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Introduction: This article presents a systematic literature review that follows the PRISMA and PICOS guidelines to analyze current research trends on cognition, integrative complexity (IC) (a cognitive feature focusing on information processing in a person’s response rather than its quantity or quality), and decision-making from the perspectives of activity theory and neuroscience.

Methods: The study examines 31 papers published between 2012 and 2022 and 19 articles specifically related to neuroscience. We performed a content analysis using six categories within activity theory: subjects, objects, rules, community, division of labor, and outcomes.

Results: The study investigates the relationship between decision-making outcomes and IC as a cognitive feature in various contexts. Additionally, content analysis on neuroscience and IC revealed significant research gaps, including understanding the nature of IC, challenges related to its measurement, and differentiation from other cognitive features. We also identify opportunities for investigating the brain’s activity during decision-making in relation to IC.

Discussion: We address the need for a more precise categorization of IC in studies of cognition, IC, and decision-making. We discuss the implications of our analysis for understanding the cognitive nature of IC and the potential of neuroscience methods for studying this attribute.
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1. Introduction


1.1. Cognition and integrative complexity

The study of cognition, integrative complexity (IC), and decision-making has garnered significant attention due to their influence on behavioral decisions. IC is a cognitive feature that constructs a causal structure among various agents’ perspectives and data sources, integrating them into a coherent decision judgment for crisis resolution (Suedfeld et al., 1992). It focuses on processing information in a person’s response rather than its quantity or quality. IC finds application in diverse scientific fields, including political science and health, where it is employed to explore decision-making styles (Shao et al., 2019; Zhou et al., 2020) and differential diagnostics (Suedfeld, 2010; Conway and Woodward, 2019).

However, research on IC has become expansive, accompanied by various tools employed to study it. While contemporary authors such as Conway et al. (2018) and Zhou et al. (2021) utilize IC in their research, its definition and scope remain broad. This article aims to review IC research systemically, employing activity theory (AT), neuroscience, and the PRISMA and PICOS guidelines. These methodologies seek to comprehend research as a human endeavor with multiple components and actors interconnected. Additionally, this article addresses the inputs from theoretical and experimental research. It focuses on integrating IC as both a cognitive feature and a research variable, examining its implications and relationship with other cognitive features (e.g., intelligence, memory) as well as its application to various phenomena such as decision-making, organizational behavior, and politics.

Initially, IC was introduced as a cognitive feature associated with perception, information search, and decision-making (Driver and Streufert, 1969). It centers not on the quantity or quality of information an individual processes but on the information-processing systems of individuals and groups. The premise is that certain systems exhibit more complex information-processing capabilities than others, despite having the same inputs.

Integrative complexity encompasses two main components: differentiation and integration (Tetlock, 1986; Tetlock et al., 1993; McCullough, 2019). Differentiation pertains to the varying inputs from sources or the nature of available information used by an individual from different sources or of different natures. Integration refers to how these inputs are connected or synthesized rationally from an individual’s perspective. IC is measured on a 7-point scale, where a rating of 1 signifies no differentiation and integration, and a rating of 7 represents high differentiation and integration. Differentiation can range from emergent (2) to stable (3–7), while integration can be absent (1–3), emergent (4), stable (5), emergent at an important level (6), or highly integrated (7). Both components are present at each point and are measured in conjunction (Suedfeld et al., 1992).

Integrative complexity and decision-making are closely intertwined in research. IC analysis involves examining verbal inputs, such as speeches or interviews, and evaluating their differentiation and integration features. This makes IC valuable in assessing decision-making in various documented phenomena (Suedfeld et al., 2010). For instance, Suedfeld and Bluck (1988) reviewed public statements (proceedings of the UN Security Council, speeches from high-level officers to their parliaments, the public, or the media) during nine international crises that culminated in a surprise attack. They discovered that attackers exhibited a decline in complexity as the attack approached, indicating the potential of IC as a predictor of imminent strategic surprise. Furthermore, Wong et al. (2011) examined 61 Fortune 500 companies. They found that IC is a powerful management tool associated with corporate performance, particularly in decentralization, gathering information, and addressing stakeholders’ needs. Using a Q-sort methodology that synthesizes the information into concrete statements (Peterson et al., 1998), they analyzed IC and decentralization in strategic decision-making, correlating this with information on corporate social performance from the Kinder, Lydenberg, and Domini Socrates database. Their findings suggest that sociocognitive factors, such as IC, impact group decision-making.



1.2. Rationale and study objectives

The research on IC and its role in decision-making remains inconclusive. Békes and Suedfeld (2019) synthesized major findings on IC, deducing that it is more tightly linked to personality traits than cognitive abilities. They also found a weak association between intelligence and IC. It is important to note that a higher level of IC does not guarantee better decision outcomes, as IC interacts with situational, task, and material conditions in the decision-making process. Simple tasks require less IC compared to complex and demanding tasks. The level of IC is also closely associated with political views, with center-left-oriented individuals exhibiting higher levels of IC than those with more extreme left or right orientations. Furthermore, IC levels generally increase during periods of political tension escalation and decrease during resolution phases of political violence. However, it should be noted that all the evidence supporting these statements predates 2012, and IC remains an active concept in current research.

Assessing IC poses challenges as it deals with verbal data that often defies straightforward hierarchical organization. The assessment of IC prioritizes structure over content quantity and requires the judgment of at least two trained coders, who may concur or differ in their evaluations. A descriptive manual, such as the one provided by Baker-Brown et al. (2008), is used by judges to evaluate IC. This manual specifies each point on the 1–7 scale of IC and provides explanations, critical indicators, specific indicators, content flags, prototypical examples, and an overall score explanation.

While attempts to automate the scoring of IC exist (Conway et al., 2014; Houck et al., 2014), these are viewed as supplementary and not yet a substitute for human coding. However, they enhance our understanding of the complexity of the construct and highlight the need for more precise coding guidelines (Tetlock et al., 2014).

Another aspect to consider is whether IC is a stable trait of individuals or if it fluctuates based on environmental conditions, making it a state cognitive variable (Brodbeck et al., 2021). Current research has not addressed this question, and it is crucial to assess both profiles and procedures under varying uncertainty conditions within the decision-making paradigm.

In summary, this study identifies several knowledge gaps in the research on IC. These include IC’s relationships with other cognitive traits, the assessment methodologies employed in current research, the contemporary methods used to study IC, whether IC is a cognitive state or traits, and IC’s influence on the decision-making process.

To address these knowledge gaps, a systematic literature review was conducted using the AT framework, as exemplified in Tlili et al. (2022). AT has been utilized in various reviews to analyze different academic subjects, demonstrating its usefulness in conducting focused reviews centered on describing an activity rather than abstract theoretical concepts (e.g., Tlili et al., 2020; Sakallı et al., 2021).1 Viewing the research on IC as an activity with multiple significant components, the AT framework allows us to explore research as an activity interconnecting people, practices, and concepts in a complex task, providing insights into procedural and thematic topics related to IC and decision-making.2 In the AT framework, activity is seen as a system where objects and motives give meaning to the actions of agents, strongly articulated through mental intervention models in a problem situation developed by these agents in their professional work (Erausquin, 2014). AT enables us to conceptualize research as an activity involving multiple levels of mental models and human agents dealing with a specific problem.

Furthermore, neuroimaging, neuromodulation, and electrophysiology can reveal how the brain responds to different stimuli. By examining the underlying biochemical mechanisms involved in cognitive and physiological processes, we can better understand how IC operates3 and its significance in decision-making across various contexts.4 Neuroscience can help determine whether IC is subject to neuronal plasticity, age, or gender and how it adapts to changing environments. Studying the brain regions involved in IC can also shed light on its relationship with other cognitive phenomena.

Activity theory provides a framework for understanding and analyzing research practices by considering six elements: object, subject, rules, community, division of labor, and outcomes. These elements interact, and tensions and contradictions can arise within these networks. Through the application of AT, common topics, practices, and designs related to IC can be identified.5 In this article, AT is used to describe current research on IC within the context of decision-making, guided by two research questions:







	

	
RQ1: How has research on the decision-making process with IC perceived cognitive processes in the last decade?












	

	
RQ2: Does the fusion of IC and neuroscience provide a more precise analysis of the decision-making process compared to approaches without a neuroscientific perspective on cognition?






The subsequent sections of the article present the systematic review methodology based on PRISMA guidelines, summarize the principal findings regarding AT components in research on IC and neuroscience, and conclude with the main implications, limitations, and future directions for research on the state of IC and neuroscience in the decision-making process.




2. Method

The study aims to utilize AT as a framework to analyze recent literature on IC, decision-making, and neuroscience. AT offers a comprehensive approach to analyzing any activity, including research or discourse analysis, by considering six interconnected elements. To employ this framework effectively, it is crucial to recognize that every activity serves a purpose and involves active subjects. Additionally, it is important to conceptualize the other components of the activity, such as the object, rules, community, division of labor, and outcomes. Finally, these conceptualizations create categories for classifying information (refer to Figure 1).
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FIGURE 1
Steps for understanding research as an activity.


To conduct the study, the authors performed a content analysis of 31 relevant studies, identified using Atlas.ti. Subsequently, an additional search was conducted to identify 19 studies related to neuroscience and decision-making. The analysis included these studies to provide insights into the intersection of IC, decision-making, and neuroscience.


2.1. Screening procedures

The authors adhered to the PRISMA guidelines in conducting the literature review. Following the PICOS guidelines, they utilized three search strings in the EBSCO citation database. The inclusion and exclusion criteria were established and outlined in Table 1, which served as a reference for categorizing the articles based on analyzing their titles, abstracts, and content. The search focused exclusively on academic peer-reviewed articles published between 1 January 2012 and 31 December 2021.


TABLE 1    Search strategy for RQ1 following PICO guidelines (Jensen, 2022).
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Overall, the study aims to identify the most frequently mentioned concepts in literature falling within each of the components of an activity using AT. Using this approach, the authors hope to illuminate the relationship between IC, decision-making, and neuroscience.

Following the selection process depicted in Figure 2, the initial database search produced 2,062 articles. After removing duplicates, 1,910 papers remained. Subsequently, through the screening process, 1,747 papers were excluded based on the established criteria. The inclusion criteria outlined in Table 1 were then reapplied during a full-text revision of the remaining 163 papers. As a result, 129 records were excluded due to their lack of relevance to decision-making. Ultimately, 31 papers met the eligibility criteria for this systematic review and were subjected to the conducted content analysis.
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FIGURE 2
Flowchart for the article search and selection process using PRISMA guidelines. Adapted from Page et al. (2021). **The main criterion for exclusion was that a record was found to be unrelated to decision-making.


Since the content of this search did not yield relevant results pertinent to the neuroscience field, a second expanded search was carried out in the Google Scholar search engine. This subsequent search produced 19 additional articles, which were incorporated into the final list of articles under consideration. This resulted in 50 articles processed for this study. See PICOS Table 2 for search strings.


TABLE 2    Search strategy for RQ2 following PICO guidelines (Jensen, 2022).

[image: Table 2]

In the search related to the field of neuroscience, a total of 473 results were obtained. After narrowing down the results to the last 10 years, 123 articles remained. Of these, 92 articles were excluded as they were not relevant to decision-making, IC, and neuroscience. Furthermore, 130 articles were not accessible, and 97 additional articles were excluded for various reasons. These included articles from pages that were not found (4), disclosure articles (2), books (20), book chapters (8), theses or dissertations (41), whitepapers (3), articles without affiliation to a journal (8), articles in languages other than English (8), bibliographies’ lists (2), or programs of annual meetings (1). Refer to Figure 3 for a visual representation of this process.
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FIGURE 3
Flowchart for the article search and selection process using PRISMA guidelines in Google Scholar database. Adapted from Page et al. (2021).


After the database search, articles were analyzed by title, abstract, and category. Categories were based on the inclusion and exclusion criteria defined in Table 3 for RQ1 and Table 4 for RQ2.


TABLE 3    Inclusion/exclusion criteria.

[image: Table 3]

 
TABLE 4    Inclusion/exclusion criteria.
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2.2. Conceptual framework

This study adopts the method proposed by Tlili et al. (2022) and applies AT (AT) and content analysis to analyze the 50 relevant studies identified using the PRISMA method. The research on IC, neuroscience, and decision-making is viewed as an activity seeking specific outcomes. According to AT, an activity is a system where objects and motives give meaning to actions (Erausquin, 2014). All components of human activity are interconnected.

The AT framework is an analytical tool recently utilized to summarize the literature on technology adoption in education (Sakallı et al., 2021; Tlili et al., 2022). It captures the components identified in the literature that moderate or mediate the relationship between IC, neuroscience, and decision-making. For instance, by applying AT, we can assess whether factors such as measurement, analytical methods, populations, or types of decisions studied can alter the effect of IC on decision-making outcomes.

Figure 4 illustrates the interaction between the different components of an activity. Just as every study adapts the definitions of these components to the specific activity of interest, our study follows suit. In the context of the research activity we are studying, the subject component refers to the participants or textual sources used in the initial 31 and subsequent 19 articles reviewed. The object component of the activity pertains to the constructs that the selected studies focused on. The rules component represents the methods employed in the studies.6 The community component refers to the audience or academic field to which the selected studies are directed. The division of labor component relates to the tools, data gathering, and data analysis employed in the research. Finally, the outcome component refers to the findings reported in both sets of articles reviewed.
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FIGURE 4
Activity theory framework with categories definition for content analysis of the present study. The arrows in the figure illustrate the interconnectedness of all components in an activity. Adapted from Tlili et al. (2020) and based on theoretical work on Engeström (2001).


The content analysis of the texts related to the activity of interest allows for identifying the most common features of each activity component. Figure 4 presents the layout of the AT components’ definitions and how they interact with each other in content analysis in this research.



2.3. Rigor and analysis

After establishing the categories within the AT framework, the final 31 and 19 articles were subjected to content analysis by two different researchers (refer to Supplementary material for complete database of articles, codes an categories). The content analysis was conducted in five stages, following the approach outlined by Kvale (2011) and utilizing the Atlas.ti software. The stages are described as follows:

Stage 1: The full-text articles were carefully examined, and relevant information related to research as an activity was condensed into brief synthetic statements that captured the essence of the main excerpts. Keywords were assigned to facilitate text identification.

Stage 2: The resulting statements and keywords were considered as quotes. The researchers familiarized themselves with these codes, compared their similarities and differences, and assessed their importance. The original text was referred to during this process to ensure the meaning was accurately preserved and understood.

Stage 3: The quotes’ frequencies, proximities, and context were further analyzed. They were then allocated to one of the six categories within the AT framework based on their relevance. If there were differences in the allocation of a quote by the researchers during this stage, they engaged in discussions to reconcile their different perspectives. They decided to relocate, rename, or remove the quote, all based on the previous stages of the analysis.

Stage 4: Once the quotes were allocated to categories, contingencies were examined to identify higher-level categories referred to as “codes.” These codes were used to relate the quotes to one another, the context, and the consequences of the action. The analysis of codes was based on discourse contingency, and only the most frequently occurring codes were established. Subsequently, these codes were merged into the components of AT as categories. Table 5 presents the final categories, codes, and quotes used for the analysis.


TABLE 5    Components, codes, and quotations used in content analysis.
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Stage 5: Finally, the proximity, frequency, and context of the codes were established, and the description of the categories was developed.

The results obtained from the systematic reviews were analyzed separately and will be presented in the results section. These findings will then be integrated into the discussion section to compare the roles of neuroscience and IC in decision-making research, individually and in combination.




3. Results

The results will be presented in two subsections, each focusing on a different component of the AT framework. The first subsection, titled “Integrative Complexity Role,” will report the findings from the systematic review on the role of IC in decision-making, addressing RQ1. The second subsection, titled “Neuroscience Scope,” will address the role of neuroscience in decision-making, addressing RQ2.


3.1. Subjects


3.1.1. Integrative complexity role

The “Subjects” component of the AT framework examines the characteristics of the research participants involved in the 31 reviewed studies. Based on the categories derived from the content analysis of the research papers, it was found that ten articles were literature reviews centered on critical and reflexive approaches. Additionally, 20 articles involved adult participants of both genders. One study reported a sample of 188 male teenagers with ADHD (Attention-Deficit/Hyperactivity Disorder) and 100 male teenagers without ADHD (Dekkers et al., 2020).

As depicted in Figure 5, the profile of the subjects in the reviewed studies varied, encompassing university communities, organizational environments, adolescents, and theoretical reviews. Of the 31 studies, 15 focused on the organizational environment and examined various levels, such as employees, decision-makers, executives, and work teams. One study specifically examined individuals close to former presidents of the USA and assessed how their personality traits influenced their decision-making processes (Gallagher and Allen, 2014). Another study collected data from a sample of 17,072 employees from Switzerland and Germany, roughly equivalent to Madison Square Garden seating capacity. This is an example of the power of sampling in subject research (Meynhardt et al., 2017). Of the studies examined, only four studies involved academic populations, three of which used student samples and one that involved both teachers and students. Notably, several studies utilized large sample sizes, with one study having a sample size of over 1,000 participants (Zhang et al., 2015).
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FIGURE 5
Sample type used in studies of systemic review addressing RQ1 on the role of integrative complexity in decision-making (n = 31 articles).


The “Subjects” component is identified as one of the major strengths in research on IC and decision-making. The populations studied primarily come from organizations and universities, exhibiting different professions and ages. However, there is a notable absence of research examining national, ethnic, gender, personality, political orientation, or income differences. Furthermore, there is a lack of studies that compare group-level IC with individual-level IC. These gaps in the literature represent opportunities for future research to explore and consider these factors’ influence on IC and decision-making.



3.1.2. Neuroscience scope

When examining the intersection of neuroscience, decision-making, and IC, an interesting finding is that relatively few studies utilize actual data obtained from real samples. Out of the 19 studies reviewed, only five involved collecting primary data from actual subjects. However, even within these studies, the primary data often originated from other sources, such as text extracted from websites (Robinson et al., 2017), recorded texts from historical leaders (Rathbun, 2018; Arana, 2021), or consumption patterns derived from sales databases. Only two studies (Khan et al., 2013; Gola et al., 2015) collected data directly from experimental subjects, specifically medical patients (refer to Figure 6).
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FIGURE 6
Subject component for studies in systemic review addressing RQ2 on the role of neuroscience and integrative complexity in decision-making (n = 19 articles).


This finding highlights a limitation in the current research, as most studies rely on secondary data sources or simulated scenarios rather than gathering data directly from experimental subjects. The lack of studies with this kind of data presents an opportunity for future research to incorporate more studies that involve the collection of primary data, particularly from actual subjects in decision-making contexts.




3.2. Objects


3.2.1. Integrative complexity role

The “Objects” component examines the topics covered in the reviewed articles. Only two studies (Zhang et al., 2015; Aleksovska, 2021) specifically utilize Suedfeld’s measure of IC as a variable of interest. However, all the articles address IC using alternative measures. For example, a computer science article (Silver, 2021) employs cognitive structure, which refers to the processes involved in dealing with information inputs (Ziv, 2011), as a measure of IC.

As shown in Figure 7, Decision-making in organizations is the most recurrent theme observed in these articles. This theme encompasses various topics, including abilities related to decision-making, leader performance, adequate conflict management, and corporate social responsibilities (Smith, 2014; Church et al., 2019; Selart et al., 2020).
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FIGURE 7
Object component in content analysis for systemic review addressing RQ1 on the role of integrative complexity in decision-making (n = 31 articles).


The second most frequent topic encompasses themes related to behavioral sciences (20 quotes, 27.8%). These studies include topics such as cognitive structure and personality traits (Gallagher and Allen, 2014; Laureiro-Martinez and Brusoni, 2018; Dekkers et al., 2020).

The third most frequent topic in research on IC and decision-making pertains to computational sciences and artificial intelligence (AI) (9 quotes, 12.5%). One of the AI studies originates from computational sciences (Silver, 2021), while another is from health economics (Ogunbiyi et al., 2021).

Lastly, many articles covered a diverse range of topics that could not be classified into a single category (22 quotes, 30.6%). This “other” category includes articles on perception (Baba, 2018), cognition (Ziv, 2011), cognition and mindfulness (Selart et al., 2020), attitudes (Liu et al., 2015), emotion and emotional intelligence (Zhou et al., 2020), psychology and medicine (Dekkers et al., 2020), and personality (Gallagher and Allen, 2014; Tibon-Czopp et al., 2016). It also encompasses interdisciplinary studies that combine cognitive and management sciences (Meynhardt et al., 2017). Additionally, articles from disciplines such as sociology, anthropology, social psychology (Redd and Mintz, 2013; Carter and Philips, 2017), communications (Beck, 2019), philosophy (Wallis, 2015), and law (Moyer, 2012; Enns and Wohlfarth, 2013) are included within this category.

The frequencies observed indicate that the fields of organizational administration and management science have conducted more research on IC and decision-making than other fields. Numerous studies from these fields (Fern et al., 2012; Kownatzki et al., 2013; Thuan et al., 2016; Church et al., 2019; Neely et al., 2020) have contributed to understanding IC in decision-making. However, it is worth noting that there is significant multidisciplinary and interdisciplinary interest in this topic, with contributions from various fields.

Nevertheless, it is important to recognize that linking natural and social sciences in a single study is a broad approach. Most studies do not utilize Suedfeld’s measure of IC (Baker-Brown et al., 2008), which can lead to paradigmatic and ontological conflicts. These conflicts arise due to differences in the measures used to capture IC, such as whether they are general or relative, situation-oriented, or inherent to the individual, and so on.

To clarify and differentiate research lines, it is essential to distinguish between organizational IC and cognitive IC. For instance, Conway et al. (2008) distinguish between dialectical and elaborative IC. However, even these distinctions still utilize Suedfeld’s measure of IC as the basis for their analysis.



3.2.2. Neuroscience scope

Expanding the search scope to include neuroscience in decision-making reveals limited direct attention given to IC (as shown in Figure 8). Instead, most of the Objects found in the review focus on physiological aspects of decision-making or mechanisms related to dealing with complexity. Studies such as those conducted by Starcke and Brand (2012), Summerfield and de Lange (2014), and Plassmann et al. (2015) explore the physiological aspects of the brain or stress mechanisms that influence the decision-making process. While these studies provide valuable insights into decision-making from a neuroscience perspective, they do not address IC directly.
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FIGURE 8
Object component for studies in systemic review addressing RQ2 on the role of neuroscience and integrative complexity in decision-making (n = 19 articles).


In the broader scope of neuroscience research, researchers have focused on expanding stimuli to elicit neurological aspects of decision-making and IC. Tasks and stimuli range from gambling tests (Phelps et al., 2014) to chronometry tasks (Yeung and Summerfield, 2012), aiming to investigate the neural processes underlying decision-making and IC.

Neuroimaging techniques play a significant role in studying complexity and decision-making in neuroscience (13.7%). Functional magnetic resonance imaging (fMRI) is the primary instrument used for this purpose, as observed in studies by Phelps et al. (2014) and Plassmann et al. (2015). Other imaging devices, such as electroencephalography (EEG) (Kidd and Hayden, 2015), neural recordings (Summerfield and de Lange, 2014), and positron emission tomography (PET) (Starcke and Brand, 2012), are also employed. Within this category, there is a particular emphasis on exploring the brain cortex involved in decision-making, particularly the prefrontal area (Phelps et al., 2014; Summerfield and de Lange, 2014; Safron, 2020).

Cognitive and psychological processes (15.1%) are also highly interested in neuroscientific research on decision-making and IC. Topics such as curiosity (Kidd and Hayden, 2015), stress (Starcke and Brand, 2012), and personality (Arana, 2021) are explored within this domain. Furthermore, politics is another prominent object of study in neuroscience, particularly consumer behavior and political traits (Khan et al., 2013; Robinson et al., 2017). Decision-making itself is another area of great interest in neuroscientific research (12.3%), encompassing topics such as decision-making under risk (Starcke and Brand, 2012), decision-making styles (Connors et al., 2016), and social differences in decision-making (Yates and Oliveira, 2016).

The “other” category comprises a wide variety of specific Objects (34.5%) that do not fit into any other category. Examples include attraction (Coleman et al., 2017), AI (Safron, 2020), religiosity (Khan et al., 2013), storytelling (Gola et al., 2015), and others. It is important to note that most of these Objects are derived from academic reviews (14 out of 19), which provide interesting theoretical insights but lack empirical evidence-based support.




3.3. Rules


3.3.1. Integrative complexity role

The Rules component examines the methodological approaches employed in studying IC and decision-making. Content analysis identified four key methodological approaches: quantitative, qualitative, mixed methods, and systematic reviews. Figure 9 demonstrates that the quantitative approach is the most frequently observed, with 15 articles utilizing this method. Surveys and tests were commonly used in this approach, as seen in studies by Fern et al. (2012), Liu et al. (2015), Zhang et al. (2015), Meynhardt et al. (2017), Baba (2018), Church et al. (2019), Wang et al. (2019), and Zhou et al. (2020). One study conducted these techniques online (Behnke et al., 2020). Various analysis techniques were employed in the quantitative articles, including quantitative coding of documentary data (Foster and Keller, 2014), Chi-square hypothesis tests (Beck, 2019), and one-way ANOVA to identify differences between writing and among groups (Tibon-Czopp et al., 2016). Additionally, only three quantitative studies were experiments (Laureiro-Martinez and Brusoni, 2018; Dekkers et al., 2020; Aleksovska, 2021).
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FIGURE 9
Distribution of methodological approach in studies in systemic review addressing RQ1 on the role of integrative complexity in decision-making (n = 31 articles).


The least frequent methodological approach is mixed methods. Among the articles using this approach, two studies were identified integrating qualitative and quantitative techniques. For example, Kownatzki et al. (2013) integrate the use of grid analysis interviews with non-parametric factor analysis using custom-made t.o.p GRID software. In the same classification, Moyer (2012) performs a categoric analysis and logistic regression modeling.

Four studies use qualitative approaches. Two analyze interviews, documents, and observational data (Gallagher and Allen, 2014; Smith, 2014). The other two use content analysis of textual data, such as supreme court verdicts (Enns and Wohlfarth, 2013) or major decision-making models in foreign policy crises (Redd and Mintz, 2013).

The second most frequent methodological approach is systematic literature reviews (10 articles). Among the systematic reviews, literature reviews are the most common, with a total of six articles (Hahn and Aragon-Correa, 2015; Wallis, 2015; Thuan et al., 2016; Carter and Philips, 2017; Selart et al., 2020; Ogunbiyi et al., 2021). In addition, we found one metacritic study (Neely et al., 2020) and one report on empirical studies of AI-supported group decision-making (Silver, 2021).

The quantitative approach is predominant in studies that use surveys and questionnaires. These methods present a more effective use of time and resources and facilitate the study of opinions, attitudes, perceptions, and cognition. However, more complex methods may be appropriate when studying how emotions, social influence, or ambiguity influence decision-making processes (Bloemen et al., 2019).

The qualitative approach attempts to comprehend the complexity of reality taking into account variables from real-life outputs such as verdicts, international policy decisions, or surprise attacks. In comparison, quantitative approaches are more suited to develop abstract models of decision-making and deepen these for predicting individuals’ behavior. One strength of this approach is the amount of sample they gather and the control of different variables used in the studies. The connection of these approaches must be integrated regarding the main rules used to perform research and seen in an integrated approach rather than in an antagonistic role.



3.3.2. Neuroscientific scope

As mentioned before, there is a clear predominance of academic reviews in this component (19/25). Only five studies report sampling and data analysis, among these, there are clearly both qualitative and quantitative methodological approaches. Robinson et al. (2017) uses text and video analysis to assess body movements and political orientations of several leaders and associate these patterns. In the same approach, Rathbun (2018) uses correspondence from Otto von Bismarck to draw conclusions of this leader for international policy and relates it to neuroscientific features.

The quantitative approach relies on psychometrics to assess the personality of leaders and their decision-making styles (Arana, 2021), and the only experiment found in the review assesses storytelling and social evaluation in patients with dementia (Gola et al., 2015). There is also market analysis that studies the pattern of consumption and political orientation regarding biases and information seeking (Khan et al., 2013; Jost, 2017).




3.4. Community


3.4.1. Integrative complexity role

The community component examines the intended audience or academic field to which the selected studies are directed. The analysis of the 31 studies reveals that organizational administration and management science is the most prominent community in research on IC and decision-making. The studies within this field focus on topics such as leadership, conflict management, and corporate social responsibility (Thuan et al., 2016; Church et al., 2019; Neely et al., 2020).

Other communities contributing to IC and decision-making research include behavioral sciences, computational sciences, interdisciplinary studies, and various social sciences such as sociology, anthropology, and communication. These communities provide diverse perspectives and insights into understanding IC and decision-making (Redd and Mintz, 2013; Gallagher and Allen, 2014; Laureiro-Martinez and Brusoni, 2018; Beck, 2019).

While the community component of AT highlights the diverse range of fields and disciplines involved in research on IC and decision-making, there is a need for greater collaboration and integration across these communities. This would facilitate a more comprehensive and holistic understanding of the phenomenon and promote interdisciplinary dialogue and knowledge exchange.

Additionally, it is worth noting that there needs to be more representation from certain fields, such as neuroscience, in the reviewed studies. Despite the importance of neuroscience in understanding the neural mechanisms underlying decision-making and IC, its contribution to research in this area appears to be limited (Starcke and Brand, 2012; Summerfield and de Lange, 2014; Fonagy et al., 2015).

Fostering collaboration and knowledge exchange among different communities and disciplines can enrich the understanding of IC and decision-making, leading to more comprehensive and impactful research outcomes.



3.4.2. Neuroscientific scope

As mentioned earlier, academic reviews dominate the literature in this component, accounting for 19 out of 25 studies (see Figure 10). However, only five studies provide details on sampling and data analysis, employing both qualitative and quantitative methodological approaches.
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FIGURE 10
Community component for studies in systemic review addressing RQ2 on the role of neuroscience and integrative complexity in decision-making (n = 19 articles).


Robinson et al. (2017) utilize text and video analysis to evaluate various leaders’ body movements and political orientations, establishing associations between these patterns. Similarly, Rathbun (2018) adopts a similar approach by analyzing correspondence from Otto von Bismarck to infer conclusions about his leadership in international policy, drawing connections to neuroscientific features.

On the other hand, the quantitative approach relies on psychometrics to assess leaders’ personality traits and their decision-making styles (Arana, 2021). Furthermore, the sole experiment identified in the review examines storytelling and social evaluation among patients with dementia (Gola et al., 2015).

In addition to these studies, a market analysis investigates consumption patterns and political orientations in relation to biases and information seeking (Khan et al., 2013).




3.5. Division of labor


3.5.1. Integrative complexity role

The Division of Labor component focuses on the data collection procedures and measures employed in the 31 articles reviewed regarding IC and decision-making. These procedures are essential for validating research findings. For instance, in one study, six different evaluators were used to score test responses for assessing personality traits using the Rorschach test (Tibon-Czopp et al., 2016).

Measures of IC are also of interest in this component, as the reviewed studies utilized various measures. Through content analysis, three types of commonly used measures were identified. Suedfeld’s original measure of IC involves either human or AI scoring of textual statements. Despite the promotion of automated IC scoring tools over the past decade (Conway et al., 2014, 2018; Houck et al., 2014), these automated methods have not yet replaced human scoring. Consequently, most studies employ other variables that are simpler to implement as proxies for capturing IC.

The analysis of theoretical articles follows a meticulous six-step procedure, including selection, filtering, classification, back-and-forth scrutinizing, data extraction, and synthesis (Thuan et al., 2016). Temporality, spanning 20 years, is another valid research criterion for conducting systematic literature reviews (i.e., Carter and Philips, 2017).

Surveys are frequently utilized techniques in the reviewed studies. These survey-based studies establish reliability and validity in perceiving the decision-making process (Baba, 2018) or cognitive style (Meynhardt et al., 2017).

Regarding the measures used, Figure 11 illustrates that only two studies implemented Suedfeld’s original measure of IC. One study exclusively employed automated AI scoring (Aleksovska, 2021), while the other used the human-scored measure of IC (Zhang et al., 2015). The remaining 18 empirical studies reviewed used alternative variables as proxies for IC, such as cognitive complexity (Foster and Keller, 2014), decision-making strategies (Kownatzki et al., 2013), and discourse analysis of prime minister decisions (Ziv, 2011). Various tools for assessing IC exist, as manual scoring can be costly. However, automated scoring of IC has not yet been widely adopted. The resources and reliability required to assess IC have deterred researchers from directly assessing this feature, but it has not diminished the interest in the subject. Suedfeld’s measure of IC poses a research bottleneck that hinders its broader utilization. Nevertheless, the fact that most studies employed alternative variables as proxies for IC suggests that interest in the construct persists. In neuroscience, novel tools such as eye-tracking and fMRI are used to measure decision-making (Kim et al., 2012; Preuschoff et al., 2013).
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FIGURE 11
Measurement of IC for studies in systemic review addressing RQ1 on the role of integrative complexity in decision-making (n = 31 articles).


Two studies in the reviewed literature employed online data collection procedures. One study conducted an online vignette experiment (Aleksovska, 2021), while the other utilized an online survey focusing on personality, cognition, and punishment (Behnke et al., 2020).

Most of the studies in the literature reviewed fall within the positivist paradigm. An example is an experimental study on corporate decision-making outcomes using students as corporation managers (Church et al., 2019). However, three studies deviate from the positivist paradigm regarding methods, focusing more on the context and relativity of data rather than the factual realization of the phenomenon. One study employs interviews (Smith, 2014), while another employs discourse analysis (Ziv, 2011). Both studies analyze the cognitive complexity of Israel’s former prime minister.

Research in the social sciences often incorporates descriptive and inferential statistics. The reviewed literature includes studies utilizing scale measures and specialized software, such as “t.o.p GRID,” which employed non-parametric factor analysis to interpret verbal data from interviews (Kownatzki et al., 2013).

The Division of Labor component highlights the various procedures and measures employed in the literature on IC and decision-making. The predominance of the positivist paradigm contributes to the factualization of the relationships between IC and decision-making by providing data gathering without the need for context interpretation or researcher bias. However, there is a need for more qualitative research on IC and decision-making to enhance ecological validity and the applicability of findings. Additionally, further measurement studies that assess the validity of AI-scored IC and compare it to simpler alternative measures would be beneficial in clarifying which measures better capture the construct and the trade-offs among different measurement methods.



3.5.2. Neuroscience scope

The analysis of techniques and data processing in the reviewed literature (refer to Figure 12) reveals that various approaches are employed. Some studies focus on managing existing records, such as sorting websites or sampling texts, as seen in Robinson et al. (2017). However, there is a predominant trend toward conducting second-order analytics to extract elaborated values from other sources. For instance, studies retrieve data from sales databases (Khan et al., 2013) or analyze posts collected from webpages (Arana, 2021).
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FIGURE 12
Division of labor component for studies in systemic review addressing RQ2 on the role of neuroscience and integrative complexity in decision-making (n = 19 articles).


Additionally, some studies directly involve participants in the analysis process. Assessments of social interactions (Arana, 2021) or the application of psychometrics to measure subjects’ characteristics (Gola et al., 2015).




3.6. Outcomes


3.6.1. Integrative complexity role

Several studies define decision-making as a cognitive capacity, ability, or set of strategies. Regarding decision-making processes, cognitive traits are often considered more important than any specific cognitive style.7 For instance, Zhang et al. (2015) find a positive correlation between holistic thinking, IC, and competent, adaptable, and proactive management decisions made by supervisors regarding their subordinates. This finding helps explain why managers tend to be cautious about implementing radical changes in uncertain and complex conditions. Experimental evidence has supported the positive correlation between IC and decision-making performance (Laureiro-Martinez and Brusoni, 2018), and survey studies have also corroborated this relationship (Meynhardt et al., 2017; Baba, 2018; Wang et al., 2019; Dekkers et al., 2020; Aleksovska, 2021). Additionally, studies have found that emotions modulate individuals’ confidence in making good decisions in corporate and clinical settings (Selart et al., 2020; Zhou et al., 2020).

The content analysis of the Outcomes component in Figure 13 indicates significant debate regarding whether IC should be considered a state or trait. Among the analyzed articles, 15 assume it to be a state, while 12 (48.4%) treat it as a cognitive trait. Only four studies refrain from definitively categorizing IC as one or the other. Over the past decade, research has not provided a clear consensus on whether IC is a stable personality trait or a cognitive state variable that can be influenced by environmental conditions (Brodbeck et al., 2021). It is important to note that defining IC as a state or trait can have different implications for decision-making processes and outcomes.
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FIGURE 13
Definition of IC as a state or trait in systemic review addressing RQ1 on the role of integrative complexity in decision-making (n = 31 articles).


One important consideration is whether there should be a push for more consistent research standards. Researchers argue that more systematic approaches are needed to understand how cognition, values, and perceptions influence executive strategies and improve organizational performance (Neely et al., 2020). Smith (2014) also highlights that IC is related to managing strategic paradoxes and management dilemmas, emphasizing the need for further exploration.

In summary, the analysis of the Outcomes component reveals that IC and decision-making are interconnected across various settings, ranging from organizational to clinical environments. However, IC is often intertwined with other cognitive processes, such as intelligence and attention, making it challenging to precisely estimate the strength of the relationship between IC and decision-making.

Furthermore, decision-making variables have predominantly focused on the individual, while factors that impact group decision-making, such as gender, ethnicity, social interaction, and affect, are often overlooked. Finally, distinguishing types of IC by field, such as political versus organizational IC, may provide greater clarity on disciplinary trends in IC and decision-making.



3.6.2. Neuroscience scope

The analysis of Outcomes in the research indicates a notable interest in exploring the relationship between traits and neuroscience. Studies aim to investigate complex motivational functions supported by the lateral prefrontal cortex (Dixon et al., 2017) and draw inferences beyond simple brain-behavior correlations (Plassmann et al., 2015). Furthermore, some Outcomes attempt to establish correlations between traits and behavior, such as automatic response and learning (Starcke and Brand, 2012) or task and motivation (Kidd and Hayden, 2015).

The implications of Outcomes for the decision-making process are also evident in the research. Findings related to decision-making include the exploration of possibilities, trade-offs, and implementation (Yates and Oliveira, 2016). The deconstruction of the decision-making process into benefits, opportunities, costs, and risks is also mentioned (Saaty, 2015). Moreover, there is a recognition of the wide variety of individual differences in this subject across people (Connors et al., 2016).





4. Conclusion, limitations, and future directions

This study presents a systematic literature review of 31 recent studies that analyze the relationship between IC and decision-making. The analysis was conducted using content analysis and the AT framework to assess major research components as an activity. The study identified key trends, gaps, and challenges in IC and decision-making.

The results indicate the need for a more specific definition of IC to assess its relationship with decision-making. The distinction between IC as a state or trait variable still needs to be solved, and manual and automated coding techniques lack differentiation. The measurement of IC remains costly and time-consuming, posing operational barriers for research in this field.

Using the AT framework allowed for a systematic assessment of the research network and revealed the impact of changes in IC measurement on research themes, approaches, participants, and outcomes. The review also highlights the need for a diverse community of researchers to address the products and challenges in this field.

Expanding the search to the neuroscience scope identified the need for more experimental efforts and controlled settings to test theoretical findings directly. The outcomes of neuroscience research show promise in assessing physiological and behavioral processes related to complexity but require a focused line of research for greater clarity and sharing of findings. The methods and techniques employed in this field are diverse, reflecting the complexity of research on IC and decision-making.

The study identifies two knowledge gaps for future research. The first is the measurement ambiguity of IC, which requires further validation and accessibility studies of automated scoring programs. It is also crucial to differentiate IC from other cognitive features and determine its trait or state nature. The second gap is the lack of detailed information on procedures, models, and tools used in research on IC and decision-making. Addressing these gaps will contribute to advancing the field and understanding the relationship between IC and decision-making.

In conclusion, the study highlights important limitations, suggestions, and conclusions regarding IC and decision-making. The identified gaps provide directions for future research, including examining individual differences in IC, establishing experimental standards, and integrating findings from neuroscience. A summarized overview of these limitations, suggestions, and conclusions can be found in Table 6.


TABLE 6    Synthesis of limitations, suggestions, and conclusions from the systematic reviews.

[image: Table 6]

Addressing these knowledge gaps can allow for systematic comparison of experimental results across fields and applications and further our understanding of how IC impacts decision-making outcomes in different decision contexts.
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Footnotes

1     Activity theory is based on Vygotsky and Cole’s (1978) work on mediated activity. According to the author, every activity is not just the result of internal motivation or an isolated impulse. Instead, all motives for action are filtered and shaped by various aspects of the environment, which can be material or symbolic and are referred to as “tools” because they enable the production of an outcome (as shown in Figure 10). In this article, we view research as a mediated activity, where different elements interact to achieve a specific outcome. These elements, as proposed by Tlili et al. (2022), provide categories for systematic reviews, thereby enhancing the conceptual framework of the information reviewed.

2     AT framework described by the authors in which this article is based is used to perform content analysis on the interplay of various components and actors involved in research. Since activity is defined as a system of purposeful behaviors leading to recognizable changes in human practices (Kim et al., 2012).

3     In sum integrative complexity’s relation to other cognitive characteristics of the person remains unclear, but it is evident its role in the outcome of decisions e.g., political, medical, and managerial.

4     So, we propose that IC could be a mediating tool in decision-making between the decision maker and the outcome of such decision.

5     AT framework is useful on understanding the mediating role of integrative complexity in the decision-making process.

6     Due to the mediating nature of subject, object, and tools, some specific terms may be conflated into distinct categories. For instance, FMRI can serve as a tool if it is only used to retrieve data, as part of a study design if it is compared to another imaging technique, or as a method if researchers report it as such. For this systematic review, the coders followed the part description and assigned each term to the category that best suited its description in each paper.

7     For cognitive style we refer to the combination of cognitive states and traits that a person exhibits during and specific situation, this is highly oriented to external stimulus and although it has stability can be modulated by external factors.
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