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Abstract: Collaborative problem solving (CPS) is inherently an interactive, 
conjoint, dual-strand process that considers how a student reasons about a problem 
as well as how s/he interacts with others to regulate social processes and exchange 
information (OECD, 2013). Measuring CPS skills presents a challenge for 
obtaining consistent, accurate, and reliable scale across individuals and user 
populations. The Programme for International Student Assessment (PISA)’s 2015 
cycle first introduced an assessment of CPS in international large-scale 
assessments in which computer-based conversational agents were adapted to 
represent team members with a range of skills and abilities. This study draws on 
measures of the CPS domain in PISA 2015 to address the challenges and solutions 
related to CPS item design and shed lights on sequential conversation-based 
measurement. Specifically, we present the process of CPS item design, the 
development of scoring rules through CPS conversation paths, and discuss the 
possible approaches to better estimate CPS beyond item response models. 

1. LANGUAGE MODELS IN AUTOMATED ESSAY SCORING  
Researchers consider the importance of collaborative problem solving as an educational 
outcome and a skill for life and work as having increased since the turn of the 21st century 
(National Center for Educational Statistics, 2015; National Academies, 2012; Wildman et al., 
2012; Casner-Lotto & Barrington, 2006). Noncognitive skills that intersect with cognitive ones 
now involve mastering new challenges and require cooperative efforts among a group of 
individuals (Griffin et al., 2012; Greiff et al., 2014). Collaborative problem solving (CPS) is 
inherently an interactive, conjoint, dual-strand process that considers how the student reasons 
about a problem as well as how he or she interacts with others to regulate social processes and 
exchange information (Organisation for Economic Co-operation and Development [OECD], 
2013). While measuring CPS skills presents a challenge for obtaining consistent, accurate, and 
reliable measurement across individuals and across user populations, it is an also opportunity 
to gain more information about cognitive processes in interactions with peers. (He et al., 2017).  
As Stecher and Hamilton (2004) observed, CPS skills are difficult to measure. Challenges 
persist from two major aspects: first, developing items with complex constrains, and second, 
producing a reliable scale to measure the CPS skills in an accurate way. Given concerns about 
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language factors and fairness across different countries and cultures, even more difficulties have 
to be confronted when measuring CPS skills in large-scale assessments such as the Programme 
for International Student Assessment (PISA). Traditional methods that have been generally 
used for item response modeling may not be appropriate for measuring collaborative 
interactions because of the dependence within elements of complex tasks and between 
interacting participants (Cooke et al., 2012; Quellmalz et al., 2009). Therefore, new assessment 
designs and statistical methods that capture the dynamic of knowledge sharing in collaborative 
contexts are required (Dede, 2012). How to model such knowledge and skills in a way that 
meets the technical standards of traditional assessments is an issue that urgently needs to be 
solved.  
A bold move was made in PISA 2015 to introduce CPS to the assessment program (OECD, 
2013). This objective was accomplished through the successful implementation of 
conversational agents incorporated in computer-based testing. Such innovation introduced a 
new perspective to understanding students’ performance that goes beyond the borders of 
domain-specific competencies and mere cognitive ability constructs such as reasoning and 
working memory (Greiff et al., 2014). Skillfully dealing with new problems in diverse settings 
and contexts, as part of a team instead of individually, is at the core of the concept of CPS. CPS 
reflects a set of skills that combines cognitive and social aspects that are relevant for successful 
problem solving across domains regardless of the specific contextual setting (He et al., 2017). 
The triennial PISA study aims to evaluate education systems worldwide by testing the skills 
and knowledge of 15-year-olds. In 2015 over a half million students, representing 28 million 
across 72 countries and economies, took PISA in three core cognitive domains—science, 
reading, and math, as well as CPS and financial literacy. PISA has a history of measuring 
problem-solving skills, specifically individual problem solving in PISA 2003 (paper and pencil 
based) and 2012 (computer based), acknowledging these skills’ increasing relevance.  
This study draws on measures of the CPS domain in PISA 2015 to address the challenges and 
solutions related to CPS item design and shed lights on sequential conversation-based 
measurement. Specifically, we present the process of CPS item design, the development of 
scoring rules through CPS conversation paths, and discuss the possible approaches to better 
estimate CPS beyond item response models.  
In the following section, we introduce the process of CPS item design for PISA 2015 and 
examine factors that potentially make impact on CPS item difficulty. The CPS scoring rules are 
illustrated through conversation paths in Section 3. We finalized this paper with a general 
conclusion on reliability of CPS scale in PISA 2015 and some discussions on future research 
directions for CPS assessments.  

2. DEVELOPING CPS ITEMS FOR PISA 2015 
2.1. CPS Item Design 
For PISA 2015, CPS is defined as follows: “CPS competency is the capacity of an individual 
to effectively engage in a process whereby two or more agents attempt to solve a problem by 
sharing the understanding and effort required to come to a solution and pooling their 
knowledge, skills and efforts to reach that solution” (OECD, 2013). As such, this competence 
integrates two essential concepts: problem solving and collaboration, which were categorized 
into a set of 12 CPS skills. As shown in Table 1, a matrix of CPS skills was created that included 
three major CPS competencies crossed with four problem-solving processes. 
The computer-based CPS tasks (see Figure 1) that were developed to measure these skills were 
situated in a chat environment (“chat space”) where students interacted with one or more 
simulated agents, identified as teammates, to solve a presented problem. The student was 
provided with a set of four chat options, and agent responses were based on the option selected. 
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Each task also included a problem space (“task space”) where the student and/or agents could 
take actions as they worked toward a problem solution. Examples of these actions included 
selecting information to complete a form or scheduling tasks on a calendar presented in the 
problem space. 
Table 1. Matrix of Collaborative Problem Solving Skills for PISA 2015 (Organisation for Economic 
Co-operation and Development, 2013). 

 

(1) Establishing and 
maintaining shared 
understanding  

(2) Taking appropriate 
action to solve the 
problem  

(3) Establishing and 
maintaining team 
organisation  

(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 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) Describe roles and 
team organisation 
(communication protocol 
and 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 results 
of actions and evaluating 
success in solving the 
problem 

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

Figure 1. A sample screen of chat and task spaces in a released CPS item (The Visit) in PISA 
(Organisation for Economic Co-operation and Development, 2015a). 

 

Problem Solving 

CPS Competency 
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2.2. Mapping Items onto CPS Skills 
As part of the item development process, each item was classified into one of the 12 CPS 
categories, reflecting the 12 intersecting skills being assessed. Data from the PISA CPS 
assessment was analyzed to estimate a set of item characteristics for the 117 items included in 
the main survey.† Following data analysis, the items were associated with their difficulty 
estimates and framework classifications to create an item map. As shown in Table 2, the item 
map includes information on a certain item along with a brief qualitative description for a subset 
of CPS items by rows. Table 2 presents two selected items from a released PISA CPS unit 
(Xandar) to illustrate the mapping process, in which the more difficult item is listed first.  

Table 2. A Map for Selected Collaborative Problem-Solving Items in the Released Unit (Xandar). 
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Xandar 
CC100203 

537 TAKE INITIATIVE by identifying one 
remaining task needed to solve the problem. 
Recognize time limits presented in the 
scenario and assume responsibility for 
completing the task without further 
discussion.  

       

Xandar 
CC100301 

357 ACT based on agreed-upon role to complete 
simple assigned task in an uncomplicated 
problem space.  

       

2.3. Examining Factors That Impact CPS Difficulty 
The analysis performed to create an item map made it possible to look for factors associated 
with item difficulty. This could be done by examining the ways in which CPS skills are 
associated with items located at different points, ranging from the bottom to the top of the scale. 
When developing a CPS unit, complex constrains may set on items’ difficulty level, in order to 
make a proper mix for items with different difficulty levels. We listed a set of major attributes 
as below.  
2.3.1. Features of problem complexity  
Features of problem complexity take a high priority in developing a CPS item in accordance 
with proper difficulty level. There are three major features to help define problem complexity: 
the nature of the presented problem, the progression of the problem solution, and characteristics 
of the task space where the problem is worked on. 
The nature of the presented problem is the first essential element to influence CPS problem 
complexity. At the lower levels of the scale, problems are well defined with clear goals. 
Students may be asked to execute a simple and agreed-upon solution, while at higher levels, 

 

† This is the number of independently scored items in the final CPS database. Four items included in the main 
survey were dropped during data analysis. Additionally, a number of items in each unit were combined, based on 
the main survey analysis and/or to reflect the branching logic within units. As a result of the branching, based on 
the path students took, students might not see all items in a unit and, therefore, items needed to be clustered in 
order to function psychometrically. 



He 

 198 

problems are more complex, requiring students to satisfy multiple constraints, hold more 
information in working memory, or deal with an impasse or unexpected action. Figure 2 
exhibits the screenshot of the lower difficulty item (CC100301) in Table 2. To solve this CPS 
task, students needed to simply act based on the agreed-upon role, respond to the directions on 
the screen, and click the correct button. Conversely, the higher difficulty item (CC100203) 
listed in Table 2, as shown in Figure 3, displayed complexity in the item layout, with an 
interactive map as well as two tables with dynamic results through the CPS process providing 
supplementary information. This item required that students respond to a question from one 
team member and also provided information about how the team is progressing. The additional 
requirement to identify gaps that had not yet been filled in provides further evidence of its high 
difficulty level. Students had to use the information displayed in the task space, along with an 
understanding of how the game worked, to respond correctly. 

Figure 2. A sample CPS item with lower difficulty in a released CPS unit (Xandar) in PISA 2015 
(OECD, 2015a). 

 
 
The second feature of problem complexity relates to the progression of the problem solution. 
The CPS tasks were chat-based scenarios where information unfolded throughout the course of 
the task. Item difficulty could therefore be impacted by how recently required information was 
presented. Having to recall or go back and review information presented earlier in the task 
makes an item harder to answer. A sequence effect also impacts difficulty in these tasks. Items 
tend to be easier if they are part of a series of items focusing on a single aspect of the problem 
and requiring similar student responses.  
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Figure 3. A sample CPS item with higher difficulty in a released CPS unit (Xandar) in PISA 2015 
(OECD, 2015a). 

 
 
Characteristics of the task space are considered the third major feature of problem complexity 
that influence CPS item difficulty. At lower levels of the scale, changes in the problem space 
are controlled by the student. Problems may require information to be reordered or new 
information to be added, but those actions are performed by the respondent. Where information 
in the problem space changes as a result of agent actions, items tend to be more difficult, 
particularly in cases where those actions are not explicitly signaled in the chat. In these cases, 
the student must both notice the changes and infer which of the agents took the action.  
Additional aspects of the problem space may affect how difficult it is to solve the presented 
problem. These include but are not limited to reading load, multiple channels of information-
including tables, figures, and diagrams—and the need to use spatial or temporal skills. 
2.3.2. Features of collaboration complexity 
Features of collaboration complexity are often presented by the number of collaborators that 
are required to be involved in the task and the roles they need to play. In each CPS unit, the 
student worked with one or more group members to solve a problem, with the group 
members/computer agents providing input much as fellow students would do. The 
conversational agents responded to students’ textual inputs and actions when the student moved 
through different stages of the problem. In each stage, communications or actions that could be 
performed by either the agent or the student was predefined, which resulted in the ability to 
objectively score all responses.  
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The computer dynamically monitored the state of the problem through the task completion 
process. Characteristics of the agents, or virtual team members, with whom the student had to 
interact also impacted item difficulty. Where agents were collaborative and capable and take an 
active role in solving the problem, items tended to be easier. In such cases, the student could 
simply be called upon to provide requested information or agree to the direction being 
suggested. When agents were focusing on their own goals rather than those of the team, it was 
more challenging to establish team organization and develop a shared understanding of the 
problem. The need to collaborate with agents who make errors that need to be noted and 
remedied can make items more difficult.  
The roles of students involved in the collaborative task are also critical to the problem 
complexity. At the lowest levels of the scale, tasks required only that students respond to agent 
requests for information or suggestions for actions. More difficult tasks required that students 
take initiative. That initiative might take several forms including: requesting needed 
information, suggesting actions for team members to take, and monitoring agent’s actions or 
statements to be sure they are correct and aligned with the agent’s agreed-upon role on the team. 
At higher levels of the scale, tasks required students to resolve a conflict between agents, 
propose that the team pursue a new approach, or help balance a desire for consensus against the 
efficiency of the problem-solving process.  
2.3.3. Integration of problem solving and collaboration demands 

Last but not least, the problem solving and collaboration features of each CPS task do not 
operate in isolation. The difficulty of any given CPS task depends on the interaction between 
the problem-solving demands and the nature of the collaboration that is required. At the lowest 
level, items often required either simple collaboration efforts or simple problem-solving tasks. 
At the highest levels on the scale, complex problem-solving demands were complicated by 
challenging social interactions, and students had to balance both in order to successfully 
complete a task.   

3. DEFINE CPS SCORING RULE WITH CONVERSATION PATH 
After gaining insight on investigating factors potentially influencing CPS difficulty, we 
proposed scoring rules for different item types that are specified for the CPS items via path 
analysis. The construction of different item types was often associated with requirements of 
different item difficulty levels. To satisfy the conditions of item difficulty level in a specific 
unit, special item type such as “rescue” and “bonus” items were proposed particularly for the 
CPS domain. We used some example items here to illustrate how the conversation path analysis 
worked and how we had to combine items in certain types to keep the CPS scale reliable.   
3.1. Conversation Path and Convergence Structure 
The major difference between CPS and regular problem solving relates to the perspective of 
collaboration. In the PISA CPS domain, respondents were required to solve the problem 
through a collaborative effort, that is, completion of a task with at least two students together 
rather than an individual alone. As introduced earlier, in one CPS unit, one or many 
conservational agents worked together with the respondent to go through the dialogues and 
make “joint” efforts to solve a task. Similar to a computer game, a CPS unit required the 
respondent to choose an optimal sentence from a set of multiple choices to go through the 
conversation with agents or choose one or more actions to pass.  
Convergence was generally used to guarantee that different paths arrived at an identical point. 
That is, regardless of what choices the student made, the path led to the same convergence 
point. Each path to the convergence point had to provide the student with the same information 
and bring him or her to the same stage of the problem.  
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Figure 4. Conversation path of a typical example of CPS item with a simple segment in a released CPS 
unit (The Visit) in PISA 2015. 

 
Note. The node highlighted in green is the correct response to this item. 

Figure 4 shows an example item with a simple convergence structure in a released CPS unit 
(The Visit). The collaboration task in this unit was to jointly create a welcoming activity for 
students coming from abroad. “You” in the script represented the respondent who was required 
to work with three fellow students (agents)—George, Rachel, and Brad (who shows up later)—
to decide what to do to welcome the foreign student.  After seeing the input from George (Node 
1), the test taker could choose one answer among Node 2 to Node 5 (i.e., Item 1). The 
respondent got full credit when Node 5 was selected (green). The path then continued to Node 
7: the final convergence point. Otherwise, Rachel’s response (Node 6) would appear as an 
intermediate point, and then the path would move on to Node 7 the final convergence point. 
We defined the phase between two convergence points as one segment, meaning only two 
convergence points could be found within one segment, the starting convergence point and 
ending convergence point. A simple segment could have only one scoring item, while a 
complex segment could have more than one scoring items.  

3.2. “Rescue” Items 
“Rescue” items were typically developed in a complex segment, where respondents might have 
the possibility of going through two or three choice points before getting to the convergence 
point. For example, in The Visit unit, the student and the agents needed to help one of the 
foreign students get to the airport (see Figure 5 for the item screen and Figure 6 for the 
conversation path map). The full credited response was the third choice (“I’m at school, where 
are you guys?”), that is, Node 80 in Figure 6, which told the team his or her location and led 
directly to the convergence point (Node 85). But students who chose the other paths still arrived 
at the convergence point, although it took longer. For instance, if the student selected the first 
option (“What happened to his host family?”), that is, Node 81, Rachel rescued by saying she 
didn’t know what happened to his host family and asking the student if he or she were at school; 
this gave the student a second chance to choose the response providing his or her location (in 
Node 83, Node 87, Node 88, and Node 89). If the student selected the second option (“You’re 
good at arranging things, Rachel, can you take care of Zheng?”), that is, Node 78, or the fourth 
option (“I’m not sure I’m the best person to decide. Rachel, can you help Zheng?”), that is, 
Node 79, the conversation path worked its way to the final convergence point, meaning students 
choosing the second and fourth options would not have a chance to answer Item 3. It was noted 
that the process data in the log file indicated students were unlikely to notice these convergence 

Item 1

1 - George: OK, where do we start?

2 - You: Let’s ask 

Ms. Cosmo what 
we should do.

5 - You: Let’s discuss 

what’s necessary for 
a good visit.

4 - You: Maybe we should 

think about this for a while 
and check back later?

3 - You: We've got 

three choices.  Let's 
put it to a vote.

6 - Rachel: We need to make a 

decision soon.  Let's talk about 
what a visit site should be like.

7 - Next Step
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and rescue structures. The structure design apparently had little impact on students’ test-taking 
behavior as they progressed through the scenario. 

Figure 5. A sample screen of rescue designs in a released CPS item (The Visit) in PISA (OECD, 2015a). 

 
 

Figure 6. Conversation path of a “rescue item type” example (see item screenshot in Figure 5) of CPS 
item with a complex segment in a released CPS unit (The Visit) in PISA. 

 
Note. The node highlighted in green is the correct response to Item 2; the node highlighted in yellow is the correct 
response to Item 3 on the “rescue” path. 

However, the “rescue” item type brought an issue in scoring. Students who got a full credit of 
2 points in Item 2 lost the chance to see Item 3, so their Item 3 score was 0; students who got 1 
point in Item 3 had already failed in Item 2, recorded as 0 points in Item 2. Therefore, the score 
correlation between these two items could be substantially negative. One possibility would have 
been for students who did not have a chance to see Item 3 to receive a score of “not applicable,” 
but such a solution ran counter to the design purpose to assess students’ CPS skills based on the 
selection to the prompt in Node 77.  

Item 3

Item 2

77

78 80

82

8783 88

85

130 89

79

84

81



Int. J. Assess. Tools Educ., Vol. 10, Special Issue, (2023) pp. 194–207 

 203 

A better solution for such a scoring issue was adopted: to treat the whole complex segment as 
one polytomous item. Basically, we assigned all item credits within the segment with proper 
weights. Instead of looking at the individual items, we gave the credit scoring rule in the larger 
segment, namely, in the combined polytomous item (Item 2 + Item 3): When the test taker’s 
path went through Node 80, the score was 2; when the path went through Node 83, the score 
was 1; otherwise, the score was 0.  
Moreover, it was noticed that even though a single item in a complex segment had already been 
designed as a polytomous item, we still could transform the segment into a bigger polytomous 
item by adding up all scores across items and setting full credit, partial credit, and no credit 
according to the paths. 
3.3. “Bonus” Items 
Alternatively, a “bonus” item type could also be present in a complex segment. As the path map 
shows in Figure 7, students who got a full credit of 1 point in Item 4 (Node 57) had an additional 
chance to score another point in the subsequent Item 5 (Node 61), while the students who 
answered incorrectly in Item 4 lost the chance of getting a point in Item 5. The point in Item 5 
was a “bonus” for students who gave a correct response in Item 4. Considering that the 
correlation between Item 4 and Item 5 had a very small chance to be negative, we did not put 
such “bonus” segments into a polytomous item combination.  

Figure 7. Conversation path of a “bonus item type” example of CPS item with a complex segment in a 
released CPS unit (The Visit) in PISA 2015. 

 
Note. The nodes highlighted in yellow are the correct responses to Item 4 and Item 5 respectively. 

4. DISCUSSION 

Collaborative problem solving is a critical competency in a variety of contexts, including the 
workplace, school, and home. With the increasing growth of digital tasks, collaborations are 
not only conducted in real practice but also in the virtual environment. As Dede (2009) has 
observed, “The nature of collaboration is shifting to a more sophisticated skillset. In addition 
to collaborating face-to-face with colleagues across a conference table, 21st century workers 
increasingly accomplish tasks through mediated interactions with peers halfway across the 
world whom they may never meet face-to-face. … Collaboration is worthy of inclusion as a 

Item 4

Item 5

54

5655

59

60 6278 61 63

58 77

66

64

57
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21st century skill because the importance of cooperative interpersonal capabilities is higher and 
the skills involved are more sophisticated than in the prior industrial era.” 
With the debut of CPS assessment in PISA, it is important to prepare a proper measure to keep 
the CPS scale reliable and valid. the PISA 2015 CPS units were based on simulated 
conversations with one or more computer-based agents that were designed to provide a virtual 
collaborative problem-solving situation. Test takers had to choose an optimal sentence from a 
multiple-choice list to go through the conversation with agents, or choose one or more actions 
programmed in the unit. Because of the similar item structures in other domains in PISA 2015, 
the data collected in the CPS units were evaluated by IRT models (Lord, 1980; Rasch, 1960)—
specifically, the two-parameter-logistic model and the generalized partial credit model—to 
establish reliable, valid, and comparable scales. Readers can refer to the PISA 2015 technical 
report for the details about scaling and analytic procedures (OECD, 2017). The CPS scale in 
the main survey consisted of six units, which in turn comprised multiple items within each unit 
that can be used for the IRT scaling. It was found that data from two units had dependencies in 
the responses due to different paths that could be taken by students through the simulated chat 
as a result of the “rescue” item type. Therefore, the CPS chat items that showed this kind of 
dependency were combined into “composite items” by summing the responses for the different 
paths that respondents could take. With this approach, it was determined that each path-based 
response string could be scored to provide valid data and introduced into the IRT analysis. The 
composite items were used to generate polytomous items for the purpose of reducing issues 
with local dependencies. 
To ensure the computational models were used in an appropriate way, we combined items with 
high correlations by two steps: first, based on the conversation path analysis, each segment with 
the “rescue” item type was combined into a polytomous item; and second, the remaining items 
that still had high correlations in the residual analysis were further combined into a “super” 
item in the latent trait estimation. This approach is superior in standard large-scale assessments 
to keep consistent with the whole measurement framework across countries. According to the 
PISA 2015 tech report, the residuals in CPS domain were under a good control and the local 
dependency of combined super items were well adjusted.  
However, the CPS item design proposed a new challenge in sequential conversation-based 
measurement. Because of the inherent relationship in conversations, the local independency 
may not adapt to the assumptions of item response models. Given concerns on the dynamic 
dependency of at least one previous conservation (or even more), the sequence of the 
conversation path through the whole unit, i.e., vertical measurement path may be given different 
difficulty parameters rather than each checkpoint on the conversation line, i.e., horizontal 
measurement by each item, which the local independency has to be assumed but might not be 
completely correct. 
In addition, the CPS framework with computer agents was compatible with the capabilities of 
the PISA 2015 computer platform. The student could interact with the agents via a chat window, 
allowing the student to respond through communication menus. With respect to the student 
inputs, there were conventional interface components, such as mouse clicks, sliders for 
manipulating quantitative scales, drag and drop, cut and paste, and typed text input. Aside from 
communicating messages, the student could also perform actions on other interface 
components. For instance, additional data could be collected on whether students verified in the 
CPS environment. These actions were stored in a computer log file, which may provide 
additional information for tracking students’ efforts in solving the CPS units.  
Technical advances in computer-based learning systems have made greater efficiency possible 
by capturing more information about the problem-solving process. Finer-grained information 
from response time and actions were also added into CPS measurement in recent studies (e.g., 
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de Boeck & Scalise, 2020; Han et al., 2023; Qiao et al., 2023). Further, many studies (e.g., von 
Davier et al., 2019; Han et al., 2019; Gao et al., 2022; He et al., 2021, 2023b; Ulitzsch et al., 
2021) showed that process data are more appropriate to describe respondents’ behaviors and 
strategies in interactive tasks. For example, Xiao et al. (2021) applied hidden Markov models 
on time-stamped action sequence data to identify the latent states and transitions between states 
underlying the problem-solving process. Ulitzsch et al. (2023) explored the early predict-ability 
of behavioral outcomes on interactive tasks with early-window clickstream data. They applied 

extreme gradient boosting to dynamically classify respondents who have a high probability of 
being out of track when solving a problem-solving task. He et al. (2023a) developed dynamic 
time warping method to cluster students’ dynamic navigation patterns. These methods are worth 
further exploration to investigate the associations between sequences of actions and CPS skills 
and to extract sequence patterns for different CPS proficiency levels.  
Considering the complexity of human-to-human interaction in collaborative conversations 
across countries and languages, PISA 2015 adopted the human-agent module in CPS domain. 
This new item type also brings challenges in test translation and fairness across countries in 
diversified cultural environments. It would be interesting to check for test fairness across 
different language groups and investigate the effect of languages in the CPS measures in a 
future study. The advances in text-based generative artificial intelligence applied in large 
language model (LLM; OpenAI, 2023) shed lights on alternative approaches to handle 
conversation-based assessment in the near future, which might be self-trained on different 
languages.   
In conclusion, PISA 2015 CPS competency is a conjoint dimension of collaboration skills, 
functioning as a leading strand, and problem-solving skills, functioning as an essential 
perspective. The effectiveness of CPS depends on the ability of group members to collaborate 
and prioritize the success of the group over that of the individual. At the same time, this ability 
is a trait in each of the individual members of the group (OECD, 2013). The methods in PISA 
2015 introduced in this study for collaborative item design could be applied to other 
collaborative human-agent items in similar settings and also challenge other researchers to 
refine the methodology and add extra information or data sources to get a better CPS scale. For 
future studies, we recommend using multivariate statistical analyses to address different aspects 
of CPS units and combining these analyses with process data from log files to track the process 
of students’ learning and collaborative activities. 
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