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In recent years many researchers have paid close attention to and conducted extensive research on 

Collaborative Problem Solving (CPS). This is because many complex projects in the modern world can 

only be completed through teamwork. However, education and training that emphasize the systematic 

strengthening of the CPS aspect are still insufficient in preparing graduates to enter the workforce. In fact, 

CPS as one of the most important skills in the 21st century besides critical thinking, communication, 

creativity, and innovation. This paper deals with the CPS as an important skill in 21st Century. The first 

part of the paper attempt to explicate the basic concept of CPS. Subsequently, Collaboration and Problem-

Solving Process in the context of teaching and learning processes will be presented in the next section. 

Besides, a conceive illustrated of Assessment Framework of 2015 PISA CPS will also described. The article 

is devoted to explain the Dimensions and Elements of CPS Assessment; in particular, the social domain of 

collaborative problem-solving as well as Cognitive domain of CPS are discussed. 
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INTRODUCTION 

 

Education is always faced with the challenge of producing quality graduates. Aside from the scientific 

field, the graduate should have additional competencies to increase bargaining power when entering the 

workforce (Casner-Lotto & Barrington, 2006; Wagner, 2010). These are critical, because recruitment do 

not only require graduates with a strong knowledge base, but also insight into independence and other 

skills, such as collaboration, and critical thinking (Funke, 2010; Fiore et al., 2015). Therefore, it is necessary 

to redefine and re-prioritize graduates’ skills for them to be capable and successful in their work and careers 

(Liu et al., 2012; Levy & Murnane, 2013; Griffin, 2017). In 2015, the Organization for Economic Co-

operation and Development (OECD) published a draft framework that included CPS as a skill requirement 

in education and the workplace, as well as CPS being added to the PISA test. This inclusion has significant 

implications for educational assessment and creates a challenge for graduates to achieve CPS skills 
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(Graesser & Foltz, 2013). The Educational Progress Global Test-PISA 2015 results show a low level of 

CPS proficiency from 52 OECD countries, with only 8% of students having collaborative problem-solving 

skills. Also, as many as 6% of 500,000 students do not even achieve Level 1 proficiency (OECD, 2017). 

The PISA test results not only highlight the significant societal need for preparing graduates with CPS 

skills to enter the workforce and develop their careers, but they also present opportunities for education 

practitioners to develop, adopt, and apply theories and empirical research on CPS. Furthermore, it promotes 

the development of policies to improve education/training related to CPS-oriented learning. 

 

Defining of Collaborative Problem -Solving 

Collaborative Problem Solving (CPS) is a combination of collaborative and problem-based learning. 

Both approaches have been long examined simultaneously and partially in-depth by scientists (Klein et al., 

2006; Salas et al., 2008; Sonnentag & Lange, 2002; Nash et al., 2003; Wuchty et al., 2007). 

Collaboration can be understood as working together. It is a synchronous and coordinated activity that 

resulted from an ongoing effort to establish and maintain a shared conception of a problem (Roschelle & 

Teasley, 1995, Luckin et al., 2017). For collaboration, social interaction is vital but insufficient because 

some social connections do not involve shared goals, accommodation from different perspectives, or 

organized efforts to achieve goals. 

The concept of Problem Solving refers to the individual’s capacity to carry out cognitive processes to 

understand and solve problems, including a willingness to engage with certain situations to achieve 

constructively as well as reflective potential, when solution-solving methods are not available clearly and 

quickly (Rowe, 1985; Marzano, 2003), 1988; Mayer, 1990; OECD 2010). 

As two interrelated concepts, CPS is the individuals’ ability to effectively engage in a process to solve 

a problem by sharing an understanding and the effort required to decipher by sharing knowledge and skills 

(PISA 2015). 

 

The Competencies in Collaboration and Problem-Solving  

The collaboration dimension has three main competencies, namely (1) the concept of developing and 

maintaining a common understanding. Students must identify shared knowledge (what each other knows 

about the problem), collaborate perspectives, build a shared vision of the types of problems and activities, 

as well as monitor and maintain relevant knowledge in problem-solving. Concrete actions include 

responding to information requests, sending team members information on task completion, verifying what 

each other knows, negotiating agreements, and correcting communication breakdowns; (2) Ideas in taking 

appropriate actions to solve problems. In this case, students must identify the types of CPS activities needed 

to solve problems and take appropriate steps, including both physical and communication actions; (3) The 

idea of establishing and maintaining a team organization. Students must organize and monitor teams to 

solve problems; consider team members’ interests, resources, and assets; understand the roles of various 

members; follow the steps relevant to the assigned role, and reflect on the team’s success. 

Specifically, to tackle complex problems successfully, four problem-solving processes are required, 

namely: (1) Ideas to explore and understand. At this stage, students need to interpret initial information 

about the problem revealed during exploration and interaction with the problem; (2) The concept of 

representing and formulating. Students must select, organize, and integrate information with prior 

knowledge. The process includes the use of graphs, tables, symbols, or words and; (3) The planning and 

implementation process, which includes identifying problem objectives, setting sub-goals, developing 

plans to achieve goals, and executing plans, also; (4) Monitoring and reflection. Students are expected to 

monitor the steps in the plan to achieve the goal state, mark progress, reflect on the quality of the solution, 

and revise the plan when obstacles arise (Funke, 2010; Greiff et al., 2013; OECD, 2010).  

 

Assessment Framework of 2015 PISA CPS 

The PISA assessment framework has two dimensions, namely the cognitive (work assignments) and 

collaborative dimension (teamwork). The problem-solving dimension in the PISA framework includes the 
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four 2012 PISA competencies that focus on individual problem-solving (Funke, 2010; Greiff et al., 2014; 

OECD, 2010). 

The four competencies targeting personal problem-solving in the PISA framework 2021 are (1) 

Exploring and understanding. This stage is carried out by interpreting the initial information about the 

problem and what information was found and how the problem was interacted with during learning; (2) 

Representing and formulating. This stage entails identifying common problem-solving approaches, 

procedural strategies, and relevant artifacts (e.g. graphs, tables, formulas, symbolic representations) to help 

solve problems; (3) Planning and implementation. This stage involves establishing and enforcing a structure 

of goals, plans, steps, and actions to solve problems. Physical, social, or verbal actions may be taken, and; 

(4) Monitoring and reflection. This stage includes tracking steps in the plan to achieve goals, mark progress, 

and reflect on the quality of solution progress. 

 

CPS Collaborative Problem-Solving (CPS) Process 

In PISA CPS 2015 (OECD, 2017), there are three dimensions of the collaboration process namely: (1) 

Building and maintaining a common understanding. It is carried out by tracking each other 

team’s/member’s understanding of the problem, for example: sharing knowledge, commonalities, team 

member perspectives, and understanding the essence of problems and activities; (2) Taking appropriate 

action to solve the problem, according to the steps to reach a solution. This includes physical and 

communication actions that become solutions to the problem and; (3) Establishing and maintaining group 

organization. It involves assisting in the organization or rearrangement of groups based on the group 

members’ knowledge, skills, abilities, and resources, in addition, it includes following the rules of 

engagement for specific roles and groups, as well as handling barriers to tasks assigned to other team 

members (Wegner, 1986; H. Clark, 1996; Cannon-Bowers & Salas, 2001; Dillenbourg & Traum, 2006). 

Moreover, associating four problem-solving processes with three collaborative processes resulted in 12 

CPS assessment skills with four important indicators, namely: (1) Task characteristics, by making many 

differences, such as between interdependent or independent solutions, clear or unclear problems, problems 

that are static or dynamically changing, and team members who have the same or different goals; (2) A 

problem scenario that divided into different problem categories, for example, Jigsaw, consensus, or 

negotiation as well as content differences, such as private or public issues, technical or non-technical 

subject matter, and school or non-school contexts; (3) Team composition that can do function with 

symmetrical or asymmetrical status, the same or different roles, and be part of a variety of groups and; (4) 

Characteristics of team members. Individual team members have a wide range of knowledge (mathematics, 

reading and writing, science, or everyday knowledge) as well as psychological attributes, including 

disposition and attitude, motivation, and cognitive skills. 

 

Dimensions and Elements of CPS Assessment 

The 2015 PISA conceptual framework and the ATC21S (Assessment and Teaching of 21st Century 

Skills) define two components of skills in CPS, namely social skills and cognitive skills. 

 

The Social Domain of Collaborative Problem-Solving  

The social skills assessment rubric includes participation, understanding perspective, and social 

regulation. Each skill is defined as a set of elements and evidence or indicative behavior needed to conclude 

that the student demonstrates the skill. 

To determine whether someone is a good participant three sub-skills are used, namely: (1) action; (2) 

interaction; and (3) task completion. Action is defined as a person’s overall level of participation, regardless 

of whether these actions are coordinated with the efforts of others. Within a group, problem solvers have 

different levels of competence. Some problem solvers may be passive, but others become active when 

stimulated and given sufficient support, also others will demonstrate the ability to act independently and 

on their initiative. In addition, interaction refers to the capacity to respond to or coordinate with others, 

which can range from answering questions to actively initiating and coordinating efforts, or assisting others 

to respond. Moreover, task completion skills are related to aspects of participation motivation, including a 
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sense of responsibility for the results of collaborative efforts. It can also be described as persistence or 

toughness. 

Understanding perspective is the ability to understand a situation from another person’s point of view, 

to apply contextual knowledge in interpreting the information provided by others, and to adapt one’s 

statements or actions in response to the needs and alleged understanding of the listener/observer. Within 

the framework of collaborative problem-solving assessment, there are two sub-elements of perspective 

understanding skills, namely responsiveness and audience awareness skills. Responsiveness refers to the 

capacity to integrate collaborators’ contributions into one’s thoughts and actions, whereas audience 

awareness is the potential to adapt one’s contributions to the anticipated or expressed needs of others, or to 

make actions visible and understandable to collaborators. 

The diversity of knowledge and experience that group members bring to problem-solving is the 

potential benefit of collaboration. However, the best diversity supports collaborative efforts when 

participants understand how to address differing viewpoints or when they have strong skills or elements of 

social regulation. 

There are four sub-elements related to social regulation skills, namely: (1) Indicative metamemory, 

defined as the ability to evaluate a person’s knowledge, strengths, and weaknesses. It is a reflective capacity 

which focuses on working and learning methods for the skills that they have demonstrated; (2) Indicative 

behavior, which is transactive memory that describes a person’s understanding of the knowledge, strengths, 

and weaknesses of collaborative partners. This is a reflective process in which behavior and performance 

are considered in terms of how successful or valuable their partner is in contributing to acquire a solution; 

(3) Negotiation skills, which are revealed when disagreements between partners are resolved. Successful 

collaborators must find ways to reconcile opposing perspectives and/or accommodate differences and; (4) 

Initiative responsibility, i.e. consider how problem solvers differ in taking initiatives in collaborative 

contexts. The focus is primarily on individual tasks, while others work on the representation of shared 

problems, strategic plans offered to lead towards solutions, and regular progress monitoring. Also, it is 

possible to regard responsibility and initiative skills as evidence of leadership. 

 

Cognitive Domain of Collaborative Problem-Solving 

Individual and collaborative problem-solving have the same key cognitive skills, particularly the 

individual’s task management tactics and reasoning abilities. Also, the overall structure of the cognitive 

skills’ domain assessment framework is similar to that of the social domain. Moreover, CPS’s cognitive 

domain has two components, including task regulation and knowledge building. Each element describes a 

special skill that must be demonstrated (Scoular et al., 2017; Graesser et al., 2018). 

The Task Management Skills component refers to the fact that most collaborative problem-solving 

tasks can only be completed with available resources and information elements about them are collected 

and shared. As a result, data collection and management of the available resources for individuals and 

collaborators is an important aspect of flexibility and ambiguity planning. To assess planning skills, six 

sub-skills must be distinguished: (1) problem analysis; (2) goal setting; (3) resource management; (4) 

flexibility; (5) data collection, and; (6) systematic. 

The Knowledge Building Skills component focuses on Learning Skills in collaborative problem-

solving tasks. Individuals can learn about content domains, strategies, and how to deal with setbacks, as 

well as how to coordinate, collaborate, and negotiate with others. In another approach to solving complex 

problems, the hierarchies for cognitive development include (1) Relationships with data, i.e. recognizing 

associations and patterns in data while collaborators seek to build a collection of information to define 

problem spaces collaboratively and to identify connections between actions and consequences, between 

observations and patterns, and to identify gaps in the knowledge needed to make progress. Students in the 

first category, usually rely on identifying isolated elements of information. Trial and error is essentially an 

individual approach that indicates a very low level of collaborative problem-solving skills. These elements 

must be shared in collaborative settings where resources and information are distributed unequally. Problem 

solvers at this skill level generally describe the relationship between elements of information (data) and 

patterns of observation that can be shared among collaborators; (2) Contingency, i.e. at this level of 
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knowledge development, systematic observation of cause and effect allows players to formulate and discuss 

potential rules, either for task arrangements or collaborative ways. At a higher level, (if-then) rules are used 

to complete a step or part of a problem solution. This requires planning multiple paths to a solution. 

Collaborators also need to discuss and evaluate suggestions for progress towards a problem solution and 

the consequences of each action or decision, and; (3) Hypotheses, in which the collaborating partners must 

propose generalizations about events in the problem-solving solution strategy and be able to formulate and 

test hypotheses. This could be as simple as collaborating partners suggesting to each other,  “how about we 

try this” or “whether it happens or not depends on what happens”. This is tantamount to partners 

collaborating in a problem-solving space making educated guesses or testing hypotheses. For more complex 

sub-tasks, better students demonstrate the ability to generalize various situations by establishing and testing 

hypotheses by using the “what if...?” approach (Griffin, 2014). 
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