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Abstract
Complex Cognitive Activities (CCA) such as decision making, analysis, forecasting, strategizing and sense making is a prime applicant in the organization while dealing with the information complexities. Since this activity required higher level thinking (analyze, synthesize and evaluate) it is always perform in the collaborative settings such as meeting and discussion between top management in the organization. Accordingly, there are researches have explored the challenges from the perspectives of collaboration or CCA yet there is still a lack of understanding from the intersection challenges of Collaboration and CCA. Therefore, this paper intends to highlight the intersection challenges for Collaborative-CCA. From the literature analysis, the research found three critical challenges namely: context of use and group fit neccessity, the lack of understanding and supporting the convergence and the evolvement during the process of collective knowledge construction. This paper is organized according to the following structure. The first section is about introduction followed by the working background about CCA and Collaboration Context. The third section discuss about the three identified challenges and finally the conclusion explains the importance of these identified challenges as a rationale for more effective computer-supported tools in the Knowledge Management (KM) community.
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1. Introduction
Complex Cognitive Activities - CCA (e.g decision making, problem solving and strategy planning) is a prime applicant in the organization while dealing with information complexities. There are numerous of computer-supported studies that have been pursued to facilitate it (e.g Decision Support System, Business Intelligent Dashboard and Big Data). In providing computer-supported tools for CCA, we observe the needs for collaborative settings in the organization. This is because, while handling the complex situations, the computer-supported tools need to handle vast amounts of information, with users often requiring to access and combine information from different sources, domain, types, times, and activities. For instance, to support decision making about a new product in the market, analysts  may need to access the  real time data of customers, demand trends, operational procedures, legal policies and society contributions for the potential decisions to be taken (Aman et al. 2014) and views from experts and skillful people are important for each of the data domain. Thus, it is no longer feasible to tackle the CCA by single people. It needs the collaboration among management teams, and the contributions from decision makers, whereas experts and managers are crucial to handle the increasingly large, complex and various domain of information as illustrated in Figure 1. 
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Figure 1.
Collaborative-CCA in the Organization 
According to Isenberg et al (2011), having multiple users is what transforms the cognitive process into a collaborative one and gives rise to its challenges. From CCA perspectives, the users are the people that are involved in the CCA process. According to Eppler (2006b) and Mengis & Eppler (2008), experts and decision makers are among the most potential users that are involved during the face-to-face collaboration in the organization especially to handle complex issues, the higher level management teams that hold the higher ranks, roles and knowledge always come in place. Apparently, the meetings, discussions and forums are among the familiar settings during the collaboration. By understanding the multiple people as the users, the research expected to further understand their difficulties during the Collaborative-CCA process. However, collaboration itself has been named as one of the grand challenges in the organization. Raje et al. (1985) define collaborative as “enhances the traditional interaction by bringing together many experts so that each can contribute toward the common goal of the understanding of the object, phenomenon, or data under investigation.” Therefore, in facilitating CCA, it is crucial to tackle the challenge of collaborative as well. 
The previous LR found the lack of understanding about the root cause of Collaborative-CCA problem. Even though, some research has emphasized the problem of increased complexities due to the complex matter and multiple participants, yet there is still a lack of understanding especially from perspectives of collaborative settings during the CCA process (Dillenbourg & Betrancourt, 2006). Since the conception and challenges are still in an early stage from CCA and collaborative perspectives, this paper will further clarify and develop an understanding about the intersection challenges between the Collaboration and CCA. 
2. Working Background
According to Parsons & Sedig (2014a), cognitive scientists make a distinction between simple and complex cognitions. Simple cognition refers to elementary cognitive and perceptual process whereas complex cognition refers to high-level, emergent cognitive processes, such as decision making and problem solving, that take place in complex environments and/or under complex conditions. To emphasize the active aspect of such cognitive processes and their complex nature, complex cognition can be referred to as Complex Cognitive Activities (CCA). One of the difficulties in understanding CCA is that it is a high level cognitive activity that involves numerous sub-activities such as problem solving, sense making, analytical reasoning, knowledge discovery, planning and decision making. Since the research has focused on the organization, then the phenomenon of collaboration between the people in the organization while performing CCA will be further understood and observed. The collaboration has been define as “a recursive process where two or more people or organization work together to realize shared goals. For example, an intriguing endeavor that is creative in nature, by sharing knowledge, learning and building consensus. Teams that work collaboratively can obtain greater resources, recognition and reward when facing competition for finite resources” (Briggs et al, 2009). Example of the Collaborative-CCA in the organization is like a management meeting, group discussion and peers’ conversation according to the complex job. To further investigate the challenges, this paper will develop more understanding about the collaborative-CCA situation (Briggs et al. 2009). It is important to describe the collaborative task, knowledge content and task context in order to have a meaningful, rightfully and able to achieve the collaboration goal. 
For Collaborative-CCA context, organization is an organized body of people with different tasks and roles with a shared purposed. It always takes place for a business, society and association. According to Maisura (2004), the achievement of an organization depends on two elements; human and non-human. The human element comprises of leadership, expertise and communication while non-human element comprises of technology, process, policies and equipment. To ensure the success of an organization, human and non-human elements need to complement each other and work as a team. The vision and the outcomes of an organization are closely related to the human elements. As an example, a decision maker and an expert as the human elements play an important role to make a decision in the organization. In recent years, we observed a general trend in organization toward increasingly complex and dynamic condition, thus it is essential for human elements to have the capabilities to handle CCA, response and act accordingly to stay relevant in the market. Here, non-human elements such as facts, procedures, documentation and presentation have been playing an important role to facilitate and support the human elements in the organization. Furthermore, when it comes to a collaborative situation, the interactivity between multiple human and non-human elements have increased the complexities during the CCA. The increasing of the complexities due to the collaborative phenomenon is because the needs to consider the interact and  communicate the knowledge during Collaborative-CCA process. In general, organization consists of various parts of departments, units or divisions. Each part will be classified to form a focused, skilled expertise in a certain field. Thus, the management defines the roles, tasks, functions, responsibility and authority of each part in carrying the organization’s main vision. During the collaboration, each of the part and the individual will interact and affect each other and how well all these parts can cooperate as a team will determine the organization’s efficiency and reliability. For example, in the department that manages the financial, the main division has been established as taxation, budgeting and accounting led by experts associated with the field. Regardless of the parts, when performing CCA, experts from each of the division should be consulted to get insights, information and relationship areas of expertise with the system of interest that are being faced. This kind of practice has become a norm in today's organizations. Therefore, the ability on how well a collaboration takes place becomes a major factor in shaping more quality outcomes for the CCA.
3.
Literature Analysis for Collaborative-CCA Challenges
After getting a deeper understanding about the Collaborative-CCA background, the research found a slightly different for the intersection challenges of Collaborative-CCA compared to CCA alone. Eventhough, there are continuity and relevancy from the previous LR findings, the challenges become more critical since it involves a distinguished background of the multiple participants that increase the cognitive processes towards achieving the same goal. Furthermore, the collaboration required the cognitive to perform more than the analysis, hence it involves the synthesis during the convergence phase. Finally, the collaboration involves the emergence of input and output during the CCA process that lead into knowledge construction. Each of the paragraph below will explain these intersection challenges in more details.
Table 0.1 
The Continuation and Relevency for the foundation of Collaborative-CCA Challenges from previous LR
	No
	The challenges of CCA

	The intersection challenges of Collaborative-CCA


	1.
	Ensemble of many cognitive processes
Many of cognitive processess occur from higher level of cognitive (e.g analyze, synthesize, evaluate and create) that emerge from availability of information. 

	Context of use and group-fit necessity

Distinguished background of users lead to different mental model during the Collaborative-CCA process. 
(a).  Different roles
(b).  Different level of knowledge
(c).  Different social background

	2. 
	The Construction of New Knowledge as the CCA emergence 
Emergence of knowledge from interconnection between information elements from multiple  sources, level of depth and abstraction and relevancy to the goal of CCA

	The lack of understanding and supporting the Convergence 
(a) Understanding the main driver
i. No centralized guidelines
ii. Difficulties to appreciate value of collaborative main drivers
iii. Difficulties to sustain the main driver direction.
(b) Understanding the interconnection between elements in different level of abstraction and details


	3. 
	The Evolvement during the process of knowledge construction
The dynamic and evolving of cognitive process incur the cognitive overload over the time. 
	The evolvement during the process of collective knowledge construction.
(a) The evolvement of collective input for the cognitive process
(b) The evolvement of collective output from the cognitive process




3.1
Context of Use and Group Fit Necessity
The CCA is dependent on the context of use. Since it happens in the collaborative settings, then it also must be a group-fit design. From the organization perspective, we found the essential of CCA to perform in the collaborative setting. Since it often involves higher level thinking, the CCA process requires views from experts who come from different areas within the enterprise, with different expertise and are familiar with their own ways of data representation – which is the CCA performing in a group and the group members being very context dependent (Heer & Agrawala, 2008). In this collaborative situation, the four types of cognitive biases (self-serving biased, cognitive fluency, sunk cost fallacy and confirmation biased) will become more dense and cloud the judgement since each of the users has their own cognitive bias (Liedtka, 2014). This will lead to the conflict when each of the users relies on their mental model and bases on their own cognitive biased. Therefore, it is essential to address the need to communicate the analytical results that meet the group fit neccessity. In the Collaborative-CCA settings, the research has identified the needs to understand the context of use especially for a group-fit as it is essential. The concern on the context must be customised as the group-fit since the collaboration must handle the variety of users’ functions, roles, knowledge and social backgrounds. 

3.2
Lack of Understanding and Supporting the Convergence 

The research found the convergence phase as the most challenging part during the Collaborative-CCA process. The degree of complexities has been increased due to the convergence phase and the lack of support let the users in difficult endeavour. In this research, we intended to explore this challenge further by focusing more on the convergence phase in the collaborative settings. In order to do that, we must review and get a deeper understanding on how convergence works and how the involvement with other phases need to be taken.
3.3. Evolvement of Collective Knowledge 

Evolvement of collective knowledge is concern on the information trend towards an emerging item that is not within the system control – the emergence. According to Johnson (2010), basically, emergence refers to the ability of low-level components of a system or community to be self-organized into a higher-level system of sophistication. The emergence is the creation of a new level organization through the coming into existence of one or more self-sustaining systems or agents. From collaboration perspectives, there is an increasing of emergence since each of the users will contribute as an agent in the population. There are differences in understanding emergence – some view emergence from the perspective of synergies, concept, process, perception, structure and enigmatic. Roger Sperry and Donald Campbell clarify the significance of emergence for mental and cognitive perspectives (Corning, 2002). Thus, in Collaborative-CCA situation, the emergence of information should be concerned from the perspectives of information to feed the users’ cognitive process and new interpretation from each of the collaborator’s cognitive process that is evolving during the performance of collaborative CCA.
4. Conclusion

This paper has highlighted three intersection challenges of Collaborative-CCA that are significant in the organization settings and found the increase of challenges complexity for the intersection of Collaborative-CCA compared to CCA alone. The challenges become more critical since it involves a distinguished background of the multiple collaborators that increase the cognitive processes. Three Collaborative-CCA challenges that have been addressed in this paper are; i). context of use and group fit neccessity, ii) the lack of understanding and supporting the convergence and iii) the evolvement during the process of collective knowledge construction. Due to the limited pages in this paper, the verification of these challenges can be found from (Suraya et al, 2017). The verification through semi-structured interview gain deeper understanding about how these challenges has being taken in the real organization settings. Furthermore, using description and task settings from the real users’ own job perspectives enrich and expand the description for each of the challenge and explain how it gives impact in their real job. 
Furthermore, while this paper focus to understand the Collaborative-CCA challenges in more details, we then aim to apply these outcomes as the rationales to develop an effective computer-supported tools for facilitating Collaborative-CCA process. These paper outcomes will help the research to gain more understanding about how the process of Collaborative-CCA has been doing, the people and roles involved and found some cues on how the solution must work to better facilitate the Collaborative-CCA process. Finally, we hope the lengthy and details description for the Collaborative-CCA challenges encourage the KM community to understand and grab some rationales for more effective computer-supported solution in the organization. Due to the creativity, theorizing and practicality computer-supported solution, this research also welcomes an enrichment for the identified challenges. The KM community might have other perspectives for the set of challenges, a different way of design solution or evaluation enhancement due to facilitate Collaborative-CCA. Thus, the KM community might consider to use or enhance these identified challenges. 
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