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Abstract 

For a vibrant and developing country like India, application of technology is not a choice but 

a mission critical process for its very sustenance and viability. This research study experiments 

with base concepts of information technologies; what this research does in the sections that 

follow, like in any design research, is validation and evaluation as two primary steps and 

makes a specific call to the IC-Technology research fraternity to develop methods, tools and 

technologies for methodical evaluation and possible application for a sustainable society. 

Many different ideologies exist among scholars about the evaluation structure however; there 

is an element of vagueness about the evaluation method of an (inter-organizational) IC-

Technology prototype with all its allied complexities. Therefore this study formulates the 

additional research question “How to evaluate a research prototype, being a novel IC-

Technology enabled system? This question stem has a broader as well as a specific analytical 

component.  In this manuscript the research presents and discusses the parametric analysis of 

ICT system prototypes for the improvement of societal and industrial competence. In section 

two different methodological ideas are detailed. In section three a discussion on the place of 

prototype evaluation amongst different research subject domains is given. Subsequently the 

research presents the why and how queries and various other patterns of prototype evaluation 

of IC-Technology prototypes as identified within literature. Section four then addresses the 

need for a compound-method evaluation approach, and structures a framework for prototype 

evaluation giving a formidable conclusion in the last section. 
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1.  Introduction 

 

As of date, even after experimental research has yielded important findings related to the 

applications of IC-Technology enabled systems the rate of adoption in industry and 

governmental application for societal upliftment is still far a few. (Van Rijswijck and 

Davydenko, 2007). Davidsson et al. (2005) in an applied empirical research analysis evidenced 

that most IC-Technology research is conceptual at the most; not much is essentially developed, 

systematically evaluated, let alone implemented. Luck et al. (2003) made a robust and persistent 

call to create and orient “practical prototypes of commercial IC-Technology applications to be 

developed for identified industrial segments and make available for business and public use.” 

Distinctively, this set of researchers argued the increasing need to build prototypes that 

encapsulate industry boundaries and document cases of early implementation and prototype 

appraisal in order to analyze the underlying rational for success or failure. 

 

The general society and the commercial market place have a huge potential for ICT application 

and investigation, as this research identified in multiple interactions with practitioners. 

McBurney and Luck (2010) claim that “  they were at the point [now] where they can structure 

open and dynamic systems, which converge almost all views of future computing, on the same 

note, these researchers claim that  they haven’t yet done authentic application study for a better 

society to any great extent.” 

 

A host of similar calls to action triggered this research study to start experimenting with these 

concepts and technologies; what this research does in the chapters that follow, like in any design 

research, is validation and evaluation as two primary steps. Nwana and Ndumu (1999) made a 

specific call to the IC-Technology research fraternity to develop methods, tools and technologies 

for methodical evaluation and possible public application. Many different ideologies exist among 

scholars about the evaluation structure however; there is an element of vagueness about the 

evaluation method of an (inter-organizational) IC-Technology prototype with all its allied 

complexities. Therefore this study formulates the additional research question “How to evaluate 

a research prototype, being a novel IC-Technology enabled system? This question stem has a 

broader as well as a specific analytical component. Simply put, “how does the citizen of a 

country make a choice to avail of economic, rapid, dependable and available travel options”? 

(Public Bus Service, Railway Line or the Hire Cab Services). 

 

In this manuscript the research confines itself to the basic premise of application oriented and 

exploratory knowledge about integrating multiple technologies and that could facilitate better 

and enhanced communication. Section one presents and discusses the parametric analysis of ICT 

system prototypes. In section two different methodological ideas are detailed. In section three a 

discussion on the place of prototype evaluation amongst different research subject domains is 

given. Subsequently the research presents the why and how queries and various other patterns of 

prototype evaluation of IC-Technology prototypes as identified within literature. Section four 

then addresses the need for a compound-method evaluation approach, and structures a 

framework for prototype evaluation giving a formidable conclusion in the last section. 
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2.  RESEARCH METHODOLOGY - PERSPECTIVE AND DIFFERENCE 

 

2.1 Research segregation between qualitative and quantitative research methodology 

 

Both the groups qualitative and quantitative scholars in social sciences “argue they understand 

more than something about the civic society, and use a multitude of forms, media and means to 

disseminate their ideas and findings” (Denzin and Lincoln, 2005). It is true that both groups are 

accurate, however there are marked differences in the research methodologies they adopt and the 

approach they take to ascertain the(ir) truth. Becker (1996) notes several differences, of which 

this research will present only three. These differences primarily deal with the politics of 

research, and the question of who has the power to legislate correct solutions to social problems. 

 

The work reported here is founded upon an interpretive stance, which implies that the 

understanding of the social world through an examination of the interpretation of what world by 

its participants, in contrast to the adoption of a natural scientific model in quantitative research. 

Therefore, an inductive research is adopted in order to conduct the research and attempt to derive 

a plausible theory. 

 

This research is not based on such purist worldviews as those described above. Instead, the 

guiding principles behind choosing certain methods for this study can be described with the term 

pragmatism; the study uses “whatever philosophical and / or methodological approach works for 

the particular research problem under study” (p. 5. Tashakkori & Teddlie, 1998). This study uses 

mixed methods because it makes data collection and analysis more accurate and the inferences 

more useful from a societal standpoint. 

 

Qualitative data collection systematically uses a predefined set of procedures to answer a given 

question and collects evidence and assists in the framing of outcomes and findings that were not 

determined before. Qualitative research does shares these characteristics. Additionally this 

methodology, seeks to understand a given research problem or topic from the perspectives of the 

set of population it involves. Qualitative research is especially effective in obtaining cultural 

specific information about the values, opinions, behaviors, and social contexts of particular 

populations especially when the study is about Islamic Banking principles and policies. The 

primary choice of gathering data by the qualitative method is because of its flexibility. 

 

2.2 Interfacing multiple research domains 

 

This research work deals with a topic that is an amalgamation of several disciplines; more 

specifically, of those that are used by the common man; this study spans Information Systems, 

Computer Science, Artificial Intelligence, Operations Research, and Operations Management. 

These academic variants have specific methodological approaches and preferences, and also 

possess personalized perspectives on design research and evaluation. Not only to capture an 
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overview of methodologies, but also as a discussion between positivist and interpretivist points-

of-view in the field of management information systems research, the research refers the reader 

to Currie and Galliers (1999) and Vessey et al. (2002). This variation amongst and within the 

disciplines is something a reader needs to acknowledge. In essence, this study accepts that there 

is no “one single best way” to design and evaluate a structural prototype. 

 

2.3 The stance of design research in the computer sciences paradigm 

 

Benbasat and Zmud (1999) argue the need for relevance in (computer sciences) research and 

plead that “theories, concepts, and results from information systems research could be applied 

by practitioners to legitimate, rationalize, and validate courses of action taken.” Their research 

continues by asserting that “it is important that investigators (researchers) create frames of 

reference which are innately meaningful to practitioners.” Also, readers should acknowledge 

that, as Kaplan and Duchon (1988) framed it, “Computer Applications research generally is 

featured by a methodology of formulating hypotheses that are validated through proscribed 

experimentation and / or empirical analysis. The postulation underlying this systematic approach 

is that research designs need to be piled on the positivist model of monitoring variables and 

validating with pre-specified hypotheses.” This exclusive citation (Meehl, 1978) “asserts that 

science is not, and the science of prototype validation cannot, proceed by augmented gains 

accomplished through statistical significance testing of formulated hypotheses.” Arnott et al. 

(2005) attempted to prove that only less than 9.92 per cent of the research on decision support 

systems (as a sub-domain of the computer sciences paradigm) is of high significance in reality. 

 

With reference to a research study that briefly discussed design research as a research 

methodological option and could bring relevance and practical impact – see more specifically 

Hevner et al. (2004) and Baskerville (1999). In the same segment, other articles this research 

references is March and Smith (1995), which discusses the variation amongst design and natural 

science approaches in Computer Sciences. These studies emphasize that “rather than generating 

general theoretical ideology, design scientists generate and apply knowledge of business settings 

in order to craft effective relics. If science is [an] endeavor that generates "applicable 

knowledge", then, as per Simon (1981), design science is an imperative variable of it.” March 

and Smith (2004) explain that “design science is an amalgamation of two primary activities, 

assemble and appraise. Assemblage is the process of building an artifact for a explicit reason; 

appraisal is the method of establishing how well the artifact executes. Substantial hurdles in 

design science yield from the fact that the artifact‟s accomplishment is associated to the 

environment in which it functions. Incomplete assimilation of that environment could result in 

inappropriately designed artifacts or artifacts that yield undesirable side-effects.” Such constructs 

make the reflection that “in much of the information sciences literature it is appreciated that 

constructs, models, and versions that execute "on paper" might not necessarily execute from a 

real world context.  

 

Thus, instantiations evidence the real proof.” Straub (1989) made a conceptual split amongst 

exploratory school of research and explanatory school of research; this research concentrates 

merely on the latter. This study asserts that, exploratory research utilizes qualitative and non-

empirical methodologies for theory-building, explanatory research also emphasizes on theory-
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testing through quantitative empirical methodologies. As a matter of fact it can be construed as a 

sphere: exploratory research pilots to new insights, to be validated by explanatory research, 

which escorts to refinements to be applied in exploratory research. Prototyping and product 

development are appliances to validate new theoretical concepts – see also Nunamaker and Chen 

(1990). 

 

Fitzgerald (1998) elucidated that there basically are two groups of information systems ventures 

–see also Figure 2.1. On one hand, there are efficiency projects, which aim at ameliorating 

existing processes in a more efficient way, for instance through automation. On the other hand, 

there are so-called effectiveness projects, which deliberate on utilizing computer sciences to 

facilitate new methods of working. It becomes evident that varied categories need varied ways of 

evaluation. Appraising efficiency projects is relatively simple, as their benefits are normally easy 

to depict and quantify. An effectiveness venture often yields in multiple allowances. More often 

than not, these are external - or ancillary benefits that are complicated to envisage and quantify. 

Moreover, a reader could wonder if an increasing number of projects are practically clear cut that 

could easily be tagged as a venture that is either efficiency or an effectiveness project. 
 

 

Figure 2.1: Different types of IC-Technology projects (Fitzgerald, 1998) 
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3. Prototype Evaluation in Research 

 

3.1  Different phases in information systems design 

 

Development of (new) information systems goes through different phases. Kushniruk (2002) 

gives a nice overview of the different steps in the design process, with corresponding evaluation 

methods. 

 

The different steps are: planning, analysis, design, implementation and support. This is 

visualized in Figure 3.1. Evaluation in iterative design and testing is nowadays an integral part of 

the newer design methodologies, as Kushniruk explains. He literally states that: “iteration in this 

context involves repeating or looping through the same development activities, successively 

refining the system in each cycle. Typically this involves initial development followed by 

evaluation and feedback into system design, leading to further cycles of evaluation and redesign 

until a satisfactory system arises. In contrast to traditional software development cycles, analysis 

is not finalized at the beginning of system development, but recurs throughout the process”. 
 

 

Figure 3.1: Different phases in IC-technology application development (Kushniruk, 2002) 
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3.2 Why evaluate prototypes 

 

An IS prototype is “an early version of a system that exhibits the essential features of the later 

operational system. Some information systems prototypes may evolve into the actual production 

system whereas others are used only for experimentation and may eventually be replaced by the 

production system” (Alavi, 1984). Alavi lists several benefits of using prototypes, essentially as 

instruments in a development process. Of these benefits a prototype is something real, a 

prototype provides a common base line, and users of prototypes can be enthusiastic. He also lists 

two important drawbacks of prototypes: they are difficult to manage and control, and it is 

difficult to prototype large information systems. 

 

Prototyping can take place for different reasons, as Fitzgerald (1998) explains: for a technical 

design try-out; or a try-out of novel concepts. Documenting the development of an interactive 

web application, Levi and Conrad (1996) show that prototyping can be a useful methodology. As 

such, a prototype helps to get acquainted with new technologies and approaches, to learn from 

these experiences, and is an ideal tool to gather (end-) user feedback. “Evaluation means 

assessing the performance or value of a system, process (technique, procedure,…), product, or 

policy. As such, evaluation is accepted as a critical necessity in science, technology, and many 

other areas, including social applications.” (Saracevic, 1995). 

 

3.3 How to evaluate prototypes 

 

How one evaluates prototypes depends largely on his/her philosophy of science (Klein and 

Herskovitz, 2007). “Rather than focus on searching for inconsistencies between the prototype 

and the software consumer‟s mental model – which would invalidate the prototype – in the 

manner of Popperian falsifiers, the systems developer and software consumer adopt the stance of 

Quinean revisers to save the prototype from rejection by removing inconsistencies via 

adjustments. Such a stance has pragmatic implications for both research and practice.” Klein and 

Herskovitz place prototype validation within the wider contexts of theory formulation, 

knowledge acquisition and evidence evaluation. “Prototype validation is not viewed as an 

arbitrary activity in IS that happens to work, but is deemed as an instance of a well-reasoned and 

well developed philosophy of science.” 

 

Evaluation of a prototype could/should take place at six different levels, as Saracevic (1995) 

illustrates: (1) Engineering level; (2) Input level; (3) Processing level; (4) Output level; (5) Use 

or user level; and (6) Social level. Saracevic provides evidence that most prototype evaluations 

solely focus on one (or two) of these levels. He literally states: “The point is, there is much more  

to evaluation [of an information retrieval system] than evaluation of a variety of algorithms and 

procedures.” A similar multi-method evaluation approach is suggested by Vokurka et al. (1996), 

who discuss a long list of qualitative and quantitative methods to validate and evaluate prototype 

expert systems. Interviewing and data analysis are helpful instruments for evaluations of novel 

systems and exploratory research in general, according to Benbasat et al. (1987). They provide 

the example of an evaluation of prototypes in the expert systems domain.  
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A spectrum of different evaluation methods for prototypes is given by Kushniruk (2002). As 

Figure 3.2 shows, lab-experiments and controlled simulations can be found at one end of the 

spectrum, whereas field-tests with observations are at the other end. Kushniruk specifically states 

that “there have been a number of arguments made that a high degree of variable control may be 

neither feasible nor desirable when testing systems in real-world contexts, in particular when 

attempting to achieve a greater degree of generalizability to complex real-world situations.” An 

increasing number of researchers promote the use of naturalistic study in evaluating and 

validating decision-making in complex domains, according to Kushniruk.  

 

 

 

Figure 3.2 – Spectrum of prototype validation methods (Kushniruk, 2002) 

 

3.4 Insights from interpretative work 

 

Other streams in evaluation include more interpretative methods such as expert evaluations or 

Delphi studies, qualitative analysis, and gaming as a research instrument. Akkermans et al. 

(2003) employed a Delphi study to investigate the impact ERP systems have on supply chain 

management practices across Europe. They utilized 23 experts from across industries, to identify 

important issues. They critically discuss the feedback gathered, and link this to insights from 

existing literature.  

 

Since the appearance of the Unified Theory of Acceptance and Use of Technology (Venkatesh et 

al., 2003), UTAUT is often used in multi-method evaluations. Garfield (2005), for example, 

evaluates the use and adoption of Tablet PCs in and across different professional environments. 

Doing so, the research identifies a list of factors which explain use and adoption and utilized 

targeted interviewing and observation. Welmers (2005) utilized the model to explore the field of 

digital radio broadcasting in The Netherlands. 

 

Gaming can also be a research instrument to evaluate behavior and understand interactions, as 

Hoogewegen et al. (2006) illustrate. Their paper describes the theoretical background and the 
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design of a game they developed. Furthermore, it explains how the game was played and how 

students and professionals evaluated it. 

 

4.  Evaluating IC-Technology Enabled Inter-Organizational Systems 

 

4.1 The need for a multi-method approach 

 

Prototyping and evaluating new systems in a domain such as ICT raises many questions. It is a 

complex domain. ICT comes with many open issues regarding the concepts as well as the 

technology toolsets. Also, the inter-organizational nature of many applications adds to the 

complexity. An IOS brings a multi-actor perspective, but how should one evaluate such a system 

properly? As it has been demonstrated, IC-Technology programs hold great potential for future 

enterprise applications. However, these systems differ on almost all the characteristics listed. 

How should this be evaluated?  

 

In our extensive literature review, listed is a long list of critical success factors for the 

implementation of intra- and inter-organizational systems. Similarly, the study identified a list of 

factors that hinder adoption of IC-Technology enabled systems. Overseeing the diversity of the 

domain and the many different factors that play a role in implementation of systems, as well as 

adoption of IC-Technology systems, it needs to be recognized that one can never evaluate a 

system on solely one factor, nor is it possible to utilize a single method. Van Hillegersberg 

(1997) studied Object Orientation (OO) in information systems development. He found that, in 

order to properly study all of the diverse aspects that came with OO, a multi-method approach 

was needed. Considering this, along with the previously discussed work on the methodology of 

prototype evaluation – including the ideas by Saracevic (1995), Vokurka et al. (1996), and 

Kaplan and Duchon (1988) – the study recognizes the need for a multi-method prototype 

evaluation approach. Table 1 gives an overview of different evaluation methods along with a 

short description.  
 

5. Conclusions 

 
In a bid to answer the research question, the research validated, evaluated and discussed different 

(research methodological) philosophical perspectives that exist across different research domains 

and how these influence prototype evaluation which can possibly make the common man‟s life 

simpler. The study synthesized a number of articles on prototype evaluation, with some covering 

the evaluation of IC-Technology systems (prototypes) which are currently adopted in a multitude 

of western countries. Many of these evaluations go in-depth utilizing one evaluation mechanism, 

and thereby neglecting other evaluation methods. Following several of the conclusions from our 

literature review, the research signals that one should never evaluate a system on solely one 

factor, nor utilize a single method. The application of ICT enabled systems in practice comes 

with many different aspects, and demands a proper evaluation of many different factors. The 

main conclusion is that the evaluation of novel software prototypes in a complex (social) 
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environment demands a multi-method validation and evaluation approach. The data, given in 

Table 1, can be an instrument to utilize when evaluating prototypes. 

 

.

Method 
Level of 

evaluation

Level of 

control

Rigor / 

Relevance
Short description

Simulation
Processing

level
High

Rigor high

Relevance

low

Evaluate the performance of the prototype in 

a controlled manner – generally, in 

comparison with other mechanisms.

Technical

evaluation

Engineering

level
High

Rigor high

Relevance

high

Evaluate the technical (correct) working of 

the system. Generally used by the developer 

when constructing the system, but also useful 

when the prototype is finished.

Prototype as

design &

feedback

instrument

Engineering,

Processing,

Use or user,

& Social

level

Low

Rigor high

Relevance

high

A continuous evaluation throughout the

design & build phase. Ex-ante valuation

leads to new insights which will be fed into a 

new version of the prototype.

Field

experiment

Input,

Processing,

Output, Use

or user, &

Social level

Medium

Rigor high

Relevance

high

A try-out of the prototype in the field. Does 

the targeted system achieve what was 

envisioned? Generally leads to suggestions 

for improvements.

Intervieweing

Use or user,

& Social

level

Low

Rigor high

Relevance

high

Coupled to another evaluation method – for 

example, the field experiment. A method to 

investigate perceptions, and user 

experiences/intentions.

Observation

Use or user,

& Social

level

Low

Rigor high

Relevance

medium

Coupled to another evaluation method – for 

example the field experiment. A method to 

investigate the user experience and user 

behaviour.

Survey

Use or user,

& Social

level

Medium

Rigor high

Relevance

medium

Coupled to another evaluation method – for 

example, the field experiment. A method to 

gather general and broad insights about the 

system.

Expert 

Opinions/Delphi 

Test

Engineering,

Input,

Processing,

Output, Use

or user, &

Social level

Low

Rigor high

Relevance

high

An evaluation method in which a group of 

experts is used to discuss and validate a 

prototype. This is an accepted method to 

gather meaning, experiences and insights 

from (domain) experts.

Gaming
Use or user

level
Medium

Rigor high

Relevance

medium

Use of a gaming environment to experiment 

with a prototype. Useful when trying out new 

concepts or prototypes in complex 

environments.

Table 1 – Evaluation methods for IC-Technology prototype evaluation
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