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2 ORGANIZATIONAL TMS DEVELOPMENT3  

2.1 Abstract 

Transactive Memory Systems (TMS) are hold to facilitate 
knowledge transfer and to contribute to people's abilities to coordinate 
specialized knowledge. Till date, however, research on organizational 
TMS is scarce. This study is the first Action Research on organizational 
TMS development. On the organizational level we differentiate between 
three types of knowledge resources: personalized, encoded, and 
embedded. The latter includes amongst others organizational structures, 
routines, processes, and technology. This study shows that one way to 
develop organizational TMS is to organize for transactivity among 
resources of the same type; a second way is to transform resources from 
one type to another type, and a third way is to organize differently. This 
study further illustrates how ICT and information-related methodologies 
provide opportunities to intervene in organizational TMS. This chapter 
ends with a discussion, leads for future research, and a conclusion. 

2.2 Societal Rationale 

In response to the terrorist attack in Madrid in March 2004 and 
the murder of Theo van Gogh in Amsterdam in November 2004, the 
Dutch government intensified its policies on anti-terror considerably 
(AIVD 2006). Inspired by Castells (2000, 2000a) who described the rise 
of a network society, the Board of Chief Commissioners of the Dutch 
police recognized that in addition to their traditional orientation on 
communities, a supplementary type of orientation was needed. In their 
vision memorandum Police in Evolution (NPI 2006) they expressed this 

                                                      
3  An adapted version of this chapter has been submitted for 

publication by Jan-Kees Schakel (lead researcher and author) and Erik J. De 

Vries (external research partner who like in the study of Markus et al. (2002) 

provided psychological and emotional distance to facilitate reflection and 

discussion on theoretical and methodological lessons learned). 
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as, ‘Traditionally, the Dutch police mostly focus on locations (areas, 
territories). Social processes, however, are more and more defined by 
flows of people, goods, money and especially information. The same 
applies to crime and terrorism. This operational area is also referred to as 
the space of flows … where the nodes in the infrastructure serve as the 
point of intervention’ (NPI 2006: 16). 

Within the Netherlands, the National Police Services Agency 
(Korps Landelijke Politie Diensten, KLPD) is responsible at national level 
for public safety and security of the infrastructural networks (highways, 
waterways, railways, and aviation). Taking her responsibility on the 
national infrastructure the KLPD initiated two initiatives. The first aimed 
at strengthening information and intelligence led policing (ILP) by 
developing a methodology which aids the description and subsequent 
efficient detection of (criminal) phenomena in traffic control actions and 
to strengthen the cooperation between four participating departments 
(therefore it was given the name Quattro Stagioni (QS)). The second 
initiative, called Transport Security (TS), was set up to address four main 
themes: connecting information sources; detecting criminal patterns and 
describe these using indicators; establishing intelligence software that 
could help identify indicators that can be derived from digital data; and 
setting up an organizational structure to mobilize available information 
and scarce expertise. The core interest of these two initiatives was to 
organize the KLPD so that distributed information and knowledge could 
be put into practice while in action, taking into account geographical 
distances. 

2.3 Theoretical Rationale 

In this chapter we approach transactive memory systems from a 
knowledge management perspective. Argote et al. (2003) categorize 
knowledge management themes along two dimensions: knowledge 
management outcomes, and context. Outcomes are the creation, retention 
or transfer of knowledge. Based on this division the organizational 
problem in this study is primarily concerned with knowledge transfer. 
More specifically, we study the organization of distributed information 
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and knowledge resources to support policing teams in action. Thus, within 
the context of this chapter the concept of knowledge transfer includes 
knowledge translation (to other contexts) and knowledge integration and 
application (joint problem solving) (cf. Carlile 2004). With respect to 
knowledge management context Argote et al. (2003) differentiate between 
studies focusing on the properties of the knowledge, properties of units 
(people, organizational units, groups, organizations), and properties of the 
relationships among them.  

Properties of knowledge. The knowledge management literature 
provides a myriad of knowledge related taxonomies and theoretical 
frameworks offering diverse concepts, terminology, hypotheses and 
empirical data (Nonaka and Nishiguchi 2001). A review of this literature 
is beyond the scope of this study. We coalesce with those taking a 
continuum perspective with explicit and implicit knowledge at opposite 
ends of the continuum, indicating that particular characteristics are more 
profound (e.g. Choo 2006; Griffith et al. 2003; Leonard and Sensiper 
1998). We further converge with the general assumption in the knowledge 
management literature that the type of knowledge needs to match the type 
of knowledge transfer approach (Oshri et al. 2008). For instance, explicit 
knowledge could be transferred to organizational members by 
technological means like databases, records or reports, whereas tacit 
knowledge requires to be shared mainly through person-to-person contacts 
(Desouza and Evaristo 2004). 

Properties of units. Our level of analysis is the organization, 
accommodating the ad hoc and temporal forming of problem solving 
teams. Due to time and other constraints problem solving teams are often 
geographically distributed and thus, may be typified as virtual teams. 

Properties of relationships. Systems people develop to divide 
knowledge domain responsibilities, keep each other informed, and 
coordinate knowledge transfer, are known as transactive memory systems 
(TMS) (Kanawattanachai and Yoo 2007; Wegner et al. 1991). 
Consequently, TMS are seen as an important theme in the knowledge 
management literature (Argote et al. 2003). The principle hypothesis of 
TMS theory is that by knowing in general terms what the other knows in 
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detail, people can ‘share the detailed memories enjoyed by both’ (Wegner 
et al. 1991: 924). TMS become transactive through the communications 
that occur amongst the actors involved (Wegner 1986). TMS functions 
through three basic processes: the process of directory updating, i.e. the 
process of learning where knowledge is likely to be stored amongst group 
members; the process of information allocation, i.e. distributing 
knowledge to those whose expertise is best suited for its storage; and 
retrieval coordination, i.e. the process of accessing each others knowledge 
(Wegner 1995). TMS research has shown that TMS improves group 
performance by facilitating people to specialize on tasks while they rely 
on complementary task knowledge of other group members, resulting in a 
larger pool of task-related knowledge available to the group (Peltokorpi 
2008). TMS helps to reduce the cognitive load of any one individual 
(Kieser and Koch 2008), improves task coordination (Lewis 2003), 
knowledge transfer and retention (Argote and Ingram 2000) and 
performance (Rulke and Rau 2000).  

Information systems (IS) may have a function in TMS (Oshri et 
al. 2008, Griffith and Neale 2001, Nevo and Wand 2005, Jackson and 
Klobas 2008, Choi et al. 2010). In the IS literature TMS has been studied 
in teams Choi et al. 2010, in virtual teams (Griffith and Neale 2001; 
Kanawattanachai and Yoo 2007), between globally distributed teams 
(Oshri et al. 2008), in organizations (Jackson and Klobas 2008; Nevo and 
Wand 2005) and at the inter-organizational level (Lin and Lin 2001). 
Kanawattanachai and Yoo (2008) showed in their study on 38 virtual 
teams of MBA students that TMS can be formed in virtual teams solely 
relying on electronic communication and that such teams can perform 
effectively. Choi et al. (2010) conclude in their survey among 942 
individuals from 259 teams in two firms that IT facilitates the 
development of TMS, whether it is specifically designed for knowledge 
management purposes or conventional ICT systems. Oshri et al. (2008), 
who studied the role of TMS in knowledge transfer between onsite and 
offshore teams in globally distributed software development projects, 
show how the three main processes in TMS to share knowledge (directory 
updating, information allocation and retrieval coordination) are related to 
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building codified and personalized knowledge directories in globally 
distributed teams. At the organizational level Jackson and Klobas (2008) 
have shown that TMS processes and knowledge directories are present 
and suggest that organizations can be seen as TMS. Moreover, they 
suggest that IS can support organizational TMS and can be part of it.  

In the IS literature and in the wider literature on transactive 
memory systems (TMS) calls have been made for more empirical work on 
TMS at the organizational level (Jackson and Klobas 2008; Ren and 
Argote 2011) and on how TMS are formed and function in various 
organizational task contexts (Peltokorpi 2008). In this AR the suggestion 
was followed to develop TMS not at the level of the problem-specific 
collaboration, e.g. the virtual team, but at the higher organizational level 
to provide for stable structures supporting knowledge collaboration 
(Moreland and Argote 2003). This is linked with the call of Powell et al. 
(2004) for specific research attention on structural and contextual issues 
surrounding virtual teams instead of research on the traditional unit of 
analysis, the team itself, and the more general call to study how ‘to 
organize what can be done with information’ (Zammuto et al. 2007: 749) 
and engage people in activities they otherwise would not have the 
opportunity to, by bringing them together dynamically and supporting 
them with sets of organizational, informational and technological 
arrangements (Zammuto et al. 2007). In line with these calls and the 
findings of these earlier studies, the research reported in this chapter deals 
with organizational TMS development to accommodate knowledge 
transfer in virtual teams and incorporating IS support for organizational 
TMS. 

To existing research this study adds an intervention perspective 
on organizational TMS development. At the organizational level 
knowledge can be retained, developed, and transferred by three (ideal) 
types of resources, or in TMS terminology, three types of knowledge 
resources (by others referred to as directories, repositories, bins, or 
containers). That is, 1) organizational members; 2) organizational routines 
and structures; and 3) encoded knowledge sources, such as organizational 
records and (information) technology (cf. Griffith et al. 2003; Oshri et al. 
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2008; Wegner 1986; Yuan et al. 2010). Based on this classification three 
perspectives can be envisaged from which to intervene in organizational 
TMS. The first is to organize for transactivity between knowledge 
resources of the same type, and a second way is to transform knowledge 
from one type of knowledge resources to another through processes like 
explication, encoding, contextualizing and interacting. A third way is to 
organize differently, e.g. through virtual teaming. Moreover, this study 
extends the discussion of IS support in organizational TMS by studying 
the role of a complex event processing system in assessing real-time 
events and transferring related information to a temporary virtual team for 
further action. 

The research method and context of this study have been 
elaborated on in Chapter 1. Hence, the next section continues with 
describing the four interrelated interventions. This chapter ends with 
discussion and conclusions, including directions for further research, 
emphasizing the relevance of TMS research for the IS field. 

2.4 Four Action Research Cycles 

The description of the four AR cycles in this section follows a 
logical sequence without being exactly chronological, as a linear interval 
type of scale is not always suitable to explain multiple emerging and 
interrelated change processes (van der Ven and Poole 2005). The time 
ordering is conceptualized in Figure 2.1. 

 

Figure 2.1: Time order of AR cycles 

Cycle one describes how we arrived at a common goal and 
framework to share understanding and divide work among the projects, 
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i.e. the forming of an initial TMS at organizational level. Cycle two 
describes the development of a methodology to support experts on 
criminal practices to explicate their experience and to arrange this 
knowledge into profiles, i.e. the QS project. In parallel TS developed a 
complex event processing software prototype that is described in cycle 
three. In cycle four, the prototype and the profiling methodology have 
been combined with several organizational arrangements in a real life test. 
This section is ended with how the AR was exited. 

2.4.1 Cycle 1, aligning the three initiatives 

Diagnosis phase. In this study I started with what Checkland and 
Poulter (2006) denote as a problem situation, knowing only the contours 
of the problem. Although the three initiatives appeared to be interrelated, 
there was no overarching problem definition nor were project members 
aware of the interrelatedness or did the stakeholders share an 
understanding on how the initiatives related to the idea to fighting crime 
on the national infrastructure. The affinity of the people involved in the 
projects with IS varied widely. As a consequence they all attached 
different meaning to ambiguous words such as data, information, 
knowledge, expertise, methodology, and models. For example, where QS 
was talking about triggers and keys that needed to be explicated to 
increase sentience, TS talked about indicators and profiles, while others in 
the organization referred to them as knowledge models. Shared 
perspectives, however, are critical for TMS development (Wegner et al. 
1991). 

Planning phase. The aim of the first intervention was to align the 
initiatives and build sufficient clarity, trust, and support to divide the tasks 
at hand. A concise overview was developed which did help to develop 
common language and put the various interventions into perspective, the 
information framework (cf. Figure 2.2).  The framework was built from 
the well known continuum perspective with explicit and tacit knowledge 
at opposite ends of the continuum indicating that particular characteristics 
are more profound (cf. Choo 2006; Griffith et al. 2003; Leonard and 
Sensiper 1998). The first segment represents knowledge that can be 
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codified and represented in data, which in turn can be stored in 
information systems. In terms of organizational TMS these may be 
referred to as codified knowledge resources, i.e. organizational records 
and in technology encodable (business) rules or procedures (Oshri et al. 
2008). Encoded knowledge resources can be organized in types and 
categories, can easily be transferred but are defined and established for a 
specific purpose. Consequently they may not be accurate, current, or 
appropriate outside their original context. Interventions in this segment are 
mostly technical and procedural in nature.  

 
Figure 2.2: Information framework 

The other extreme of the information framework represents the 
concept of knowing, embedded in organizational members, or 
personalized knowledge resources (Oshri et al. 2008). This segment is 
dominated by tacit knowledge. Tacit knowledge is intrinsic to action 
(Cook and Brown 1999; Polanyi 1966), relations, or cultural values and 
beliefs (DeLong 2004). Sharing tacit knowledge is complicated and 
demands personal interaction and socialization. As one cannot manage 
social processes, solutions to this type of problems cannot be designed but 
should be designed for, aiming at the facilitation of sense making 
interactions (Wenger 1998).  

Segment two represents a transformational zone in between 
segment one and three. In our quest to utilize existing knowledge in all its 
forms we try to learn from unstructured, semi-structured and structured 
data, for example through the application of statistical methods, text 
mining (cf. van der Putte et al. 2009) and geographical information 
systems techniques. Thus, segment two deals with the organization’s 
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standard operating procedures, routines, methodologies, scripts, and 
structure (Griffith et al. 2003), in short, its embedded knowledge (cf. 
Blackler 1995; Nicholson and Sahay 2004; Volkoff et al. 2007). The 
transference of embedded knowledge across organizational units forms a 
special class of knowledge transfer (Argote et al. 2003). Interventions 
affecting embedded knowledge resources are aimed at developing 
structures, routines, methodologies, etc. 

Knowledge can be transferred from one type of knowledge 
resource to the other, although by transforming its nature the knowledge is 
transformed as well, which may have consequences for practice (Carlile 
2004). Nonaka and Takeuchi (1995) and others (e.g. Boisot 1998; Zander 
and Kogut 1995) use the continuum from tacit to explicit knowledge to 
describe externalization and encodeability of knowledge. Using this 
continuum four processes can be formulated interlinking the three 
knowledge resource types. The process to facilitate the translation from 
experience of individuals (personalized knowledge resources) to structural 
interventions (embedded knowledge resources) is labelled explicating. 
The process of establishing data collections and knowledge rules (encoded 
knowledge resources) through the enactment of routines and structures 
(embedded knowledge resources) is labelled encoding. Where these first 
two processes cater for the storage of knowledge in other than 
personalized knowledge resources, the second two processes cater for its 
retrieval and application, requiring translation to the situational context of 
the actors (Wilson 1997). The process of accessing encoded knowledge 
resources and putting the data in context using embedded knowledge 
resources developed and deployed to support that purpose, is called 
contextualizing. The final process, interacting, describes the development 
and deployment of embedded knowledge resources to inform action. 

Action phase. During a brainstorm with department heads we 
inferred a common goal to bound the initiatives: ‘improve the observation 
capacity of the force and its subsequent ability to act selectively and in a 
timely manner’, after which core and peripheral activities of the initiatives 
were identified. This sensitizing aim could be connected with the 
information framework. The information framework has been presented in 
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the KLPD many times as follows. First a number of terms related to data, 
information and knowledge were plotted on a clean sheet, apparently at 
random. Then the following story was told to show that these concepts 
were distinct yet related: ‘Illegal activities call for an appropriate answer. 
To formulate such an answer, a wide range of information is required. 
Assume Figure 2.2 to be the space that contains all possible forms of 
information that is at our disposal. Some of the information may be stored 
as data in police records and other information systems. Other information 
may only surface in patterns that require the interaction of experts, 
knowledgeable analysts and possibly large volumes of data. Other 
information may be less accessible, as it is encapsulated in private 
observations and the intuition of experienced police officers. Knowing 
this, it is evident that to strengthen the information position of the police 
force, attention should be paid to all three segments and their integration’.  

After the introduction the vertical hashed lines were added, after 
which the practical characteristics of the segments could be explained. In 
addition to this explanation the idea was added that segment 1 would 
probably only cover around 10 to 15% of the total organizational 
information potential and segment 2 another 10 to 15%. Realizing this, 
one important lesson had to stick to mind: to be successful one should pay 
attention to all three segments and hence, facilitate the utilization of 
unstructured and idiosyncratic knowledge (segment 3) as well (cf. 
Orlikowski 2002).  

Based on the information framework, it has been decided that QS 
would develop a methodology to support experts on criminal practices to 
explicate their experience, to arrange this knowledge into profiles of 
indicators and to make indicators observable in coherent sets (profiles). In 
terms of the information framework the process from experience to 
explication to (if possible) encoding. TS would develop a complex event 
processing software, the iFunnel, aimed at using these profiles to analyze 
real-time sensor data in relation with other data collections to indicate 
criminal practice and to initiate subsequent action. In terms of the 
information framework, the iFunnel utilizes encoded data in segment one, 
which would be utilized in action through a process of contextualization 
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and interaction. To support the latter the iFunnel technology would be 
combined with organizational arrangements to transfer the knowledge of 
experts to police officers in action in a real life test as part of the TS 
project. In this division of labor it was decided that QS would refrain from 
technology development (which was part of their initial approach) and 
that TS would refrain from developing methodologies to devise indicators 
and profiles. To further synergy among the projects four types of crime 
were selected that aligned with political and business interests, i.e., illegal 
export of waste materials across EU-borders; transport of nuclear, 
biological and chemical (NBC) goods; cargo theft; and people trafficking. 

Evaluation phase. The common goal was approved of and was 
recognized as highlighting the shared ambitions. The information 
framework connected the first half of the common goal (enhancing the 
observation capacity of the force) with processes to expand knowledge in 
all three segments of the information framework (experience, explication 
and encoding). It connected the second part of the aim (enhancing the 
ability to act) with processes supporting the actual utilization of 
knowledge (contextualizing and interaction).  

Reflection phase. The three segments of the information 
framework represent three types of knowledge resources of organizational 
TMS. This division builds on work of Oshri et al. (2008) and others 
(Jackson and Klobas 2008; Yuan et al. 2011) who distinguish between 
encoded and personalized knowledge resources. Extending the types of 
knowledge resources enabled the distinction between people, routines and 
structures, and data and technology more explicitly. The formulation of a 
shared goal and vocabulary proved fundamental for organizational TMS 
development. It increased common knowledge, provided the teams with a 
shared ambition, and allowed them to distribute interdependent tasks at 
organizational level. The framework made team members aware that the 
three types of knowledge resources required different types of 
interventions (and thus, expertise) to enable knowledge transfer to people 
in action. As such this AR cycle contributed to increased organizational 
level TMS sharedness (degree to which members have a shared 
representation of the TMS), TMS accuracy (degree to which members' 
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perceptions about others' task-related expertise are accurate), and TMS 
validity (degree to which members participate in the TMS) (cf. Brandon 
and Hollingshead 2004). 

2.4.2 Cycle 2, knowledge explication and encoding 

Diagnosis phase. In a National Threat Assessments of the KLPD 
the Netherlands is typified as international hub, socially, logistically, and 
financially. Criminals exploit this characteristic as well. Being responsible 
for national infrastructures the KLPD wanted to increase its grip. At that 
time, however, cooperation between the departments investigating serious 
and organized crime, and law enforcement departments active on the 
national infrastructural networks was not self-evident. Moreover, the latter 
did not have methods or means to recognize behavior related to such 
crimes in massive traffic flows. The main objective of the QS project was 
to bridge this gap by developing a methodology that would support 
knowledge collaboration among criminal investigations officers and law 
enforcement officers. 

Planning phase. QS would develop a methodology to support 
criminal investigations experts to explicate their experience, to arrange 
this knowledge into indicators and profiles describing criminal practice, 
and to make these indicators observable. We expected to arrive at 
indicators strengthening all three segments of the information framework. 
Having indicators spread over the three segments would mean that we 
knew the properties of that knowledge and could match the type of 
knowledge needs with the type of knowledge transfer (Oshri et al. 2008). 
The methodology was branded ILP+. Intelligence Led Policing (ILP) is a 
policing model which originated in Britain (cf. NCIS 2000). It provides 
practical guidelines on how to collect and analyze data on criminal trends, 
hotspots, underlying causes, etc. ILP, however, does not include learning 
methods on how criminal practices can be recognized and encoded in 
profiles. That would be the plus of ILP+.  

Action phase. To develop and test the methodology people 
trafficking was chosen as subject. Specialized investigation officers are 
almost exclusively dealing with this field. Enabling interventions by non-
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specialized general police officers provided true challenges. The research 
team planned interviews with experts within and outside the KLPD to 
determine high-risk groups, possible norms and detectable deviations to 
these norms, indicators, and methods and tools to identify these 
deviations. The interviews yielded 84 indicators that potentially could be 
integrated into the work practices of general police officers. To this end a 
workshop was held with QS members, domain experts on people 
trafficking, traffic policing experts, and experts on technical criminal 
investigation methods. By the end of the workshop 74 indicators had been 
selected. The technical criminal investigation experts identified 19 
indicators that could potentially be detected using artificial sensors such as 
Automated Number Plate Recognition (ANPR) systems, infrared meters, 
CO2 meters, or depth meters, and which could be processed by the iFunnel 
prototype. The other indicators were of the segment two or three type. 
Table 2.1 shows some examples of indicators. These are rather general in 
nature because the actual list of indicators is restricted information for 
national security reasons. The indicators are only valuable in combination 
with other indicators (i.e. as a complete profile).  

Evaluation phase. The ILP+ methodology made it possible to 
come to profiles on certain types of crime based on the knowledge of 
different KLPD’s experts through a rather efficient process of interviews 
and workshops. Indicators in the resulting profiles are spread over the 
three segments of the information framework, providing opportunities to 
determine suitable approaches to transfer this knowledge to general police 
officers in the field. It was concluded that continuous attention was 
needed to keep profiles up to date to keep one step ahead of the criminals. 
The team decided to use existing routine debriefing sessions to evaluate 
indicators and discuss new ones. Moreover, by frequently working 
together on certain criminal practices the people involved would naturally 
form a community of practice (CoP), in the sense of Leonard and Sensiper 
(1998). 
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Segment Nature  Examples of indicators 
One Indicators that can be processed 

fully automatically.  
License plate of suspect; vehicle-
country match  

Two Indicators that can be assessed 
through analytical methods 

Route; frequency 

Three  Indicators that can be assessed 
through interaction and human 
observation 

Whether co-travels do know 
each other; whether people are 
confused about their destination; 
whether people carry their own 
passport 

Table 2.1: Examples of indicators in the profiles  

Reflection phase. The ILP+ methodology shows how experience 
with action could be externalized through a process of explication and 
encoding, leading to profiles of indicators spread over all three segments 
(types of knowledge resources). In the process of explication of 
experiences, implicit knowledge can be made explicit, thus changing the 
properties of knowledge such that it becomes easier to transfer. The 
process of encoding contributes further to this as it enables the 
transference of knowledge through routines, tools and techniques to data 
(Argote et al. 2003). Explicating and encoding affect the knowledge 
resources in the sense that knowledge embodied in organizational 
members is being transformed through a communicative process and gets 
embodied in organizational procedures, routines, scripts or technology.  

In TMS terminology such transfer signifies gaining access to 
distributed knowledge resources, reallocating responsibilities for 
knowledge domains, and updating subsequent meta-knowledge. In this 
case this was achieved by bringing people together through meetings and 
workshops. Organizing communities of practice, contextualization and 
determining profile maintenance as being part of an expert’s job adds to 
information allocation at organizational level (and higher). Discussing 
experiences explicitly, scripting of work practices, and using technology 
to identify indicators all add to retrieval coordination at organizational 
level. AR cycle 2 shows that the introduction of a methodology to 
externalize experience through explication and encoding may strengthen 
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organizational TMS. A methodology like ILP+ showed to be a 
manageable intervention for organizational TMS development. 

2.4.3 Cycle 3, combining organizational records 

Diagnosis phase. It was recognized that real-time sensor data and 
other data collections available within the organization was under-utilized 
and that ICT provided potential. Or in the words of the head of the KLPD 
Intelligence Unit: ‘We are sitting on a stack of gold but no-one knows 
how to finds it or how to ask the right questions’.  

Planning phase. To exploit this perceived data potential Transport 
Security (TS) had as its objective to develop a complex event-processing 
tool, the iFunnel. One of the input sources would be the segment-one 
indicators uncovered through the ILP+ methodology. Real life events 
would generate data that had to be matched against profiles, which in turn 
would trigger follow-up action through workflow management facilities. 
Moreover, metadata files were being designed to support the 
contextualization and interaction processes of iFunnel outcomes (cf. Table 
2.2).  

Action phase. The research team developed functional 
requirements based on visiting partner organizations like the London 
Metropolitan Police, and organizing a meeting with a number of key 
players from KLPD departments. The output of the iFunnel needed to 
initiate follow-up actions, i.e. feeding the output to investigation 
processes, and initiating instant real-time action. Operational instructions 
supporting these functions would be included in the metadata file. Of the 
short-listed vendors, three were able to demonstrate their solution in a 
real-life setting using real-time sensor data.  

Evaluation phase. Having their roots in business intelligence all 
three vendors were able to support profile-based search across a plenitude 
of data sources. They all fell short, however, on operational management 
functions (profile management, scheduling, and output management). One 
vendor was selected to build these functions. 
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Class Description 
Administrative 
data 

Hierarchical structure; principal; profile origin and ownership 
(KLPD’s experts); profile purpose and criteria for hits; 
weight of profile (life threatening / important / law 
enforcement); timing (creation date, validity, notification 
terms), and prioritization of hit management. 

Legal issues Legal argumentation of profile; reference to formal approval 
of profile (incl. period of validity, approving prosecutor, 
involved lawyers, etc.). 

Hit management  Instructions for actions, including mandates and possible 
actors. 

Profile structure 
and constituent 
data  

Indicators and related data sources. 

Profile 
scheduling 

Activation periods of profile, frequency, expiration dates. 

Authorization Who is authorized for different actions on the profile and the 
iFunnel. 

Table 2.2: Description of the content of the metadata files 

Reflection phase. The iFunnel strengthened the real-time 
utilization of encoded knowledge resources in the organizational TMS. 
This was achieved by scripting organizational routines and methods using 
profiles and metadata files (thus, transforming embedded knowledge 
resources, such as routines and organizational structures into encoded 
knowledge resources), and presenting these to help officers contextualize 
the hits and suggest interaction pattern (i.e. aiding the transformation from 
encoded to personalized knowledge resources). The organizational TMS 
is strengthened as follows. First, information allocation is supported by 
describing the origin, ownership, and authorization of (new) profiles, and 
the names of organizational members who potentially are capable of 
following up its resulting hits. Second, updating is supported by indicating 
the period in which the profile should be active, notification terms, hit-
instructions, and the real-time monitoring of sensor data. And retrieval 
coordination is supported by metadata related to the data sources being 
used and contact data of the officers involved. As those involved in 
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creating profiles are not the same people coordinating and executing 
follow-up actions, the system is an example of how cognitive efforts at the 
organizational level can be coordinated in a real-time fashion. Such 
interdependence across knowledge domains is characteristic for TMS 
(Hollingshead 2001). The introduction of iFunnel technology proved to be 
a manageable intervention to strengthen organizational TMS.  

2.4.4 Cycle 4, knowledge transfer in action 

This paragraph describes two iterations where the evaluation of 
the first cycle formed the diagnosis of the next. 

Diagnosis phase. The first prototype of the iFunnel and results of 
the ILP+ methodology had to be put to the test to show that 
geographically distributed information and knowledge resources could be 
integrated while in action. The challenge was to find an economical 
balance between encoded, embedded, and personalized indicators, while 
achieving concerted action in pursuit of people trafficking.  

Planning phase. To thus pattern the organizational TMS the 
project members were challenged to divide cognitive labor and device 
ways of sharing and integrating distributed knowledge while in action. To 
this end examples were used of the knowledge exchange literature (Argote 
et al. 2003; Cramton 2001; Dixon 2000; Wu et al. 2007; Zander and 
Kogut 1995), telemedicine (Paul 2006), tele-guidance of astronauts in 
space, and the science fiction movie the Matrix (Wachowski and 
Wachowski 1999). The resulting division of labor and interaction patterns 
forms an example of TMS at organization level. 

Action phase. The team recognized that indicators and profiles 
allow for segmentation of knowledge into different parts that can be 
distributed asynchronously through different communication channels 
depending on the type, generalizability, and situational characteristics of 
the indicators. For example, many indicators related to criminal behavior 
that can be detected in the case of people trafficking can be found in cases 
of arms trafficking or drug trafficking as well. Hence, this type of 
indicators could be communicated in regular training programs. Current 
groups, destinations, and routes, however, are more ephemeral and, hence, 
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need to be communicated just before the action. Assessment of complex 
situations may require the judgment of experts who may join the team 
physically or may assist the team by virtually teaming up through rich 
media communication channels. Electronically detectable indicators could 
be assessed by sensor technology in combination with the iFunnel 
prototype. 

The team became aware that existing briefing structures were 
solely aimed at sharing information, not at learning from past experience. 
After action reviews, focusing on learning and improvement and being a 
standard practice in e.g. special arrest squads (cf. Dixon 2000), were not 
yet practiced by general law enforcement officers. Hence, an enriched 
version of briefing, incorporating learning, was planned for.  

A test-team consisting of 10 police officers executed a field test to 
review whether the indicators could indeed be recognized. Based on last-
minute intelligence of the human trafficking expertise unit of the Criminal 
Investigations Department a location along a current people trafficking 
route was selected. In a 30-minute briefing the aim of the action and the 
indicators were explained to the officers. An ANPR-camera virtually 
connected to the iFunnel prototype (indicators: country of origin and 
destination, type of vehicle, list of known traffickers), one car, one 
motorbike, and two observants posted on a bridge (visual indicators: 
number of people in vehicle, signs of illegal entry in trucks) were used to 
select and stop vehicles that met two or more indicators. 

Evaluation+Diagnosis phase. Selection based on ANPR-
techniques showed to be efficient but the used intelligence proved to be 
too coarse. Regarding the assessment of indicators after stoppage it was 
recognized that general police officers did not have sufficient individual 
knowledge to assess sufficient segment three indicators. The officers gave 
three suggestions for improvements. First, a few indicators that could 
indirectly be related to license plates should be assessed by segment one 
technology, too. Second, a rich-media connection should be established 
between the officers in the field and an expert on criminal behavior at the 
office to test whether his co-observations would lead to higher detection 
rates of human behavior-related indicators. Third, the briefing needed to 

 50 



 

be organized in two sessions. In the first session the phenomenon and 
purpose of the exercise needed to be explained, after which role-based 
instructions needed to be given in a second session just before the start of 
the action.  

Planning phase. The action plans were adjusted accordingly. For 
example, the specification of vehicle details could be made more specific 
(and be recognized by technology), while other indicators were elaborated 
and explained per role (motorcycle policeman, observers and 
apprehension team). Moreover, to bridge the distance between officers in 
action and the specialist the department of Specialist Investigations 
Applications developed a ‘camJacket’ (jacket with incorporated camera 
system). Due to time pressure, the incorporation of sound was not yet 
possible, but this shortcoming could for the time being be overcome by 
using cellular phones. 

Action phase. During the second field-test about 4200 vehicles 
passed of which 26 were selected for control of which three were actually 
related to people trafficking. One of these had been selected by the motor-
cyclist based on the interpretation of two visual indicators (segment 3 
type). The other two had been detected by ANPR-systems (segment 1 
type). 

Evaluation phase. The action was evaluated by the involved 
police officers as realistic and effective, although the data preparation for 
the ANPR-systems could still be improved. Due to the lack of sound the 
specialist on criminal behavior judged the camJacket as moderately 
effective. Indicators that could be identified through digital sensors proved 
essential. Combined with segment three indicators (mainly behavioral, 
detectable during interaction) two of the three cases were identified as 
being cases of people trafficking. The evaluation report concluded: 

The systematic approach through the iFunnel and ANPR 
technology is of great value to trace criminals and delivers significantly 
better results than traditional selection methods.  

Reflection phase. The field test confirmed that the exchange of 
distributed knowledge to general police officers in action could be 
accommodated through differentiating between different knowledge and 
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indicators and transferring these through different approaches, which are 
summarized in Table 2.3.  

 
Segment 1: 
organizational records 
and technology 

Segment 2: 
organizational routines 
and structures 

Segments 3: minds of  
organizational members 

Sensory detectable 
indicators;  
ANPR and other related 
sensor technology like 
depth meters; 
iFunnel technology; 
Digital metadata files. 

Indicators detectible by  
analytical methods; 
ILP+ methodology; 
Standard communication  
protocols and codes of 
conduct. 

Human observable 
indicators; 
Regular training 
programs; 
Two staged SKI 
briefings; 
Co-observation by 
experts through rich 
communication media. 

Table 2.3: Interventions applied to enable knowledge transfer 

The field test confirmed that virtual teaming of experts with officers in 
action was possible. Virtual teaming proved to extend the action as its 
members were also involved in the ILP+ methodology to come to profiles, 
prepare for contextualization and interaction, and maintenance. Hence 
expert knowledge is not only distributed to officers in action through 
direct interaction (camJacket), but also through encodable indicators 
(through the iFunnel and related technologies) and through procedures for 
contextualizing and profile maintenance. Thus, encoded, embedded, and 
personalized knowledge resources are being integrated while in action. 
This means that the ‘knowledge potential’ of experts is present in many of 
the aspects of the virtual team. The experts in turn retrieve feedback 
through participating in the action and attending debriefings. This not only 
adds to their personal expertise but adds to their meta-knowledge of other 
team members, too, including ways to integrate knowledge while in 
action. 

The organizational measures taken strengthened the 
organizational TMS of the KLPD stimulating transactivity between 
organizational members. Moreover, throughout the field tests police 
officers experienced how recognition of criminal behavior could be aided 
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by technology, procedures, and distant experts. This not only updates their 
personalized knowledge resources, it also helps them to allocate 
(operational) knowledge responsibilities to other knowledge resource 
types as well. The same counts for the experts who discovered new ways 
of contributing their expert knowledge to the operation. Moreover, virtual 
teaming provided new options for organizing distributed knowledge 
resources (in particular information allocation) and proved a manageable 
intervention to strengthen organizational TMS. 

2.4.5 Exiting the AR 

The TS steering committee believed that cooperation between the 
departments in real-time collaborations supported by technology could 
extend the footprint of the KLPD organization considerably, especially on 
the national infrastructures. In a reflection session with the steering 
committee the project outcomes were discussed. As a result the KLPD 
departments agreed upon points of departure for the future and contributed 
positions to further develop the concepts. Based on the results it was 
decided to end the experimental phase and extend the program and AR for 
two years to make results sustainable. 

2.5 Discussion 

This study is one of the first empirical studies focused on TMS at 
the organizational level, and the first to have an interventionist approach, 
for which AR is an appropriate method because studying the application 
of theory in practice and observing the effects of interventions is its basic 
contention (Baskerville 1999). Where in the previous sections short 
theoretical reflections per AR cycle are provided, in this section a more 
comprehensive review is given of what has been learned. The findings are 
accompanied with leads for future research and a conclusion. 

This study was focused on organizational TMS development 
through interventions aimed at stimulating knowledge transfer 
transactions. Through this focus this study differs from earlier studies on 
TMS in the IS field which tend to focus on understanding how TMS work 
in organizations or distributed teams by analyzing case studies (Jackson 
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and Klobas 2008; Oshri et al. 2008), offering conceptual work (Griffith 
and Neale 2001; Nevo and Wand 2005) or testing hypotheses (Choi et al. 
2010). This study also differs from earlier work related to TMS 
development. Rather than taking an interventionist approach, these studies 
tend to be analytic, describing phases of TMS development (e.g. Brandon 
and Hollingshead 2004; Kanawattanachai and Yoo 2007; Littlepage et al. 
2008) and do not take the organizational level as their unit of analysis. In 
IS literature only one exemplar is known of empirical research on 
organizational TMS (i.e. Jackson and Klobas 2008) (Ren and Argote 
2011).  

Following Oshri et al. (2008), in this study a distinction is made 
between personalized and codified knowledge resources. By introducing a 
class of knowledge resources for embedded knowledge (i.e. organizational 
routines and structures), clearer distinctions could be made between types 
of interventions to strengthen organizational TMS. That is, where social 
processes among people cannot be designed, but should be designed for 
(Foss 2011; Wenger 1998), embedded knowledge resources are the typical 
domain of organizational design, while data structures (encoded 
knowledge resources), on the other hand, are the typical domain of ICT. 
This study suggests that for organizational TMS development all three 
ideal types of knowledge resources have to be taken into account.  

As shown in this study, one way to develop organizational TMS is 
to increase transactivity among knowledge resources. Another way is to 
transform knowledge resources from one resource type to another. In the 
latter case, this not only affects knowledge form, but also its meaning, 
context, and applicability (Carlile 2004). Earlier research has shown that 
the emerging structure of a TMS (e.g. more differentiated of more 
integrated) is related to the characteristics of the task at hand (Gupta and 
Hollingshead 2010). In the case of the KLPD, several tasks, such as e.g. 
fighting people trafficking or arms trafficking, show an overlap of 
required expertise and knowledge of e.g. current modes operandi. These 
similar yet divergent knowledge patterns raise questions about the 
flexibility and coherence of organizational TMS over time. Indeed, parts 
of TMS related to people trafficking may become outdated, which does 
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not necessarily mean that these knowledge patterns have become outdated 
for other knowledge domains, such as arms trafficking, as well. In this 
respect, one special case of established knowledge patterns are the 
transactions among knowledge resources that are automated or routinized, 
i.e. translated to encoded or embedded knowledge resources. The  
advantage of such translation may be that access and updating processes 
may become extremely efficient and predictable. In turn this may increase 
the sharedness or validity of knowledge. It may, however, also affect its 
accuracy. Because, unlike personalized knowledge resources, encoded and 
embedded knowledge lack the quality of improvisation, mutual 
adjustment, and learning, more research is needed to learn how knowledge 
resources in organizations, other then individuals, relate to TMS 
development – which is the subject of the second empirical study reported 
in the Chapter 3. 

Organizational TMS may also be strengthened by developing 
alternative forms of organizing. Cycle 4 of this AR shows how virtual 
teams can benefit from organizational TMS and can be used as a means to 
strengthen it. By uniting officers and experts in temporary virtual team 
settings, directory updating, information allocation, and retrieval 
coordination of all involved are strengthened, providing a basis for 
collaboration in future virtual teams. Thus, the virtual team TMS 
strengthens the organizational TMS, while the established organizational 
TMS functions as a basis for future collaborations. The consequence for 
practice is that project efforts aimed at strengthening organizational TMS 
should not be viewed in isolation. Indeed, ICT project activities involve 
processes of explication, encoding, contextualizing, and interacting, and 
may lead to new forms of collaboration. The TMS to support virtual teams 
in this study was not developed at the level of the problem-specific 
collaboration (the planned action) but at a higher organizational level to 
provide for stable structures supporting knowledge collaboration among 
members that did not work with each other before (cf. Moreland and 
Argote 2003). The complete set of organizational arrangements (including 
organizational structures, methods, and technological support) spans an 
organizational level workspace that can be used by (virtual) teams within 

 55 



 

the organization. The knowledge potential of the experts is represented in 
this workspace through profiles and metadata files and is made accessible 
to officers through knowledge transfer arrangements. Potentiality and 
overcoming distances through technology define the virtuality of teams in 
this case. Thus, strengthening the organizational TMS sets conditions for 
virtual teams. In cases in which collocated teams do not form a viable 
option for problem solving, the creation of a rich virtual workspace may 
be the best option at hand to achieve business goals. It may provide a way 
to engage people in activities they otherwise would not have had the 
opportunity to (cf. Zammuto et al. 2007). Given that knowledge exchange 
in virtual teams is difficult because of factors like diversity of local 
contexts, differences in local routines, and failures in communication 
(Cramton 2001; Desouza and Evaristo 2004; Hinds and Mortensen 2005 ), 
the mutually constitutive relation between organizational TMS and the 
TMS of virtual teams represents an important venue for future research. 
This issue is being addressed by the third empirical study reported in 
Chapter 4. 

This study adds to the discussion in the literature about how IS 
relates to TMS. IS are hold to have a function in TMS (Griffith and Neale 
2001; Nevo and Wand 2005; Jackson and Klobas 2008; Oshri et al. 2008). 
IT has been shown to facilitate the development of TMS (Choi et al. 
2010). Some technological TMS supporting mechanisms have been 
discussed in the literature, including standardization of templates, 
methodologies, and teleconferencing (Oshri et al. 2008). Moreover, three 
studies have proposed requirements for TMS supporting systems (i.e. 
Jackson and Klobas 2008; Nevo and Wand 2005; Ren and Argote 2011). 
This study adds to this discussion in two ways. First, it is shown that IS, 
an IS-related framework like the information framework, IS-related 
communication channels, and information-related methodology (ILP+) 
provide opportunities to intervene in organizational TMS. Second is the 
identification of a transformational knowledge resource ideal type in 
between personalized and encoded knowledge resources, i.e. embedded 
knowledge resources, providing a clearer distinction between ICT-related 
interventions and organizational development interventions. This 
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distinction leads to interesting questions about the potential contribution 
of IS design and implementation (independent of implementation and use 
of its artifacts) to organizational TMS development and the question how 
TMS of different functionally related groups are interrelated. These 
questions are further investigated in the following two chapters. 

The results of this study have implications beyond the KLPD. 
Other types of swift starting action teams (McKinney et al. 2004), fast 
response organizations (Faraj and Xiao 2006), extreme teams (Jones and 
Hinds 2002), or temporary problem solving teams (Rosenberg 2000) 
include teams such as crisis response teams, fire brigades, medical teams, 
flight crews, special weapons and tactics teams, and military combat 
teams. Another area that comes to mind is that of commercial field jobs, 
like for instance consultative selling where salesmen often need support 
from various experts to arrive at an offer. Yet another field is that of ICT 
services in which different people from the user organization might need 
to team up with experts from different ICT supplier organizations which 
are located throughout the world as was the case in Oshri et al. (2008). 
Distributed supply chain coordination is another application field in which 
some studies on complex event processing technology, which resembles 
the iFunnel technology, has been done (Soroor et al. 2009). Further 
research on the development of organizational TMS, including its function 
for supporting temporary (virtual) teams, is required to develop our 
knowledge and learn from similarities and differences in different areas of 
society. 

2.6 Conclusions 

In the relevance and rigor debate that has been going on in the IS 
field (Cohen 2007; Davenport and Markus 1999; Kieser and Leiner 2009) 
AR has been put forward as one of the solutions to the lack of relevance 
(Baskerville and Wood-Harper 1998; Baskerville and Myers 2004, 2009). 
This AR shows how practical and societal relevance can be combined 
with theoretical relevance without compromising AR rigor, as this AR 
adheres to all principles for AR put forward by Davison et al. (2004). The 
practical relevance of this study lies in the development of an 
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organizational TMS to enable knowledge integration between experts and 
officers in action in temporary (and often virtual) teams. As such this 
study’s social relevance lies in increasing opportunities for catching 
criminals, not by increasing the number of officers but by making police 
work more effective and efficient. The theoretical relevance of this study 
lies in its contribution to the understanding how organizational TMS, 
comprised of personalized, embedded, and encoded knowledge resources, 
may be used to increase the potential contribution of distributed 
knowledge to problem solving in action.  

Where in this chapter different types of knowledge resources were 
being identified as means to strengthen organizational TMS development, 
in the following chapter the question is being addressed how these 
different types of knowledge resources are actually related to TMS. 

 58 


