher the score, the greater the difference is between a pair of participants
*refers to significant differences between same and different language pairs on variables where
*p < 0.05, **p < 0.01, ***p < 0.001
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marginally statistically significant (F(4, 103)= 2.30, p= 0.06).
Pair type was a significant predictor of the insight problem-
solving task, β= 0.35, t(103)= 2.90, p= 0.005. English-same
language pairs (M= 87.48 s, SD= 88.84 s) were faster than
English-different language pairs (M= 158.21 s, SD= 159.31 s)
in completing the insight problem-solving task. All other
variables were not found to be significantly associated with the
time taken to complete the insight problem-solving task.

Pair type and divergent thinking task. Similar hierarchical mul-
tiple regressions were carried out to explore the unique effects of
pair type on the total number of ideas generated on the divergent
thinking task while the variables of differences in English spoken
proficiency, ethnicity, and agreeableness of participants within
pairs were controlled for.

Overall, the four predictors accounted for 11.9% of the variance
(Adjusted R2= 0.09) in the total number of ideas generated on
the divergent thinking task. The model was statistically
significant, F(4, 103)= 3.49, p= 0.01. Pair type did not predict
the total number of ideas generated on the divergent thinking
task, β=−0.19, t(103)=−1.59, p= 0.12. Differences in agree-
ableness within pairs significantly predicted the total number of
ideas generated (β= 0.32, t(103)= 3.39, p= 0.001). All the other
variables were not significantly associated with the total number
of ideas generated in the divergent thinking task.

Communication and collaboration. Communication amongst
pairs was measured as the mean number of utterances per minute
while collaboration was measured as the mean number of turns
per minute within each pair. Table 4 provides a breakdown of the
level of communication and collaboration in English-same and
different language pairs.

Pair type and insight problem-solving task. Communication and
collaboration: Similar hierarchical multiple regressions were car-
ried out to explore the unique effects of pair type on the level of
communication and the level of collaboration separately in the
insight problem-solving task while controlling for the differences
in English spoken proficiency, ethnicity of participants, and
agreeableness within pairs. The models were not statistically
significant, Fs > 0.38, ps > 0.56. Pair type was not shown to predict
communication or collaboration in the insight problem-solving
task (βs <−0.16, ps > 0.24). No other significant effects were
found (ps > 0.20).

Pair type and divergent thinking task. Communication: Hier-
archical multiple regressions with the same control and inde-
pendent variables were carried out to explore the unique effects of
pair type on the level of communication in the divergent thinking
task while controlling for the same three variables as above (see
Table 5).

Overall, the four predictors accounted for 20.7% of the variance
(Adjusted R2= 0.17) in the communication within pairs during
the divergent thinking task. The model was found to be
statistically significant (F(4, 97)= 6.32, p < 0.001). Pair type was
not found to be a significant predictor of the level of
communication in the divergent thinking task, β= 0.11, t
(97)= 0.91, p= 0.37. However, the smaller the difference in
English spoken proficiency, the more participants communicated
within pairs in the divergent thinking task after pair type was
added (β=−0.27, t(97)=−2.87, p= 0.005). Conversely, the
pairs who were different in ethnicity communicated more within
pairs in the divergent thinking task after pair type was added
(β= 0.37, t(97)= 3.07, p= 0.003).

Further analyses on possible mediation effects found that the
baseline relationship between pair type and the level of
communication in the divergent thinking task was significant (F
(1, 110)= 12.67, β= 0.32, t(110)= 3.56, p= 0.001). Pair type was
also found to be significantly associated with differences in

Table 3 Hierarchical multiple regression analysis comparing
models of variables predicting the effect of pair type on the
time taken to complete insight problem-solving task.

Predictor Time taken to complete insight
problem-solving task

ΔR2 β t

Step 1 0.01
Same English spoken proficiency −0.04 −0.35
Same ethnicity 0.05 0.52
Same agreeableness 0.06 0.59
Step 2 0.08**
Same English spoken proficiency −0.07 −0.67
Same ethnicity −0.15 −1.26
Same agreeableness 0.04 0.38
Pair type 0.35** 2.90**
Total R2 0.08+

N 108

+p= 0.06, *p < 0.05, **p < 0.01, ***p < 0.001

Table 4 Characteristics of English-same and English-
different language pairs in communication (mean number of
utterances per minute) and collaboration (mean number of
turns per minute) between pairs.

Same language pairs Different language
pairs

M SD M SD

Insight problem-solving task
Communication 14.43 5.93 14.38 6.90
Collaboration 9.71 5.57 9.42 4.80
Divergent thinking task
Communication 11.56*** 4.56 14.32*** 3.48
Collaboration 6.70*** 2.90 9.04*** 2.13

*significance of t-tests between English-same and different language pairs; *p < 0.05, **p < 0.01,
***p < 0.001

Table 5 Hierarchical multiple regression analysis comparing
models of variables predicting the effect of pair type on the
level of communication in the divergent thinking task.

Predictor Level of communication on the
divergent thinking task

ΔR2 Β t

Step 1 0.20***
Same English spoken proficiency −0.26** −0.28**
Same ethnicity 0.44*** 40.60***
Same agreeableness −0.01 −0.08
Step 2 0.01
Same English spoken proficiency −0.27** −2.87**
Same ethnicity 0.37** 30.07**
Same agreeableness −0.01 −0.13
Pair type 0.11 0.91
Total R2 0.21***
N 102

*p < 0.05, **p < 0.01, ***p < 0.001

ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0365-z

6 PALGRAVE COMMUNICATIONS |           (2019) 5:154 | https://doi.org/10.1057/s41599-019-0365-z | www.nature.com/palcomms

www.nature.com/palcomms


ethnicity within pairs (F(1, 116)= 70.33, β= 0.61, t(116)= 8.39,
p < 0.001). Pairs with different ethnicities were found to
communicate significantly more than similar pairs in the
divergent thinking task (β= 0.26, t(109)= 2.20, p= 0.03). Pair
type and differences in ethnicity within pairs were found to
jointly predict communication within pairs in the divergent
thinking task (F(2, 109)= 8.98, p < 0.001), but pair type was no
longer significantly associated with communication in the
divergent thinking task (β= 0.15, t(109)= 1.32, p= 0.19) (refer
to Fig. 1). Sobel tests revealed that the indirect effect was
significant (z= 2.14, SE= 0.63, p= 0.03). Difference in ethnicity
within pairs was found to fully account for the relationship
between pair type and communication in the divergent thinking
task. No other significant effects were found.

Collaboration: The same hierarchical multiple regressions were
carried out to explore the unique effects of pair type on the level
of collaboration in the divergent thinking task (see Table 6).
Holistically, the four predictors accounted for 24.7% of the
variance (Adjusted R2= 0.22) in the mean number of turns per
minute in the divergent thinking task. The model was statistically
significant (F(4, 97)= 7.95, p < 0.001). Pair type was significant:
English-different language pairs collaborated significantly more
than English-same language pairs in the divergent thinking task,
after taking into account the other three variables, β= 0.29, t
(97)= 2.47, p= 0.02. Participants with smaller differences in
English spoken proficiency within pairs were found to collaborate
more in the divergent thinking task after pair type was added
(β=−0.31, t(97)=−3.36, p= 0.001). Participants with greater
differences in ethnicity within pairs were found to collaborate
more in the divergent thinking task after pair type was added

(β= 0.25, t(97)= 2.13, p= 0.04). No significant mediation effects
were found.

Additional analysis on implicit communication. Additional ana-
lyses on the implicit communication between the pairs were
conducted based on the coding of the audio recordings (see Table 7).
One-way ANOVAs revealed that English-same language pairs
were more similar in accent and sounded more like they spoke
the same two languages than English-different language pairs in
both the insight problem-solving task (F(1, 94)= 11.30,
p= 0.001, η2= 0.11, and F(1, 94)= 5.47, p= 0.022, η2= 0.06,
respectively) and the divergent thinking task (F(1, 94)= 17.78,
p < 0.001, η2= 0.16, and F(1, 94)= 542.43, p < 0.001, η2= 0.31,
respectively). This suggests that English-same language pairs
might have experienced better quality communicative processes
than English-different language pairs via implicit understanding
of a common accent and language background.

Discussion
This study explored whether sharing the same two spoken lan-
guages would result in better performance in collaborative
problem-solving tasks among bilingual adults than those who did
not share the same languages. Our results suggest that sharing the
same two spoken languages did enrich collaborative problem-
solving in the insight problem-solving task, though these effects
were not seen in the divergent thinking task. Communication and
collaboration were explored as possible processes through which
sharing the same languages would affect problem-solving in small
groups. English-different language pairs collaborated more than
English-same language pairs in the divergent thinking task.
English-different language pairs also communicated more than
English-same language pairs, though this was fully accounted for
by a bigger difference in ethnicity within pairs. Independent
coders determined that English-same language pairs indeed
sounded more similar in accent and exhibited more similarities in
language characteristics than English-different language pairs in
both collaborative problem-solving tasks.

Our results indicated a greater amount of collaboration
between English-different language pairs than English-same lan-
guage pairs in the divergent thinking task although both pair
types performed similarly in the task. We speculated that this
additional collaboration might be needed by English-different
language pairs to reach a comparable level of performance as
English-same language pairs in the task. In particular, a divergent
thinking task is expected to require a higher level of collaboration
as participants are inclined to discuss and work together to find
novel solutions compared to an insight problem-solving task.
Perhaps not sharing the same two languages in a way “hindered”
(or did not facilitate) the collaborative process, as English-
different language pairs needed to take more turns per minute to
share or clarify their ideas. Additional post-hoc analysis of the
audio recordings revealed that two of the English-same language
pairs (6.45%) and six of the English-same language pairs (19.35%)
used both languages spontaneously with each other in the insight
problem-solving task and divergent thinking task, respectively
(note that participants were not explicitly told that their partner
in the task shared or did not share the same second language as
them). Interestingly, for three of the English-different language
pairs (10.7%; one pair in insight problem-solving task and two
pairs in divergent thinking task), one partner used another lan-
guage with the other partner but stopped and switched back to
English when they realized they did not get a clear response from
their partner.

In comparison, in the insight problem-solving task, the positive
effects of sharing the same two spoken languages became evident

Pair Type

Differences in 
Ethnicity within pairs

Communication on 
divergent thinking 

task.32** (.15)

.26*.61***

Fig. 1 Standardized regression coefficients for the relationship between pair
type and communication in the divergent thinking task as mediated by
difference in ethnicity. The standardized regression coefficient between pair
type and communication, controlling for ethnicity, is in parentheses. *p <
0.05, **p < 0.01, ***p < 0.001.

Table 6 Hierarchical multiple regression analysis comparing
models of variables predicting the effect of pair type on the
level of collaboration in the divergent thinking task.

Predictor Level of collaboration in
divergent thinking task

ΔR2 β t

Step 1 0.20***
Same English spoken proficiency −0.28** −20.98**
Same ethnicity 0.43*** 4.50***
Same agreeableness −0.01 −0.05
Step 2 0.05*
Same English spoken proficiency −0.31** −3.36**
Same ethnicity 0.25* 20.13*
Same agreeableness −0.02 −0.18
Pair type 0.29* 20.47*
Total R2 0.25***
N 102

*p < 0.05, **p < 0.01, ***p < 0.001
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as the English-same language pairs and English-different lan-
guage pairs collaborated at equivalent levels but the English-same
language pairs were more “efficient” in the collaboration process,
thereby achieving similar shared mental models to solve the
problem faster together than the English-different language pairs
(Klimoski and Mohammed, 1994). Although we followed the
procedure described in past studies to code for communication
and collaboration (e.g., Edelsky, 1981; Gluszek and Dovidio, 2010;
Isaacs and Tang, 1994; Kruger, 1993; Paradis, 1998), we noted
that there could be further insights to the quality of the turns
(such as constructive vs. disruptive turns), and by using other
sources of data such as gestures and facial expressions. However,
due to the limitation of our audio recordings, we were not able to
further code for the quality of these turns. Future studies should
consider using a richer platform to record the interactions
between participants and code for a deeper level of interaction
quality. Nevertheless, our results provided initial support to the
hypothesis that sharing the same spoken languages could enhance
problem-solving in small groups through better communicative
and collaborative processes.

One could argue that the positive effect of sharing same lan-
guages on collaborative problem-solving did not stem from better
communicative processes. Rather, it was the self-categorization
effect that made the English-same language pairs feel closer and
as part of a larger social group compared to the English-different
language pairs (Turner, 1985; Turner et al., 1987). Self-
categorization theory predicts that similar physical stimuli (e.g.,
accent or ethnicity) could accentuate the feeling of belongingness
to the same social group. Indeed, ethnicity provides visual cues to
the extent of similarity (Rakic ́ et al., 2011), and accent provides
linguistic cues to social identities (Dragojevic and Giles, 2014).
People who share the same languages tend to possess similar
attributes such as accent, and have a strong likelihood that they
share the same culture, ethnicity, and language environment (e.g.,
Jiang, 2000; Phinney et al., 2001; see Giles and Billings, 2004 for a
review of how adults perceived others as having different per-
sonalities and physical appearances when the others speak a
different accent than oneself). Transcription of the conversations
between participants in our study revealed that the English-same
language pairs were perceived to share more similar accents and
language background than the English-different language pairs.
This suggests that there are subtle cues that participants express
and/or are picked up during the communicative and collaborative
process that inform them about their partners’ linguistic char-
acteristics and language background. The self-categorization the-
ory would argue that it is similarity in such characteristics that
would in turn lead to greater affinity and affiliation toward the
familiar-speaking other and facilitate the collaborative process.

The above argument has its roots from the notion that people
naturally form social categories to help them understand and

reason about others in the complex social world. Past studies that
examine the various factors of similarity or diversity between
group members on performance in problem-solving tasks suggest
that the extent of saliency (in similarity or diversity) could
enhance or undermine collaborative problem-solving. Past stu-
dies also showed that ingroup members tend to be more biased in
resource distribution and empathic toward their own members
than outgroup members (Allport, 1954; Tajfel et al., 1971; Xu
et al., 2009). Language (and how it is spoken) is a rich source of
information about the speaker’s origins, group membership,
social significance, and even social power (e.g., Fiske and Neu-
berg, 2013; Liberman et al., 2017; Fiske and Neuberg, 2013).
Indeed, developmental literature has extensively demonstrated
that sharing the same language and accent is a strong marker for
people to relate well and affiliate with the other. Children tend to
like, imitate, and learn from those who share the same native
language or accent than those who do not (e.g., Akhtar et al.,
2012; Kinzler et al., 2011; Kinzler et al., 2009). Thus, the explicit
and implicit differences between people in a group, such as a
common spoken language, accent, and ethnicity, could conjure
up perceptions and expectations of social group membership that
can influence the outcome of the various types of collaborative
problem-solving tasks. Nonetheless, as this study was not
designed to determine the exact mechanism through which
sharing language has a positive effect on the collaborative
problem-solving process, future studies should explore the pos-
sible underlying mechanism further (e.g., affiliation vs. efficiency
of communication and collaboration). For example, participants’
subjective perception of their team members in terms of affilia-
tion, comfort, and ease of communication can be obtained and
analyzed with objective measures of communication and colla-
boration, as well as with task performance outcomes.

One related question to ask is whether it is possible that the
positive effects of speaking the same two languages in the colla-
borative problem-solving tasks were due to the English-same
pairs speaking English as their first language and the English-
different pairs speaking English as their second language. Indi-
viduals who speak English as their first language would likely
share a more similar accent than those who speak English as a
second language. As laid out earlier, such differences in accent
between individuals could affect trust, feelings of affiliation and
membership between them. Our independent coders did find that
English-same language pairs sounded more similar in accent than
English-different language pairs in both collaborative problem-
solving tasks. In our study, there were 13 English-same pairs (out
of 31) and 10 English-different pairs (out of 28) who spoke
English as their first language. Chi-square test suggested that this
distribution was not statistically significant (X2 (2, N= 59)= 0.24,
p= 0.62). The number of pairs who spoke English as their first
language in the English-same condition did not differ significantly

Table 7 Implicit communication indices for English-same and English-different language pairs.

Task Indices of implicit communication by coder English-same
language pairs

English-different
language pairs

M SD M SD

Insight problem-solving task Similarity in accent 7.33** 1.45 5.83** 2.73
Comfort 7.12 1.15 7.33 0.95
Speak the same 2 languages 0.83* 0.38 0.62* 0.49

Divergent thinking task Similarity in accent 7.26*** 1.94 5.14*** 2.97
Comfort 7.96 0.80 7.86 0.72
Speak the same 2 languages 0.96*** 0.19 0.48*** 0.51

*Refers to significant differences between English-same and English-different language pairs on variables where *p < 0.05, **p < 0.01, ***p < 0.001
**The scale of measures for “similarity in accent” and “comfort” are from 1–10 while the scale of the measure for “speak the same 2 languages” is from 0 to 1
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from the number of pairs who spoke English as their first language
in the English-different condition. Furthermore, it was found that
pairs who spoke English as their first language did not differ
significantly in performance from pairs who did not speak English
as their first language in the insight problem solving task (F(1,
57)= 0.001, p= 0.97, η2= 0.00), the divergent thinking task (F(1,
57)= 3.77, p= 0.06, η2= 0.06), communication and collaboration
on the insight problem-solving task (F(1, 54)= 0.40, p= 0.53,
η2= 0.01, and F(1, 54)= 0.17, p= 0.68, η2= 0.003, respectively),
and communication and collaboration on the divergent thinking
task (F(1, 54)= 0.94, p= 0.34, η2= 0.02, and F(1, 54)= 1.00,
p= 0.32, η2= 0.02, respectively). Thus, it is unlikely that the
effects found in our study were explained by participants speaking
English as their first language (or not) within their pairs. However,
we noted the small sample size of pairs who spoke English as their
first language, and we should exercise caution in making com-
parative conclusions at this point. Sharing the same first language
remains an important factor, and future studies should control for
this when examining the effects of sharing the same languages on
collaborative problem-solving tasks.

In this study, we used two types of collaborative problem-
solving tasks that required different levels of collaboration between
pairs of participants—an insight problem-solving task (Triangle of
Coins) and a divergent thinking task (Mind-mapping). Our results
indicated that when the performance of a task would benefit from
high levels of collaboration, such as the divergent thinking task
(since idea generation via brain-storming discussions is the key
performance outcome), the English-different language pairs took
more turns in their interaction with each other than the English-
same language pairs. When the performance of a task does not
rely on high levels of collaboration, such as the insight problem-
solving task, both pair types were similar in their turn-taking
patterns. However collaborative problem solving is more than
what these two types of task can measure. Hesse et al. (2015)
suggested that collaborative problem solving can involve many
sub-skills, such as social process skills, perspective taking skills,
social regulation skills, cognitive process skills, etc. Different
problem-solving tasks require different levels of coordinated effort
by group members at the same time (e.g., Diehl and Stroebe, 1987;
Karau and Williams, 1993; Stasser and Titus, 1985). Thus, future
studies should consider exploring the effect of sharing the same
languages on different types of collaborative problem-solving tasks
that involve different types of sub-skills.

An important caveat for this study was the role of ethnicity in
understanding the effects of sharing same languages on colla-
borative problem-solving tasks. In this study, all the English-same
language pairs shared the same ethnicity compared to only half of
the English-different language pairs (15 out of 28 pairs were of
different ethnicity). The literature provides mixed results on the
effects of sharing the same ethnicity on collaborative problem-
solving. Sharing the same ethnicity might increase the comfort
felt by participants in completing the task (McLeod et al., 1996;
Terenzini et al., 2001; Wright and Lander, 2003). However, the
same studies also showed that diversity rather than similarity,
particularly in ethnicity, has positive effects on collaborative
problem-solving tasks. In our study, pairs with different ethni-
cities were shown to communicate and collaborate more on the
divergent thinking task than pairs with the same ethnicities,
though direct effects of ethnicity on the insight problem solving
task and divergent thinking task were not found. We acknowl-
edge the difficulty of disentangling the effects of ethnicity in this
study from sharing same languages as the effect of ethnicity could
be due to similarities in appearance, accent, or language as well.
Thus, we have tried to statistically control for it in our analysis:

English-same language pairs were found to do better in an insight
problem-solving task than English-different language pairs after
the difference in ethnicity within pairs and other factors were
controlled for. Nonetheless, further work should try to tease these
factors apart in order to have a better understanding of the effects
of ethnicity and shared language on collaborative problem-solving.

Conclusion
Collaborative problem-solving has been found to be crucial in
today’s society with highly complex problems. Our study sug-
gested that sharing the same languages could provide an addi-
tional pathway to boost collaborative problem-solving.
Specifically, sharing the same languages could enhance perfor-
mance in both collaborative insight problem-solving and
divergent thinking tasks in multilingual teams potentially
through better and more efficient communicative and colla-
borative processes. It is also possible that a greater affinity and
affiliation toward the familiar-speaking other facilitated the
collaborative process via factors such as accent and ethnicity.
However, given the complexity of collaborative problem-solving
in a variety of contexts, our study represents just a first step in
this work. More studies are required to provide further insights
on the facilitative and inhibitory effects of sharing same lan-
guages and other factors in collaborative problem-solving.

Data availability
The datasets generated during and/or analyzed during this study
are not publicly available due confidentiality reasons but are
available from the corresponding author on reasonable request.
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