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Collaborative problem solving (CPS) competency is critical in the twenty-first century.
The Program for International Student Assessment (PISA) launched a large-scale
assessment of CPS competency for the first time in 2015. Beijing, Shanghai, Jiangsu,
and Guangdong provinces in China participated the assessment and scored an average
of 496, which was slightly lower than the OECD average 500 and ranked 25th
among the 51 countries and economies participating in the assessment. Therefore, this
research was conducted to dig into the factors predicting students’ CPS competency,
and help students improve it. Most research about CPS has fallen into the construction
of the CPS framework and the effectiveness of CPS; research focusing on the factors
predicting CPS competency is rare. Accordingly, a hierarchical linear model (HLM) was
constructed to investigate the factors predicting students’ CPS competency in the
current research. The model revealed that there was a large difference of students’
CPS competency among schools. In addition, among student-level variables, gender,
grade, ESCS, ICT resources, students’ attitude toward CPS, and teacher unfairness
were effective in predicting students’ CPS competency; among school-level variables,
school location, schools’ ESCS and the proportion of all teachers fully certified predicted
students’ CPS competency positively. The findings implied that in order to enhance
students’ CPS competency, CPS competency training should be permeated through all
the subjects; schools should employ teachers who are fully qualified; teachers should
treat each student fairly; and students should be provided with more ICT resources
and etc.

Keywords: PISA 2015, hierarchical linear model, ESCS, factors predicting CPS, collaborative problem solving

INTRODUCTION

Teenagers need a variety of “twenty-first century skills” to succeed in the future world. Although
there is no universal consensus on “twenty-first century skills” on a global scale, they must include
the ability to solve problems, think creatively and critically, and collaborate with others effectively
(Wang, 2018). CPS competency is of great importance in the twenty-first century (Burrus et al.,
2013). In September 2016, China issued the overall framework of Developing of Chinese Students’
Core Literacy, which regarded teamwork and offering assistance as the basic points of responsibility.
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The Assessment and Teaching of Twenty-First Century Skills
(ATC21STM) project also valued CPS competency and made it
the first item to be measured (Yang and Wang, 2019).

In 2015, the Organization for Economic Co-operation and
Development (OECD) chose CPS as a new skill and ability
to be measured in PISA for the 2015 international survey
(Graesser et al., 2018). Nearly 10,000 15-year-old students from
Beijing, Shanghai, Jiangsu province, and Guangdong province
participated in the assessment of CPS competency of PISA
2015. CPS competency is essential, which is highly valued in
college and in the workplace; therefore, students need to equip
themselves with this ability (Bo and Lin, 2016; Oliveri et al.,
2017). To help students master CPS competency, the factors
predicting it must be analyzed thoroughly. The current research
shed light on the factors predicting CPS at the student level and
at the school level.

LITERATURE REVIEW

Theoretical Framework of CPS
The concept of CPS has evolved from the concept of
problem solving. The operational definition of problem solving
was first proposed in PISA 2003, emphasizing the cognitive
development to solve real and interdisciplinary situational
problems. In PISA 2012, problem solving competency was
first tested via computers (Zhao et al., 2019). Compared
with PISA 2012, CPS assessment in PISA 2015 underlined
that there was a common goal in the group, which cannot
be achieved by an individual alone; instead, it required all
members to share their own understanding and exert themselves
(Graesser et al., 2020).

In the PISA 2015 framework, CPS was defined as the
ability of a person to cooperate with other agents effectively to
solve problems (OECD, 2017a). To solve problems successfully,
members needed to communicate with each other and exchange
views while identifying the various parts of the problem
and expounding the connections between the parts and
finally presenting the shared solutions (Hesse et al., 2015).
In this process, collaboration and cognitive skills which
related to problem solving were required (Hesse et al., 2015;
Care et al., 2016).

The CPS framework for PISA pinpointed three core
competencies that were especially relevant to collaboration and
four core competencies that are especially relevant to problem
solving. A matrix of CPS skills was taken shape with three
collaboration competencies crossing with four core problem
solving competencies (OECD, 2016; see Table 1).

With the increasing emphasis on CPS, the assessment
of CPS has been carried out broadly by educational and
political initiatives, including PISA and ATC21S, in order to
guarantee students’ proficiency in CPS skills before finishing
their compulsory education and to ensure that students
were well-prepared for the future global and computerized
society (Herborn et al., 2018). PISA 2015 CPS was an
assessment of individuals in CPS contexts with a human-agent
approach (OECD, 2017a).

Test Structure of CPS Assessment
In the CPS assessment process, students were required to interact
with at least one and up to three computer conversational agents
and try to solve problems together in the predefined situations
(Liu and Huang, 2019). The computer agents involved in the
CPS assessment were simulated by artificial intelligence and
did impersonations of real humans to work as students’ team
members with various skills and competencies (Wang, 2016;
Andrews-Todd and Forsyth, 2018; Stadler et al., 2019).

In the PISA 2015 CPS assessment, there were six units. Each
unit contained multiple tasks, and each task contained several
different questions, and each question was designed particularly
to measure one of the 12 CPS skills; 117 questions were embodied
in the assessment in total. Focusing on specific situations, all
units were divided into 5–20 min of collaborative interactions,
including exchanges, actions, results, and responses to tests.
Ultimately, students would achieve an overall CPS score (Wang,
2016; Herborn et al., 2017; Zhao et al., 2019).

Moreover, a common feature of all questions in the PISA CPS
assessment was that all questions stemmed from real-life problem
scenarios. To make PISA CPS tasks more realistic, the computer
agents were ascribed distinct characteristics, attitudes and CPS
skills, and group sizes were different, with a minimum of two
members and a maximum of four, in different settings. Students
were ordered to perform different roles in the tasks, such as
coordinator or decision-maker in the group (Wang, 2016; Tan
et al., 2018; Stadler et al., 2019). Furthermore, the CPS assessment
was controllable and standardized, which can place students in a
variety of different collaborative situations, as well as control test
time. In a given situation, when student’s attitude and willingness
to cooperate change gradually, the computer agent’s response will
alter accordingly (Wang, 2016).

Factors Predicting CPS Competency
In the light of previous research, student-level variables that may
be predictors of CPS performance in PISA were students’ gender,
grade, ESCS (economic, social, and cultural status), attitude
toward cooperation, teachers’ unfairness, ICT (information and
computer technology) resources and sports time.

In different countries or regions, the relationship between
gender and students’ CPS competency were not the same. A study
reported that gender had no statistical influence on Finnish
students’ CPS abilities in the social or cognitive dimensions
using ATC21S (Ahonen and Harding, 2018). However, Li and
Liu (2017) found that female students were significantly more
proficient than male students in CPS skills in Taiwan. Therefore,
it’s of great importance to figure out whether gender can
significantly predict students’ CPS competency in B-S-J-G.

Much research had confirmed that students in higher grades
performed better in the CPS assessment. In general, grade level
equaled to years of being educated, and better ability owing
to developmental growth. Therefore, upper-year students had
mastered stronger CPS skills (Ahonen and Harding, 2018).

According to the previous research, there was a significantly
positive correlation between ESCS and students’ CPS competency
(Wang, 2018; Xv and Li, 2019; Zhao et al., 2019). Zhao et al. (2019)
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TABLE 1 | Matrix of CPS skills for PISA 2015 (2016).

(1) Establishing and maintaining
shared understanding

(2) Taking appropriate action to
solve the problem

(3) Establishing and maintaining
team organization

(A) Exploring and understanding (A1) Discovering perspectives and
abilities of team members

(A2) Discovering the type of
collaborative interaction to solve the
problem, along with goals

(A3) Understanding roles to solve the
problem

(B) Representing and formulating (B1) Building a shared representation
and negotiating the meaning of the
problem (common ground)

(B2) Identifying and describing tasks to
be completed

(B3) Describing roles and team
organization (communication
protocol/rules of engagement)

(C) Planning and executing (C1) Communicating with team
members about the actions to be/being
performed

(C2) Enacting plans (C3) Following rules of engagement
(e.g., prompting other team members
to perform their tasks)

(D) Monitoring and reflecting (D1) Monitoring and repairing the
shared understanding

(D2) Monitoring the results of actions
and evaluating success in solving the
problem

(D3) Monitoring, providing feedback
and adapting the team organization
and roles

found out that students’ socio-economic status differentiation
was relatively obvious in China; furthermore, she also noted
that school education had not been able to eliminate or balance
the differences.

Students’ attitude toward CPS also could predict their
CPS competency (Wang, 2018; Xv and Li, 2019). While
collaborating with others to solve problems, students who valued
the interpersonal relationships and students who value the
perception of collaboration and its effect had better performance
in CPS assessment (Xv and Li, 2019).

Whether teachers treat students fairly will predict students’
competency to solve problems collaboratively (Wang, 2018).
Students’ perceptions of teacher support, teacher unfairness and
the disciplinary climate were all good predictors of whether
students valued relationships in a team (OECD, 2017b). Students
spend a lot of time with their teachers in their school days;
thus, teachers may have the opportunity to compensate for
some awful experiences in their lives. Therefore, a positive
and fair teacher-student relationship is important to students’
academic achievement, sense of belonging, and happiness. When
teachers care about students and treat them fairly, students feel
secure and more capable of participating in school activities and
become more cooperative. Conversely, distrust, unfairness, and
disrespect in teacher-student relationships may force students not
to cooperate in school activities or even to leave school.

Some researchers reported that ICT resources was a
significant predictor of students’ CPS performance (Scherer
and Tiemann, 2012; Wang, 2018; Xv and Li, 2019). The PISA
2015 CPS assessment employed human-computer interaction to
collaboratively solve problems, so students’ ICT literacy predicted
their CPS competency. Thus, the ICT resources students own in
school and at home may predict their CPS competency.

Physical activities also predicted students’ CPS competency
(OECD, 2017b; Wang, 2018). Students who participated in
moderate and vigorous physical activities had a positive
cooperative attitude; students who took one or two physical
education lessons per week performed better in CPS assessment.

According to previous research, school ESCS could predict
students’ CPS performances in PISA. The present research
predicted that at the school level, school location, school type,

the proportion of all teachers fully certified, and school autonomy
may also predict students’ CPS competency, and the reasons
were as follows.

At the school level, the socio-economic status of schools
explained most of the variation of students’ CPS competency,
for socio-economic status was the total of all the students’
ESCS, which could provide students with more access to public
libraries or museums, and collaborative and secure atmospheres
to promote students’ CSP performance (Xv and Li, 2019;
Zhao et al., 2019).

School location and school type probably predict students’
CPS competency in China. School location, to some extent, is
a symbol of the resource school owns; schools located in large
city almost always can obtain more government financial support
than those in village. Likewise, school type also reflects resource
school achieves. Generally speaking, public school and some
private school can gain more financial support from government
or education company.

The current research predicted that the proportion of all
teachers fully certified can predict students’ CPS competency.
Fully certified teachers had better mastery of instruction skills,
and they may pay more attention to make students become well-
rounded. Thus, they will organize students to involve themselves
in group work, which requires CPS competency.

As for school autonomy, it may also be positively related to
students’ CPS competency. If schools had their own right to
decide which textbook to use, which kind of activity to hold, and
which course content they would like to emphasize, some of the
schools may give students more space and resources to generate
their CPS competency.

Previous research of CPS fell into the construction of CPS
framework (Roschelle and Teasley, 1995; Nelson, 1999; Oliveri
et al., 2017; Sun et al., 2020), the effectiveness of CPS (Hou,
2011; Chang et al., 2017; Lu and Lin, 2017), and the social
and cognitive dimensions of CPS (Hou, 2011; Andrews-Todd
and Forsyth, 2018); research which focused on the factors
predicting CPS competency were rare. What’s more, research
exploring the factors predicting CPS competency were almost
all qualitative; quantitative evidence was insufficient. The rare
quantitative research probed into this issue through correlation
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analysis and multivariate regression, which ignored the nested
structure of the data. For example, Griffin et al. (2006) adapted a
qualitative method and came to a conclusion that school context
variables play a role in facilitating successful collaboration.
Scherer and Tiemann. (2012) conducted the correlation analysis
and multivariate regression, and found that students’ prior
knowledge, fluid intelligence, and familiarity with computers all
can predict students’ problem solving performance; however,
neither of these methods took into account the hierarchical
structure of the data and was likely to make unreasonable or even
incorrect interpretations of the data.

Therefore, the current research utilized the hierarchical linear
model (HLM) which can provide more reliable results to
investigate the factors predicting students’ CPS performance.

RESEARCH QUESTIONS

Based on the analysis above, the purpose of this research is to
examine the factors that predict student CPS performance at the
student and school level.

This research intends to examine the following questions:

(1) To what extent are the differences in students’ CPS
achievement related to the differences in the schools they
attend?

(2) At the student level, do students’ gender, grade, ESCS,
attitude toward CPS, teacher’s unfair treatment,
ICT resources and sports time predict students’ CPS
performance?

(3) At the school level, do school variables such as school
location, school type, schools’ ESCS, the proportion of
the fully certified teachers and school autonomy predict
students’ CPS performance?

METHODOLOGY

Data Source
The OECD Program for International Student Assessment
(PISA) surveys, which take place every 3 years, have been
designed to collect information about 15-year-old students in
participating countries. The data collected during each PISA
cycle are an extremely valuable source of information for
researchers, policy makers, educators, parents and students. It is
now recognized that the future economic and social wellbeing of
countries is closely linked to the knowledge and skills of their
populations (OECD, 2009a).

In PISA, the evaluation team adopted the probability
proportionate to size (PPS) sampling method which made each
school have the same probability of being randomly selected
according to its size to ensure that the samples are representative
(Lu, 2009). Moreover, a student level variable (W_FSTUWT)
and a school level variable (W_FSCHWT) were employed as the
student-level sample weight and the school-level sample weight,
respectively, to decrease the unequal probability of sample
selection and non-response bias (Xiang et al., 2018). The student
level weight variable was directly provided by PISA 2015 dataset,

and the school level weight variable of each school was the sum of
all the student level weights in the school.

In PISA 2015, 9841 15-year-old students from 268 schools in
Beijing, Shanghai, Jiangsu, and Guangdong in China participated
the assessment. However, because of the missing data, which was
deleted by HLM automatically, 9328 students from 259 different
schools were involved in this research in the end. The data utilized
in this research included student background information from
the student questionnaire, school background information from
the school questionnaire, and students’ CPS performance.

Variables
PISA 2015 gathered data about students’ CPS performance via
a CPS test, student characteristics via a student questionnaire,
and school characteristics via a school questionnaire
(administered to principals).

Dependent Variable
The dependent variable in this research is student CPS
achievement in PISA 2015. Since the CPS assessment contains
3 clusters, which contains 117 items in total, it will take too
much time for them to finish all the items; thus, students need
to finish one cluster of the three in the given time. Therefore,
the CPS assessment in PISA 2015 computes 10 plausible values
(PVs) which are defined as random values from the posterior
distributions of students’ CPS competency for each student
to represent students’ CPS competency (OECD, 2009b; Xiang
et al., 2018). The present research followed the suggestions
for addressing PVs in international large-scale assessments
(Rutkowski et al., 2010), considering all 10 PVs simultaneously
as the dependent variables for the purpose of obtaining unbiased
and stable estimates. To be specific, first of all, statistics should
be estimated using each plausible value separately. And then the
reported statistic is the average of each plausible value statistic.
For instance, if one is interested in the correlation coefficient
between the ESCS and the CPS performance in PISA, then ten
correlation coefficients should be computed and then averaged
(OECD, 2009b).

Independent Variables
This research explores the factors that predict students’ CPS
competency at the student level and at school level; those factors
are characterized as nested data, with students clustered within
schools. When considering the relationship between school-
level variables and student CPS performance, the student-level
predicting factors are controlled. The independent variables can
be divided into two parts: student-level variables and school-
level variables.

Student-level variables contain students’ gender, grade, ESCS,
attitude toward CPS, teacher’s unfair treatment, ICT resources
and sports time. In this research, ESCS was a composite score
built by parental education, highest parental occupation, and
home possessions via principal component analysis (PCA). The
reliability of ESCS scale which was represented by Cronbach’s
Alpha was 0.74. In addition, the questionnaire of students’
attitude toward CPS included eight questions regarding students’
collaboration and teamwork dispositions. These questions were

Frontiers in Education | www.frontiersin.org 4 April 2021 | Volume 6 | Article 619450

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-06-619450 April 21, 2021 Time: 16:31 # 5

Tang et al. Collaborative Problem Solving

used to build two scales, one was the enjoyment of cooperation,
which focused on the relationship with others, and the
other was the value of cooperation, which focused on the
perception of collaboration and its effects (OECD, 2017a).
The two scales’ reliabilities (Cronbach’s Alpha) were 0.677 and
0.821, respectively.

School-level variables contain school location, school type,
schools’ ESCS, the proportion of all teachers fully certified, and
school autonomy. Brief descriptions of the independent variables
are given in Table 2.

Data Analysis
In current research, 15-year-old student’s CPS performance in the
PISA test was used as the dependent variable, and the student-
and school-level predicting factors were used as independent
variables. All derived continuous variables were standardized
before the analysis. The hierarchical linear models were utilized
to explore for data analysis. SPSS and IDB Analyzer were used
to provide some description statistics with the data collected
from student and school questionnaires. Software HLM 6.08
was employed to produce hierarchical linear models, which was
mainly divided into null model, random effect models, and full
random effect models.

Null Model
Null model was built with no variables. It separated the total
variance into the variance between group which was caused
by schools and variance within group which was caused by

TABLE 2 | Descriptive statistics of independent variables.

Variable Mean SD Description

Gender 1.52 0.50 1 = female, 2 = male

Grade 0.39 0.68 Min = −2.00, Max = 3.00

Students’ ESCS −0.86 1.12 Students’ economic social cultural
status, Min = −4.97, Max = 3.04

Cooperat 0.09 0.99 Enjoy cooperation; Min = −3.33,
Max = 2.29

Cpsvalue 0.41 0.96 Value cooperation; Min = −2.83,
Max = 2.14

Unfairte 10.11 3.90 Teacher Fairness; Min = 1.00,
Max = 24.00

Ictres −0.84 1.04 ICT Resources; Min = −3.56,
Max = 3.50

Sportstime 3.52 1.10 Days Attending PE Classes Each Week;
Min = 1.00, Max = 8.00

Scholocation 3.05 1.36 1 = A village or rural area, 2 = A small
town, 3 = A town, 4 = A city, 5 = A
large city; Min = 1.00, Max = 5.00

Schltype 2.81 0.59 1 = Private Independent, 2 = Private
Government-dependent, 3 = Public;
Min = 1.00, Max = 3.00

Schescs −0.87 1.10 Schools’ economic social cultural
status; Min = −3.15, Max = 1.74

Proatce 0.97 0.06 Index proportion of all teachers fully
certified; Min = 0.50, Max = 1.00

Schaut 0.56 0.25 School autonomy; Min = 0.00,
Max = 1.00

individual student. By calculating the intraclass correlation
coefficient (ICC), null model in current research was utilized to
decide whether the data needed to be analyzed hierarchically. The
null model was as follows:

Level 1: student level

CPS scoreij = β0j + rij

Level 2: school level

β0j = γ00 + µ0j

Random Effect Models
The random effect models in this research contained not only
random intercepts, but random slopes, for, as shown in the modes
below, every school had its own average CPS scores and the
slopes of the student level variables were changed according to
the schools. Random effect models merely contained variables in
student level, which were utilized to judge the extents and ways
of the school level predictors on students’ CPS competency. In
addition, the intercepts and slopes of student level variables were
assumed to be varied with schools, and thus the random errors,
namely µ0j, µ1j, µ2j, µ3j, µ4j, and µ5j were added to the equations
of the intercepts and coefficients. The random effect model was as
follow:

Level 1: student level

CPS scoreij = β0j + β1j(GENDER)ij + β2j(GRADE)ij+

β3j(ESCS)ij + β4j(COOPERAT)ij + β5j(CPSVALUE)ij+

β6j(UNFAIRTE)ij + β7j(ICTRES)ij + β8j(SPORTSTIME)ij + rij

Level 2: school level

β0j = γ00 + µ0j

β1j = γ10 + µ1j

β2j = γ20 + µ2j

. . . . . .

β8j = γ80 + µ8j

Full Random Effect Models
Base on the random effect models above, some school level
variables were added to the full random effect models. However,
based on the data analysis results, there were no interactions
between student level variables and school level variables;
therefore, the school level variables were not necessary to be
added to the slope equations of school level variables. Full
random effect models demonstrated the relationships between
student level variables and students’ CPS competency. In current
research, the intercept β0j varied with schools, so it was be further
analyzed in the full random effect models. The full random effect
model was as follow:

Level 1: student level

CPS scoreij = β0j + β1j(GENDER)ij + β2j(GRADE)ij+

β3j(ESCS)ij + β4j(COOPERAT)ij + β5j(CPSVALUE)ij+
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β6j(UNFAIRTE)ij + β7j(ICTRES)ij + β8j(SPORTSTIME)ij + rij

Level 2: school level

β0j = γ00 + γ01(SCHLOCATION)ij + γ02(SCHLTYPE)ij+

γ03(SCHESCS)ij + γ04(PROATCE)ij + γ05(SCHAUT)ij + µ0j

β1j = γ10 + µ1j

β2j = γ20 + µ2j

. . . . . .

β8j = γ80 + µ8j

RESULTS

The Status Quo of Students’ CPS
Competency
As Table 3 shows, the OECD average score was 500, and the
average score of students in the four provinces (cities) of China
was 496 which was slightly lower than the OECD average.
However, there was a big gap between China and other three
countries who performed well in CPS assessment. Singapore
achieved the highest scores, 561, among the 51 countries
and economies participating in the assessment; Japan, another
Asian country, obtained 552. The world’s largest economy, the
United States, scored an average of 520, which was also above the
average performance of B-S-J-G.

Students in B-S-J-G performed better in the science
assessment than in the CPS assessment. In the science assessment,
Chinese students achieved 518, which was above the OECD
average, ranking 10th among all 71 countries or economies.
Nevertheless, Chinese students ranked 27th in the overall 51
countries or economies in the CPS assessment, and their
performance was slightly lower than the OECD average.

Female students acquired better problem solving skills than
male students in the OECD and the four countries or regions.
In B-S-J-G, male students’ CPS competency was at the same
level as the OECD average; female students’ average score was
slightly lower than the OECD average, but not significantly
different from it.

TABLE 3 | The CPS competency of B-S-J-G, OECD, and other countries.

Gender

Mean Male Female Science performance

B-S-J-G 496 486 508 518

OECD 500 486 515 493

Singapore 561 552 572 556

Japan 552 530 565 538

United States 520 507 533 496

Separating the Variance in CPS
Performance
In accordance with the null model, a comparatively significant
difference in students’ CPS competency existed at both the
student and the school level (see Table 4). To be specific, 60.89%
of the total variance was distributed at the student level, while the
rest (39.11%) derived from the school level. Therefore, it was of
great necessity to utilize hierarchical linear models.

ICC =
µ0j

µ0j + rij
=

3513.99
3513.99+ 5470.25

= 39.11%

Student-Level Variables Predicting CPS
Competency
When examining the relationship between student-level variables
and students’ CPS performance, the current research investigated
divided the student-level variables into five main aspects:
students’ demographic factors, students’ attitude toward CPS,
teachers’ unfair treatment, students’ ICT resources, and their
sports time per week. The results corresponded to Models 2–6,
respectively (see Table 5 for details).

Model 2 mainly examined the role of the student’s
demographic variables. In other words, three variables, student’
gender, grade and ESCS were added to Model 1. As shown
in Table 5, the regression coefficients of gender, grade and
ESCS were −20.32, 28.64, and 9.21, respectively. The variance
at the student level was reduced by 327.03. Therefore, at the
student level, the three predictors explained 5.98% variance
of students’ CPS achievement. Models 3–6 can be analyzed in
the same way. It can be seen from the Model 2 that student
gender, grade and ESCS were effective in predicting students’
CPS achievement. Specifically, female students performed much
better than male students in the CPS assessment (β = −20.32,
p < 0.001); female students had CPS performance that was
20.32 points higher. Grade was positively related to student CPS
achievement (β = 28.64, p < 0.001). At the same time, students’
ESCS also significantly predicted student CPS achievement (β
= 9.21, p < 0.001). Students in higher grades and with higher
ESCS had higher CPS scores. Model 3 aimed to investigate the
relationship between students’ attitudes toward CPS and their
CPS competency, and the results showed that students’ attitudes
toward CPS significantly predicted their CPS achievement.
Specifically, when students’ demographic variables had been
controlled, students who valued interpersonal relationships
performed better in CPS assessments (β = 11.44, p < 0.001),
and students who valued teamwork tended to perform worse
(β = −4.16, p < 0.05). Furthermore, those two variables
explained 2.21% of the variance in students’ CPS performance.
Model 4 was constructed to explore whether teachers’ unfair
treatment predicted students’ CPS performance. According to

TABLE 4 | The analysis result of the null model (Model 1).

Random effect Standard deviation Variance

Student-level residual error 73.96 5470.25

School-level residual error 59.28 3513.99
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TABLE 5 | The analysis result of the student-level model (Model 2–Model 6).

Model 2 Model 3 Model 4 Model 5 Model 6

Fixed effect Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE

GENDER −20.32*** 2.97 −19.95*** 2.99 −18.11*** 2.99 −18.89*** 3.03 −18.87*** 3.06

GRADE 28.64*** 4.04 27.69*** 4.04 26.73*** 4.08 25.48*** 3.99 25.87*** 4.00

ESCS 9.21*** 1.80 8.56*** 1.77 8.92*** 1.81 4.22 2.20 4.21 2.21

COOPERAT 11.44*** 1.85 11.53*** 1.85 11.25*** 1.91 11.25*** 1.92

CPSVALUE −4.16* 1.87 −4.25* 1.89 −4.38* 1.87 −4.42* 1.89

UNFAIRTE −1.34** 0.46 −1.40** 0.45 −1.37** 0.46

ICTRES 8.65*** 1.78 8.74*** 1.78

SPORTSTIME 1.74 1.79

Random effects

Student-level effect 5143.22 5029.48 4941.76 4883.63 4858.88

School-level effect 2782.85 2728.95 3666.36 2982.62 2893.46

Incremental variance explained

Student-level 5.98% 2.21% 1.74% 1.18% 0.51%

*p < 0.05, **p < 0.01, ***p < 0.001; SE, standard error.

TABLE 6 | The Analysis Result of the School-level Model (Model 7–Model 10).

Model 7 Model 8 Model 9 Model 10

Fixed effect Coefficient SE Coefficient SE Coefficient SE Coefficient SE

Student-level variables GENDER −18.81*** 3.06 −18.67*** 3.04 −18.74*** 3.04 −18.73*** 3.04

GRADE 25.11*** 3.95 24.36*** 3.92 24.78*** 3.88 24.74*** 3.89

ESCS 3.86 2.21 3.32 2.22 3.22 2.23 3.21 2.23

COOPERAT 11.18*** 1.94 11.07*** 1.91 11.01*** 1.91 11.00*** 1.91

CPSVALUE −4.40* 1.90 −4.38* 1.89 −4.31* 1.88 −4.31* 1.88

UNFAIRTE −1.34** 0.46 −1.32** 0.46 −1.32** 0.46 −1.32** 0.46

ICTRES 8.60*** 1.80 8.54*** 1.82 8.54*** 1.82 8.53*** 1.82

SPORTSTIME 1.60 1.78 1.46 1.78 1.19 1.79 1.19 1.80

School-level variables SCHLOCATION 11.82** 4.16 7.46 3.87 8.84* 3.69 8.30* 3.50

SCHTYPE 1.45 7.34 2.71 5.52 1.73 5.32 3.29 5.89

SCHESCS 16.90*** 3.06 16.38*** 2.98 16.41*** 3.01

PROATCE 184.75*** 39.52 187.99*** 40.49

SCHAUT 9.35 14.24

Random effects

Student-level effect School-level effect 4862.82 4861.72 4864.42 4864.36

2791.70 2718.39 2515.07 2503.95

Incremental variance explained

School-level 3.52% 2.63% 7.48% 0.44%

*p < 0.05, **p < 0.01, ***p < 0.001; SE, standard error.

the result, when the above five variables had been controlled,
teachers’ unfair treatment hindered students’ CPS competency
(β = −1.34, p < 0.01). Students who had been treated unfairly
obtained 1.34 points less than those been treated fairly. In
addition, teacher unfairness explained 1.74% of the variance
in students’ CPS performance. Model 5 focused on examining
the relationship between students’ ICT resources and their CPS
performance. The results of Model 5 revealed that ICT resources
did positively predict students’ CPS competency (β = 8.65,
p < 0.001). Students owning more ICT resources performed
better in CPS assessment. Moreover, ICT resources explained
1.18% of the variance in students’ CPS performance. Model 6

was intended to probe into the relationship between students’
sports time and their CPS performance. After controlling all the
above variables, there was no statistically significant correlation
between students’ sports time and their CPS performance (β
= 1.74, p > 0.05). This variable accounted for 0.51% of the
variance of students’ CPS performance.

School-Level Variables Predicting CPS
Competency
The current research was based on four main aspects, namely,
school background characteristics, schools’ ESCS, the proportion
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of fully certified teacher, and school instruction and management,
to examine the relationship between school-level variables and
students’ CPS performance. The corresponding models were
Model 7 and Model 10, respectively (see Table 6 for details).

Model 7 mainly explored the role of school background
characteristic variables. In Model 7, eight student level
independent variables were all added to equation of student
level, and school location and school ownership were added
to equation of school level. Then, the school level variance
became 2791.70, which was less compared with the school level
variance in Model 6. Therefore, at the school level, the two
variables accounted for 3.52% of the school level variance in
students’ CPS performance. After controlling the predicting
factors at the student level, school location predicted students’
CPS performance significantly (γ = 11.82, p < 0.01), but school
ownership didn’t (γ = 1.45, p > 0.05). Model 8 showed that after
controlling the school location and ownership, the average school
ESCS was effective in predicting students’ CPS performance (γ
= 16.90, p < 0.001), and the average ESCS of school explained
2.63% of school level variance in students’ CPS performance.
Model 9 indicated that the proportion of all teachers fully
certified greatly predicted students’ CPS performance, and it
explained 7.48% of the school level variance in students’ CPS
performance (γ = 184.75, p < 0.001). With more qualified
teachers, students’ CPS competency were better. Model 10 was
reported that school autonomy couldn’t significantly predict
students’ CPS performances (γ = 9.35, p > 0.05).

DISCUSSION

Student-Level Variables Can Significantly
Predict Students’ CPS Competency
As the results shows, grade can significantly predict students’
CPS competency. Students in higher grades had better CPS skills,
for collaboration issues were usually involved interdisciplinary
comprehensive practical problems; higher grade students had
a better mastery of different disciplines. What’s more, students
who valued interpersonal relationships performed better in
CPS assessments, and students who valued teamwork tended
to perform worse. Wang (2018) believed that due to cultural
differences, students’ self-reporting of CPS attitudes may be
inaccurate. However, the current research believed that students
who thought highly of interpersonal relationship would be
highly motivated and would utilize more communication
skills to ensure the collaboration to be carried out more
smoothly. In addition, teachers’ unfairness hindered students’
CPS competency significantly. Whether teachers treated students
fairly predicted students’ competency to cooperate. Students
spent a lot of time with their teachers every day, and teachers
may have the opportunity to compensate for some of the bad
experiences in their lives and encourage students to cooperate
with others. Therefore, a positive and fair teacher-student
relationship was important to students’ CPS achievement. When
teachers cared about students and treated them fairly, students
feel safer and more capable of participating in school activities
and became more cooperative. In contrast, unfairness and

disrespect from teachers would make students reject schooling
and potentially leave school. Furthermore, ICT resources
positively related to students’ CPS competency. The CPS
assessment was conducted through computers. Students’ CPS
competency can only be observed and evaluated when students
had some basic ICT literacy. Students who were familiar with
computers performed better in the CPS assessment. Therefore,
students with low ICT literacy always achieved worse grades.
In terms of the effectiveness of P.E. class time per week, the
findings of this research showed that sports time didn’t predict
CPS competency significantly. However, in previous research,
their findings suggested that students who took 1–2 physical
education lessons per week were better at CPS assessment
than students who did not or took fewer physical education
lessons (Wang, 2018). The present research believed that the
inconsistency of the two studies was caused by different kinds of
physical activities, because in general moderate physical activities
required collaboration, while vigorous physical activities put an
emphasis on competition.

School-Level Variables Can Significantly
Predict Students’ CPS Competency
School location can predict CPS. Students living in large cities
had more access to ICT resources than those living in rural
areas or villages. However, school ownership was not significantly
related to students’ CPS, for whether to have more CPS training
was decided by the national education government, rather than
school owners. Schools’ ESCS also predicted students’ CPS
competency, and schools with high ESCS can provide students
with more ICT resources and CPS training. The proportion
of all teachers fully certified highly related to students’ CPS
competency, which confirmed the researcher’s assumption. The
current research indicated that fully certified teachers had
mastered more instructional principles and skills and they clearly
knew the significance of CPS in the further world. In their
classes, they conveyed this idea to their students and organized
more activities involving CPS competency. School autonomy also
cannot significantly predict students’ CPS competency. Although,
schools with high degree of autonomy could choose the textbook,
determine course content, decide which courses are offered
and so on, they paid less attention to cultivate students’ CPS
competency in China.

CONCLUSION

This research investigated factors predicting students’ CPS
competency in Beijing, Shanghai, Jiangsu, and Guangdong
Provinces in China based on the PISA 2015 database.
A hierarchical linear model (HLM) was constructed in the
current research. The model revealed that there was a huge
difference among schools. In addition, among student-level
variables, gender, grade, ESCS, ICT resources, students’ attitude
toward CPS, and teacher unfairness were effective in predicting
students’ CPS competency; among school-level variables, both
school location, schools’ ESCS and the number of full qualified
teachers were positively related to students’ CPS competency.
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According to the research findings, some implications to
improve students’ CPS competency are provided. First, schools
should carry out more interdisciplinary learning activities to
enhance students’ CPS competency. For example, STEAM
education is not a simple combination of these five disciplines
but rather integrates multidisciplinary knowledge through
school activities to cultivate students’ practical ability and
CPS competency (Dong and Hu, 2017). Second, teachers
can instruct students to conduct more group activities
which require CPS in class. Through CPS tasks, students
can develop mastery of communication skills, and attach
more attention to interrelationships, thereby advancing CPS
competency. Third, creating a better cooperative learning
atmosphere is beneficial for students to improve their
CPS competency. For instance, teachers should treat each
student fairly, and policies about school bullying should
be released. Fourth, students should be provided with
more ICT resources. Students who are unfamiliar with
computers will have difficulties in offering appropriate
cooperative responses, which makes them perform worse
in CPS assessment. Finally, schools should hire more
teachers who are fully qualified, for those teachers treat

students fairly and attach more importance to fostering
students’ CPS competency.
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