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Chapter 5
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Solving
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Abstract  An assessment of Collaborative Problem Solving (CPS) proficiency was 
developed by an expert group for the PISA 2015 international evaluation of student 
skills and knowledge. The assessment framework defined CPS skills by crossing 
three major CPS competencies with four problem solving processes that were 
adopted from PISA 2012 Complex Problem Solving to form a matrix of 12 specific 
skills. The three CPS competencies are (1) establishing and maintaining shared 
understanding, (2) taking appropriate action, and (3) establishing and maintaining 
team organization. For the assessment, computer-based agents provide the means to 
assess students by varying group composition and discourse across multiple col-
laborative situations within a short period of time. Student proficiency is then mea-
sured by the extent to which students respond to requests and initiate actions or 
communications to advance the group goals. This chapter identifies considerations 
and challenges in the design of a collaborative problem solving assessment for 
large-scale testing.
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�Introduction

Collaborative problem solving (CPS) was selected by the Organisation for Economic 
Co-operation and Development (OECD) as a new development for the Programme 
for International Student Assessment (PISA) for the 2015 international survey of 
student skills and knowledge (OECD 2013). There are excellent reasons for focus-
ing on CPS. It is widely acknowledged that CPS is an essential skill in the home, the 
workforce, and the community. Indeed, much of the planning, problem solving, and 
decision making in the modern world is performed by teams (National Research 
Council 2011). The success of a team can be threatened by an uncooperative mem-
ber or a counterproductive alliance, but can be strongly facilitated by a strong leader 
that insures that team members are all contributing. Skilled collaboration and social 
communication facilitate productivity in the workplace (Klein et  al. 2006; Salas 
et al. 2008), engineering and software development (Sonnentag and Lange 2002), 
mission control in aviation (Fiore et al. 2014), and interdisciplinary research among 
scientists (Nash et al. 2003). Consequently, there is a growing discussion in national 
education systems for including more group-based project-based learning as well as 
the teaching and assessment of collaboration as part of twenty-first century skills 
(Brannick and Prince 1997; Griffin et al. 2012; National Research Council 2011).

One issue that repeatedly surfaces is how CPS differs from individual problem 
solving. Collaboration allegedly has advantages over individual problem solving 
because (a) there is a more effective division of labor, (b) the solutions incorporate 
information from multiple sources of knowledge, perspectives, and experiences, 
and (c) the quality of solutions is stimulated by ideas of other group members. 
However, the literature is mixed on whether the quality of solutions is better in a 
group versus a collection of individuals working independently. Problem solving 
solutions by a group are sometimes better than the sum of the solutions of the indi-
vidual members (Aronson and Patnoe 1997; Dillenbourg 1999; Schwartz 1995; 
Stasser and Titus 2003; Theiner and O’Connor 2010). However, this positive emer-
gence does not always occur when one person dominates the team or there is wasted 
effort in non-germane communication. Better solutions can sometimes emerge 
when there are differences in points of view, disagreements, conflicts, and other 
forms of social disequilibrium in order to minimize inferior solutions via group 
think (Dillenbourg 1999; Rosen and Rimor 2009). However, chronic discord may 
have serious negative repercussions. Success in problem solving as a group is there-
fore dependent on knowing how best to apply the skills at the right times. For exam-
ple, the ground rules of the collaborative situation need to be understood by the 
group members in order to optimize group interactions and final solutions. The 
awareness and ability to convey to students when, why, and which aspects of col-
laboration are fruitful for the type of knowledge being sought may improve the 
quality of collaborative efforts (Mullins et al. 2011).

A core focus of CPS assessment is on the quality of the solution. In order to 
assess student performance in collaborative exercises, a central issue is whether the 
unit of assessment should be the group versus an individual within a group. That is, 
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should the unit of statistical analyses be one individual within a particular group, the 
set of individuals in a group, or the solution of the group as a whole? Focus on the 
individual may be better for tracking individual learning and providing directed 
feedback. However, focus on the group can assess the more holistic emergence of 
the processes across the group. Researchers and practitioners undoubtedly need to 
consider all of these, as well as whether characteristics of the individuals in a group 
can predict processes and outcomes of CPS as a whole.

A major factor that contributes to the success of CPS and further differentiates it 
from individual problem solving is the role of communication among team mem-
bers (Dillenbourg and Traum 2006; Fiore et al. 2010; Fiore and Schooler 2004). 
Communication is essential for organizing the team, establishing a common ground 
and vision, assigning tasks, tracking progress, building consensus, managing con-
flict, and a host of other activities in CPS. Communication further provides a win-
dow into the individual processes and team processes. Thus, communication skills 
are fundamental in the assessments of CPS discussed in this chapter.

Developing an assessment of CPS skills can be quite complex and multifaceted, 
drawing information and techniques from such fields as individual problem solving, 
computer-mediated collaborative work, individual and team cognition, and dis-
course and communication theory. This presented several challenges to the 
Collaborative Problem Solving Expert Group (CPEG) that developed the frame-
work for the assessment of CPS in PISA 2015. Since this was the first time such an 
assessment had been developed for a large scale international test of these skills, the 
expert group had to incorporate facets from an emerging complex and diverse litera-
ture rather than modifying a previous assessment. This chapter provides some high-
lights of aspects of the CPS Framework (OECD 2013) and then focuses on particular 
assessment considerations and challenges.

�Snapshot of Collaborative Problem Solving in PISA 2015

The following definition of CPS was articulated in the PISA 2015 framework for 
CPS: Collaborative problem solving competency is the capacity of an individual to 
effectively engage in a process whereby two or more agents attempt to solve a prob-
lem by sharing the understanding and effort required to come to a solution by pool-
ing their knowledge, skills and efforts to reach that solution. The unit of analysis for 
the competency is the individual in a group rather than the group as a whole. The 
competency is an assessment on how well the individual interacts with agents dur-
ing the course of problem solving; this includes achieving a shared understanding of 
the goals and activities as well as efforts to solve the problem and pooling resources. 
An agent could be considered either a human or a computer agent that interacts with 
the student. In both cases, an agent has the capability of generating goals, perform-
ing actions, communicating messages, sensing its environment, adapting to chang-
ing environments, and learning (Franklin and Graesser 1997).

5  Challenges of Assessing Collaborative Problem Solving
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It is beyond the scope of this chapter to articulate the details of the entire frame-
work but we provide a background on the major competencies, skills, and levels of 
proficiency that define CPS within the context of PISA. Three major CPS compe-
tencies are crossed with the four major individual problem solving processes to 
form a matrix of 12 specific skills. There are three levels of proficiency (below, at, 
or above standard) for each of these 12 skills; there are associated actions, commu-
nications, cognitive and social processes, and strategies that define what it means 
for the student to be proficient.

Table 5.1 presents the skills of the 3 × 4 CPS Framework (see OECD 2013). The 
dimension of problem solving processes contains the same four components as the 
PISA 2012 Problem Solving Framework for individual problem solving (OECD 
2010). The dimension of CPS competencies, as well as the associated skills, attempt 
to incorporate the CPS skills identified in other CPS frameworks, such as the 
CRESST teamwork processing model (O’Neil et al. 2010), the teamwork model of 
Salas, Fiore, and colleagues (Fiore et al. 2008, 2010; Salas et al. 2008), and ATC21S 
(Griffin et al. 2012).

Table 5.1  Matrix of collaborative problem solving skills for PISA 2015

(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 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 organisation 
(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 
results of actions and 
evaluating success in 
solving the problem

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

Reprinted with permission from PISA Collaborative Problem Solving Framework. https://www.
oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Collaborative%20Problem%20
Solving%20Framework%20.pdf
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�Three CPS Competencies

The three CPS competencies are (1) establishing and maintaining shared under-
standing, (2) taking appropriate action, and (3) establishing and maintaining team 
organization.

	1.	 Establishing and maintaining shared understanding. Students must have an abil-
ity to identify the mutual knowledge (what each other knows about the problem) 
or what is often called common ground (Clark 1996; Clark and Brennan 1991), 
to identify the perspectives of other agents in the collaboration, and to establish 
a shared vision of the problem states and activities (Dillenbourg 1999; 
Dillenbourg and Traum 2006; Fiore and Schooler 2004). Students must be able 
to establish, monitor, and maintain the shared understanding throughout the 
problem solving task by responding to requests for information, sending impor-
tant information to agents about tasks completed, establishing or negotiating 
shared meanings, verifying what each other knows, and taking actions to repair 
deficits in shared knowledge. One important way to maintain a shared under-
standing is to have a transactive memory, a shared knowledge system for acquir-
ing, storing, and retrieving information. Transactive memory facilitates group 
performance, learning, and transfer (Austin 2003; Lewis et al. 2005) in addition 
to keeping the group on task and assigning tasks to individuals with the best 
expertise (Littlepage et al. 2008).

	2.	 Taking appropriate action to solve the problem. Students must be able to identify 
the type of CPS activities that are needed to solve the problem and to follow the 
appropriate steps to achieve a solution. These include taking actions that solve 
the main substantive problem and also communication acts, such as explaining, 
justifying, negotiating, debating, and arguing.

	3.	 Establishing and maintaining group organisation. Students must be able to help 
organize the group to solve the problem, consider the talents and resources of 
group members, understand their own role and the roles of the other agents, fol-
low the rules of engagement for their role, monitor the group organisation, reflect 
on the success of the group organisation, and help handle communication break-
downs, conflicts, and obstacles. Students need to take steps to make sure that 
agents are completing tasks and communicating important information.

�Problem Solving Processes

The problem solving processes were incorporated from the PISA 2012 Problem 
Solving Framework that targeted individual problem solving (Funke 2010; OECD 
2010). The four cognitive processes comprise:
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	(A)	 Exploring and understanding. This includes interpreting the initial information 
about the problem and any information that is uncovered during exploration 
and interactions with the problem.

	(B)	 Representing and formulating. Information is selected, organized, and inte-
grated with prior knowledge. This may include the use of graphs, tables, sym-
bols, or words. Students formulate hypotheses by identifying the relevant 
factors of the problem and then critically evaluate the hypotheses.

	(C)	 Planning and executing. This includes identifying the goal of the problem, set-
ting any sub-goals, developing a plan to reach the goal state, and executing the 
plan.

	(D)	 Monitoring and reflecting. The student monitors steps in the plan to reach the 
goal state, marks progress, and reflects on the quality of the solutions.

�Matrix of 12 CPS Skills and Proficiencies

The 12 skills in the matrix thus represent the competencies of CPS and the pro-
cesses required to solve problems. A satisfactory assessment of CPS would assess 
the skill levels of students for each of these 12 cells. Some of these skills are reflected 
in actions that the student performs, such as making a decision by choosing an item 
on the screen, selecting values of parameters in a simulation, or preparing a requested 
report. Other skills require acts of communication, such as asking other group mem-
bers questions, answering questions, making claims, issuing requests, giving feed-
back on other agents’ actions, and so on. These acts of communication are needed 
to monitor shared understanding and team organization.

The CPEG identified various actions and communications that are associated 
with different levels of proficiency for each of the 12 skills. However, the main task 
was to specify a unidimensional scale of CPS. There needed to be a reduction in 
capturing the complexity of the mechanism and a focus on a robust construct that 
could reasonably handle a broad spectrum of problems, cultures, and students. The 
CPEG converged on the following three levels of proficiency for each skill: below, 
at, and above standard. However, it is important to emphasize that these levels of 
proficiency are being revised after item development, field testing phases, and the 
2015 assessments among nations. These three categories reflect the initial theoreti-
cal framework on the CPS proficiency construct.

Below Standard of Proficiency  The student is ineffective in advancing group 
goals and CPS. The student does not respond to requests for information and to 
prompts for them to take action. The student does not take actions that contribute to 
achieving group goals because they perform random or irrelevant actions.

At Standard of Proficiency  The student is a good responsive team member, but 
does not assertively take the initiative and solve difficult barriers in collaboration. 
The student responds to requests for information and prompts for action, and selects 
actions that help achieve group goals. However, the student does not proactively 
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take the initiative in requesting information from the agents, performing unprompted 
actions, and effectively responding to conflicts, changes in the problem situation, 
and new obstacles to goals.

Above Standard of Proficiency  The student proactively takes the initiative and 
solves difficult barriers in collaboration. In addition to responding to other agents’ 
requests and prompts, the student proactively requests information from the agents 
and performs unprompted actions. The student effectively responds to conflicts, 
changes in the problem situation, and new obstacles to goals.

�Additional Components in the CPS Framework

The CPEG recognized that there are dimensions of CPS to consider other than the 
initiative and responsiveness of the group member. Group members are undoubt-
edly influenced by their psychological dispositions, cognitive skills, and traits. The 
complete CPS Framework acknowledged the importance of the students’ prior 
knowledge (math, literacy, science, computer literacy) and psychological character-
istics (cognitive abilities, attitudes, motivation, personality). Some of these compo-
nents are assessed as part of the PISA student survey as well as part of other PISA 
assessments. The nature of the problem solving context (personal, social, work-
place, technology, in versus out of school) and ground-rules of the problem scenario 
(hidden profile, consensus, negotiation, collaborative work) clearly constrain the 
sorts of social interactions that contribute to effective solutions. Aside from these 
obvious contextual influences on CPS, there are two salient dimensions of context 
that merit considerable attention. They are the team composition and the character-
istics of the tasks.

Team composition can have a profound impact on the CPS of a group (Kreijns 
et al. 2003; Rosen and Rimor 2009; Wildman et al. 2012). Very little can be accom-
plished if no team member takes initiative or if all are fighting over control. Ideally, 
the members will identify who has talents or a willingness to take on a subtask, will 
achieve the subgoals, and will communicate progress to other members in a judi-
cious fashion. CPS performance is compromised to the extent that the division of 
labour is unintelligent, subgoals are not achieved, the group goals are blocked, and 
there are communication breakdowns. A meaningful collaborative interaction rarely 
emerges spontaneously, but requires careful structuring of the collaboration to pro-
mote constructive interactions. For example, many types of collaboration have a 
symmetrical structure with respect to knowledge, status, and goals (Dillenbourg 
1999), but the roles and tasks of the different group members may be very different. 
Symmetry of knowledge occurs when all participants have roughly the same level 
of knowledge, although they may have different perspectives. Symmetry of status 
involves collaboration among peers rather than interactions involving status differ-
entials, boss-subordinate relationships, and teacher-student interactions. Finally, 
symmetry of goals involves common group goals rather than individual goals that 
may conflict.

5  Challenges of Assessing Collaborative Problem Solving
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Task characteristics impose particularly specific constraints on the solution 
space. Interdependency is a central property of tasks that are desired for assessing 
collaborative problem solving, as opposed to a collection of independent individual 
problem solvers. A task has higher interdependency to the extent that student A can-
not solve a problem without actions of student B. A simple concrete example is 
carrying a large table across the room, a problem that cannot be accomplished by 
one student but rather a collection of students acting in a coordinated manner in time 
and space. Another example consists of jigsaw problems where a group goal requires 
the accomplishment of a set of tasks (A, B, and C), each of which is taken up by a 
particular student, and each student has limited access to the other students’ knowl-
edge (Aronson and Patnoe 1997; Stasser and Titus 2003); the puzzle can only be 
solved when the products of the tasks are pooled and coordinated. Tasks with high 
interdependency require an organization among team members that assigns tasks to 
team members and insures that each member is making adequate progress. 
Communication is essential to achieve such collaboration. The medium in which 
tasks take place also can have a great effect on the degree to which collaboration can 
be performed. A shared workspace that every team member can view provides a 
common ground for members to inspect progress on each other’s tasks. However, in 
hidden profile tasks, team members have different information, so they need to 
explicitly ask questions and volunteer information through acts of communication 
in order to facilitate team members having a common understanding.

The difficulty of the problems varies in addition to challenges in collaboration. 
The PISA 2012 Complex Problem Solving framework and assessment defined 
many task characteristics that determined problem difficulty (OECD 2010) and also 
the extent to which assessment was domain-specific versus domain-general (Greiff 
et al. 2014). It is beyond the scope of this chapter to define the dimensions of prob-
lem difficulty. It suffices to say that problem difficulty increases for ill-defined prob-
lems over well-defined problems; dynamic problems (that change during the course 
of problem solving) over static problems; problems that are a long versus a short 
distance from the given state to the goal state; a large problem space over a small 
space; the novelty of the solution; and so on. Difficulty also should increase as a 
function of the number of agents involved in the collaboration and the symmetry of 
their roles. It is conceivable that the need for effective collaboration would increase 
as a function of the problem difficulty.

�Challenges in Assessment of Collaborative Problem Solving

This section identifies some of the challenges in the assessment of CPS that sur-
faced in the discussions of the CPEG and in our coverage of the literature. The chal-
lenges focus on three issues: discourse management, group composition, and the 
use of computer agents in assessments.
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�Discourse Management

Because collaboration requires communication, an assessment of collaborative 
problem solving requires a suitable design of discourse management. Discourse 
management is the control of the communication within a task, such as turn-taking 
and conveying information and topics at the appropriate times. In developing items 
for CPS assessment, a key goal is to manage the discourse among the student and 
agents so that the CPS skills can be assessed in a minimal amount of time. This is a 
new skill for item developers who typically do not have a background in discourse 
processing theories (Clark 1996; Graesser et al. 2003).

Part of the challenge to students completing CPS tasks lies in creating and main-
taining a shared understanding (competency 1) and team organization (competency 
3), whereas another part involves taking action (competency 2) to advance a solu-
tion and handle conflict or change. Performance increases as a function of common 
ground of group members (Cannon-Bowers and Salas 2001; Fiore and Schooler 
2004; Foltz and Martin 2008; Salas et  al. 2008). When systemic group conflicts 
stem from fouled communication patterns, there is a need to take direct steps to 
intervene and to do so persistently (Dillenbourg and Traum 2006; Rice 2008). Less 
conflict occurs when groups have worked together previously and begin a new task 
(Hsu and Chou 2009). Interestingly, Asterhan and Schwarz (2009) have proposed 
that argumentation can be an effective means to reaching a deep level of understand-
ing and shared vision. After the group goes through this difficult phase of conflict, 
which can be associated with negative affect (Barth and Funke 2010), a productive 
team moves forward with a better solution than if no arguments occur. That is, some 
amount of social-cognitive dissonance and clashes in common ground forces one to 
sort out facts and converge on better conclusions and solutions. This is very differ-
ent from pseudo polite convergence and “group think,” where the group quickly 
agrees with other team members instead of investing time in the task at a deep level 
(Stewart et al. 2007).

It is widely accepted that the core elements of collaboration (shared understand-
ing, action, and team organization) are all related to one another and need to be 
coordinated rather than being exhibited in isolation. There is the standard tension 
between dividing the components into separate assessment modules and integrating 
them in ways that illuminate nontrivial mechanisms. Moreover, the particular coor-
dination of these skills is to some extent context-dependent and could benefit from 
sophisticated computational models of discourse processing to assess collaborative 
competency (Graesser et al. 2011; Rosé et al. 2008; Shaffer and Gee 2012).

Discourse mechanisms of establishing common ground in communication have 
been investigated in human-human interactions and human-computer interactions 
(Clark 1996; Clark and Brennan 1991). Common ground is accomplished by making 
appropriate assumptions on what each other already knows (“old” or “given” knowl-
edge in the common ground) and by performing acts of communication (verbal or 
nonverbal) about new information and business that is properly coordinated. People 
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normally assume that knowledge is in the common ground if it (a) is physically co-
present and salient (all parties in the communication can perceive it), (b) has been 
verbally expressed and understood in the discourse space, in front of the sender, 
recipients, and any side audience, and/or (c) is common knowledge for members of 
a group, culture, or target community. If a group member does not respond to a ques-
tion or request for information, then the member is not taking responsibility for 
maintaining common ground and fails CPS competency 1. A leader manifests above 
average competency by taking the initiative in maintaining common ground. The 
student can ask questions to inquire about the status of the recipient agent with 
respect to levels of responsiveness and understanding: Are you there? Are you listen-
ing? Do you understand? Did you do something? Could you recap/summarize?

Turn-taking conventions facilitate the coordination of communication. For 
example, backchannel feedback (“uh huh,” “okay,” head nod) from the recipient 
acknowledges the sender’s message and helps maintain shared understanding. There 
are adjacent pairs of turns between sender and recipient (Sacks et al. 1974), such as 
question-answer, request-acceptance, request-denial, command-promise, greeting-
greeting, and so on. In dialogues with referential grounding between a leader and 
follower, there often are four-step handshaking sequences: Leader: “You lift the red 
bar.” Follower: “The red bar?” Leader: “Yes, that bar.” Follower: “Okay, the red bar” 
(Clark et al. 1986). This 4-step frame can be more economically expressed in face-
to-face interaction by pointing gestures, directing a person’s gaze, and other non-
verbal channels (Van der Sluis and Krahmer 2007).

From the standpoint of CPS assessment, it is critical to design tasks that put stu-
dents in situations that exercise collaboration through communication. It is possible 
to measure many of the skills related to discourse management by observing the 
degree to which the student responds to questions and requests for information, 
acknowledges other team members’ actions, and initiates discourse to move the 
group forward. Within the PISA 2015 assessment, if a student tends to respond but 
does not initiate questions and requests for information, then the student could be 
considered as meeting minimal standards of proficiency. However, if the student 
initiates questions and requests, then the student would be considered as being 
above the standard of proficiency. Tasks need to be set up to assess both of these 
situations, as well as students being random or capricious. The design of every dis-
course episode in a task needs to be mindful of the alternative physical and dis-
course actions of the student. How does each alternative action map onto the skills 
in each of the 12 cells in Table 5.1?

�Group Composition

CPS tasks with high interdependency are very sensitive to group composition. One 
team member who has low competency can dramatically decrease the performance 
of the entire team and force other team members to compensate in order to achieve 
team goals. An overly strong leader can prevent other team members from 
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manifesting their talents. A team can flounder when leadership is required and no one 
steps up. When group-think occurs, the team politely agrees and settles for an infe-
rior solution. When group disequilibrium occurs, the team can become dispirited and 
collapse. Thus, there are a large number of ways that a group can fail in CPS. These 
failures can be attributed to an individual or to the group process as a whole.

As mentioned early in this chapter, one question that was raised in the develop-
ment of the PISA assessment was whether to measure the collaborative problem 
solving ability of the group as a whole or for particular individuals within the group. 
The CPEG decided on the latter because PISA focuses on measurement of individ-
ual skills. This decision has nontrivial consequences on the measurement logistics. 
In particular, it is necessary to expose each 15-year old student to multiple tasks 
with different team compositions, to partners with varying collaborative skills, and 
to multiple phases within a task that afford a broad array of situations. It is impor-
tant for there to be challenges and barriers in the tasks so that an assessment can be 
made of the different CPS skills. With students working in teams, there is no guar-
antee that a particular student will be teamed up with the right combination to arrive 
at a sensitive measurement of any individual student’s CPS skills. Consequently, 
there was a need to turn to technology to deliver a systematic assessment environ-
ment that is attuned to the dynamics of CPS (Griffin et al. 2012; Shaffer 2012).

�Computer Agents as a Means to Assessment

The constraints of PISA required a computer-based assessment that measures CPS 
skills of individual students in a short assessment time window of an hour for four 
to five problem solving scenarios. Consequently, there was considerable discussion 
in the CPEG about whether to use computer agents in the assessments rather than 
other humans collaborating with the student through computer mediated communi-
cation (CMC). The CPEG determined that the computer agents provided more con-
trol over the interaction and could provide sufficiently valid assessments within the 
time constraints. Agents also provide control over logistical problems that stem 
from (a) assembling groups of humans (via CMC) in a timely manner within school 
systems that have rigid time constraints, (b) the necessity of having multiple teams 
per student to obtain reliable assessments, and (c) measurement error when a stu-
dent is paired with humans who do not collaborate. A systematic design of com-
puter agents could be arranged that provides control, many activities and interactions 
per unit time, and multiple groups of agents. These are all needed to fulfill valid 
measurement of relevant constructs in a short amount of time. In summary, the 
logistical constraints of the assessment specification lead the group to decide on the 
conversational agent option.

Questions have periodically been expressed on the use of computer agents in the 
assessments. Nevertheless, agents were used for PISA after careful consideration of 
various costs and benefits of human-human versus human-agent interactions. This 
decision is compatible with many other high stakes assessments. For example, the 
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Communicating and Collaborating dimension of the National Assessment of 
Educational Progress (NAEP 2014) will employ virtual agents, which measures 
skills such as, “exchange data and information with virtual peers and experts”, “pro-
vide and integrate feedback from virtual peers and experts”, and “debate with a 
virtual team member.”

The amount of time available to assess CPS is very short, namely 60 min in two 
30 min sessions. This requires efficiency in data collection. Agents allow a sufficient 
control over the interaction to get a sufficient number of assessment events that fit 
these time constraints and that cover the constructs that are essential to measure 
(Table 5.1). It often takes 5 min or more for a new group of humans to get acquainted 
in computer-mediated conversation before any of the actual problem solving pro-
cesses begin. In contrast, agent environments can cut this time dramatically with 
strategic dialogue management and rapid immersion in the collaborative context. 
Finally, it is possible to measure a student’s CPS competencies in multiple teams, 
with multiple tasks, and multiple phases in a controlled interaction. This would be 
logistically impossible with human-human interaction.

There is a broad spectrum of computer agents that have been used in tasks that 
involve tutoring, collaborating learning, co-construction of knowledge, and collab-
orative problem solving. At one extreme are fully embodied conversational agents 
in a virtual environment with speech recognition (e.g., the Tactical Language and 
Culture System, see Johnson and Valente 2008) and tutorial learning environments 
that hold conversations with the student with talking heads, such as AutoTutor 
(Graesser et  al. 2014; Lehman et  al. 2013), Betty’s Brain (Biswas et  al. 2010), 
Operation ARIES/ARA (Halpern et al. 2012; Millis et al. 2011), and iSTART (Jackson 
and McNamara 2013). Such environments are motivating to 15-year old students, 
but the solution is impractical. There would be major challenges in technology, 
costs, and cultural variations in language and discourse. The more appropriate solu-
tion for assessments like PISA is minimalist agents that consist of printed messages 
in windows on the computer display, such as email messages, chat facilities, print in 
bubbles besides icons, and documents in various social communication media 
(Rouet 2006). These forms of agent-based social communication media have 
already been implemented in PIAAC (OECD 2009) on problem solving in elec-
tronically rich environments.

An assessment requires the human to pay attention to the agent when the agent 
communicates, just as a human does who takes the floor when speaking. This can 
also be accomplished with a minimalist agent by chat, by dynamic highlighting of 
messages and windows through colour or flash, and by coordination of messages 
with auditory signals (Mayer 2009). Humans can communicate with computer 
agents through a variety of channels. The simplest interface requires the student to 
click an alternative on a menu of optional speech acts and for there to be a limited 
number of options (two to seven). An advantage of this approach is that it focuses 
on the student’s ability to know what kind of communication is required to complete 
the task without requiring the student to generate that communication. Other 
possibilities are open-ended responses that range from typing (or speaking) a single 
word, to articulating sentences, and composing lengthier essays.
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Practical assessment of CPS can benefit from the use of agent technologies com-
bined with communication and conventional computer technologies. Technology 
allows investigators to place humans in realistic orchestrated situations and observe 
their behavior and reactions. For example, many technological environments are 
based on naturalistic decision making (NDM) (Klein 2008; Lipshitz et al. 2001) in 
which each individual has his or her own goals, identity, and expertise that must be 
aligned in decisions and action in order to reach the end goal that affects both the 
individual and the group as a whole. Fan et al. (2010) have explored the prospects 
of artificial agents as collaborators during complex problem solving.

In order to validate the approach of using minimalist agents, a focused study has 
been conducted to investigate possible differences in student performance in human-
to-agent (HA) versus human-to-human (HH) PISA-like CPS assessment tasks 
(Rosen 2014; Rosen and Foltz 2014). The participants were 179 14-year old stu-
dents from the United States, Singapore, and Israel; there were 136 students assigned 
to the HA group and 43 students in the HH group. HH students were randomly 
assigned into pairs to work on the CPS task. The students were informed prior to 
their participation in the study whether they would collaborate with a computer 
agent or a classmate. In a case of HH setting, the students were able to see the true 
name of their partner. Students were exposed to identical collaborative problem 
solving assessment tasks and were able to collaborate and communicate by using 
identical methods and resources. However, while in the HA mode students collabo-
rated with a simulated computer-driven partner, and in the HH mode students col-
laborated with another student to solve a problem. The findings showed that students 
assessed in HA mode outperformed their peers in HH mode in their collaborative 
skills. Collaborative problem solving with a computer agent involved significantly 
higher levels of shared understanding, progress monitoring, and feedback. The 
results further showed no significant differences in other student performance mea-
sures to solve the problem with a computer agent or a human partner, although on 
average students in HA mode applied more attempts to solve the problem, com-
pared to the HH mode. A process analysis of the chats and actions of the students 
during the CPS task showed that in the HA group the students encountered signifi-
cantly more conflict situations than in the human-to-human group. The study pro-
vided initial validity evidence for HA approach in assessing CPS skills, although 
further research is needed to establish more comprehensive evidence. Specifically, 
there needs to be a systematic analysis of the extent to which the various cells in 
Table 5.1 are captured with reliability and validity.

These results suggest that each mode of CPS assessment can be differentially 
effective for different educational purposes. Non-availability of students with par-
ticular CPS skill levels in a class may limit the fulfilment of assessment needs, but 
technology with computer agents can fill the gaps. Thus, in many cases using simu-
lated computer agents, instead of relying on peers, is not merely a replacement with 
limitations, but an enhancement of the capabilities that makes independent 
assessment possible. On the other hand, HH interactions may uncover natural pat-
terns of communication and CPS that do not occur in the HA modes.
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In closing, CPS is a new field for large-scale assessment. It brings new chal-
lenges and considerations for the design of effective assessment approaches because 
it moves the field beyond standard item design tasks. The assessment must incorpo-
rate concepts of how humans solve problems in situations where information must 
be shared and considerations of how to control the collaborative environment in 
ways sufficient for valid measurement of individual and team skills. Communication 
is an integral part of successful CPS in addition to the problem solving mechanisms. 
Group members must achieve common ground that provides a shared understanding 
of the task at hand, role assignments, and the contributions of team members as the 
problem solving evolves. In order to achieve the group goal, there needs to be ade-
quate discourse management, group organization, and subgoal achievement. Such 
an assessment of CPS proficiency requires computer agents to insure that a human 
interacts with multiple individuals (agents) in multiple groups with different barri-
ers and impasses. An agent-based assessment system therefore permits the develop-
ment of an optimal assessment that can be administered for multiple tasks within a 
short time period.
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