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ABSTRACT

Visualizations have been use to synthesize information and derive insightful discoveries. Recently, the nature of data have changed and we are now dealing with data that are massive, ambiguous, and dynamic, often processed in real time. As such, they are more complex and the activities that we do with have also become more complex. This research must revisit the way to provide for more valuable and effective data visualizations. There are still gaps in the process to understand the root cause and rationalize the design decisions. One issue is with the nature of the activities. This research focus on Strategy Development Process (SDP) in the organization which include collaboration and complex cognitive activities. They all rely heavily on the analytical use of information. The challenge increases when there are more than one person doing the analysis. There is lack of understanding of collaboration and how visualizations can support them and has led to shortcomings of designed visualizations as a tools to facilitate Collaborative-SDP rigorously. It is timely to design visualizations based on SDP that is more human centric approaches. To this end, this research has developed three visualization principles for Collaborative-SDP: i) higher level visual structure, ii) lower level visual structure, and iii) the interconnection between higher and lower level visual structure. The method of Focus Group Observation have been used for conducting evaluations in the real scenarios and settings. The evaluation results justified the effectiveness of visualization principles to facilitate Collaborative-SDP. The results show the capabilities of the visualization principles to centralize the experts and decision makers mental model and bring clarities on how (the process) of knowledge can be formed.
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INTRODUCTION

The use of visualizations has been expanding rapidly. Just as the amount and complexity of data grow, so are the sophistication and complexity of their corresponding visual representations. The field of visualization is interdisciplinary, one that incorporates scientific, technological, and cognitive aspects. Visualizations focus on amplifying human cognition to promote efficiency in well-defined tasks (Shneiderman, 1999; Amar & Stasko, 2004; Hundhausen, 2013). More recently, they have been used as a communication mediator to build common understanding, insight, and decision-making within organizations’ environments (Burkhard & Eppler, 2004; Bresciani & Eppler, 2010; Bertschi et al. 2011). After more than 30 years of advancement, visualizations have become very important, and almost indispensable, being used in many domains of application (Masud et al. 2010; Meyer, 2009).
Today, organizations are the prime domain of visualizations. By using interchangeable terms, visualization has been widely used to facilitate the cognitive process in an organization. From basic presentation aids like Power Points, Prezi, and Keynote to sophisticated tools like Decision Support System, Knowledge Management, Business Intelligent, and recently, Business Intelligence & Analytics (BIA), visualization has been used to facilitate experts and decision-makers to derive better business decisions in the organization. However, report from Gartner (2017) mentioned that “60% of Big Data project will fail to go beyond piloting and experimentation, and will be abandoned.” One of the reasons is that the top management in the organization is unable to define the values of the project’s BIA for business decision making. Thus, it is time to revise the way we develop BIA by understanding the needs from the business and users’ perspectives. In the field of Knowledge Visualization (KV), Information Visualization (IV), and Visual Analytics (VA), the importance of visual representation to support decision making has been emphasized and explored by many researchers (Yee et al, 2007, Platts et al, 2012 and Bresciani et al, 2008). Visualization is the main component that interacts with human (users) and plays an essential role to facilitate user’s cognitive processes during the business use. However, most of the BIA researches focused on the computational and technological perspectives instead of the users’ mental space (Sedig et. al, 2012). One problem with the mental space is that the nature of BIA-related activities usually involves the complex cognitive activities (CCA) in the collaborative settings. In the organization, usually the experts and decision-makers collaboratively use, apply, and manipulate BIA to support and convince the business decision. They all rely heavily on the analytical use of information. The challenge increases when more than one person do the analysis. There is a lack of understanding of how collaboration and visualizations can support them, leading to shortcomings of designed visualizations as a tool to rigorously facilitate Collaborative-CCA.
In order to provide more effective visualizations for BIA in the organization, this research intended to identify the visualization principles suitable to handle the BIA in the Collaborative-CCA settings. This research focused on the Strategy Development Process (SDP) as one of the major activities for business management in the organization. During SDP, the experts and decision-makers become actors that collaborate to develop business goals, strategies, and actions. However, it is difficult to communicate tacit knowledge, such as the statement of personal opinion and experience which is highly crucial for management to make decisions. It differs in terms of what is communicated, and how one communicates with another. Furthermore, with different individual backgrounds, extensive scopes, and diverse ideas, it is difficult to grasp the big picture, especially when the integration is carried out between various domains of knowledge (Rohaizan et al 2017a, 2017b). Thus, doing collaborative strategy planning leads to higher level of cognitive complexities; and at the same time, increases the difficulties to communicate among the group members; and poses numerous cognitive overload, and emotional and social challenges (Uden et al 2017). After comprehending the lack of understanding of how visualization can support SDP as CCA in the collaborative settings, generally, this research aimed to answer three research questions:
· Research Question 1: What are the problems or issues that occur in the collaborative settings while performing Strategy Development Process?
· Research Question 2: What is an effective visualization solution for collaborative settings in Strategy Development Process?
· Research Question 3: Does the proposed solution work?
However, in the previous paper, Suraya et al., (2017a) has answered research question 1 by identifying three main challenges for collaboration during complex cognitive activities such as SDP which could be summarized as: i) the different mental model in achieving the shared goals, ii) the lack of understanding the importance of convergence, and iii) the evolving emergent information. Therefore, in identifying the effective visualization solution for SDP, it is essential for visualization to tackle the challenges as mentioned above. Thus, the representation of the space of visualization is not only meant to represent the complexities of information, but also able to support the experts and decision-makers’ mental space in order to develop unity, and comprehensive strategy and action plan. As a consequence, this paper focused on answering research question 2 and 3, comprised of two research objectives:
· Research Objective 1: To identify the visualization principles as the guideline to handle the Collaborative-Strategy Development Process.
· Research Objective 2: To evaluate the proposed visualization principles.
WORKING BACKGROUND
Knowledge visualization (KV) was introduced in 2004 and has been well accepted since then. Eppler and Burkhad (2004) defined KV as "the use of visual representations to improve the transfer and creation of knowledge between at least two persons." Understanding of users, knowledge transfer, and perception should generate better, more efficient, and further aggregate knowledge. Focusing on business and management, KV designates all graphic means that can be used to construct and convey complex insights, experiences, attitudes, values, expectations, perspectives, opinions, and predictions to enable someone to re-construct, remember, and apply these insights correctly. KV aims at understanding the functions, augmenting knowledge creation, and identifying the cognitive and organizational needs of users from the perspective of cognitive, perception, and social communication; supplying insights for us to determine how to design visualizations.
Meanwhile, strategy is a designation of method, action, or plan to achieve a desired future such as long-term business goals or the solutions for any problem. In pursuit of that, strategy development process is the course of actions to plan and design the method, action or plan and to make decisions on allocating the resources to pursue the strategy. Usually, the outcome is the strategy planning that is used as a mechanism to control and guide the development of strategy as widely used by the military, companies, government sectors, and communities. According to Platts & Eppler (2007), and Kerbach et al. (2015), SDP can be an overwhelming challenge because it compounds with time pressure, uncertainty, constant distraction, and internal tension. From the visualization perspectives, SDP mainly deals with information complexities and uncertainties. Thus, SDP is a Complex Cognitive Activities (CCA) that require interactions between various parts of tasks, actions, and events to solve a higher level of cognitive activities (Sedig et al., 2014). In contrast with basic cognition, CCA are a higher cognitive process that involves more than storing and encoding memories as it must come with the ability to presuppose the availability of knowledge and put it to use. Schleicher and McConnell (2005) have recognized CCA as the processes that led to the understanding and ability to transform and use knowledge in the appropriate context. Since CCA often involve a higher level of thinking and knowledge, the process of strategy planning tends to answer the questions of “how” and “why” (higher level knowledge). The questions of “how” and “why” require an understanding of the lower level of knowledge (remembering, understanding, and knowing) before a user can make an analysis and a synthesis in response to higher levels of knowledge (Krathwohl, 2002) which the visualization is required to support the reasoning in this kind of cognitive process. By focusing on SDP from CCA perspective, we concentrate on facilitating the uncertainties of information and higher level of cognitive complexities.
In the organization, Ya’acob et al. (2015) has observed that SDP always occurs in the collaborative settings. The meetings, discussions, and brainstorming are among the familiar settings to plan the strategy in the organization. This is because, developing a comprehensive strategy is not feasible by a single person; the organization needs the views and opinions from experts and skillful managers from various domains. Based on Isenberg et al. (2011), collaboration enhances the traditional interactions by bringing together many experts so that each can contribute towards the common goal of understanding the object, phenomenon or data under investigation. In this condition, experts and decision-makers are among the highest potential collaborators to handle the increasingly large, complex, and varied domains and fields involved in the SDP (Mengis & Eppler, 2008). Thus, having multiple collaborators transforms the cognitive process and gives rise to its challenges. The crucial challenge of SDP learned from Ya’acob et al. (2016) is the lack of facilitation for the convergence (synthesis) during Collaborative-CCA. To handle a convergence challenge, Kolfschoten & Brazier (2013) suggested the approach of summarization and abstraction. Summarization can be achieved by capturing the essence of information, and representing them with fewer information elements. Through summarization methods, we selected only unique information, and then merged similar contributions to keep only the essentials, and finally selected an instance of similar pieces of information to represent multiple instances. Abstracting information can be performed by creating higher level concepts that encompass relevant information from the original set. The purpose of abstraction is to make the content more cognitively manageable by allowing people to pay attention to relevant information and to ignore other details. Abstraction can be done by generalizing a set of similar objects regarded to be a specific generic type or object. It can also be attained by aggregating the relationships between objects in a hierarchical manner. Both abstraction and summarization approach can help eliminate redundancy, similarity, and overlap during the convergence of cognition. As of yet, there is little research about summarization and abstraction techniques in complex visualizations, and therefore, these techniques will need to be developed and tested. In order to support summarization and abstraction for visual structure synthesis, the research considered three kernel theories known as i) overview concept, ii) general system theory, and iii) cycle of expectation formation.
An overview concept is the key element that considers the systemic view for big data interfaces. Overview is the key element in the classical visual information-seeking mantra: “Overview first, zoom and filter then details on demand” by Schneiderman (1999). However, the context of meaning for overview is incomplete for the systemic point of view. According to Hornbaek & Hertzum (2011), the meanings and uses of the notion of overview in the information visualization research mainly discuss a technical sense of systemic, in which an overview is a display that shrinks an information space and shows information at a coarse level of granularity. However, the visualization overview should be able to clarify the SDP main driver, show the key points, see the interconnections between various perspectives, and let the users understand the interconnection between various elements. Therefore, for the SDP-visualization principles, we attempted to extend the technical function of an overview to suffice the demonstration of the systemic view.

The systemic concept has been mentioned by Aristotle 2000 years ago when he explained that the significant holism was something over and above its parts and not just the sum of them all (Corning, 2002). According to Mengis (2007), the concept of system thinking is rooted from the General System Theory (GST). GST was introduced by Von Bertalanffy in the 1930s. Under system science, GST evolved to System Thinking around 1950 to the current date. Within that, Checkland, Ackoff and Senge are among the key persons who have contributed to the significance of GST in handling complex challenges, especially from the organization and management perspectives. One of the famous metaphors to describe GST is an Iceberg Model with four levels as illustrated in Figure 1.
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Figure. 1.   Iceberg Model as a metaphor for General System Thinking (source: A System Thinking Model).
Due to the large extent of the GST level to be examined, we proposed to concentrate the systemic view for visual representation on level three: the underlying structures. Our study sought the importance of the underlying structures of the Iceberg metaphor to clarify the interconnectedness between the elements of information to represent system as a whole. The research was aware that presenting visualization for the systemic view must at least contain the interconnection between elements and between the higher level of information (for instance, abstraction, key points, and perspectives) and lower level information (details). So far, the literature review in the visualization-computational field found that the visual representation design’s focus was sufficient in presenting data in parts for the lower level details. Therefore, to achieve a higher level of information and to form the cycle of expectation, we argued to complement the higher level structure to the lower level of object data.
In order to complement higher and lower level for the higher level thinking (analysis, synthesis and creation), Ziemkiewicz & Kosara (2010) described the process of how people would interpret the visualization as “the cycle of forming expectation.” Basically, to interpret visualization, the process is between making hypotheses at a higher level structure and later confirming the hypotheses. The confirmation can be done by checking the relevant details at a lower level. Object data will recur iteratively until the users are satisfied with getting the full understanding of the problem or the phenomena. From the cycle of formation, Ziemkiewicz & Kosara (2009) emphasized the importance of  a higher level of visual structure to fill the gap in understanding how people communicate and reason with visual information, especially for complex cognitive processes. Meanwhile, the IV basically operates at a lower level of abstraction and focuses mainly on raw data and information. A study from Schneiderman (1999) mentioned that concept overview basically operated at a lower level of abstraction and focused mainly on the raw data or information. Therefore, to achieve a higher level of abstraction, Ziemkiewicz & Kosara (2010) suggested having higher level structure of IV to complement the lower level of object data in forming the cycle of expectation. They argued that the encoding of visualization structure which was similar to how human structure information in their cognitive thinking would be useful in understanding the complex cognitive processes.

VISUALIZATION PRINCIPLES FOR FACILITATING COLLABORATIVE-SDP

Based on the convergence challenges and approaches described in the previous section, and suggestions by Ya’acob et al. (2015), the research proposed the systemic concept as the basis of visualization principles for SDP facilitation. Since visualization is capable to explicitly present the underlying structures between parts of information, it will help show and draw the visual representation structure in order to synthesize the complex information during SDP; therefore, helping to clarify the interconnection and providing the big picture of the SDP context. Basically, these visualization principles have been theorized by extending the overview concept towards the systemic view. Then, using GST, the research proposed the systemic view by embedding the underlying structure (layer three of the Iceberg model) to underpin the concept of the visual structure synthesis. Moreover, the cycle of formation will help strengthen the need for higher and lower level of multi-view visual structure to support the synthesis of the higher level thinking. The visual structure synthesis claims three elements within this principle: i) higher level visual structure, ii) lower level visual structure, and iii) the interconnection between higher and lower level visual structure as summarized in Figure 2.
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Figure 2. The Visualization Principles for Collaborative-SDP Visual Structure


Through the organization of the visual structure (Figure 2), we have emphasized on guiding the users to discuss the details according to their SDP requirements. The entire structure design of the visual representation will act as explicit guidelines shared across several mental models so that there would be shared understanding among the users. Knowing what to do through the visual structure makes the SDP focus on the relevant elements. Nevertheless, since SDP is about the complex domain, the interconnection between elements is not limited between the higher and lower level visual structures, hence the relationship can also be formed either between the elements in the same key components, between different key components or  lower level details. In summary, the interconnection between higher and lower level structures forms the visual structure synthesis in the systemic approach.
Visualization Principle 1: Higher Level Visual Structure

In terms of the higher levels, Ziemkiewicz & Kosara (2011) have argued that the encoding of the visualization structure should be similar to how people structure information, making it useful in helping them carry out complex activities. Furthermore, they highlighted the use of metaphors to frame higher level visual structures and, by doing so, allowed the abstract overviews. It is important that the overviews allow the users to make hypotheses about the information space at a higher level and to enable them to confirm (or reject) these hypotheses at a lower level. Thus, it is clearly understood that the context of use for the macro level is essential as the rationales for this part (step one to three from the context of use). As many cycles are required to be carried out, the structure needs to be fluid, and the fluidity of visualizations may not be easy to achieve when metaphors alone are used. There is a need to go beyond the metaphors because the importance of the metaphor has been highlighted in that the higher level visual structures allow the abstraction overviews for the visual representation. We argued that a lack of metaphor alone as the higher level visual structures to handle complexities and provide a systemic structure. Thus, we proposed multiple-view properties as a synthesised visual structure to complement the concept of higher level information with the lower details to generate the systemic view of visual representation design. In order to create multiple-view properties of the visual structure, the context of use from the perspective of details is important to indicate the elements needed in the multiple-view properties. Thus, we suggested that the step four of the tasks-processes, step five of function and step six of needed knowledge were important to rationalize multiple-view properties for the higher level visual structure. The combination of these steps will help form a more comprehensive visual structure to guide the higher level of abstraction during the collaborative-CCA process.
Visualization Principle 2: Lower Level Visual Structure

Much of the literature has focused on the lower level representations. Thus, the research can easily choose, apply, and combine the current visual structure as the lower level to present and guide the detailed information. The selection can be rationalized from the context of use on the detailed parts which are step four, five, and six. According to Paas et al. (2003), to reduce and manage the cognitive load, the overwhelming details can be clustered and categorized according to the key components. The selection of the key components can be according to the business priority, and activity goal in the context of use—either based on function, tasks or knowledge in the context of use.
Visualization Principle 3: Interconnection between Higher and Lower Level Visual Structure

Contextual visual design must at least show the interconnection between higher levels of the information space (abstraction, key points, and perspectives) and lower levels (concrete details). It is important to handle the analytical and synthetically process and further the divergence to the convergence phase. This is because the users develop abstractions of the higher levels by accessing and manipulating the lower level details. Therefore, the relationships between these lower and higher elements are important to facilitate the reasoning process. To support the process, the cycle of formation can strengthen the main relationship between the higher and lower level of visual structures.

METHODOLOGIES
The research sought to further identify the practical usefulness and effectiveness of visualization artifact to facilitate SDP using focus group observation in real organization settings. Based from the strategy development activities point of view, the evaluation should be able to observe how the visualization was able to facilitate the process of strategy development. By taking into account the necessity of sampling and research method based on the activities and processes, the focus group observation was chosen as the method to evaluate the visual representation design. Using this method, this research was able to observe the interactive and collective process while the participants performed SDP face-to-face in a collaborative setting (e.g., meetings, discussions, and workgroups). The method was selected to balance between the values of freedom of qualitative methods, and the controlled environment for the deductive process because the investigation of complex phenomena, especially when dealing with the activities, was not a straightforward process (Tong et al. 2007). Even though the visualization is essential for the evaluation criteria, the natural settings for strategy development activities are also important. Thus, for this study, we embedded the qualitative component by observing the activities in a real setting.

The focus group observation lasted around 90-120 minutes, and during that time, the participants in the group of 4-6 people were gathered in the meeting room. Based on the goal, the groups were to discuss as in a normal meeting or discussion group as long as they would refer and utilize the provided visual representation. Then, we observed and recorded the collaborative process as evidence on how the visualization instrument was able to facilitate the SDP. Along with the collaborative consideration, the unit of analysis for the evaluation was the interactivity between the users and visual representation. In spite of evaluating the usability that weighted more on the instrument’s ease of use, the research focused on the usefulness to highlight the instrument’s quality of being useful (Norman, 2013). Thus, in this research, the interactivity was observed through an interactive and collective analytical process. Based on the need to understand the interactivity process, the researcher observed the focus group throughout the Collaborative-CCA process (Liu et al 2008; Isenberg et al 2011). The method required that the events must be in natural settings to perform better within the real context. Thus, the qualitative method was the most relevant one (Yin, 2010; Yin, 2011; Creswell, 2009). The evaluation analysis was carried out deductively by using deductive qualitative analysis (DQA) (Gilgun, 2010; 2011). By using a deductive approach, the evaluation became more specific and focused on assessing the usefulness of visualization principles based on the criteria.
Based on the purposeful sampling strategy and Collaborative-CCA-based activities, the research chose the management team that intended to perform the strategy planning in their organization as the participants. Three (3) groups of users were selected from different organizations comprising of the public and private sectors in Malaysia. The focus groups for the observation are mentioned in the Table 1.
Table 1

The Selection of the Participants for the Evaluation

	Group 
	Goal to achieve
	Subject Domain

	Group 1

(4 participants)
	Product Development Strategy
	Agriculture investment for 18 acres of land in Nilai, Negeri Sembilan

	Group 2

(5 participants)
	Business Developement strategy
	Business investment on 2500 square feet of land at Kuala Lumpur

	Group 3

(5 participants)
	Inclusiveness and ownership Strategy for Public Sector Transfromation Programme
	Collaborative decision strategy for public sector professionalism (Public Sector Department)


Since the evaluation main concern was to observe how the visual representation design would affect the strategy development process, the visual representation design must act as the control environment (instrument) for facilitating activities. The design of this study did not limit the freedom of participants to act, think, draw, and express their views during the process. From the focus group, we would like to observe the feedback loops between the participants and the visual representation instrument. Basically, the tasks and settings for focus group observation were divided into three divisions: before, during, and after the observation. Before the observation, a consent form was given to each of the participants in the group. After getting the permission, the researcher started to demonstrate the visualization principles into the visual representation instrument that was used during the focus group activity. During the observation, the usefulness of the instruments was demonstrated and evaluated. Then, after the observation was the process to manage and analyze the evaluation data to develop valuable findings.
During the observation, the usefulness of the instruments was demonstrated and evaluated. However, this paper discussed the evaluation results in detail since the demonstration had been discussed in detail in a previous study (Ya’acob et al, 2017b). Based on our early agreement with the participants while understanding the context of use, the focus group aimed to perform and solve the CCA goals. The activity lasted around 90-120 minutes, and during that time, the participants in the group of 4-5 people were gathered in the meeting room. The groups were to discuss as in a normal meeting or discussion group as long as they would refer and utilize the provided visual representation instruments. Then, we observed and recorded the interactivity as evidence on how the visual structure would be useful to facilitate SDP. After the observation, the researcher discussed with the group to clarify certain findings from the observation and gave some time for them to express their view about the activity, instruments, and the topic of discussion.

Finally, the thematic analysis was carried out after the transcription for the three cases. The analysis was conducted based on the deductive qualitative analysis (DQA). The thematic analysis process based on open coding was carried out as usual with the codes for a theme being assigned according to the criteria and unit of data analysis. We first transcribed the relevant verbal expressions into quotations. Each quotation would then be grouped according to similarities, after which themes or subthemes would emerge. Since we were evaluating the visual structure, triangulation was essential to complement each of the quotations with video observations, and content records in the visual structure that were related. To avoid misleading interpretation, the researcher also made a peer review session to check the themes and findings interpretation. During that session, the peers reviewed the quotation, video observation, and content records in the visual structure. Then the peers agreed, disagreed or gave an opinion for each of the identified interpretation for each of the subthemes. After the peer review session, the results and findings from the evaluation were finally discussed appropriately.

THE EVALUATION AND FINDINGS
The evaluation and findings provided insights into the impact of the visualization principles to facilitate the SDP. Based on three evaluation criteria using the theme and subtheme concept of DQA, the evaluation assessed the capabilities of the visualization to centralize and externalize the strategy development process as summarized in table 2. 
Table 2 
Subthemes and the corresponding key ideas to support the theme of ‘Capabilities to Centralize the Collaborative-SDP Process
	Theme 
	Subtheme
	Unit – Key ideas

	Capabilities to centralize the Collaborative-SDP Process.
	(a) Centralized mental model
	(i) Guidance for content construction

(ii) Avoid blurriness

(iii) Resolving task conflict

	
	(b) Clarities on how knowledge can be formed
	(i) Guidance on what to do for each step of Collaborative process.

(ii) Participants were confident during the process.

(iii) The groups were able to execute and fulfil the job.

(iv) Participants were satisfied after the process.


Capabilites to Centralized Mental Model 
Centralized mental model was our concern since the SDP were performed in the collaborative settings, and the design principles must be able to solve this collaborative challenge. Therefore, differentiation and conflict between the mental models during SDP was the prime challenge that needed to be considered for this research. Having a visual structure that had been organized based on convergence and general system ideas gave the contextual guidelines while SDP took place. Moreover, these guidelines were able to centralize the mental models between the users and to give clarity during the cognitive process.
Looking at the results, we found that the discrepancy between the users had been the major challenge while they collaboratively carried out SDP. There was a difference in the participants’ cognitive backgrounds because of their different mental models and perspectives. Therefore, having a single visual structure to represent the discussion during the process gave centralized and contextual guidelines for constructive content during the conversations. The discussion content that had been picked, annotated, and sketched in the visual representation structure was similar to the concept of thinking aloud as exemplified in Figure 3. However, in a very visual way, the participants could explicitly see the gist of their arguments, helping to break silo and leverage roles between the users. Additionally, since the participants only had a single point of reference, the visual representation was able to reduce duplicating elements that might be discussed over and over again. On the other hand, when the experts and decision-makers were able to see the information clearly discussed, they were in control, confident, and open to discuss any issues.
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Figure. 3.   The Discussion Content in the Visual Representation Structure

Moreover, the contextual details of the visual structure helped resolve further differences in what they saw as the tasks at hand so that the discussions were easier, more pragmatic and focused, avoiding time lost on clarification and eliminating disagreements. In focus group 1, sometimes the arguments turned intense when a participant demanded clarification on certain elements. In one case, a simple suggestion to see the representation from another participant led to clarifying a misunderstanding. The simple admission, like “Oooo, there” while nodding his or her head seemed to help resolve the tension among the peers. Besides this, we could see that the participants were clearly exploring what they did not know, leading to knowledge creation as a group. Some of the issues that were raised were not easy to solve at some points due to the participants’ lack of information because they were using the four elements mentioned in the structure of the Kaplan model (financial, people, operation, and research development). When they realized that they could not have further and solid information based on those four elements, the chairperson or someone in the group suggested to stop and move to something else, and later come back to the problem when more emergent information became available. For example, for group 1 and 2, they had certain issues that needed further investigations. One of the participants from Group 1 said, “We cannot prolong the chili since we don’t know much about the fertigation process, how much money it will cost, how much profit we can get or whether it’s easy or hard to maintain, so let’s find out more and present it in the next meeting”. By realizing what they knew or what they did not know, and admitting there would be new incoming information helped avoid losing time from discussing irrelevant issues.

During the SDP process, some disturbances occurred: some participants started to chat regarding the previous issues and unrelated topics; someone’s phone beeped; and a few simply went out of the room for a short while. These somewhat disturbed their cognitive attention. However, by having the visual structure, we observed that the participants managed to get back into the current stage by referring to the current phase and the annotation in the representation space. Furthermore, since the group annotated the gist of the conversations, the participants easily picked up the missing content and got back into the discussions. We attempted to support the theme of developing a centralized mental model. Table 3 summarizes the findings for the key ideas, and sub-subthemes formation to help develop the centralized mental model subtheme, and to support representing complexities.
Table 3
Key Ideas and Sub-Subthemes to Support Centralized Mental Model Subtheme

	Subtheme
	Sub-subthemes
	Unit-Key ideas

	(a). Centralized mental model
	Guidance for Content construction
	(i) Contextual of visual structure to guide content construction.

(ii) Content sketching - Explicit thought – same like thinking aloud but using visual instead of voice.

	
	Avoid blurriness
	(i) Reduce duplicating

(ii) Highlighting explicit content

(iii) Breaking silo

(iv) Users feel in control and confident

	
	Resolving task conflict
	(i) Capabilities to admit their own misinterpretation after clarities on the explicit content and context (visual representation)

(ii) Participants know that they don’t know

(iii) Participants easily manage to get back into current stage during the performance of collaborative CCA – discuss which (after the participant was distracted and wanted to get back to the discussion


Clarities on the “how” knowledge was formed

Clarities on the “how” knowledge was formed during the discussion was important to let the users understand what to do during the exploration process. The participants were alert and able to manage the task in order to fulfil the main drivers and objectives of SDP. The findings from the focus group observation showed that the participants were clear about the important phases to develop in the strategy planning. The findings from the case studies had shown that the groups were clear about the important phases to formulate the strategy planning. While referring to the compact, simplified, and anchored Kaplan Model structure (acting as a higher level visual structure), the participants were able to understand the importance of the interconnections between the elements of the financial, customer, internal business process, learning, and growth. For group 1, even in the early 03:28 minutes from the total 124.07 minutes of discussion, participant 2 (the financial controller) and participant 1 (the land owner) were nodding their heads while the researcher explained the strategy elements, phases, and the feedback loops between each of it. Even without detailed guidelines (e.g. list of tasks, documentation, and detailed instruction), they were capable of acting effectively in order to complete the objectives. We found that the simplicity of the structure (e.g. division of the rows and columns) and terms (e.g. financial to model, people to customers) helped the participants easily absorb and grab the “how” knowledge on developing their business strategy planning. Even the simplification might have changed the true meaning of the real process but it seemed real and workable for their context. Meanwhile, the other participants in the group were confident while conducting SDP. Even for the rest of the case, it could be clearly seen from their facial reaction that they understood what they were going through. The facial gestures indicated they had reached the “a-ha” moment in understanding the business process as a whole. It showed that they just understood each of the steps needed to be taken during the SDP.

Furthermore, the participants were satisfied after the performance because they were able to complete the tasks, to clearly understand what they were doing, and to be clear on what to do after the discussions. These were mentioned in the interviews with selected participants after the experiments. Among the answers from the participants were: “…Yes, I clearly [saw] what the plan [was] and then we [knew] what to do next” (Participant 3 from Group 2); “We should have this thing (referring to the instrument) in our meetings and let the boss see what we see” (Participant 4 from group 3); and “…all right, things for sure… we want to schedule monthly meeting and compare our project progress to this (referring to the summary of the business planning in the Kaplan Model House)” (participant 2 from group 1). Moreover, the confidence and satisfaction could be seen from the participants’ facial impressions, body gestures, and enthusiasm. During the SDP performance, they volunteered to give suggestions and ideas. Since the case studies were taken from the real case, the participants were able to find ways and were eager to execute their planning. Even after the session, the participants were still talking about their discussion findings with smiles, laughter, and enthusiasm, indicating they were satisfied with the discussion and gaining confidence to execute the plan.
While the research focused on understanding the “why” questions for each of the viusalization principles for developing strategy in the collaborative settings, thus the evaluation is meant to justify the rationales for each of the visualization principles. The capabilities to be  has been the main why the visualization principles are effective to facilitate the process of strategy development in the collaborative settings. The evaluation shows how the visualization principles are capable to centralize the strategy development process by centralized the collaborators’ mental model and give clarities on how knowledge can be formed. For the future direction, the research intended to explore the “how-elements” of the principles to be practical while consulting the current visualizations. There is a need to further investigate the “how” questions in order to bring the visualization principles into design elements that are applicable for the current visualizations using the varieties of technological aspects. Further investigating the applicablity of visualization principles into the design elements potentially complements and improves current visualization techniques, methods, and tools. To be more specific, the research intends to further explore the analytical part since it complements the synthesizing part, which is what the future is looking for. We believe the extension from this research can bring benefit to complement Business Intelligence, Visual Analytics, and Big Data (John et al 2012) in a more comprehensive and effective way, especially to facilitate the Collaborative-CCA such as the Strategy Development Process in the organization.

CONCLUSIONS
Strategy Development Process is a complex cognitive activity that involves information complexities and requires higher level thinking. Since SDP always takes place in the collaborative settings in the organization, it has increased the complexity challenge; the convergence issue has become more significant since it involves distinguished background of the multiple collaborators who increase the cognitive processes. By referring to the research objectives, this paper has fulfilled research objective 1 by identifying three visualization principles suitable for SDP. When facilitating SDP in the collaborative settings, firstly the research had emphasized the importance of providing higher level visual structure in the pursuit of giving the team members the big picture. It was the higher extension of an overview (Schneiderman, 1995) and metaphor (Ziemkiewicz & Kosara, 2011) concepts. The higher level visual structure should be able to clarify the SDP main driver, showing the key points and interconnections between various perspectives in order to synthesize the new elements. Second, we corroborated the previous researches about the significance of lower level visual structure to analyze the SDP context of use on the detail parts. In addition to the principles above, the research had realized the significance for the third visualization principle: the interconnection between higher level (abstraction, key points and perspectives) and lower level (concrete details) of visual structure. The interconnection was important to facilitate the reasoning process when the users developed abstractions of the higher levels by accessing and manipulating the lower level details. These would help the users synthesize and analyze while progressing from divergence to the convergence phase. 
This paper achieved research objective 2 through the observation and analysis during the evaluation. The results showed the effectiveness of visualization principles to facilitate SDP. The results justified the visualization principles that were capable of centralizing the experts and decision-makers mental model and bringing clarities on the “how” knowledge (the process) was formed. At the same time, the observation also gained deeper understanding about how these challenges was taken in the real organization settings. Using the descriptions and task settings from the users’ own job perspectives had enriched and expanded the description for each of the visualization principles in the actual strategy development process.

In the future, to eliminate the abandonment of big data project, facilitating an organization to derive business decision must come in a more effective way. The visualization must be able to facilitate the users’ mental space—in this case, the experts and decision-makers who are more engaged in the analysis and synthesis processes while performing SDP. As a result, the visualization principles highlighted the importance of higher level (synthesis), lower level (analysis), and the interconnection between these two visual structures. To a large extent, SDP is a Complex Cognitive Activities that occur in the collaborative settings. Thus, the visualization principles can be manipulated in any of the Collaborative-CCA like decision making, problem solving, analytical reasoning, and sensemaking.
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