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1. Introduction 

Content process management is vital for cultural heritage institutions’ core purposes to collect, 

preserve, and provide accessibility to data over the digital life-cycle of historical materials. The capability 

of a cultural heritage organization to ingest information into a networked information system requires 

the controlled measure of exclusiveness within the system itself. The componential conditions within 

the information system can be defined by a series of management actions, processes, and policies from 

one module to the next. However, the existing archival information system models provide a guide for 

information flow ‘in general’, but leave a problematic gap with methodology and standardization which, 

in turn, causes loss of data throughout the system. Without addressing the initial phase of ingestion, 

there cannot be an efficient flow of data. The long-ranging theoretical models are absent of practicality 

and lack the attention to evolving technology.  

One of the most important tasks in assessing an organizational information system is to identify 

where the information originates, how the transmission of information, and the output (James, Barnett, 

& Crutchfield, 2016).  Logically, the flow of data within a system connects through channels or pathways 

much like the electrical currents through connected wires. The arranging of those lines determine 

system success. They also determine the weakness to the current or flow of data. When currents travel 

from node to component, the trusted outcome is a proverbial light at the end of the tunnel. The flow of 

data can also result in financial growth, knowledge advancement, and successful integration of 

multidimensional processes often seen within human organizational systems (Lin, Tan, & Chang, 2008).   

For many it is easier to assess the flow of information by viewing a traditional information 

technology (IT) system, networked together to obtain, process, and retrieve the information needed. In 

comparison, the same visual representation assists the analyst with identifying where the information is 

lost or has been effectively altered or stalled due to component breakdown discrepancies.   
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  Creating reciprocal flow with multidimensional properties of data requires an applied linear model 

to be functional within the specific environment. For this research, the information environment will 

focus on cultural heritage digital libraries, digital archives, and digital museum repositories and their 

requisite information system.  

When considering an approach to identify problematic mechanisms within the workflow circuit it is 

necessary to employ factor analysis methodology to focus on macro components within the information 

system (Yong & Pearce, 2013). The purpose of a ‘broad factor analysis’, within this research, is to isolate 

elements or macro proximity to reveal the underlining complications which prevent effective 

accessibility of data. Additionally, with application of investigative ‘factor analysis’ methods, it is crucial 

to discover the human-information interface properties along with the technological network elements 

whereas the information is transferred throughout the system by applying the reciprocity theorem with 

control theory, the ideology of reciprocal ‘flow’ can be measured in linear forms to test the competence 

within the system components. Also, the socio-psychological (human-centered) factors which create 

series of micro and macro order within an information system can be measured by applying socio-

scientific theories and models found in the literature reviews.   

  There exists evidence to support the investigation and analysis networked organizational 

information systems based on a theory of the Linear Reciprocity Model. This study, will focus on the 

ability to systematically identify each mechanism within the networked system and form empirical 

evidence which supports internal componential functions both technologically and human-centered to 

improve information exchange.   

1.2 Linear System 

Linear systems are mathematical models, which are based on linear operators. Thus, nonlinear 

systems are those whereas the input is not proportional to the output (Heylighen, 1970). Theoretically, a 
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linear system can predict output due to the static linearity whereas the fluctuation of nonlinear systems 

requires additional mechanisms of control (Virginia Tech, 2003). The reciprocity theorem suggests that 

within this linear system the actions or functions throughout the system can be interchanged without 

changing the systems characteristics (Virginia Tech, 2003). Linear reciprocity (Pryse, 2018), applied to 

the institutional information and knowledge organizational system, can predict the flow of information 

from input through output components with dissection of the linear processes from the ‘top’ to a macro 

level within each systemic ‘station’. Designing a networked digital archive information system based on 

the linear theory will not only prove efficient but is assumed to prevent informational flow barriers which 

convolute the intention or proposed goal of the item ingested within the system. The proposed linear 

reciprocity model will simplify structural breakdown by defining levels of complex activities and 

decisively delineate measurable outcomes throughout the information system. 

2. Research Questions 

Research Question #1: How does the implementation of critical control mechanisms at the point of 

creation improve efficiency, productivity, and reliability of information flow within the digital 

archival information system? 

Research Question #2: To what extent does existing data- lifecycle models support information 

flow? 

Research Question #3: To what extent does the implementation of critical control mechanisms 

improve efficient functionality within the digital archival information system? 

3. Proposed Study 

Information systems require a structured foundation to fulfill the aspects and missions of an 

organization. Organizational changes are inevitable (Mumford 1983) due to technical evolution, the 

implementation of new policy and the physical changing of leadership within an organization can 



5 
 

present the very barriers in which the flow of information can be stalled. Through reliance on 

technology, communication technology and non-human interactive focused products thereof, the 

complex nature of data and information can be lost or misrepresented when these systems lack a 

proper infrastructure. Simply, the system must have a firm platform for which the data can travel and 

reach the intended user.   

Organizations whether larger corporations or smaller public institutions, measure effectiveness in 

many ways. Creating a system of goals or benchmarks can lead to a better understanding of the current 

state of the organization as well as the current state of the internal mechanisms that make up the 

organizational system. This study will focus on the impact from the components (data+human) of the 

organization and the ability to effectively process that information (product) efficiency. Further, this 

study will focus on three cultural heritage content/information management systems and workflow 

methodology and to measure the rate and efficiency of information flow by exploring traditional goal 

and system models as well as forecasting models in conjunction to predict or prevent possible barriers 

and obstructions from subsystem to end product. 

4. Literature Review  

 Over the last decade the archive, library and museum industries have faced increased challenges 

in the field of technology and digitization, as well as retaining or preserving the information throughout 

an organizational networked system. The ability to paradigmatically shift methodologies is specific to 

the particular archival repository. While acceptance of technological changes is prevalent within these 

organizations, the ability to restructure theory and create standardized processes which both benefit 

the organization and the general public is lacking. The generality of theory and methodology has 

centered on the overreaching existing archival information system models. This analysis will qualitatively 

demonstrate the destructive impact of existing models on the flow of information from ingestion 
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throughout the life-cycle and that a need for the breakdown of existing practices at the point of impact 

or ingestion of data must be addressed without delay.   

At the same time as technological and economic factors affect the cultural heritage institution, 

more data and more collections are being digitized at an increasing rate. The standardization of micro 

processes depends on the continued analysis and adaption of theory and modality. These processes, 

however, are created by the human-centered initial point of information system application. Without 

examining behavioral models at the initial analysis of an information system, the pragmatic 

conceptualization of developing new methods would be lost.  

Addressing the human component of an information system necessitates examining 

psychological dynamics of reciprocal behavior. Psychologists, Dr. Michael Price and Dr. Mark Van Vugt 

(2014) explain that a fluid relationship with ‘direct’ reciprocity is described as a mutually beneficial 

exchange between human beings: if X pays the cost of size 1 to provide Y with a benefit of size 2, and Y 

precisely returns the favor, then X and Y each have paid the cost of 1 and received a benefit 2 which is 

mutually gainful (Price & Van Vugt, 2014). Alternatively, if disruption arises within the path and Y took 

X’s 2 without reciprocation the mutual benefit is null which, in time, creates extinction of cooperators 

which causes failed sustainability (Hamilton, 1964). Similarly, when cyclical processes are interrupted or 

disruption alters the flow of data from node to node, the reciprocity chain becomes fragmented and 

effectively malfunctioned.  

The Hypothesized model (Mathieu, Kukenberger, D'Innocenzo, & Reilly, 2015), was developed to 

test performance based on reciprocal cohesion over a sustained period of time. Comparatively, the 

hypothesized model creates a visible platform to define the barriers which could arise to disrupt the 

flow and exchange from one unit to the next, by measuring performance factors of reciprocity within 

the information system. This model creates an interesting view relative to the Pryse Model of Linear 
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Reciprocity (2018) by explaining probable obstacles which on a micro-level could define system 

breakdown. An argument on prevention of failure within the cyclical path is to attempt to identify the 

malfunction or evolved standard through link prediction (Yang, Lichtenwalter, & Chawla, 2015).  

According to research conducted by N. Sett, Ranbir Sanasam, and Nandi Sukumar (2018), from 

the Department of Computer Science and Engineering, Indian Institute of Technology, a solid 

measurement in the prediction of human behavior is link prediction analysis (Sett, Sanasam, & Nandi, 

2018; Yang, Lichtenwalter, & Chawla, 2015). Link prediction, as applied to the information system, 

would be able to assist in the analysis of node-to-node efficiency and prevent changes as the data flows 

through the linear system. The link between two nodes or process stations within the linear system can 

be represented as evolving, complex, networks of data.  

According to Mathieu, Kukenberger, D’Innocenzo, and Reilly (2015) [fig. 1] “cohesion and 

performance were related positively and reciprocally over time (H1 and H2)” (Mathieu, Kukenberger, 

D'Innocenzo, & Reilly, 2015). Further, team member academic competency relates to the positivity of 

cohesive exchange of information (H6) that can be sustained over time.  

 

 

 

Evaluating evolution mechanisms, one can be inferring that prediction of behaviors and linear 

adaptation of processes can create cohesive productivity (Sett, Sanasam, & Nandi, 2018; Mathieu, 

Kukenberger, D'Innocenzo, & Reilly, 2015; Yang, Lichtenwalter, & Chawla, 2015). McGrath and Tschan 

(2007) studied reciprocal analysis in workgroup behaviors (McGrath & Tschan, 2007, p. 3). McGrath and 

Figure 1 – Human-centered Hypothesis Model 
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Tschan (2007) found that “cohesion → performance relationships (i.e., functions) will be weaker during 

early stages of team interaction and grow stronger over time” (Mathieu, Kukenberger, D'Innocenzo, & 

Reilly, 2015; McGrath & Tschan, 2007).  

 Bednar and Green (2011) conducted a study into information systems and the causes into 

failures of information system practices. Bedford and Green (2011) state, “In order to avoid information 

system failures, information system analysts should adopt an approach that exploits the intrinsic and 

contextually dependent characteristics of organizational activities (p 1).” However, these intrinsic, 

dependent characteristics create the facilitation of flow or can cause barriers in which the process is 

stalled or weakened based on the nature of the initial implementation. A contextually dependent 

system relies heavily on the inundated and sometime archaic processes of familiarity. The recall of 

process is the user’s interpretation of organizational structure based on the, sometimes, outmoded 

policy recollected from contextual conditions, situations, and environments. Retrieving information or 

practical processes becomes a cyclical process in which the user, staff, or working part of the 

organization relies on the definitive platform (Rasche, 2008) based on outdated practices by which 

modern processes cannot interpret. Similar to the adverse effects of a decade old computer operating 

system attempting to open current software. The application can interpret the data but cannot replicate 

the intended information. What we might view is a symbolic rendition of the actual program.   

The information system process not only should focus on the flow of information but the 

processes in which the system has evolved and integrated both human dimension and technical 

development. With organizational systems, the ultimate output or goal is the quantitative rate at which 

it can ingest, process, and define data (Rasche, 2008). In order to reach this output goal there is a 

significant process of information, which, when functional, flows freely from system component to the 

next. Organizational systems with extensive barriers not only increase the entropy but also prevent the 
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synchronization of processes, which supports consistent and efficient flow (Stenzel & Stenzel, 2003).  

Eventually, as processes continually breakdown, the entire structure crumbles in on the system which 

when consistently patched causes the chaotic, temporary, repair battle, which cannot be won (Stenzel & 

Stenzel, p. 22). The ever-pressing “fire-fighting” mentality leave little time for organizational 

development (p.22).   

One strategic response to this problematic barrier variable, is the Strategic System Thinking 

(SST) method, which provides a mechanism to address perception, goals, missing resources, and 

solutions to use within information system (Eglin, Green, Bednar, & Bain, 2004). The SST methods 

defines two stages of analysis (1) the micro respective and (2) the macro perspective (p.4). The micro 

perspective where the individual creates a personal map of resources focusing on situation whereas the 

macro perspective focuses on the identification of solutions and redirection to current goals and output 

(p.4). The framework, applied to the proposed Linear Reciprocity Model, offers an analytical platform of 

developed processes at the creation of data (digitization and metadata).  

4.1 Information Flow Barriers  

 Richard L. Nolan, theorist and Professor at Harvard Business School, proposed that information 

systems have a lifecycle and creation of and management of an Information System, a sustainable an 

Information Technology System must be implemented for long term sustainability and accessibility of 

that information (Nolan, 1973). Nolan’s hypothesis predicted current facilitation of knowledge and 

knowledge creation as a cyclical process rather than a static or permanent action. Information 

specialists, following, Nolan’s research, pragmatically created models through the systematic, 

technological evolutionary process which has resulted in a series of information models to manage both 

small data sets as well as big data (collections).  
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 One of the most important tasks in assessing an organizational information system is to identify 

where the information originates, how the transmission of information, and the output (James, Barnett, 

& Crutchfield, 2016).  Logically, the flow of data within a system connects through channels or pathways 

much like the electrical currents through connected wires. The arranging of those lines determine 

system success. They also determine the weakness to the current or flow of data. When currents travel 

from node to component, the trusted outcome is a proverbial light at the end of the tunnel. The flow of 

data can also result in financial growth, knowledge advancement, and successful integration of 

multidimensional processes often seen within human organizational systems (Lin, Tan, & Chang, 2008).   

For many it is easier to assess the flow of information by viewing a traditional information 

technology (IT) system, networked together to obtain, process, and retrieve the information needed. In 

comparison, the same visual representation assists the analyst with identifying where the information is 

lost or has been effectively altered or stalled due to component breakdown discrepancies.   

However, these intrinsic, dependent characteristics create the facilitation of flow or can cause 

barriers in which the process is stalled or weakened based on the nature of the initial implementation. A 

contextually dependent system relies heavily on the inundated and sometime archaic processes of 

familiarity. The recall of process is the user’s interpretation of organizational structure based on the, 

sometimes, outmoded policy recollected from contextual conditions, situations, and environments. 

Retrieving information or practical processes becomes a cyclical process in which the user, staff, or 

working part of the organization relies on the definitive platform (Rasche, 2008) based on outdated 

practices by which modern processes cannot interpret. Similar to the adverse effects of a decade old 

computer operating system attempting to open current software. The application can interpret the data 

but cannot replicate the intended information. What we might view is a symbolic rendition of the actual 

program.   
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The information system process not only should focus on the flow of information but the 

processes in which the system has evolved and integrated both human dimension and technical 

development. Analysis of current modalities offer a deep look into the existing structure of the archival 

information system and the transformative changes that have created the modern digital archive 

system. With organizational systems, the decisive output or goal is the quantitative rate at which it can 

ingest, process, and define data (Rasche, 2008). In order to reach this output goal there is a significant 

process of information, which, when functional, flows freely from system component to the next.  

Organizational systems with extensive barriers not only increase entropic results, but also 

prevent synchronization to support consistent and efficient flow of data (Stenzel & Stenzel, 2003).  

Eventually, as these barriers increase and systemic processes collapse, the entire structure crumbles in 

on the system (IS), which when consistently patched (“fire-fighting” mentality), results in a chaotic 

battle, ultimately creating more reprehensible damage to organizational design and development.  

  The barrier laden linear system is quantified by the breakdown of system functionality from data 

source → data receiver → data transfer → end user’s ability to retrieve information (Lin, Tan, & Chang, 

2008). The interaction within each component (the processing of information) can greatly lead to the 

ability of prediction of system success or failure. 

  Stenzel and Stenzel (2003) identify multiple factors, which will lead to the breakdown of 

organizational success which in turn, prevents information fluidity. With the practice of “component 

based entropic perspectives” the information organizational system’s resources and energy is wasted on 

ideology and ideals that cannot be matched or replaced once dissipated. The flow of data or information 

from component to component requires a transitional methodology with sound management practices. 

Redundant or nonproductive process or components must be measured, analyzed, and often 

restructured, removed or replace to avoid unnecessary obstructions to progress. 
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4.2 Existing Archival Information Management Models  

A reference model acts as “framework for understanding significant relationships among 

entities, and for development of consistent standards”, as defined by the Digital Curation Centre (Digital 

Curation Centre, 2015). Two of the ‘founding’ reference models from which many have emulated 

include the Open Archival Information System (OAIS) and the Digital Curation Centre’s Life-Cycle model 

(DCC). The OAIS and DCC models serve as guidelines, or platforms, in which to build proficient processes 

effective for multi-faceted systems of collection. Whether the data collected is media based, born-

digital, stemming from webpages, physical materials or other virtual component; and dependent on 

various hardware and software requirements, the basis for the two models is to define the proper 

characteristics of that item. Further the information as attached to the digital item must travel with the 

item throughout its life-cycle. The DCC model allows for continuous creation which is commonly 

interpreted as migration when technological changes occur such as new format availability. 

The Knowledge Management Life Cycle Model or DCC Model, consists of five steps which 

includes: knowledge creation, knowledge sharing, knowledge structuring, knowledge using, and 

knowledge auditing [fig. 2] (Sağsan, 2006).   This model presents a systematic methodology for 

managing information in a non-linear, hierarchical order. Breaking down the series of actions within an 

archival information system creates order in a generalized system of action, but does not represent the 

micro processes within each module [fig. 2-3]. These micro processes often create barriers and loss of 

information, if not analyzed, adapted and implemented. At first ingestion or ‘creation’ of knowledge, the 

micro and macro processes must be defined to create a standardized and balanced flow of information 

through the system and to the end user or long-term storage repository. The inability to standardize or 
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address these processes at the point of ingestion will lead to disruption, error, and false or incomplete 

data from module to module.  

 

 

  

 

Similarly, the Information “Life Cycle Model for an Open Archival Information System (OAIS) was 

developed by the Consultative Committee for Space Data Systems (CCSDS)” and adopted as an ISO 

standard in 2002 and updated as recommended practice in June 2012 (The Consultative Committee for 

Space Data Systems, 2012). The OAIS Model allows for long-term preservation with concern for 

migration to new platforms or technologies and serves solely as a reference to guide those processes.  

The OAIS Model does not, however, provide specific process activities or methodologies for data 

specific implementation throughout the life-cycle [fig. 4 and fig. 5] (Jones, Bicarregui, Gray, Lambert, & 

Matthews, 2012).  

 

 

 

 

Without focus and clear implementation analysis at the conceptualize phase (point of data entry 

into the cycle) incomplete packaging of data or information is created without standardized application 

which will be proven to create a barrier laden environment. Though, reciprocity throughout the system 

Figure 2 - A new life cycle model for processing of knowledge 
management 

Figure 4 – OAIS Model 
The lifecycle of a digital 

archive as proposed by the 
Digital Curation Centre 

Figure 5 – OAIS Model, 
adapted 

Figure 3 – Breakdown to linear methodology 

Knowledge 
Creating 

Knowledge 
Structuring 

Knowledge 
Using 
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is evident, the micro processes and reciprocal practices which create an efficient flow throughout the 

information system, is absent. Concerns with data acquisition at the point of entry also provides an 

opportunity to define what controls must be implemented without creating an environment too 

complex and inundated with misaligned procedures. These misaligned practices can create unreliable 

data at ingestion thus continuing throughout the system to the end-user. The proposed linear reciprocity 

model applied at formation of data, hypothetically, will provide the structural regulation of flow 

throughout the linear information system. Open interpretation of the OAIS standard creates systematic 

processing of digital objects although on a broad scope which, in turn, does not provide information 

system cohesion (Jones, Bicarregui, Gray, Lambert, & Matthews, 2012). This open interpretation also 

leads to the inability to bridge or migrate to alternate platforms, external repositories, and technological 

system advances.  

5. Research Gap 

It is evident that researchers, librarians, and digital archivists have conducted many studies to 

address the complex system of digital archival information system management. However, as 

acknowledged within the Literature Review, the two models most popular in the profession are 

overreaching and vague due to undefined workflow measures which can produce inconsistent results. 

Over time, inconsistency can lead to poor retrievability, incoherent metadata creation, and loss of both 

analog and digital data. These complexities within the system also produce confusion and chaotic 

variation in standardized process applications when cross walking from one information system to 

another. Technological evolution precipitates adaptability, and adaptability can lead to variations which 

prevent a consistent theory or model within the profession (Heo & Han, 2003).  

 Currently, there are no standardized, profession-wide, processing guidelines for addressing the 

functional components which present the sources of information received by the end-user. Without 
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defined, structured, systematic workflow measures in place, there is a greater chance of loss valuable 

information to the repeated handling, duplicate digitization, or lack of preservation mechanisms to 

facilitate future migration schedules.  

Based on the analysis of the literature review and borrowing from the design principles of both the 

OAIS and DCC models, a new model is proposed to address the intricacies of workflow design and task 

implementation (Wing, 2019). The new model will fill in the critical control mechanisms which will 

facilitate a flow of accurate information from data creation throughout the information system. What 

differentiates this proposed model from the OAIS and DCC models, is the completeness of the workflow 

and adherence to efficiency design, not only within the information technology’s components of the 

information system but also to include the human-centered element. This strategic design and 

reciprocal workflow functionality, streamlines methodical processing in all stages of digital preservation, 

linearly, from module to module.  

Table 1 – Comparison of existing digital archival preservation models 

Model Function Gap 

DCC Curation Lifecycle Model “[…]graphical, high-level 
overview of the stages required 
for successful curation and 
preservation of data from initial 
conceptualization or receipt 
through the iterative curation 
cycle.” 

The high-level overview does 
not define the activities or 
critical control 
mechanisms/processes, which 
permits varied applications, 
thus causing varied reactions 
resulting in loss of data and 
inefficiency.    
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Open Archival Information 
System (or OAIS) 

A reference model designed to 
address an organization of 
people and systems, that has 
accepted the responsibility to 
preserve information and make 
it available for a Designated 
Community. 

The OAIS model provides an 
overview of methodologies 
which guide the assumed 
processes without 
standardization, firm guidance, 
or process definition. The varied 
archival processes result in loss 
of data, inefficiency, and 
mishandling of archival 
materials.  

Proposed Linear Reciprocity 
Model (LRM) 

Structured workflow processes 
beginning at the point of 
creation (ingest) into the digital 
archival information system. 
The model provides reciprocal 
control mechanisms to address 
data loss, preservation, and 
long-term accessibility.  

 

6. Methodology 

This study will attempt to gain insight about the gap in existing digital archival productivity models 

by analysis of efficiency, reliability, and the flow of information from the point of creation throughout 

the linear information system. Measuring system quality of the information system itself and the flow of 

continuity from point of digital data creation to end-user. The continuity of data, thus, demonstrates: 

reliability, accuracy, efficiency of flow, and system success. DeLone and McLean’s Information Success 

Model [figure 6] (1992,2002) which was created to measure ‘success’ of the IS (DeLone & McLean, 1992; 

DeLone & McLean, 2002). DeLone and McLean (1992) defined six components to address IS success: (1) 

system quality, (2) information quality, (3) use, (4) user satisfaction, (5) individual impact, and (6) 

organizational impact (DeLone & McLean, 1992, pp. 60-62). DeLone and McLean (1992) argue that 

information within a system is a form of communication between different stages (modules) which, in 

turn, influence the systems performance, production, and effectiveness (DeLone & McLean, 1992, p. 

61). Additionally, DeLone and McLean’s model allows for the visual analysis of processes to determine 

whether the IS is benefitting from structured methods within the IS or is riddled with barriers creating 
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loss of data or barriers to reliable data (DeLone & McLean, The DeLone and Mclean model of 

information systems success: A ten-year update, 2003; DeLone & McLean, 2002). Interestingly, the 

linear reciprocity functionality of the DeLone and McLean model simulates the processes and proposed 

functional model of linear reciprocity. 

 

The literature review revealed common IS models employed wihtin digital archival information 

system repositories which lack the ability to explicitly identify barriers from the point of creation 

throughout the system, where those barriers are formed, and how to adapt processes to coincide with 

producitivity goals. In effect, measuring exsiting archival information manageemnt models consequently 

limits the depth of data colleced and therefor, measured.  

The methodology selected for this proposal study will be a mixed method approach. The planned 

research design methods include three case studies, subjective productivity measurement surveys 

(SPMS), interviews, and utility based knowledge work productivity assessment strategy to measure the 

effectiveness of the proposed linear model in three selected digital archival information system 

repositories from the state of Oklahoma (Xiao & Nembhard, 2014; Antikainen and Lönnqvist, 2006).  

Applying a multi-stage survey program at: (1) the onset of analysis, before application or 

implementation of identified critical control mechanisms; (2) the midway point in the defined period of 

measure, to address changes within the system (inlcuding the human-centered processes); and finally, 

Figure 6 – DeLone and 
McLean’s model of IS 
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at the end of the defined testing period. The final survey will be structured to address prior survey 

results, critical changes or identified barriers, redundancy, and usability.   

6.1 Subjects 

The intended population for this study are staff of cultural heritage archives, specifically, digital 

archives. The populations will consist of individuals that are assigned the primary function of data 

creation and management within the archival information system. The sample size will be varied based 

on three digital archive institutions but will be limited to those staff of less than five. Participants in this 

study will focus on adults 18 years or older with varied background and education. The study will 

analyze data collected from the target population to address workflow efficiency, participant opinion of 

ease of use and productivity measures, and the ability to create consistency within the information 

system.  

6.2 Setting 

In its broadest conceptualization, this study will address the population of three selected digital 

archive institutions based in the state of Oklahoma and conveniently accessible to the researcher in 

order to train, observe, and administer research tools. The diversity of the population in terms of 

education and personal background experience in the field of digital archival information management 

and other elated variables would make or a monumental undertaking and considerable travel. 

Therefore, it is necessary to delimit the setting from which the sample for the study will be drawn.  

7. Research Design 

7.1 Case Studies 

 This research will include three case studies to collect data and analyze information by 

examining events (workflow processes) to gain insight and understanding of current digital archival 
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information system workflows, staff training, and productivity measures. The case studies conducted 

prior to implementation of the proposed linear reciprocity model will be directed to the existing digital 

archival information system, the processes and workflow in place, and the general reporting of staff 

working knowledge concerning digital item creation and long-term digital preservation. The case studies 

will allow for observation and data collection, practically, rather than theoretically, which will guide 

research with acknowledgement of each institutional repositories existing dynamics. The studies will 

also provide a close look into the way that information is managed, policies in place, how that 

information is created, processed, and delivered to the end-user.  

Table 2 – Case Study Measures 

Method Repository 1 Repository 2 Repository 3 

Direct 
Observation 

Visit/field notes Visit/field notes Visit/field notes 

Interviews Archivists/Librarians/Staff Archivists/Librarians/Staff Archivists/Librarians/Staff 

Direct 
Application  

Test digital creation 
workflow 
measures/time/product 
retrievability/preservation 

Test digital creation 
workflow 
measures/time/product 
retrievability/preservation 

Test digital creation 
workflow 
measures/time/product 
retrievability/preservation 

7.2 Surveys 

For the purpose of this research there will be three separate surveys’ which will be sent to the 

three selected cultural heritage digital archival repositories. The surveys are designed for the staff with 

questions consisting of: basic background information, knowledge of the information system, knowledge 

of workflow measures in place, assessment of personal productivity, and knowledge of professional 

processes such as digitization, preservation, and digital content management. The questions are 

designed to address core competencies of the staff at (1) pre-implementation, (2) mid-point, and (3) 

post-implementation. The surveys will effectively measure the existing knowledge and functionality of 

the applied digital archival information system and processes before and after the linear reciprocity 

model application. [Appendix 3-Surveys Attached] 
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Table 3 – Surveys (Appendix 3 for detailed survey) 

Survey  Description 

Information Assessment Survey – Pre-Analysis Conducted during the initial phase of the case 
studies, the pre-analysis survey will include 
background information (age, education, 
longevity in the profession); existing knowledge 
of the information system; existing knowledge of 
workflow measures and rationale; perceived 
productivity; and knowledge of long-term 
preservation activities.  

Information Assessment Survey – Mid-Point 
Analysis 

Conducted at the mid-point of the defined 
research timeline, this survey will include: 
knowledge and understanding of the linear 
reciprocity model and workflow; perceived 
productivity utilizing the new workflow model; 
knowledge of digital preservation activities; and 
existing issues with the implementation model.  

Information Assessment Survey – Post 
Implementation 

Conducted at the finalization of the defined 
research timeline to include: workflow 
knowledge; perceived efficiency; perceived 
productivity; project completion status; and 
retrievability testing.  

 

7.3 Metrics 

 Insight into the fundamental inner-workings of a digital archival information system depends on 

the standardized processes and workflow applied. Measuring productivity and efficiency within a 

working information structure require a long-term evaluation of productivity beginning with creation or 

ingestion in to the digital archival information system (ratio of time and accuracy) and again measured 

at the production or output module (as compared to the initial creation data). To be useful, the overall 

measurement of a digital archival information system, must focus on both efficiency and effectiveness of 

the processes applied. Scudder and Kucic (1991) define efficiency within an information system as 

“resources consumed in producing a given application in a timely manner” (Scudder & Kucic, 1991, p. 

344). Effectiveness as defined by Scudder and Kucic (1991) as “[…] quality of the finished product and its 

appropriateness to the problem [or] situation for which it was designed.” (p. 344).  
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The complexity of an information system dictates the definition of productivity as it concerns 

digital archives and libraries be defined as resource management. Resource management is then defined 

as the relationship between data creation and data output measured by: items digitized (ingested), 

accuracy of digital metadata creation (defined scale of accuracy), time ratios for processing (physical and 

digital combine); and maintainability/sustainability over a defined or projected time period.  
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Appendix 1 – Definitions, Theories, Models 

 

Information System Defined   

Source Definition  

Buckingham et al (1987, p. 18) “[...] a system which assembles, stores, processes and delivers 
information relevant to an organization (or to society), in such a way 
that the information is accessible and useful to those who wish to use 
it, including managers, staff, clients and citizens. An information 
system is a human activity (social) system which may or may not 
involve the use of computer systems.” 

Symons (1991, pp. 186-187) An information system is “a complex social object which results from 
the embedding of computer systems into an organization where it is 
not possible to separate the technical from the social 
factors given the variety of human judgments and actions, influenced 
by cultural values, political interests and participants’ 
particular definitions of their situations intervening in the 
implementation of such a system.” 

Magalhães (1999, p. 6) “An information system is a social system, which has embedded in it 
information technology. The extent to which information technology 
plays a part is increasing rapidly. But this does not prevent the overall 
system from being a social system, and it is not possible to design a 
robust, effective information system, incorporating significant 
amounts of the technology without treating it as a social system.” 

Paul (2007, pp. 194-195) “The IS is what emerges from the usage that is made of the IT 
delivery system by users (whose strengths are that they are human 
beings, not machines). This usage will be made up of two parts: 1. 
First the formal processes, which are currently usually assumed to be 
pre-determinable with respect to decisions about what IT to use. … 2. 
Second, the informal processes, which are what the human beings 
who use the IT and the formal processes create or invent in order to 
ensure that useful work is done.” 

Stair and Reynolds (2016, p. 493) “A set of interrelated components that collect, manipulate, store, and 
disseminate data and information and provide a feedback mechanism 
to meet an objective.” 

Society of American Archivists 
(Glossary: Information System) 

“An organized set of procedures and techniques designed to store, 
retrieve, manipulate, analyze, and display information.” 

Table 1   IS Definitions (The selected definitions were designed by literature review of Barata et al (2015), Alter (2008), and 
SAA website) 
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Theories Defined 

Source Theory Definition 

Heylighen (1970) Linear Systems Theory 
(mathematical) 

“mathematical models, which are based on linear 
operators.” 

Appelbaum (1970) Linear System Theory (social) …all societies pass through the same sequence of 
stages to reach the same goals. 

Loftus, Oberg, & Dillon 

(2004) 

Linear System Theory 
(general) 

“the dependent 
variable in an experiment is the sum of terms 
corresponding to 
main effects of and interactions among independent 
variables” 

Bruni & Gilli  (2008) Reciprocity Theory 

(economic) 

“sustained cooperation” 

Diekmann (2004) Reciprocity Theory (business) “…a pattern of mutually contingent exchange” 

Garlaschelli & Loffredo 

(2004) 

Reciprocity Theory 
(information network) 

“…the nonrandom presence of two mutual links 
between pairs 
of vertices.” Correlation between networks of the 
same type linked with similar values.” 

Cover & Thomas  

(1991) 

Information Theory 

(network) 

“Information theory answers two fundamental 
questions in communication theory: what is the 
ultimate data compression [...] and what is the 
ultimate transmission rate of communication [...].” 

Shannon & Weaver 

(1949) 

Information Theory 
(mathematical) 

“…mathematical treatment of the concepts, 
parameters and rules governing the transmission of 
messages through communication systems […]the 
efficiency of processes of communication between 
humans and machines” 

Henslin & Inesedy  

(2014) 

Control Theory (sociology) “two control systems—inner controls and outer 
controls—work against our tendencies to deviate” 

Johnson and Foss 

(2016) 

Control Theory 
(networking/framework 
analysis)  

“strategic stocks and operational flows, 
as a formal framework for strategy appraisal” 

Dorf and Bishop (2001) Control Theory (dynamical 
systems) 

“When one or more output variables of a system 
need to follow a certain desired reference over time, 
a controller manipulates the inputs to a system to 
obtain the desired effect on the output of the 
system.”  
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The Electronic Systems 
Handbook (2005) 

Control Systems Theory 
(design methods) 

“Control is used to modify the behavior of a system 
so it behaves in a specific desirable way over time.” 

 

Data Life-Cycle Defined 

Source Definition 

Indiana University – Bloomington 
(Glossary-data life-cycle) 

“The distinct phases of the existence of information, from 
creation to final disposition.” 

Society of American Archivists (Glossary – 
data-life-cycle) 

“…the life of a record as going through various stages or periods, 
much like a living organism. In stage one, the record is created, 
presumably for a legitimate reason and according to certain 
standards. In the second stage, the record goes through an active 
period when it has maximum primary value and is used or 
referred to frequently by the creating office and others involved 
in decision making.” 

El Arass et al. (2017) “a set of steps (or phases) by which the data cross from they 
enter a set of system until they leave.” 

Wing (2019) “…data generation to data interpretation. Raw bits into value for 
the end-user” 

National Network of Libraries of Medicine 
(2019) 

“all of the stages of data throughout its life from its creation for a 
study to its distribution and reuse.” 

 

Digital Preservation Defined 

Source Definition 

American Library Association (2017) “Digital preservation combines policies, strategies and actions to 
ensure access to reformatted and born digital content regardless 
of the challenges of media failure and technological change. The 
goal of digital preservation is the accurate rendering of 
authenticated content over time.” 

Oxford LibGuides - Bodleian Libraries 
(2018) 

“The formal activity of ensuring access to digital information for 
as long as necessary. It requires polices, planning, resource 
allocation (funds, time, people) and appropriate technologies and 
actions to ensure accessibility, accurate rendering and 
authenticity of digital objects 
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Digital Preservation Coalition (2020) “…the series of managed activities necessary to ensure continued 
access to digital materials for as long as necessary. Digital 
preservation is defined very broadly for the purposes of this 
study and refers to all of the actions required to maintain access 
to digital materials beyond the limits of media failure or 
technological and organizational change. Those materials may be 
records created during the day-to-day business of an 
organization; "born-digital" materials created for a specific 
purpose (e.g. teaching resources); or the products of digitization 
projects. This Handbook specifically excludes the potential use of 
digital technology to preserve the original artefacts through 
digitization.” 

Access Defined 

Source Definition 

Digital Preservation Coalition (2020) …” continued, ongoing usability of a digital resource, retaining all 
qualities of authenticity, accuracy and functionality deemed to be 
essential for the purposes the digital material was created and/or 
acquired for.” 

Society of American Archivists (Glossary – 
Access) 

“The ability to locate relevant information through the use of 
catalogs, indexes, finding aids, or other tools. - 2. The permission 
to locate and retrieve information for use (consultation or 
reference) within legally established restrictions of privacy, 
confidentiality, and security clearance. - 3. Computing · The 
physical processes of retrieving information from storage media.” 

Nevada Info. Management Community 
(Glossary-Access) 

“To intercept, instruct, communicate with, store data in, retrieve 
from or otherwise make use of any resources of a computer, 
network or data.” 
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Appendix 2 - Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - A new life cycle model for processing of knowledge 
management 

Figure 1 
Figure 4 – OAIS Model 

The lifecycle of a digital 
archive as proposed by the 

Digital Curation Centre 

Figure 5– OAIS Model, 
adapted 

Figure 3 – Breakdown to linear methodology 

Knowledge 
Creating 

Knowledge 
Structuring 

Knowledge 
Using Figure 6 – DeLone and 

McLean’s model of IS 
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Appendix 3 – Surveys 

Information Assessment Survey – Pre Analysis Survey  

Instructions: All responses are kept anonymous. Only the researcher, JA Pryse and Dissertation 

Committee members, will see individual forms. Otherwise, only result tabulations and summaries of 

comments will be reported.   

The questions are grouped into ______ sections concerning (1) existing information system, (2) 

process methodologies, (3) existing ease of access and use, and (4) end-user product accessibility.   

A scale of 0-9 will be used to provide answers for all sections. Please mark one answer that best 

describes your response. Additionally, there are several opportunities to further explain the answer 

(scale) given, if needed.   

0 =  not applicable  

1 =  totally disagree  

2 =  strongly disagree  

3 =  disagree  

4 =  somewhat disagree  

5 =  neutral (neither agree or disagree)  

6 =  somewhat agree  

7 =  agree  

8 =  strongly agree  

9 =  totally agree  

If there are additional comments or questions concerning the survey, ask the researcher before 

moving forward as this information will be used for analysis of the information system and all 

components. The more information we have, the better to improve functionality, efficiency, and 

usability.   

Contact:  

JA Pryse, Senior Archivist III  

University of North Texas  

Phone: (405)476-1400  

Email: japryse@ou.edu  
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Information Assessment Survey – Pre Analysis Survey 

Background information: Please select the best answer to the following questions: 

 

1. The library or archive in which I work holds all of the following materials: 

manuscripts     photographs     audio     video     film     microfilm     maps      other 

2. I have an undergraduate degree in library or archive science: 

True     False 

3. I have an advanced degree in library or archive science: 

True     False 

4. I have certification in digital archives (SAA-DAS or CA): 

True     False 

5. I currently teach library or archive science course (any level): 

True     False 

6. I am currently enrolled in a library or archive science program: 

True     False 

7. I will soon be enrolled in a library or archive program: 

True     False 

8. I have been employed at an archive for under 3 years: 

True     False 

9. I have been employed at an archive for over 5 years: 

True     False 

10. I have training on digitization of most formats (including audio/video, microfilm): 

True     False 

 

 

 



29 
 

Information Systems: Please select the best answer to the following questions based on 
the scale provided in the instructions page: 

11. I know what an information system is: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

12. I have used the current information system for: 

              less than 2 years     2-5 years     5-10 years     more than 10 years 

13. I know how to sign in to the information system or digital content management system we 
use: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

14. When I begin my assigned tasks I can easily navigate the information system process: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

15. The information system is easily navigated in order to discover files which currently exist 
within the system: 

not applicable    0     1     2     3     4     5     6     7     8     9   totally agree 

16. I know most of the features of the current information system and where to find solutions 
to issues: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

17. When issues arise while working within the information system, I know how to find the 
solution: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

18. I can perform tasks at ALL stages of work within the information system (i.e. digitization, 

metadata creation, preservation, long-term storage): 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

 
19. I have tested the end-user accessibility and retrievability on the public facing side of the 

current information system:  

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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Process Factors: Please select the best answer to the following questions based on the scale 
provided in the instructions page: 

20. I know who makes the assignments for the stages of my work:  

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

 

21. I do not understand what is expected of me for all stages of my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

22. I understand the division of all the tasks within the different stages of my work: 

not applicable    0     1     2     3     4     5     6     7     8     9   totally agree 

23. I know who I need to ask questions to in all stages of my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

24. I feel I have the resources to address any issues which might arise in all stages of my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

25. I feel I am proficient in gathering resources available to address issues or barriers which might 
arise: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

26. I feel I have to wait for others in order to perform my work: 

               not applicable   0     1     2     3    4     5        6     7     8     9   totally agree 

27. I feel I know where and from whom I can find solutions to issues or barriers with my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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Workflow:  Please select the best answer to the following questions based on the scale 
provided in the instructions page: 

28. Workflows are established and easy to follow for work with digital file creation: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

29. I understand the workflow created for my work with digital file creation: 

not applicable    0     1     2     3     4     5     6     7     8     9   totally agree 

30. I know what is expected of me in all stages of my work with digital collections, creation, and 
workflow: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

31. I feel the workflow with digital file creation is efficient: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

32. I feel I have a say in the workflow created for work with digital file creation: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

33. If I have a better process in mind I feel I can change the workflow at any time to adjust to the 
new process: 

not applicable    0     1     2     3     4     5     6     7     8     9   totally agree 

34. I can easily find solutions to workflow processes if a barrier or issue arises: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

35. I have plenty of time to complete the tasks assigned to me based on the defined workflow: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

36. I feel my skill set matches the workflow process established by my manager: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

37. I feel that there could be improvements to the workflow processes to make them more 

efficient: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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Direct Productivity: Please select the best answer to the following questions based on the 
scale provided in the instructions page: 

38. I feel productive in the work I do: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

39. Efficiency is important to my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

40. I can easily solve issues that come up at all stages of my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

41. I am satisfied with the quality of my work: 

not application   0     1     2     3     4     5     6     7     8     9   totally agree 

42. I feel I could add or take away workflow processes in place to be more efficient: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

43. I understand the tasks assigned to me and the time allocated to complete the task: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

 

44. My schedule allows for the time it takes to complete the tasks assigned to me: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

45. I feel I have to wait for others in order to complete my tasks: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

46. I feel that there are distractions which interrupt my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

47. When I need to adjust my work schedule, I feel the workflow allows for variation in 

processes in order to complete the tasks assigned to me: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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Digital Preservation Planning: Please select the best answer to the following questions based 
on the scale provided in the instructions page: 

48. I feel that I have the proper training with my work in digital collection creation: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

49. I know what steps to take to create a digital file: 

 not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

 

50. I understand what digital preservation is and what steps are included: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

51. I know what metadata is: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

52. The metadata collection process is well defined and I have the resources to apply the 

assigned collection methods: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

53. I know where we store our digital collections: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

54. We have digitization equipment to work with most formats of our collection: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

55. We outsource our digitization tasks: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

56. What is the main concern or barrier that you face when working within the information 
system: 
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57. Explain your current workflow from physical preservation to digitization and end-user 
production: 
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Information Assessment Survey – Mid-Point Survey 

This mid-point survey is designed to collect data to measure the project's objectives and evaluate 
deficiencies or effectiveness. Please answer each question to the best of your ability. If you would like 
to add additional comments, there will be space provided at the end of the survey.  

1. Did you complete the Pre-Analysis Survey? 

Yes     No 

2. Have you taken the 2- day training class provided: 

Yes     No 

3. State the project you are working on and include: (1) Name of the collection and accession 
number; (2) Total physical items to be digitized and ingested into the digital archival information 
system; (3) start date of project; (4) end date of project; (5) total digital items digitized and 
metadata collected on the date of this survey 
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4. I feel my assigned project/collection, workflow, and expected time allocation and goals are 

reasonable to complete: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

5. Discuss the issues you are having with the assigned project/collection and workflow process: 

 

 

 

 
 

Linear Reciprocity Model 

6. I understand the linear reciprocity model and workflow: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

7. I feel my performance has improved since implementing the linear reciprocity workflow model: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

Workflow Evaluation 

8. I feel my workflow processes have been communicated to me effectively: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

9. I feel that the training provided the necessary steps to provide greater efficiency in my daily 
workflow: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

10. I feel that the appropriate amount of training has helped my daily workflow process: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

11. The training manual is accessible and easily discovered for review, if needed: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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12. I have seen no change in my workflow efficiency since implementing the linear reciprocity 
model: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

Productivity 
 

13. I know what my daily tasks are and can quantify my work: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

14. The time spent on each task has decreased: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

15. The quality of my work has improved since implementing the linear reciprocity model: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

16. I have a better understanding of my role in the digital archival information system: 

       not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

Digital Preservation 

17. I have a better understanding of ‘preservation': 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

18. I have a better understanding of 'metadata': 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

19. The time spent on each task has increased: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 

20. I know where our digital files are stored: 

not applicable   0     1     2     3     4     5     6     7     8     9   totally agree 
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21. Include issues, concerns, improvements, or anything else you might want the researcher to know: 
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