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Abstract
The main goal of this research was to gain insight in and to understand the adoption and the usage patterns of broadband internet from a user perspective. With online questionnaires, diary research, focus groups and literature research the research questions were answered:
Overall we can conclude that although for a certain (but declining) group the willingness to adopt broadband remains low, the adoption rate of broadband in the Netherlands has been fast. This mainly was due to lowering of the ability thresholds (financial and availability)s for end users . Furthermore, patterns of technology adoption and diffusion are never fully predictable, but this research shows that some factors recur. The adoption is not so much influenced by killer applications, but much more by convenience (speed, flat fee, always on) at a reasonable price. Furthermore, the adoption and usage patterns are not fixed, but change over time. These conclusions could only be made after conducting a repeated cross sectional (or longitudinal) study. One shot designs may give information, but only in repeated or longitudinal research we are able to see motives and thresholds change. 

Introduction 

When this research project started in 2001 it was not clear how broadband internet for the residential market would develop. As we know now, the developments of broadband in the Netherlands were fast. In 2005, when the last measurement of this research was done, 55 percent of the Dutch households had a broadband connection, whereas three years earlier only 13 percent had a broadband connection (CBS, 2005). 

In order to get an understanding of what the reasons and thresholds are for the adoption of broadband it is important to study these concepts from a user perspective. Researching new technologies from a user perspective however, often remains uncared for. Especially when it comes to broadband, much research and investments are still technology driven. While we acknowledge that a technology perspective is also important, it can not replace research from a user perspective. It is important to monitor the adoption and usage processes of broadband. From that, researchers, policymaker and practitioners can for example learn to understand the issues that determine the acceptance or rejection of new technologies by the potential users. Also, by taking a closer look at what people do and do not do, clues for future services can be found. Because the penetration of broadband in Dutch households is high compared to other countries, the Netherlands make a good case for investigating the adoption and usage processes. 

The main goal of this research was to gain insight in and to understand the adoption and the usage patterns of broadband internet from a user perspective. The definition for broadband that is used in this work is: “a connection that is ‘always-on’, has a “flat fee” and is suitable for good quality video and audio applications and for exchanging extensive data files.” Based on these characteristics ADSL, cable and fibre optics are considered broadband in this research. 

The definition that Rogers (1995) gives of diffusion suggests that diffusion involves the adoption of new innovation, its usage and subsequent impact of usage. In this research we focus on the adoption (acceptance of and subscription to broadband) and the usage of broadband. The adoption process was investigated by looking at reasons and thresholds for switching from narrowband to broadband and changes over time were considered. The usage of broadband was explored by monitoring what information, communications, entertainment and transaction (ICET) functions of broadband people use and what activities they carry out with their internet connection with regard to health, telework and safety. 

The sub goal of this research was to gain insight into the possibilities and limitations of (combinations of) research methods for measuring and monitoring the adoption and usage of new technologies. These research methods involved methods for the collection of empirical data as well as a method to perform systematic literature reviews. Both literature reviews and the experiences during this research project were used to gain insight into the possibilities and limitations of the research methods, because combining insights from literature and these experiences provides a more valuable image than literature reviews or experiences alone.  

This paper contains an summary of the results and provides overall concluding remarks. With the results of the online questionnaires, focus groups and diary research we will answer the research questions that were posed in this research. The research questions are presented and for each research question an overview of the results and concluding remarks are given.

Research methods for insight in the adoption and use of new technologies

There are several research methods to gain insight into the adoption and usage patterns of new technologies. Due to the complex nature of adoption and usage issue it is comprehensible to use more than one research method in order to gain richer information. Combining the results from different research methods, which complement each other, will result in a richer view on the subject. 

The question is however, what these research methods contribute to the knowledge about the adoption and usage processes. In this research we have taken a parallel method approach, consisting of online questionnaires, diary research and focus groups for the empirical part of the research. Also, we performed a meta analysis of previous empirical research performed by other researchers. With literature about these research methods combined with our experiences during this project we are able to provide answers to the following research question:

RQ1
What are the possibilities and limitations of (combinations of) various research methods to gain insight in the adoption and use of new technologies? 

Our main source of information consists of several online questionnaires. Online questionnaires form an attractive alternative for both postal and telephone surveys, because of high costs and time consuming aspects involved in the last two data collection methods. In addition to its operational benefits, it could reduce data entry error and increase flexibility in visual presentation and design. For some studies with particular goals and populations online questionnaires are more suitable than for others. Judged in the context of our research, where the population are the Dutch internet users, online data collection seems more appropriate than in many other studies. While there is still some concern about the external validity of online survey results, existing research supports using internet as an effective method for collecting survey data, particularly when the population to be studied is known and identifiable, or as in this research consists of “all internet users”. 

The second research method used is rather innovative. Diary research enables researchers to create an image of what people do with technology and perhaps more importantly why they do it. These insights into the role that a certain technology plays for people are of considerable importance for those who are concerned with understanding the adoption and the usage of new technologies and information systems. Conducting diary research can lead to more understanding of underlying needs of (potential) customers and the results can be useful in the development and shaping of new technologies that better fit the needs and requirements of people. 

A Total Time Diary (all carried out information, communication, entertainment and transaction activities, 24 hours a day, all media used) provides a relatively general insight into human (internet) behaviour. It places certain activities into the broader context of the daily lives of people. This provides us with a general, relatively slow changing view of how people use old and new media and technologies. This approach towards diary research offers the opportunity to better understand human behaviour in a very broad sense. By grasping what people consider frustrating, time-consuming and constraining in their daily lives, it becomes possible to deduct which new technologies and services can offer possibilities to overcome these frustrations. Also, time shifting between activities can become clear by using a total time diary. With recent developments it is for example already possible to watch tv programs at a self chosen time. The question is whether people actually use these services. 

In contrast to Total Time Diaries, Activity Diaries concentrate of specific behaviours (in this case internet behaviour). We believe that an Activity Diary is useful when there is a clear direction or domain with regard to which new technologies will be applied. An Activity diary can provide insight into specific behaviour, such as online health behaviour or interaction with the e-government.

Although the diary as a scientific research instrument to study Internet behaviour needs further refinements (for example a clear justification for choosing between total time diary or activity diary or a combination and determining the effects of sample size), the two conducted diary studies appear to be a valuable step in the evolution of a valid instrument to measure Internet behaviour. The insights gained through diary research provide a deepening addition to results of online surveys and web statistics. The results tend to be more qualitative and detailed: telling the stories behind the figures. Compared to focus groups the diary approach tends to provide more quantitative results. Especially when the diary research is conducted with a larger group of respondents more quantitative results can be gained. But since diary research is very demanding for the respondent the response are likely to be lower than questionnaires. 

Besides the online questionnaires and diary research we also gathered groups of internet users in order to gain more insight into the future possibilities of certain special uses of broadband, such as e-health, e-learning, tele work and safety. With the aid of an Electronic Meeting System small groups of people were encouraged to extensively debate the role of broadband in certain domains in the years to come. Although the focus groups provided a myriad of qualitative information, this information is mainly used as background information, as we chose to use the quantifiable information from the online questionnaires as our main source of information. The focus groups, although in theory very useful research methods, were used to interlard the finding with quotations and helped interpreting the data from the online questionnaires. The reason for that is that during the focus group sessions we directly asked the respondents questions about their future usage. Although people can to a certain extent give information about what they would like broadband internet to bring them in their daily lives, they cannot predict with any certainty if and how their usage will change. Of more predictable value is looking at what people do over a period of time, including experiences and frustrations, and from that deduce what developments are ahead. 
Table 1 number of respondents per research method, per year

	
	N =2001 
	N =2003 
	N =2005 

	Online surveys
	1072
	2325
	1102

	Diary research
	17
	36
	26

	Focus groups
	34
	25
	16


We identified the characteristics of the three used methods for obtaining data on Internet usage. Table 2 gives an overview.

Table 2 Characteristics of different methods for gathering information on Internet usage

	
	Need to rely on (selective) memory
	Risk of over or underestimation
	Obtrusiveness or intensity
	Contextual Information

	(Online) Survey
	High
	Medium
	Medium
	Medium

	Focus Group 
	High
	High
	Medium
	High

	Diary
	Low
	Medium
	High
	High


The fourth research method to gain insight into the adoption of broadband was a meta analysis. In this method the variables and hypotheses which are posed in the papers that are analysed are the central source of information. A first issue we wish to mention is the availability of literature. Despite the subscription to many journals, we were not able to get a hold of all articles we wanted to include in our research. However, a meta analysis such as this one can help determine which theory is best used as a conceptual model for further research. The meta analysis performed is new in two ways: by using the OpenKI tool and by performing network analysis. The advantage of using the OpenKI tool for meta analysis is that researchers performing the meta analysis are forced to systematically distil the hypothesis from an article.  Also, the database expands as more researchers add data, which gives way for new and more inclusive meta analyses. If the database expands even more in the future, also other items collected in the database, such as research method or strength of the relationships can be further investigated. In this way the database works as a repository of research methods and theories for different problems in the IS field, ultimately providing insight in, for example, the question which research theory or combination of theories is best used for which kind of topics and which research method is most suitable for which kind of topics and theories. Once the database is filled with large amounts of literature it could also help the process of finding and selecting literature. Criteria could be for example: all articles on TAM, empirically tested, only journal articles with an ISI score of at least 1.  

This study focussed on empirical research in which hypothesis are clearly stated. For theoretical and qualitative studies it is much more difficult to use OpenKI, because the system forces the researcher to fill out independent and dependent variables. Furthermore, OpenKI is a rather new tool and it needs further refinement in terms of user friendliness. For example, adding a new method is not possible yet. 

With the aid of network analysis of hypothesized and validated relations and variables, a measure of overall empirical support for a theory can be given. The advantage of using network analysis for meta analyses is that with network analysis relations can be visualised, with measures of strength, incoming and outgoing lines, core constructs and variables with less explaining power in stead of mentioning what variables are present in which previous study. The next step in developing a useful method for performing meta analyses is integrating a network analysis tool into the OpenKI tool. Additionally, further research could focus on the further possibilities of network analysis (for example power, structural holes etcetera). 
Furthermore, the network analysis tool used here was Netminer, but experiments with other network analysis tools mat provide a better fit for this type of analysis, as the was not always stable. Another issue with performing network analysis and the corresponding aggregation, is that the aggregation is dependent on the interpretation of the researcher, even is measures are taken to make it as objective as possible, and therefore, to some extent subjective. 

Overall, we conclude that because every research method and design to gain insight into the adoption and usage processes of new technologies such as broadband show some disadvantages and limitations, a combination of different research methods and designs is advisable. A meta analysis with the OpenKI tool combined with network analysis can provide insight into the empirical support for hypotheses in previous research and can help determine which theory is best used as a conceptual model for further research. Ideally, this should be done before performing the empirical investigations, as the results of the meta analysis can help build a conceptual framework. Furthermore, although quantitative and qualitative results not always fit each other perfectly, it is important to maintain a parallel method approach as this provides much richer information and provides the researcher with much more understanding about the research subject.  

Residential adoption of broadband internet 

In the previous section we argued that the parallel use of research methods is desirable when investigating complex issues such as the adoption and usage of new technologies. But complexity is not the only characteristic here. Also, people and their decisions within a changing market are not as predictive as for example researchers and marketing specialists might hope and adoption triggers and thresholds are dynamic. Thresholds to use new technologies may change drastically over the course of time and developments can certainly not be captured in a one shot research design. For example a threshold for an individual to adopt broadband may initially be that there is no need, but in a later stage, when the need for broadband does appear, it may appear that it is to expensive. Because usage patterns are not likely to be static, the developments over time are important to monitor. Moreover, in the Netherlands where penetration figures of broadband have been relatively high for the last few years, the changing patterns can be better observed than in countries that are still at the beginning of adoption.  

With regard to this issue there are practical implications for Internet Access, Service and Content Providers and government. If for example the accessibility of a new technology such as broadband is not adopted rapidly, because of lack of availability or costs, these organisations have the capability of changing the situation or creating circumstances that will change the situation.  The scientific relevance lies in the use of the insights gained by this research to further model the adoption and usage processes of new technologies. This is important as appropriate and tested theoretical or conceptual models specific to the adoption of broadband are lacking. The longitudinal approach of this research provides answers to the following research question:
RQ2
Which developments can be recognized with regard to reasons and thresholds for residential adoption of broadband internet between 2001 and 2005 and how can these developments be understood from a user perspective? 

One of the main conclusions is that not ‘killer applications’ but ‘convenience at reasonable costs’ seems to be important in the decision whether to adopt or reject broadband. The unique characteristics of broadband have shown to be beneficial to such an extent that these features are reasons to adopt it. Especially high speed, always on and flat rate are features that, over the years, offer internet users the convenience they are looking for. Broadband functions such as online gaming and sharing large files are not as important triggers as sometimes is claimed. 

Furthermore, this research shows that in order to adopt broadband potential users have to be willing and able to do so. For this study two types of thresholds people face when deciding on adopting broadband or not, were distinguished and found important: the willingness threshold and the ability threshold. The willingness threshold involves the existence of a fit between the technology and a need or task (Task Technology Fit or TTF). Also fear of negative outcomes (unwanted information, abuse of privacy etc.) is a potential influence on the willingness of people to adopt broadband into their homes. The ability threshold focuses and the physical availability (is broadband offered?), the financial threshold (is the price to high?), the technical and the cognitive thresholds (do people have the technical and cognitive skills to use the broadband connection?). Figure 1 shows the threshold model for the adoption of broadband. 
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Figure 1 threshold model for the adoption of broadband from a user perspective

With regard to broadband adoption the availability threshold and financial threshold have changed quite dramatically. The ability to adopt broadband internet grows as subscription prices drop (many offers were made by cable and ADSL suppliers due to competition in the market) and the infrastructure is ubiquitous. But low prices and extensive availability does not mean that every one is to adopt broadband internet. 

Cognitive and technical (ability) thresholds have shown less important over the years in the adoption of or subscription to broadband. This possibly has to do with the fact that to the average internet user there is, technologically seen, hardly any difference to narrowband internet: to use it does not require any extra skills and also the interface is in most of the cases of residential usage the same as that of narrowband internet. Perhaps, when entirely new broadband services emerge, the cognitive and technical thresholds may play a role in the ability to use those services. 

Many thresholds have gotten less important. What remains are the internet users who are quite satisfied with their current connection and feel no need to adopt broadband. In other words, their willingness threshold is higher than the triggers they experience. It is hard, if not impossible to convince those people of the usefulness of broadband, unless alternatives are taken away. The task technology fit (TTF) threshold is probably an important factor here. As long as these people do not have reasons or interest to use it, as long as they see no added value, they will not adopt it. 

With the thresholds model (figure 1) we identified different adoption developments. Here the way internet users experience the triggers and thresholds is the key issue, not for example the absolute amount of triggers or the amount of costs. The reason for that is the fact that what may be a trigger for one person may not be important to the other, for example flat fee and always on may be more important to people that play online games on a daily basis than for people that only check their email once a week. Also, what may be expensive for one may be very affordable for others. There is a balance between the triggers and the thresholds. Once the triggers outweigh the thresholds adoption will take place. To illustrate that we present three ways the triggers and thresholds can be perceived. Note that these developments are not the only ones that can occur. For example, the perception of thresholds and triggers may vary over time, showing wavy lines. 

1) For these individuals already from the introduction of the new technology triggers outweigh the thresholds and the triggers increase, whereas the perceived thresholds decrease: innovators, early adopters

2) For these individuals the triggers remain constant, whereas thresholds at some point decrease, especially ability thresholds: majority, laggards

3) For these individuals the (willingness) thresholds, although decreasing, remain higher than the triggers: non adopters.

Figure 2 shows these three possible developments of perceived triggers and thresholds. 

This image is comparable to the image that was provided by the qualitative results from the diary research. Although the latter is a more qualitative and static image (no changes over time were measured) here, the different point of views on the future of broadband emerge. Figure 3 shows these points of view.  First, there are individuals that see that broadband technologies could change the world, but do not want to participate themselves. Their willingness for the time being is rather low. Secondly, there are individuals that have a very positive view on broadband technology in the future. According to them the world is going to change through this technology. This pleases them because they see the Internet and its services as a hobby. Their willingness is very high. Thirdly, we can distinguish individuals that are very negative towards broadband technology, in other words: their willingness is very low. They do not have experience with broadband technology and primarily see dangers. And fourthly, there are individuals that are torn between two views. On the one hand they like to work with the Internet and it’s services, but on the other hand they see dangers lying ahead. Their willingness is rather neutral and probably availability thresholds (is it available and affordable) are decisive. 

At this moment in the Netherlands, overall, the ability to adopt increases as prices drop and new infrastructures are reaching all parts of the country. The willingness to adopt, however, is more complex. Even though prices drop and broadband is ubiquitous, there will be people that will not feel a need for broadband. Perhaps, when new ‘real’ broadband applications and services emerge, that fit or trigger their needs, they will find a link and want to adopt broadband too. But this remains uncertain, as this research does not without doubt shows proof of specific services being the trigger for adoption. When other options will no longer be available these people will make the step from narrowband to broadband internet. This is comparable to the transition from black and white tv to colour tv. 

In summary, the main conclusions from this part of the research on reasons and thresholds for residential adoption of broadband are:

· It seems tempting to take a one shot approach and argue that the adoption factors are investigated and determined. This longitudinal research however, shows that the time dimension and therefore monitoring in a longitudinal approach is tremendously important. 

· This research shows that not ‘killer applications’ but ‘convenience at reasonable costs’ are decision factors for people to adopt or reject broadband. Most likely, this will also be the case with other future ICT.

· From this research we also learn that adoption triggers and thresholds are not absolute but rather are subjective and the broadband adopter/user does not exist. This results in three different patterns in which people experience the weight of reasons and thresholds.

· Partly because a lot of research on the adoption of new technologies is still technology driven, the main thresholds for people identified are ability thresholds. Other research concentrates on needs and task technology fit. This research shows that both the ability and willingness thresholds for adopting new technologies are important. 
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Figure 2 Three of the possible developments of the perceived adoption triggers and thresholds over time for different groups of people
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Figure 3 Point of views of internet users towards the future of broadband (2003).

Developments of usage patterns 

After the thresholds for adoption have been passed, the usage of the new technology or infrastructure starts. Monitoring the usage of broadband functions such as information, communication and transactions (ICET) and looking at changing patterns, might contribute to understanding usage patterns of future technologies. Also, it can help determining which ICET functions are less used and successful than others. Another issue that is of interest is whether having broadband changes online behaviour. The research question that will be clarified in this section is:

RQ 3
Which developments in residential broadband usage patterns can be recognized between 2001 and 2005, with regard to information, communication, entertainment and transaction functions and how can these developments be understood from a user perspective? 

In order to map the developments in usage patterns, we introduced the ICET typology as a framework. Although we acknowledge that many services will integrate for example entertainment and transactions or information and communication, this framework has proven to be a useful way of grouping information, communication, entertainment and transaction functions of (broadband) internet. 

The results of this research show that broadband as well as narrowband internet is mainly for information and communication, but overall, broadband users are heavier internet users though in the sense that they are more frequently online and stay online longer. The question here of course is whether broadband users already were online more often and longer when they had a narrowband connection and therefore had a need for broadband (because it offers more convenience an controlling of costs), or whether having broadband caused more intensive use of internet and its ICET functions. Having broadband itself does stimulate more frequently usage. Mostly, broadband users use their new connection not considerably more frequently than before, supporting the notion that people choose broadband because they feel the need as they experienced the limitations narrowband connection. The convenience they experience is likely to cause the extending duration of being online. 

When taking a further look at the ICET usage patterns of narrowband and broadband users, it appears that contrasts are getting more noticeable over the years. In 2005 almost a double amount of significant differences in frequency of use was found compared to 2001. In entertainment activities the differences already were evident in early measurements as broadband users more often play online games, downloads or watch films, tv, video recordings, download or listen more often to music via internet.
But in later years, also the usage frequencies of information, communication and transaction functions differ on several aspects. For example, information via audio and video is more used by broadband users than by narrowband users and it is increasingly important to broadband users. Offering information through own websites is also getting more popular for broadband users, whereas for narrowband users this is getting less done. In communication chatting is becoming more popular for broadband users and also web logs are accessed more often by broadband users (narrowband users are reading web logs less frequently in 2005 than in 2001). Webcams for communication were not included in the 2003 measurement, but are significantly more used by broadband users than by narrowband users. The most dramatic changes we see in transaction activities. In 2003 there were no significant differences between narrowband and broadband users, but in 2004/5 there are four: broadband users more often buy products and services online, buy or sell through online auctions, do telebanking and make reservations than narrowband users.

Thus, usage patterns of broadband users become more distinct of the usage patterns of narrowband users. Here again the question is raised whether these changing patterns are caused by the mere fact of having broadband (and that broadband incites new needs), or whether broadband users have different (latent) needs and with broadband get the chance of fulfilling these needs. If we compare this with the frequency which was not elevated by having broadband, the indication would be that the usage of broadband itself does not incite new needs, but having certain (latent) needs that can (finally) be fulfilled in a convenient and affordable way, results in broadband adoption. For example, people that explicitly do not have the need (cf. willingness threshold) to chat online or to communicate via a webcam or other services and function that require high bandwidth, will not suddenly adopt broadband.

The use of technologies such as broadband actually is the subtraction of the technological possibilities and the (latent) needs people have. And this is a very personal and individual matter. Technologically spoken, much is possible, but not all of these possibilities are used (‘technology/service that no one really needs’). On the other hand there are some wishes that people have, but those wishes have not been picked up by the broadband service and content providers (‘wishes’).
The distinction between narrowband users and broadband users is not the only distinction that can be made. The goal of the performed cluster analysis was to identify a small number of relatively homogeneous groups of internet users, based on their usage patterns was. The aim was to look for, for example typical 'gamers' or 'serious information seekers'. If these groups can be determined this would help the conceptual understanding of broadband or ICT usage. Also, for service and content providers it would be useful for the development of services that will most likely be used very often, as they can focus on the largest clusters, consider their preference for certain functions. From this research however, it appears difficult to attach labels on people in different clusters, such as ‘communicators’ or ‘creatives‘. On the other hand, we do see cluster characteristics recur over the years. In each year five clusters were found, with usage characteristics such as internet users with interest in discussion groups and newsgroups, clusters with a great liking for entertainment, with moderate functional usage patterns, with extensive online transactions. From these results nonetheless, we can not discern five clusters which are stable over the course of time. In other words, the clusters found in 2001 are not comparable to the ones in 2003 and 2005. This again shows that usage patterns are changing over time. Demographics, experience and the connection used (broadband vs. narrowband) do not seem to play an important role in forming the clusters. 

With regard to services, we see some developments over time. The most important conclusion we draw form the cluster analysis of usage patterns over 2001, 2003 and 2005 is that there are two dimensions in the diffusion process in which broadband services develop. The first dimension is the intensity of use. This is the frequency with which the function is used, regardless of the amount of people that use it. For example, a function is used mainly once a day by only one hundred users of all two hundred thousand users of that function. Relatively few people use it, but the intensity of use is high. Another function may be mainly used only once a year by all five hundred thousand users. Many people thus, use the function, but the intensity of use is low.  

The second dimension is spreading over the (internet) society. This refers to the various groups of internet users that use the function. When an internet function, service or application is introduced it could be that people have to get used to it or gain experienced before many different groups of internet users will use it. On the other hand, new functions may also trigger the curiosity of a broad range of people so that in the first months it is used by relatively many people, but in later stages becomes used by less people.   

In Figure 4 we present four types of development directions of internet functions are presented:

A) Specialties: Usage of this function gets more intensive (higher frequency), but this function is only used by one or a few specific clusters of users (e.g. messenger); 

B) Stragglers: Usage is not frequent and also not spread over the different groups of internet users (e.g. communities);

C) Daily basics: Usage is intensive and also spread over different groups of internet users (e.g. search engines);

D) Incidental basics: This function is used by many different groups of internet users but the usage is not intense (e.g. downloading photos).
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Figure 4 Dimensions of changes of internet functions over time: intensity and spreading over internet society
Projected to the ICET typology the image with regard to information emerges that search engines are used by each cluster, each year and that the frequency of use increases. In other words, the usage gets more intensive. In contrast, portals do not get used more frequently over the years, but do get used by more clusters; it is spreading over (the internet) society. Information gathering via audio and video downloads shows some ups and downs. In 2001 it is used by three clusters of internet users, in 2003 by one and in 2005 by two. The usage has not become more or less frequent over the years. What is eye-catching is that it only gets used very intensively by one cluster. This is an internet function that is some sort of specialty, very convenient for only a small group of internet users. This is also the case for information via discussion groups, but here, even for the only cluster that uses them, they get less used. Sharing information via an own website is not something for many internet users between 2001 and 2005 and it also does not get used very frequently. 

Concerning communication, we found that email is used frequently by each cluster in each year. Messenger was popular from 2001 through 2005. The main changes we see, is that less clusters of internet users use it, but the usage is more intensive. Special websites for chatting (chat rooms) were quite intensively used in 2001 by one cluster, but in 2003 and 2005 it is not in the top three of any of the clusters. Webcams and web logs are lagging behind and did not get into the top 3 of internet functions of any cluster in any year. 

Apart from changes in usage patterns of communication and information functions, there are also changes in entertainment functions/ For example, with regard to gaming we see that the number of clusters that practice online gaming first increases and then decreases, but that the intensity, especially in one cluster increases. A similar pattern is observed with downloading music. This seems something many internet users have tried, but will only get a true leisure pursuit for few internet users. Downloading photos was done by all clusters and quite frequently, but over the years the usage became less frequent and by less clusters. Fun surfing is constantly done by many internet users and quite frequent. The remaining function of ICET is formed by transactions. In 2001 transactions were, apart from telebanking, only completed by one cluster, whereas in later years the usage is much more spread over the (internet) society. Buying products and services from a website of an official supplier has gotten more widely and intensively used.

New research in 2007 will demonstrate whether these patterns have changed further and whether some functions are integrated more into the lives of people or whether the image is rather stable.


Summarizing, the main contributions from this research with regard to the residential usage patterns of broadband are:

· The ICET typology is, despite the increasing extent of integration of functions, a useful typology when investigating the usage patterns of broadband from a user perspective and most likely is also useful other infrastructures, such as mobile broadband. 

· Although new technologies like broadband can fulfil latent needs, the mere fact of having broadband will not incite completely different needs.

· The use of technologies such as broadband actually is the subtraction of the technological possibilities and the (latent) needs people have.
· There is no such thing as the broadband user and also broadband users are not easily captured in a few characteristics. This corresponds with the absence of one killer application: there is no application that will fulfil al ICET needs of all broadband users

· More likely, some functions or services will develop to be daily basics. Others will develop to be incidental basics, specialties and in the most negative case in stragglers.

· As was the case with investigating the adoption triggers and thresholds, here also the importance of the time dimension and longitudinal research is stressed as usage changes over time. 

Special domains: broadband for health, safety and telework 

In the previous section we looked at the changing usage of ICET functions. Information, communication, entertainment and also transactions can also play a role in certain social domains such as health, telework and personal or public safety. As these domains stressed by the Dutch government as desirable domains for the use of broadband, in this research they were investigated from a user perspective. The following research question is addressed here:

RQ4
Which developments in residential broadband usage patterns can be recognized between 2001 and 2005, with regard to health, safety and telework services and how can these developments be understood? 

Broadband potentially has significant influence on social issues such as telework, health and public and personal safety. In order to get an understanding and to predict the adoption of services in these domains, it is important to ask (potential) users of those services about their actual usage and expectations. 

Almost 60% of the respondents in the questionnaire of 2005 used internet for some form of telework in the last three months. Reasons for not teleworking are: the job is not carried out with a computer and the job requires the employer to be present at the office. E-mail is most frequently used to work from home. Videoconferencing is used hardly and also figures on usage of webcams video communication are low. This shows that typical broadband functions and applications do not play an important role in teleworking for most people. 

Regarding health, the most important internet activity identified from this research was: visiting a website of a health institution for information. This also does not require a lot of bandwidth. Video communication with health institutions is not common. 

In relation to safety 60% of the respondents carried out online activities in order to improve the feeling of safety. Services and applications that are popular are: visiting websites of institutions or organisations concerned with public and personal safety, searching functional information such as addresses and opening times, communication with institutions or organisations concerned with public and personal safety via e-mail or web form and price quality comparison of safety products (14%). Again, these are activities that require relatively little bandwidth.
Overall results show that broadband connections, applications and services do not (yet) play an important role in the social domains for end users covered in this research. This is understandable, since many real broadband services are not yet offered on a large scale. When looking at the perceived positive aspects of broadband services and applications, especially in telework and health care, it seems socially desirable for (for example) government and employers to stimulate telework and the development of broadband health care services. In the public and personal safety domain the role of broadband is not so self-evident for the potential users of broadband services.

Because looking for health information appeared the most carried out online activities with regard to health, an additional and more in-depth survey was set up. The results of this questionnaire show that while in other parts of our research gender hardly was an issue, it is important with regard to online health information. Women turn to commercial websites (where there is no control over trustworthiness of the provided information) and depend on the first (two) website(s) they visit, but they use this information mainly as a preparation for a visit to a physician in which they discuss the information found. Men look for health information on places that are more likely to provide trustworthy information (newsletters and websites of patients’ associations), consider the source of the website before using the information and look for the information on more than two websites. With this information they seem to be less at risk than women, but their pit-fall is that they more often replace a visit to a physician with a visit to the Internet. From this it can be concluded that men and women are at risk in different ways when accessing and using online health information: the risks of women seem to be more in the process of collecting the information, whereas men are more at risk in the process of using the information. Governments and other organisations involved need to communicate with and inform these two target groups in two different ways, warning for different risks. As indicated above, in other parts of our research gender hardly was an issue. This shows once again that the broadband user and his usage pattern are not so easy to grasp. There is not so much one type of broadband user. Rather, there are many different kinds of broadband users and usage patterns are dependent on the type of function or service. 

Implications 

Now that we have provided answers to the research questions, it is now time to treat the implications of the results for other technologies, service development, policy and for other countries. 

Implications for other technologies

This research has shown that the adoption and usage of new technologies is not stable, but rather evolves over time. Furthermore, patterns of technology adoption and diffusion are never fully predictable (Rogers, 1995), but this research shows that some factors recur. First of all, with the transition from narrowband to broadband, such as cable and ADSL, users were offered more speed and new features such as always on and flat fees, which provided them more convenience. On the other hand, broadband service development for ADSL and cable has not been very rapid and innovative. The main reason for people to adopt broadband (cable and ADSL) accordingly, was more convenience at affordable prices. The transition from cable and ADSL to fibre optics will not have such enormous effects on the convenience that the end users experience. Also prices of fibre optics are higher than those of ADSL and cable, partly because the fibre optics market does not (yet) face the same level of competition that the cable and ADSL market achieved in the Netherlands. Therefore, from a user perspective it may not seem very profitable to adopt fibre optics at this moment. With fibre optics however, service development could play a role in the adoption in the residential area. Unless new and highly innovative services can be developed with fibre optics or prices drop to compete with prices of cable and ADSL, many users will not experience the added value or relative advantage and consequently, will not actively adopt fibre optics in their homes. Although not covered in this research, because at the time of the data collection it was not widely available and known to the average end user, Triple Play services, in which telephone, television and internet are combined and offered for fixed prices might be a trigger for people to adopt fibre optics (Fibre to the Home) as it probably provide controlling of costs for many people.

Now that fixed broadband is established in the Netherlands, a new form of broadband is introduced: mobile broadband. For mobile infrastructures we also find some clues from this research. For these clues, again, we refer to the convenience aspects such as speed, always on, flat fee, that in the adoption of fixed broadband were vital and more important than certain (killer) applications. The fact that people are able to use mobile devices to go online, may already be such an important convenience asset, that people will settle for less convenience in terms of small devices, less speed. If mobile infrastructures however do not provide more convenience than fixed broadband to the user, more emphasis on new innovative services may be necessary. In addition, as always on and flat fee (controlling costs) were such an important issues in the adoption of fixed broadband, the way users pay for mobile services may also be an important factor. As long as time spent on internet through mobile devices is charged per unit of time or per amount of data transferred, this resembles narrowband and changes of success are small. This also brings us to new ideas on charging for fixed broadband, namely by charging per amount of data uploaded or downloaded (Cisco, 2005, Racz & Stiller, 2004). On the basis of this research it is questionable whether this way of traffic or content related pricing is accepted by the users. Possibly, if cable and ADSL are charged per unit again (amount of kilo bits transferred in stead of time online), fibre optics will be chosen above ADSL and cable by users. 

Implications for service development 

There is potential for broadband service development as, at this point, the ability to adopt broadband is quite high for most people in the Netherlands and many already have a broadband subscription. However, there seems to be contradictory ideas, about the factors that influence the success of broadband connections and services. From a provider’s point of view there often is the suggestion that one killer application will or should be developed. On the other hand, this research shows that many users value broadband on other aspects, without a killer application. If we look at the reasons for adopting broadband and at popular functions such as search engines and portals, the importance of convenience for the success of services is stressed. The advice here is not to look for a killer application. In addition, results of this research show that there is no such thing as the broadband user and therefore, it will be next to impossible to develop one single service that will be successful for every broadband user. General information and communication services, such as email and search engines are often used by many internet users, but there is almost no business case for such services as they are often integrated in public available software (e.g. hotmail, gmail, MSN messenger).

With the development the two axes on which most services develop can be considered. This means that there will be services that will be used by many broadband users (daily basics, incidental basics), but others will remain for a small group of people, but the frequency of usage can be high (specialties). A service developer of new broadband services may want to specify which kind of service is aimed at and thereby form appropriate expectations.

Basic needs and functions of media are probably stable and information, communication, entertainment and transactions are likely to remain the basis of many new services. Also, services that are popular now, such as email and search engines are not the services that require a lot of bandwidth. This does not necessarily mean that service providers should abandon their drive to develop innovative services. As stated, with the emergence of fibre optics (Fibre to the Home), new and innovative services could be important for adoption as the added value will not directly lie in more convenience for many end users. 

Implications for policy makers

The ambition of the Dutch government is to be a front runner in the world with regard to broadband developments. Apart from the advantages of being ahead of the world with regard to ICT in general, such as a favourable establishment's climate, there are some important domains where broadband can contribute are for amongst others health, telework and safety. One of the many conditions that have to be met is that the Dutch citizens are ready for these services. The Netherlands have a large group of broadband users compared to many other countries and this research also shows that broadband users go online quite frequently for a large variety of activities. These particulars indicate that the Dutch internet society is ready for broadband services in social and economic desirable domains. But because these services are not widely offered yet, people might have trouble envisioning those services in their lives. Pilots and presentations of what the possibilities are for health and telework in the daily lives of people might help. Attention should be paid to the convenience and ease of use of the services and potential users should be involved in the development of such significant services. One thing that should be kept in mind is that just as with the adoption of broadband infrastructure, it is very likely that even if the ability to adopt broadband services in social domains, the willingness to adopt is more multifaceted and sometimes the only way to get everybody on the same track, other options are to be removed. But with important services in social domains this can be a risk as the digital divide should be avoided for all the obvious reasons. 

Results form this research also show that activities that engage online health information can involve serious risks (such as using questionable online information as a replacement of a doctors visit). probably also emerge with telemedicine, broadband services for personal safety and tele work. While these risks should not be a reason to abandon the development of new services, governments should address this, because this too can be a threshold for people to adopt these services.

Although not a central issue in this research, it is likely that people that use the internet extensively to look for information and to communicate, that those people would like to communicate with the government in this way too. Further research on factors that influence the adoption and usage such e-government services is of interest for the Dutch government. 

Implications for other countries

This thesis is also intended to provoke thought about the possible forms the diffusion of broadband in other countries might take. Other countries may benefit from this research in the sense that in the Netherlands a lot of steps in the adoption and usage process have already been taken which in other countries have to be taken. Research in other countries, where broadband uptake is not as fast as in the Netherlands, such as the United Kingdom and the United States of America, show support for the notion that broadband is perceived by end users as a quick, easily accessible source of information and communication (Anderson et al., 2002; Horrigan & Rainie, 2002; UCLA, 2003; Dwivedi & Choudrie, 2003) and there does not seem to be a killer application (Middleton, 2003). However the findings from this research provide clues to determine which factors are likely to influence adoption and the usage of broadband. First, there may be differences in cultures, legislation, regulations and market mechanisms which may influence adoption, but it is likely that in all countries potential users of broadband will face the willingness and ability thresholds. In some countries the ability threshold may decrease faster than in others, but adopting broadband will still be a matter of being willing and able to adopt. Secondly, it is likely that also in other countries and cultures convenience (in terms of always on and speed) and controlling costs (flat fee) will be important factors in the adoption of broadband. Services will also be likely to develop as daily basics, incidental basics, stragglers of specialties everywhere around the world.
Limitations and further research

As with all research there are limitations to this research. We will discuss the shortcomings of this research and also present several opportunities for further research will be discussed.

One of the limitations involves the samples of the online questionnaires. Because of the online convenience sample used, the segmentation of demographical characteristics may not be fully representative. In future in depth research on the relationship between demographical and lifestyle characteristics and technology adoption this should be addressed. But in order to do so, an accurate sampling frame should be available. Another limitation lies in the fact that those who do not have an internet connection at all, because the do not want it, cannot afford it, do not understand it etcetera, are not included in this research. Insights into the digital divide for example could therefore not be conveyed. Furthermore, we were not able to ask questions to a panel in the three measurements. This limits the monitoring of developments of certain internet users, their adoption process and usage patterns. For new technologies or services it would be interesting to for example do the cluster analysis with one single panel over the course of four years. In addition, this research is about Dutch Internet users. Although, as stated before, the Netherlands are a good case because of the high penetration of broadband, it would be interesting to compare results of this research to research done in other countries. The Netherlands are fore runners in the adoption of broadband and maybe there are different thresholds in other countries. Combining results will create a broader image, which is of both practical as well as scientific importance. Furthermore, the exact relative importance of one of the ICET function compared to another ICET function is not known, because the respondents were asked to give a top three for information, one for communication and also a top three for entertainment and one for transactions. Respondents could not for example state eight entertainment functions (because they carry out a lot of online entertainment activities) and one communication activity (because they do not do this very often).

With regard to the additional survey for health information the sample of 123 people should be enlarged to get a more accurate view. Another limitation of this research and opportunity for further exploration is that although other theories were used as stepping stones for our empirical investigations, the number of theories that we took an in depth look at, is rather small. The Technology Acceptance Model and Diffusions of Innovations provide insight, but it would be interesting to utilize other theories and map how these theories relate to each other in order to get a broader understanding of the complete adoption and usage process.  

A last remark on limitations of this research is that, due to the fact that the last measurement was in 2005, newer trends, such as user generated content did not yet emerge from our usage data. In order to grasp this development a new measurement after the example of the three measurements in this thesis will be held in 2007.

In conclusion – The fast diffusion and broadening use of broadband 

Overall we can conclude that the residential adoption and use of broadband internet in the Netherlands have come a long way. Although for a certain (but declining) group the willingness to adopt broadband remains low, the adoption rate of broadband in the Netherlands has been fast, expanding from 3.8 subscribers per 100 inhabitants in 2001 to 28.8 in 2006 (OECD, 2006). This mainly was due to lowering of the ability threshold, in other words the disappearance of the financial and availability thresholds for end users (broadband internet is offered throughout the whole country at relatively low prices). The adoption is not so much influenced by killer applications, but much more by convenience (speed, flat fee, always on) at a reasonable price. Furthermore, the usage of many information, communication, entertainment and transaction (ICET) functions has broadened and spread over internet society. Thus, the adoption and usage patterns are not fixed, but change over time. This brings us to the issue of longitudinal research. These conclusions could only be made after conducting a longitudinal study. One shot designs may give information, but only in longitudinal research we are able to see motives and thresholds change. 

Only with further research and maintaining a user perspective we can grasp the true meaning of new technologies in the daily lives of people. By doing so we learn to get to know the potential adopters and their behaviour and better predictions can be made. The meaning of broadband for most users is a comfortable and inexpensive way to find and share information, to communicate, to entertain and be entertained and to complete transactions. It is not so much the sophisticated technology itself that counts for people, but what they can do with it and whether they can do it in a comfortable, not too expensive way.  
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