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Abstract

This literature review focuses on user-centered evaluation (UCE) studies of adaptive and adaptable

systems. Usability, perceived usefulness and appropriateness of adaptation are the three most

commonly assessed variables. Questionnaires appeared to be the most popular method, followed

by interviews and data log analysis. The quality of most questionnaires was questionable, and the

reporting of interviews and think-aloud protocols was found to be shallow. Furthermore, data

logs need triangulation in order to be useful. The reports encountered lack empirical value. The

article models the iterative design process for adaptive and adaptable systems, linked to the goals

of UCE: supporting decisions, detecting problems and verifying quality. This model summarizes

the variables to be assessed at each stage of the process and the relevant methods to assess them.

1 Introduction

User-centered evaluation (UCE) can serve three goals: verifying the quality of a product, detecting

problems and supporting decisions (De Jong & Schellens, 1997). These functions make UCE a

valuable tool for developers of all kinds of systems, because they can justify their efforts, improve

upon a system or help developers to decide which version of a system to release. In the end, this

may lead to higher adoption of the system, more ease of use and a more pleasant user experience.

Figure 1 links the goals of UCE to the phases of the iterative design process. In this article, we

discuss the application of UCE to adaptive and adaptable systems on the basis of a literature

review and reflect on the UCE practice of such systems.

An adaptive system tailors its output, using implicit inferences based on interaction with the

user. Adaptable systems, in contrast, use explicitly provided input to personalize output. We will

use the umbrella term ‘personalized systems’ to address both types of systems and define them

(expanding on the definition of an adaptive system given by Benyon & Murray, 1993) as: systems

that can alter aspects of their structure, functionality or interface on the basis of a user model

generated from implicit and/or explicit user input, in order to accommodate the differing needs

of individuals or groups of users and the changing needs of users over time.

This definition includes the term ‘user model’. A user model contains generalizations on a sin-

gle user or a group of users, based upon, for example, their characteristics, needs or context. The

example of book recommendations can illustrate the creation of the user model. Imagine a book

shop customer searching for books on sightseeing in Paris, London and Barcelona. The system

infers that the customer is interested in city trips, and this characteristic is stored in the user

model. Personalized output can then be generated in the form of personal book recommendations,

based upon this user model.
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‘UCE’ also needs to be defined. By this we mean an empirical evaluation obtained by assessing

user performance and user attitudes toward a system, by gathering subjective user feedback on

effectiveness and satisfaction, quality of work, support and training costs or user health and

well-being. This definition is partly based on the definition of human-centered design in ISO

guideline 13407: ‘human-centered design processes for interactive systems’ (ISO, 1999).

The inclusion of personalized output causes complications for the UCE of systems. Most tradi-

tional evaluation methods are based on the assumption that the system output is the same for

each user in every context. When systems include personalized features, this assumption no longer

holds. Currently, it is unclear which evaluation methods are best suited for assessing the perceived

quality of the unique output of personalized systems. Akoumianakis et al. (2001) state that ‘The

basic qualification criterion, which classifies a technique as being appropriate, is the degree to which

it offers the constructs to assess situational and context-specific aspects of user interface adapta-

tions, thus determining its usefulness in a social context’ (p. 339). This criterion focuses on the char-

acteristic that is most typical for a personalized system: its adaptation to the user or a group of users

and their context. One of the challenges of designing personalized systems is finding a valid, reliable

and useful method for UCE. This literature review aims to help address this challenge.

In the past, three surveys on the evaluation of personalized systems have been published. Chin

(2001) focuses his overview on the design of experimental evaluations, whereas Gena (2005) and

Gena & Weibelzahl (2007) take a more comprehensive view and also include (among others) qual-

itative evaluation methods in their discussion of empirical evaluation approaches. These surveys

have applied a prescriptive approach, describing theory, illustrated with some examples from

practice. This survey, however, takes a descriptive approach. After mapping the UCE practice

of personalized systems, we will reflect on its quality and provide suggestions for improvement

if necessary. A similar approach was used in a concise review by Weibelzahl (2003), where he

remarks that the evaluation practice of personalized systems is poor, partly due to non-empirical

reporting of activities. However, Weibelzahl does not provide the reader with an elaborate discus-

sion on how malpractice can be avoided or improved upon. This review does seek to inform the

practitioner about avoiding the identified pitfalls and the suitability of different methods for the

evaluation of personalized systems.

2 Research question and literature selection

The following main question was formulated for the review:

How have user-centered evaluations of personalized systems been conducted in the past and how

can this practice be improved upon?

In order to answer this question, the following secondary questions were formulated:

(1) What types of personalized systems have been evaluated?
(2) Which variables have been assessed in the UCE of personalized systems?

Figure 1 Phases of the iterative design process
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(3) Which designs have been used for the UCE of personalized systems?
(4) What kinds of prototypes have been used for the UCE of personalized systems?
(5) Which methods have been used for the UCE of personalized systems?
(6) What are the advantages and disadvantages, the validity and reliability of the methods used

for the UCE of personalized systems?

(7) How can the usage of UCE methods when applied to personalized systems be improved upon?

We based our review strategy on the York method (a method for conducting a systematic and

empirical literature review), which originates in medical science (NHS Centre for Reviews and

Dissemination, 2001). With small modifications (e.g., leaving out descriptions of medical interven-

tions), this method could be applied to the purpose of this study.

We searched for reports on UCE of personalized systems in the following databases or projects:

ACM digital library, ERIC, IEEE Xplore, INSPEC, PsycInfo, Science Direct, Scopus, Web of

Science, Easy-D (see http://www.easy-hub.org/hub/studies.jsp for a list of publica-

tions), Peach project (see http://peach.itc.it/publications.html for a list of publi-

cations). Besides databases, we also consulted the Websites of 15 well-known researchers in the

field of personalized systems and searched their publication lists for relevant studies.

The following inclusion criteria were used:

(1) The study had to report the evaluation of a personalized system.
(2) The evaluation of the system had to be (partly) user centered. Studies that only discussed the

evaluation of algorithms or other technical aspects of user modeling were excluded.

(3) The study had to describe or discuss at least one of the following issues: advantages or disad-

vantages, validity, reliability, costs of a method, the participants involved, the variables

assessed and the implementation of results in (re)design processes.

(4) The cutoff point was 1990.

For each selected study, the relevant information was assessed and recorded in a database: this

included system characteristics (e.g., adaptive feature), research design (e.g., methods used for

evaluation) and UCE method characteristics (e.g., validity). The content of this database are

available through the Easy-D database on www.easy-hub.org.

The search initially resulted in a huge number of hits (>4000). Possibly relevant hits were saved,

duplicates were identified and removed, and the abstracts of 338 remaining articles were read. The

selection criteria were applied to the abstracts, resulting in 127 studies of which the full text was

read. The majority of these studies (n ¼ 72) proved not to meet the selection criteria after all, and

they were consequently excluded. The 55 remaining studies were included in the review. The Adapt-

ive Hypermedia 2006 conference, which was held shortly after our search, provided six additional

studies. Finally, we found two more relevant studies through references in reports (Schmidt-Belz &

Poslad, 2003; Cheverst et al., 2005). These were included in our review, making a total of 63 studies.

A list of the articles and reports included in the literature review can be found in the appendix.

3 Results

3.1 Systems evaluated in the studies

Most of the studies focused on a single evaluation of an individual system; 19 studies described a

series of consecutive evaluations of a system. Only one study reported the evaluation of more than

one system. Of the systems included in the review, 23 were adaptive systems (37.1%), 17 were

adaptable systems (27.4%) and 22 systems were both adaptive and adaptable (35.5%). In 37 cases,

the studies were part of the design process (formative evaluation), whereas 18 studies assessed the

appreciation of the system after its implementation (summative evaluation). Eight studies could

not be classified as either formative or summative.

Most of the evaluated systems were learning systems (12 studies), followed by intelligent tourist

guides (8 studies), information databases (7 studies), interfaces (7 studies) and location-aware
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services (7 studies). The PC is the most popular platform for personalized systems, as appeared

from the evaluations (42 studies). In 34 studies, the PC application was a Web browser. This

does not automatically mean that most personalized systems run via a Website. Two prototype

systems were designed as Websites for the sake of evaluation. Website prototypes are

relatively easy to develop at low costs. Other platforms we encountered frequently were the

PDA (12 studies) and the mobile phone (7 studies).

3.2 User-centered variables assessed in studies

In total, 44 variables were mentioned in the studies. Though different names were used by the

authors, the concepts being measured were often identical. Therefore, we grouped these identical

concepts and gave them one name. These variables can be grouped in the following categories:

(1) Variables concerning attitude and experience

(a) Appreciation
(b) Trust and privacy issues
(c) User experience
(d) User satisfaction

(2) Variables concerning actual use

(a) Usability
(b) User behavior
(c) User performance

(3) Variables concerning system adoption

(a) Intention to use
(b) Perceived usefulness

(4) Variables concerning system output

(a) Appropriateness of adaptation
(b) Comprehensibility
(c) Unobtrusiveness

In the studies in our review, ‘usability’ was most frequently measured, followed by ‘perceived

usefulness’ and ‘appropriateness of adaptation’. Table 1 shows how often each variable was

addressed in the 63 reviewed studies. The wordings of most variables speak for themselves. We

will however, define usability: ‘the extent to which a product can be used by specified users to

Table 1 Variables addressed in UCE in collected studies (n ¼ 63)

Variable Times included in evaluation

1 Usability 33

2 Perceived usefulness 26
3 Appropriateness of adaptation 26
4 Intention to use 25
5 User behavior 24

6 Appreciation 18
7 User satisfaction 18
8 User performance 17

9 Comprehensibility 10
10 User experience 8
11 Trust and privacy issues 7

12 Unobtrusiveness 1
13 Other variables 4
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achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use’

(BSI, 1998).

4 User-centered evaluation designs and their application to personalized systems

This section deals with two common UCE designs: comparisons and laboratory or real-life

settings.

4.1 Comparisons: personalized versus non-personalized systems

Comparisons try to identify the differences between a personalized version of a system and one

without the personalizing feature.

4.1.1 Design usage

Fourteen studies compared a personalized and a non-personalized version of a system. Most of

these (8 out of 14) measured the user performance with two versions of a system (e.g., the amount

of learning done with a system). The goal was to judge whether the personalized system was better

for the user than the non-personalized system.

4.1.2 Design implications

The validity and reliability of such comparisons has been discussed at length in the literature

(e.g., Höök, 1997, 2000). Comparing a personalized system with one where the personalization

has been removed is deemed a false comparison. When the personalized features have been

removed, the system is no longer a worthy opponent (Höök, 2000). The evaluation reports we

found also discussed this issue. Furthermore, users may be biased toward the personalized version

of the system, they may favor new technology, or they may want to please the experimenter and

give socially desirable answers (Bohnenberger et al., 2002). Finally, the study designs appeared to

consider too short an interaction time to understand the full effect of personalization on the user.

In order to identify an effect, longitudinal studies are needed (Höök, 1997).

4.1.3 Comment

There are serious questions what a comparison shows. If, for example, a personalized system is

found to be more efficient than a non-personalized version, this may suggest that the personalized

version is better. But the comparison does not tell much about usability, perceived output, or

future adoption. The practical value of comparisons with respect to user-centered design is limited

(Alpert & Vergo, 2007). Furthermore, defining quality in terms of user performance is trouble-

some. If it takes users longer to accomplish a task with a non-personalized version of a system,

but they have a better experience using that version, one has to wonder which version is ‘better’.

Is there an absolute ‘better’ version? Evaluators must be aware of the limited importance of effi-

ciency when it comes to the total user experience.

Comparing personalized and non-personalized systems can be used to determine user perform-

ance in comparison with another system. However, it needs to be very clear what is being

compared with what. If a non-personalized system is involved, this system should be a worthy

equivalent for the personalized system and not a weak version of the original system. For

example, comparing a personalized system and information provided on paper (see Cawsey

et al., 2000) may be fairer, and it can provide valuable insights as well.

4.2 Laboratory and real-life observations

When observing, a researcher watches a participant working with a personalized system, noting

interesting events, or recording the whole session.

4.2.1 Design usage

In our collection of studies, laboratories were mentioned seven times, but none of the reports

specifies how the laboratory was used. It is therefore difficult to determine whether the use of a
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laboratory was a plus or not. Five studies used real-life observations, which can assess the system

in the realm of ‘real world issues’.

4.2.2 Design implications

Using a laboratory allows the researcher to control the environment. For empirical research, this

permits one to exclude outside influences, so one can focus on the variables one wants to assess.

The downside of using a laboratory is that one loses the real-life setting; using the laboratory

reduces ecological validity. Because the situation in the laboratory is not identical to a real-life set-

ting, results may not be generalizable. According to the basic criteria for the appropriateness of a

UCE method for personalized systems (Akoumianakis et al., 2001; see Chapter 1), laboratory

observations are not ideal, because the (social) context in which interaction normally takes place

may be difficult to simulate in a laboratory.

4.2.3 Comment

For some systems (e.g., a personalized Website), a laboratory may provide a valid and reliable

evaluation. The choice of an artificial or real-life testing environment depends on the relation

the system has with its surroundings. If real-life settings are important to the working of a system,

it might be wise to test the system in the field instead of the laboratory.

5 Prototypes used for user-centered evaluation of personalized systems

In order to evaluate a system, subjects need to interact with a (prototype) version of the system.

Otherwise, subjects have difficulty imagining how the system will work and how it will relate to

their everyday activities (Weibelzahl et al., 2006). The types of prototypes used in the reported

studies are displayed in Table 2. The first three will be discussed in detail. Since not all reports

specified what system was used for evaluations, it is difficult to assess whether a prototype was

used or not. For a complete overview of the different prototypes one can use during system

design, refer to Maguire (2001).

The use of a working system prototype was reported 17 times. Creating a working prototype is

relatively easy and cheap compared with creating a full system, and it can help to verify the

quality of a product. Creating a prototype is a wise use of money and effort (Field et al., 2001).

However, the use of a prototype version of a system does not yield the same results as one would

obtain using the full system (Field et al., 2001). A simplified version may therefore not be the right

instrument for identifying usability issues.

A computer simulation offers the participant the possibility to interact with it (e.g., in Gena &

Torre, 2004). Simulations are a feasible means of testing a system when development is well under

way, but not yet completed. Nevertheless, one has to be cautious when generalizing the results and

applying them to another device. People may interact differently with a computer than with other

devices (Buchauer et al., 1999; Goren-Bar et al., 2005).

Low-fidelity prototypes allow the researcher to test personalization in a very early phase of

system development (e.g., in Karat et al., 2003). This can pinpoint crucial issues that may play

a role in the adoption of the system in the future and can help to assess the participants’ attitudes

(Walker et al., 2002). Low-fidelity prototypes often include just a few screenshots of the system,

Table 2 Prototypes used for UCE of personalized systems

Interaction method Times used Percentage of total (n ¼ 63) (%)

Working prototype 17 27.0
Computer simulation 3 4.8

Paper prototype 3 4.8
Mockup simulation 2 3.2
Wizard-of-Oz prototype 2 3.2

Demonstration of the system 2 3.2

l . v a n v e l s e n E T A L .266



which are not necessarily representative of the final version. They must provide the participant

with an idea of the system functions and (personalized) output (Virzi et al., 1996). Participants

can comment on the concept behind the system or discuss the functions the system comprises.

The abstract nature of paper prototypes may produce abstract user feedback. Therefore, in low-

fidelity prototyping, one needs methods that are flexible and can cover aspects in depth, like

interviews and focus groups.

6 User-centered evaluation methods and their application to personalized systems

The methods and instruments used in the investigated studies are listed in Table 3. Two points are

worth noting. First, almost every study uses multiple evaluation methods. Second, some of the

listed methods (e.g., data log analysis) may not seem to be user centered according to our defini-

tion of UCE, because they do not collect subjective feedback from (potential) users. Studies that

used methods that are not user centered along with methods that are user centered were still

included in our review. In these cases, the methods should be seen as complementary, providing

triangulated data, and contributing to the overall user-centeredness of the evaluation.

In the following subsections the methods listed in Table 3 will be discussed more thoroughly.

6.1 Questionnaires

A questionnaire collects data from respondents by letting them answer a fixed set of questions,

either on paper or on screen. Items on these questionnaires can be closed (when participants

can choose one of multiple choices) or open (when participants can freely answer in writing).

6.1.1 Method usage

Questionnaires were the most common evaluation method in the studies, and were used 47 times.

The most commonly measured variables were usability (21 times), perceived usefulness (19 times)

and intention to use (14 times). Interestingly, questionnaires were often used both for gathering

global impressions of the system and as a tool to identify problem areas. In 25 studies, the ques-

tionnaire was used as a form of formative evaluation and in 16 studies for summative evaluation.

Table 3 Methods used for UCE in the collected studies (n ¼ 63)

Evaluation method or instrument Times applied Variables most frequently assessed

Usability (21)

Questionnaires* 47 Perceived usefulness (19)
Intention to use (14)

Intention to use (9)

Interviews* 27 Appropriateness of adaptation (7)
Usability (7)

Data log analysis 24 User behavior (17)

User performance (6)

Intention to use (4)
Focus groups* & Group

discussions*

8 Perceived usefulness (2)

Trust & privacy issues (2)

Think-aloud protocols* 7 Usability (2)

User behavior (2)

Expert reviews 6 Usability (3)

Only methods that are used more than twice are shown.

*Purely UCE methods.
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One of the advantages of questionnaires is the large number of participants that can be accom-

modated (compared with interviews or other methods). Table 4 shows the different sample sizes.

The use of questionnaires completed by only a small number of subjects is questionable from

a methodological perspective. If a sample group is small, it is difficult to generalize findings

(Weibelzahl et al., 2002). A small number of respondents limits the statistical processing, and pos-

sible presumed relations, which could have been significant with a larger sample size, may turn out

to be insignificant. Some authors discussed the need for a large group of respondents in order to

generate a meaningful evaluation (Cawsey et al., 2000) or commented that their study suffered

from the small number of respondents (Henderson et al., 1998; Gregor et al., 2003). In order to

make claims about the usability of a system, for example, sample sizes need to be large enough

that they can be generalized to a larger population of users (Dicks, 2002). In the evaluation

design, the designated number of participants should be geared to the goals of the evaluation.

Whereas problem detection can be done with a relatively small sample, the verification of quality

needs a larger, representative group of respondents.

Another issue worth mentioning is the construction of the questionnaires themselves. Before

items can be constructed, the variable one wants to investigate needs to be defined. Next, the items

measuring this variable have to be geared upon this definition. An example of mismatch between

variable and items can be found in Cheverst et al. (2005). In their evaluation of an intelligent con-

trol system, they measured the variable ‘Acceptance’ by means of items on ‘previous experience

with such systems, (e.g., automatic doors, Microsoft Office Assistant) in different environments

(i.e., home, work)’ (p. 262). The authors do not define ‘Acceptance’ whereas the items do not

assess the essence of the variable as it is used in the field of technology adoption and where accept-

ance comprises high usage of a technology by designated users. The items by Cheverst et al. assess

‘experience with similar systems’. Although this variable might influence acceptance, there is cer-

tainly more to acceptance than previous experience alone. The article however, does not clarify

whether the variable is defined wrong and should be assessed by means of different items, or

should be named ‘Previous experience with similar systems’ because the definition of the variable

is in compliance with the items.

Measuring psychological constructs with only one or two items (e.g., in Henderson et al., 1998)

is generally not considered good practice, and measuring two concepts in one question might eas-

ily yield non-valid results (Spector, 1992). An example of the latter is when Stary & Totter (2003)

asked participants: ‘Overall, how clear and useful are the contents of the information system?’

Clarity and usefulness are two distinct variables, but here the participants must express them in

one answer on a Likert scale. As a result, no definite answer can be expected. Finally, the design

of a Likert scale should result in a measurement continuum (Spector, 1992). Muntean & McManis

(2006), for example, designed a five point Likert scale to assess usability and user satisfaction.

Their scale included the response choices: 1, poor; 2, fair; 3, average; 4, good and 5, excellent.

The inclusion of ‘fair’ as the number 2 choice distorts the continuum of the Likert scale. There-

fore, one cannot interpret an average score on one of these items as a valid indication of usability

or user satisfaction: the results are skewed toward a neutral or positive reaction.

The results of questionnaires are not reported systematically and as a result, it may be hard for

a reader to judge the quality of an evaluation. When assessing quantitative scores on variables by

means of multiple items and Likert scales, it is good practice to first determine and report the

Table 4 Respondents per questionnaire

Number of respondents Encountered in literature review

0–25 15 times

25–100 23 times
100–250 6 times
>250 4 times
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quality of measurement. By determining and reporting Cronbach’s a (Cronbach, 1951) for each

variable, readers can assess the quality of a questionnaire. Next, reporting the means and standard

deviations for each variable can provide the reader with a clear view on the answers the partici-

pants gave and their consensus (or lack thereof) on a certain topic.

6.1.2 Comment

Questionnaires may not be the best choice for identifying problems of usability. A qualitative

evaluation method, like thinking aloud, will be more suitable for this purpose (Van Velsen

et al., 2007). However, a questionnaire can be very useful for measuring appreciation of personal-

ization, user satisfaction, general opinions about the system, or for benchmarking purposes. Such

variables are suitable for quantitative measurement, using Likert scales, for example.

Effective questionnaires can yield useful insights, hopefully leading to the construction of a

standard quantitative instrument, based on questionnaires used in the past. Therefore, we encour-

age the publication of the used questionnaires in appendices or on Websites. Furthermore, we

encourage evaluators to design and validate questionnaires according to the guidelines listed by

Spector (1992) and report them according to the guidelines of Kitchenham et al. (2002).

6.2 Interviews

In interviews, participants are asked questions in person by an interviewer. Interviews can be

structured, with fixed questions, or semi-structured, if the interviewer can also ask questions

that come up during the interview.

6.2.1 Method usage

Twenty-seven studies reported interviews with users. This makes it the second most frequently

used method. In 19 studies, the interview could be qualified as part of the formative evaluation,

and in 7 as part of the summative evaluation. In interviews, the variable intention to use was

addressed nine times, and appropriateness of adaptation and usability were each addressed seven

times. No other variables stand out.

The manner in which interview results have been reported, make it seem that evaluators con-

sider interviews to be inferior to statistical data. Gregor et al. (2003), for example, conducted

a study by means of effectiveness tests and interviews. In their results section, they only discuss

the effectiveness of the system. The interview results are only marginally mentioned in the discus-

sion section, where they say ‘Comments from the dyslexic pupils indicated a strong subjective

preference for their individually selected settings over the defaults of the word processor’

(p. 353). Because the authors do not point out how many participants gave this indication (e.g.,

three out of six), we have to take their word for this conclusion. Only reporting trends in interview

results is a phenomenon we have encountered often (e.g., Sodergard et al., 1999; Ketamo, 2003;

Gena & Torre, 2004; Kolari et al., 2004). When analyzing interviews, one can apply several

systematic approaches, for example, analyzing results per question asked, or steps in a process

(e.g., teachers’ perceptions of steps involved in learning students how to engineer requirements).

In order to prevent confusion, it is best to choose one approach and stick to it (Patton, 2002).

Results from interviews deserve a systematic analysis and presentation in the proper section of

the report: the results section. They are too valuable to be treated as side issue.

In almost all cases, interviews were conducted after the interviewee had used the system. As a

result, experiences and possibly important comments might be forgotten or not deemed relevant,

and thus never be reported. A solution for this problem might be an interview with the help of

video as used by Goren-Bar et al. (2005). They videotaped the subject while interacting with a per-

sonalized museum guide and interviewed the subject afterward, while watching the recording to-

gether. The rationale behind this method was that the researchers hoped to discover the

reasoning behind user actions. A positive side-effect may be that users remember and mention

experiences they might otherwise have forgotten.
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6.2.2 Comment

The interview is a feasible method for assessing system adoption (Van Velsen et al., 2007). Inten-

tion to use and perceived usefulness are mostly the product of individual and situational factors

which interviews can identify; this can help explain why a system will or will not be adopted. If

more were known about these factors, it might be possible to develop a theory that explains these

two phenomena, or to adjust theories like the Technology Acceptance Model (Davis et al., 1989)

or the Unified Theory of Acceptance and Use of Technology (Venkatesh et al., 2003) for perso-

nalized systems. Interviews may also be used to assess the usability issues that are typical for per-

sonalized systems since it allows detailed feedback. As a result, not only can problem areas be

identified, but also perceived causes and solutions.

The reports of interviews in the articles were generally not very detailed. The interviewer and

his background often remain unmentioned and systematic overviews of the data collection process

and results are scarce. In reports, the processing of data from the interviews has to be described

and justified, in order to determine its quality. For an overview on how to analyze qualitative

data, like interview results, we refer to Miles & Huberman (1994). When reporting interviews, a

good standard is to provide typical comments made by interviewees (e.g., Ketamo, 2003; Smith

et al., 2004).

6.3 Data log analysis

Data logs record the actions performed by participants when interacting with a system. These

data logs can serve as the basis for quantitative or qualitative analysis. The analysis can focus

on user behavior (clickstream analysis) or the user performance.

6.3.1 Method usage

The interaction with the system was recorded in 24 studies. Data logs were most frequently used

to assess user behavior (17 times), and in some cases user performance (6 times).

One strength of the method lies in the possibility of collecting huge amounts of data without

disturbing the user (the method is unobtrusive). Another advantage is that data logging records

behavior objectively.

6.3.2 Practical implications

Analyzing data logs to determine user performance may be troublesome. Stein (1997) reports that

it may be difficult to interpret task completion time as a measure of user performance (the faster a

subject completes a task, the more efficient a system), as personalized output may sometimes pro-

vide the user with more (difficult) output on purpose (e.g., when the system assumes a student

needs more reading material to understand a lesson). Furthermore, data logs often cover only a

relatively small period of interaction time with the system. As a consequence, no information is

gathered about the growing competence users acquire while working with a system (Höök, 1997).

One of the most important drawbacks of using data logs as an evaluation method is that this

does not provide insight into the causes of problems that are discovered (Jensen et al., 2000).

For example, one can conclude from a set of logs that some users skip the introduction page of

a system and immediately try to execute tasks. As a result, they may need more time than users

who did not skip the introduction page. Data logs do not provide information on what made

the user skip the introduction page. In order to answer these kinds of questions and to gain a

full understanding of user behavior, data log analysis should be combined with other (qualitative)

evaluation methods, like thinking aloud or focus groups. Triangulation can help to determine

the reasons behind the user behavior, which is necessary to generate successful improvements

(Herder, 2006).

Finally, there are ethical questions associated with collecting data logs. Internet browsing is

considered a personal activity and logging user behavior may be regarded as an infringement of

privacy (Herder, 2006).
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6.3.3 Comment

We strongly advise using data log analysis to assess user behavior or user performance in

combination with a qualitative and UCE method. The use of triangulation provides deeper

understanding of results generated with data log analysis (Ammenwerth et al., 2003). A possible

setup of such a study would be to make people work with the system first and to collect and

analyze data logs. Then, peculiarities or questions that have arisen during data log analyses can

be presented or posed to focus group participants. This way, effects and their causes can be estab-

lished which is valuable information for future system (re)design.

6.4 Focus groups and group discussions

In focus groups and group discussions, a group of participants discusses a fixed set of topics or

questions. These discussions are led by a moderator, who can ask questions that come up during

the session.

6.4.1 Method usage

Eight studies used focus groups or group discussions, mostly focused on the intention to use a

system (four times).

The reporting of focus group results lacks the same detail as we discussed in Section 6.2.

Evaluators do not systematically report the answers provided by the participants, but present

trends. Hyldegaard & Seiden (2004), for example, state that ‘site information, actuality, language

and layout of the interface were often used by the participants as arguments for trusting or not

trusting a personalized output’. From such a statement, we cannot assess whether any of these

arguments were mentioned more often and therefore, are perhaps more important.

Furthermore, the setup of focus group is reported very summarily and as a result, the empirical

value of a study suffers. We illustrate this with the setup of Chesnais et al. (1995) which goes: ‘We

performed focus studies during Spring 1994 to gauge the acceptance of the system’ (p. 280). When

readers do not understand what has been done, they cannot repeat the study or learn from the

design for eventual future use. Because of such limited explanations, we could not judge the

quality of these sessions well.

6.4.2 Practical implications

A typical issue with focus groups is that the moderator almost entirely influences the nature of the

discussion and the discussed topics. As a result, participants’ answers are only in line with these

topics. Comments on other topics, which may be of great importance, are seldom expressed by

participants (Morgan, 1996).

6.4.3 Comment

Focus groups and group discussions are suitable for gathering a large amount of qualitative data

in a short time. They may help to provide a deeper understanding of user behavior, appreciation,

and intention to use, as we illustrated in Section 6.3 with our example on the combination of data

logging and focus groups. Another interesting and promising approach is to combine focus

groups and paper prototyping. This can generate useful results in an early phase of the develop-

ment process (Kaasinen, 2003; Karat et al., 2003).

6.5 Think-aloud protocols

When thinking aloud, participants are asked to use a system and say their thoughts out loud.

6.5.1 Method usage

Seven studies used think-aloud protocols. The quality of reporting of think-aloud protocols was

poor. Researchers often assume that mentioning the use of such protocols is enough for the reader

to understand what is being done. It would be a positive addition to evaluation reports if writers

would mention which variables were assessed by means of think-aloud protocols. Moreover,

thinking aloud often happens in congruence with test tasks. These test tasks determine the scope
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of the user–system interaction during the evaluation and therefore, can influence results. In order

to guarantee a valid evaluation that takes into account all the main aspects of the system, the test

tasks need to address them. When presenting the evaluation methodology, test tasks need to be

clarified to improve the empirical value of the study and to show a well-balanced distribution

of system functions over test tasks. Statements like ‘Visitors were asked to perform eight tasks

in total. They were also asked to think aloud while interacting with the system’ (Pateli et al.,

2005 p. 203) do not suffice.

6.5.2 Practical implications

Thinking aloud may increase a participant’s cognitive load and, as a result, influence task per-

formance (Van den Haak et al., 2003). This increased cognitive load can make it difficult for par-

ticipants to verbalize non-task related problems, because they have to give their full attention to

interacting with a system (Van den Haak et al., 2004). In this case, observations of the participant

can make up for the loss of verbalizations.

6.5.3 Comment

Think-aloud protocols can be fruitful instruments for understanding user behavior, especially the

user’s rationale behind it. It might also be a useful way to generate feedback on usability issues

(Van Velsen et al., 2007). How to setup a thinking-aloud session and to analyze the resulting pro-

tocol can be found in Benbunan-Fich (2001) and Ericsson & Simon (1993).

6.6 Expert reviews

In an expert review, an expert studies a system and gives his or her view on it.

6.6.1 Method usage

Expert reviews were present in six studies, mostly to establish usability. In some reports, the setup

of the expert reviews and their results are discussed to a satisfactory level (e.g., Gates et al., 1998),

while in some reports their procedure remains vague or even unknown (e.g., Kaasinen, 2003).

6.6.2 Practical implications

One can doubt whether expert reviews are ‘user centered’. Literature indicates that experts are not

capable of supplying the same critique on a system that (potential) end-users can. Van der Geest

(2004) found that expert reviews uncover different issues than focus groups or think-aloud proto-

cols (both of which involve end-users). Lentz & De Jong (1997) showed that experts are unable to

predict user problems because experts have different skills, knowledge, cultural backgrounds and

interests than users. Hartson et al. (2003) agree, stating that the realness of usability problems

identified by experts can only be determined by real users. Finally, a study by Savage (1996)

identified a discrepancy between expert and user reviews. Although experts identified areas of

an interface that needed to be further investigated, users focused their comments on changes

that had to be made to the interface.

The ‘evaluator effect’ determines the usability issues uncovered by an expert review. The varied

skills and experience of experts affect the results of the evaluation (Hertzum & Jacobsen, 2003;

Hvannberg et al., 2007). It is assumed that the more skilled or experienced an expert is, the better

the evaluation. This effect can be eliminated by using a large group of experts.

The application of heuristics is often implied in expert reviews. Heuristics are design rules for a

system, and a heuristic evaluation determines whether a system has been designed in accordance

with these rules. Applying heuristics is closely connected to expert reviews. Expert reviews and

heuristic evaluation are in essence both applications of a set of design rules (either implicitly

stored in an expert’s memory or explicitly written down) to a system. Kjeldskov et al. (2005)

showed that applying textbook heuristics is too static to assess the usability of personalized sys-

tems. It is an inappropriate method, as it is unable to account for different user characteristics

and contexts, and thus uncovers only a limited number of usability problems. Experts may ‘suffer’
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from the same limitation, being unable to identify with every user and with every context the per-

sonalized system is designed for. However, Magoulas et al. (2003) showed that heuristics, altered

to fit the system, can be useful when formulating redesign guidelines.

6.6.3 Comment

There are drawbacks in using expert reviews or heuristics to evaluate personalization. Evaluations

conducted with (potential) end-users will probably yield more valuable results, because they can

account for the different characteristics and contexts involved. On the other hand, expert review

or heuristics may be valuable tools for evaluating specific topics not involving personalization,

like accessibility and legal issues.

7 Discussion

7.1 User-centered evaluation in the iterative design process

On the basis of the discussion above, we model the iterative design process for a personalized sys-

tem in Figure 2. A similar overview per method has been published by Gena & Weibelzahl (2007).

We distinguish four phases, each one focusing on a more mature (prototype) version of the sys-

tem. We linked these phases to the goals UCE can serve, following De Jong & Schellens (1997). In

each phase, a set of variables can be assessed, depending on the version of the system that partici-

pants are interacting with. The literature review has shown which methods are most useful for asses-

sing the different variables. Phases, variables and methods are linked in Figure 2. This indicates

what is most appropriately investigated in each phase and the most appropriate method for this.

The model could help evaluators and researchers to choose the right variables and methods for

their evaluation. By gearing the variables and methods to the goals of a study, meaningful evalua-

tions can be conducted (e.g., problems with usability can be detected by means of think-aloud

protocols). The model can also serve as a framework through which one can view evaluation stud-

ies or the evaluation process.

In the first phase, there is no system or prototype at hand, so studies can only assess the context

in which the system is supposed to function, or gather features the end-user would like to see in

it; nothing can be determined yet about how users appreciate the system (or a version of it).

Therefore, ‘requirements engineering’ is a better term than evaluation at this stage. As this is

a whole discipline in itself, discussing it lies outside the scope of this review. However, require-

ments engineering is a substantial part of the iterative design process of personalized systems,

and contributes significantly to the system design.

Figure 2 The iterative design process and the role of user-centered evaluation for personalized systems
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The second phase in the development process deals with the ideas behind the system and the

techniques that are supposed to embody these ideas. A low-fidelity prototype can visualize

them, and from this moment on, UCE becomes an option. The methods that are most appropriate

here are those that can collect in-depth data. Qualitative methods, like interviews or focus groups,

can be used to assess perceived usefulness, future system adoption, appreciation and trust in the

system being developed. Trust in a system is an important topic for personalized systems, and

should be addressed at an early phase in the development process (Kramer et al., 2000).

In the third phase, a working prototype can support evaluations that address both usability and

(adapted) output. Although this phase is characterized by a ‘working prototype’, the system may

already be in a well-advanced stage. Quantitative, as well as qualitative evaluation methods may

be beneficial now, depending on the variables one wants to assess.

The fourth phase involves testing the finished system in a real-life environment. The transition

from formative (prototype) to summative (full system) evaluation means a change in evaluation

goals. Where a prototype evaluation focuses on problem-oriented results, a full system evaluation

will focus on benchmark results. User satisfaction, user experience and trust in the system are

examples of variables that can be assessed at this phase, for example, with a questionnaire.

7.2 Implications for future research and evaluations

This review investigated which methods are suitable for UCE of personalized systems. At this

moment, the pros and cons of different methods of evaluating personalization have not been fully

documented. As mentioned in Chapter 1, Akoumianakis et al. (2001) state that ‘The basic quali-

fication criterion, which classifies a technique as being appropriate, is the degree to which it offers

the constructs to assess situational and context-specific aspects of user interface adaptations, thus

determining its usefulness in a social context’ (p. 339). This is a good starting point for exploring

the applicability of different methods. It seems clear that more research is needed concerning UCE

methods and their application to personalized systems. It would be interesting to compare two

research methods evaluating the same system. However, researching and comparing methods

has limitations, because each personalized system functions in a unique environment, which

means that we must be cautious about generalizing the results. The distinct users and different

contexts to which the system must adapt may have such a large influence that it may be necessary

to assess a method’s validity, reliability, advantages and disadvantages for every appearance of the

system, and also perhaps for different contexts.

When we reflect on the methods which have been applied during evaluations, we see that ques-

tionnaires are extremely popular. This approach is radically different from those normally used in

user-centered design practices (Vredenburg et al., 2002). Some of the appended questionnaires we

encountered in our review were poorly designed, which might be cause for concern. Question-

naires seem to be used as the quick and dirty way of assessing user opinion about personalized

systems. As a result, the potential of questionnaires is not fully exploited, and the quality of the

resulting evaluations is low. The reason for using a questionnaire needs to be considered carefully.

Issues that call for an extensive review of the system, like usability, require other, more exhaustive

methods. Questionnaires with closed items can only confirm known variables and assess their

scores. Other methods, such as interviews or focus groups, are more exploratory, starting with

a clean slate and letting the respondents’ answers guide the results. Because little is known about

the interaction between user and personalized systems, it may be best to use exploratory methods

to assess important variables. In a later phase, these variables can serve as input for confirming

methods (like questionnaires).

The empirical value of many evaluation reports was very limited. Evaluation designs were often

not specified well enough to make it possible for evaluators to replicate the study. This makes it

also hard to judge the quality of an evaluation (Weibelzahl, 2005). If we do not know what hap-

pened, we cannot take the results, or the conclusions, for granted. In order to improve upon the

empirical value of a study and a report, we advice evaluators to use the guidelines for research and

reporting as discussed by Kitchenham et al. (2002).
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One reason for the low quality of some evaluations may be that most evaluators of personalized

systems are computer scientists and not specialized in evaluation (Weibelzahl, 2005). In order to

increase the quality of evaluations and their results, system developers will have to be educated in

evaluation or they will have to hire specialists to assist them during the setup of the study and the ana-

lysis of results. The latter option also prevents a bias from being included in the evaluation, as system

developers may find it difficult to speak negatively about a product they developed themselves.

A topic that has not been discussed in depth in this article is the measurement of effectiveness

of personalized systems. An overview of the metrics one should apply for the evaluation of a per-

sonalized system would be valuable and useful for the community. However, such metrics differ

per domain, as each domain has a specific set of goals that needs to be achieved. Within a domain,

these goals can differ even further from system to system. As the measurement of success is

dependent on this goal, it is difficult, if not impossible, to present the definite set of ‘metrics for

successful personalization’. From a user-centered point of view, we prefer to determine the success

of a personalized system by means of the goal it is supposed to serve, as perceived by the user. A

similar view has previously been advocated by Weibelzahl (2005). We want to illustrate it by

means of the example of a personalized search engine. In this domain, popular system-centered

metrics are ‘precision’ and ‘recall’ (Su, 1992). Precision deals with the percentage of returned

results on a query that is relevant, and recall with the percentage of all relevant results that are

presented to the user after submitting a query. Whether a result is relevant is judged by experts.

However, is a personalized search engine successful if it achieves better scores on precision and

recall than a non-personalized version? What a user may want from a search engine is to receive

relevant results, and to receive them fast. Therefore, the metric of success should be measured by

means of perceived relevance of search results, as suggested by Nahl (1998), combined with the

time or mouse clicks it takes searchers to get to these results. Then, to determine the success of

personalization, scores can be determined for a personalized version of the search engine and a

non-personalized variant. As we mentioned in Section 4.1, this competing system must be a fair

opponent. Therefore, in this case, the fair opponent might best be a popular, non-personalized

search engine like Google or Yahoo!.

There are some variables whose importance we would like to stress and which can be assessed for

the majority of personalized systems, namely usability issues for personalized systems. The reports

we read did not generally assess these usability issues (predictability, controllability, unobtrusive-

ness, privacy and breadth of experience), as compiled by Jameson (2003, 2006). Because these issues

determine the shape of the user experience, they can prevent the user from wanting to interact with a

personalized system (e.g., if the user perceives the collection of user data as a serious infringement

on privacy). Assessing usability issues is an important part of a UCE of a personalized system.

8 Summary and conclusion

Using a literature review, we have commented on the use of UCE methods for the evaluation of

personalized systems. The current UCE practice of personalized systems was found to be sloppy

at times. Based on previous approaches, we identified different variables and some effective meth-

ods of assessing them. Questionnaires may be suitable for assessing general statements or for

benchmarking purposes. We advocate that questionnaire items be published with the study or

on Websites. Interviews may be useful to obtain information on the intention to use a system

or to determine its usability. The design and analysis of interviews should be reported in more

detail. Data log analysis can inform us about user behavior, but it should be used in combination

with a qualitative method to determine the rationale behind the behavior. Focus groups can help

to establish the rationale behind user behavior or the intention to use. Think-aloud protocols

can provide feedback on user behavior as well as usability. As with interviews, researchers should

report how they employed think-aloud protocols in more detail. Finally, expert reviews or

heuristics can assess issues outside personalization, like accessibility or legal issues. However,

one should be cautious about using expert reviews or heuristics as a substitute for user testing.
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UCE can be of great value in the iterative design process of personalized systems because it

improves the interaction between user and system. At this moment, we do not know a great

deal about the suitability of different evaluation methods, due to the relatively early stage of

research into personalized systems. This review gives evaluators insights into how to apply meth-

ods and which variables to assess at different phases in the system design process. Furthermore,

this review and the database, published on EASY-D, can provide a starting point for more reflec-

tion on UCE practices. However, it is crucial that evaluators evade well-known pitfalls and that

writers of future evaluation reports increase their empirical value, by reporting the used metho-

dology and results in such a fashion that replication of the study is possible. We are convinced

that the quality of evaluations will benefit and that, indirectly, the user will be served in

the process.
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