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Abstract

Today, laypersons often consult the Internet to inform themselves about health-related issues.
However, the competent use of these often complex and heterogeneous information provi-
sions cannot be taken for granted, because many Internet users are lacking the necessary
metacognitive prerequisites. Therefore, we developed the metacognitive computer-tool
met.a.ware, which supports laypersons' Internet research for medical information by the
means of metacognitive prompting and ontological classification. In an experimental investi-
gation of met.a.ware a total of 118 participants with little medical knowledge were asked to
conduct an Internet research on a medical topic. Participants were randomly assigned to four
experimental groups that worked with met.a.ware and either received evaluation prompts,
monitoring prompts, both types of prompts, or no prompts. All experimental conditions were
additionally provided with ontological classification. One control group took paper and pencil
notes. A further control group took notes using a blank text window. Results showed that lay-
persons receiving evaluation prompts outperformed controls in terms of knowledge about
sources and produced more arguments commenting on the source of information in an essay
task. In addition, laypersons receiving monitoring prompts acquired significantly more knowl-
edge about facts, but did not perform better on a comprehension test than the controls. The
availability of ontological categories helped to structure the notes laypersons in the conditions
working with ontological classification took during Internet research. Analyses of the notes
further demonstrated that the availability of ontological categories guided information search in
direction of the selected categories. It is concluded, that met.a.ware is an effective tool that

supports laypersons' Internet research.
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Effects of the metacognitive computer-tool met.a.ware on the web search of laypersons
Our modern industrial societies make it increasingly necessary for laypersons to deal with
expert information in many areas of everyday life, as a patient, client or customer. Laypersons
often retrieve information from the Internet, which used to be available to experts exclusively
(Bromme, Jucks & Runde 2005). From a psychological perspective, this trend provides an
intriguing scenario to study and support processes of informal learning in complex informa-
tion environments, i.e. learning that takes place outside of academic or school contexts and
mainly fulfils the purpose of making an informed, i.e. knowledge-based decision.

One example of this trend is the widespread use of medical information on the WWW (Fox
& Fallows, 2003). Here, laypersons have immediate access to a vast amount of health-related
web sites, which are only a mouse-click away. The information they retrieve may help layper-
sons to understand the assets and drawbacks of different therapeutical alternatives and even-
tually make a knowledge-based decision about their compliance with a suggested therapy
(Morahan-Martin, 2004).

However, research has shown that Internet users often experience considerable difficulties
when dealing with complex search tasks on the WWW (e.g., Eveland & Dunwoody, 2000;
Hofer, 2004; Holscher, 2002; Klatt et al., 2001; Lazonder, 2000). The immediate availability
of vast amounts of information entails that laypersons dispose of numerous options for action at
a time. This 'metacognitively complex’ situation (Veenman, Wilhelm & Beishuizen, 2004) re-
quires a well-directed use of metacognitive strategies. Laypersons have to plan their search
process, decide which information is relevant, and thoroughly monitor the progress of their own
comprehension to be efficient (Bannert, 2003). An accurate comprehension monitoring may be
of particular importance when learning about complex scientific information because it enables
laypersons to regulate their study process, for instance by re-reading certain parts of the text or

slowing down their speed of reading (Baker, 1984; Thiede, Anderson & Therriault, 2003). In
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the context of Internet research, where nearly unlimited masses of information are available, an
accurate comprehension monitoring may further aid laypersons to decide when to stop search-
ing for further information.

Apart from this, — especially in case of conflicting information — laypersons should evaluate
information in terms of reliability, because severe quality deficits in medical information pro-
visions have been documented repeatedly (for a review, see Eysenbach, Powell, Kuss, & Eun-
Ryoung, 2002). Effectively dealing with such information would imply that laypersons criti-
cally evaluate information and apply strategies of epistemic metacognition (Hofer, 2004),
such as corroborating information from different web sites, actively searching for the author
of a website and finding out about his or her credentials as well as possible affiliations with
third-party-sponsors. Thus, in an optimal case, laypersons would not only form a representa-
tion of contents during Internet research, but also add an additional level of text representa-
tion, which contains information about sources (Perfetti, Rouet & Britt, 1999). The resulting
integrated representation of content information and source information would enable layper-
sons to take aspects such as the motive or the expertise of an author into account, when
weighing up opposing standpoints.

It should be noted that the research situation described so far differs considerably from
learning about scientific matters in school, where relevant information is typically presented
in a condensed format, using a single textbook-like document, which is preselected by an au-
thority (i.e. the teacher) and presents a reliable account of a given topic. Taking this discrep-
ancy into consideration, it should not astonish that the competent use of scientific information
on the WWW cannot be taken for granted, especially because the training of metacognitive
skills is still rather a desideratum than a regular and explicit part of most school curricula
(Wilson, 1999). Indeed, many studies revealed that the proficient use of metacognitive strate-
gies seems to be rare, even among university students (Bannert, 2004; Gerjets & Scheiter,

2003; Rouet & Eme, 2002; Stadtler & Bromme, 2004). For instance, Stadtler and Bromme
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(2004) found that laypersons searching the WWW for information on the topic of cholesterol
showed only limited use of epistemic metacognition. Analysis of verbal protocols revealed
that participants who were university students with little medical knowledge used few and
often inadequate criteria to assess the credibility of a given website. They mainly relied on
‘predictive judgments' (cfr. Hogarth, 1987) uttered before opening a website as well as super-
ficial 'ad-hoc’ impressions about the layout of a website uttered immediately after accessing a
website. Furthermore, laypersons seldom searched for author information or explored possible
affiliations with commercial sponsors. In a similar vein, in a study using focus groups Eysen-
bach and Koéhler (2002) found that when explicitly asked, adult laypersons could indicate
adequate criteria for assessing a website's reliability. However, they did not actually use them
when conducting an Internet research on a medical topic.

So, it can be concluded that external support is needed to let laypersons fully benefit from
the WWW as a resource of scientific health-related information. This led us to develop the
computer tool met.a.ware, which is meant to support laypersons' research for health-related
information on the Internet through fostering the use of metacognitive strategies. In
met.a.ware, we focus on fostering two types of metacognitive processes, evaluating informa-
tion and monitoring one's own comprehension. Thereby, we seek to support laypersons in
gaining knowledge about contents as well as sources when dealing with complex and often
controversial information of varying quality on the WWW. This decision is also in line with
our previous research findings, which revealed substantial correlations between these two
metacognitive processes and knowledge acquisition as well as the soundness of laypersons'
credibility judgments in a research scenario similar to the one used in the current study (Stad-
tler & Bromme, 2004). In what follows, we shall describe the rationale underlying the design
of met.a.ware, i.e. the prompting of metacognition and the ontological classification of infor-

mation.
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Prompting metacognition to foster strategy use and knowledge acquisition

Met.a.ware supports laypersons' Internet research using the method of metacognitive
prompting. This term denotes support measures, which are embedded in the learning context
and prompt the learner to execute specific metacognitive processes on a regular basis (Ban-
nert, 2004). The method of prompting has been classified as belonging to the so-called indi-
rect support measures as opposed to direct interventions, such as explicit metacognitive strat-
egy trainings (Friedrich & Mandl, 1992), which are mainly used to teach basic metacognitive
strategies to learners who essentially lack these skills.

The goal of metacognitive prompting is to focus the learners' attention towards their own
cognition during the learning process (Brown, 1997). The repeated prompting is meant to
elicit metacognitive processes, which learners wouldn't show spontaneously. Thus, we assume
that metacognitive prompting is especially suitable in cases where learners are generally ca-
pable of executing metacognitive processes, but do not or only seldom apply these strategies
spontaneously.

Empirical evidence for the effect of different types of prompts on metacognitive strategy
use as well as knowledge acquisition has been found in a number of experimental studies.
These studies have been carried out in different content domains such as mathematics (Ger-
jets, Scheiter & Schuh, 2005; Kramarski & Gutman, 2006), psychology (Bannert, 2003),
software programming (Schmidt & Ford, 2003), physics (Veenman, Elshout & Busato, 1994),
educational measurement (Kauffman, 2004) and biology (Lin & Lehman, 1999). For example,
the learners in the study of Gerjets, Scheiter and Schuh (2005) were prompted to reflect on the
structural similarities between tasks and worked-out examples in a learning environment
about combinatorics. Furthermore, they were prompted to monitor their comprehension of the

worked-out examples after each example had been studied. The results revealed that prompts
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encouraged learners to deal more intensively with the examples as documented in logfile-
analyses. This led to an improved problem solving performance in learners with low prior
knowledge, whereas learners with high prior knowledge did neither benefit from the prompt-
ing procedure, nor were they hampered. In a similar vein, Stark, Tyroller and Krause (2004)
who had learners to give reasons for their selections in the learning process by typing them
into ‘prompting windows' found that particularly learners with low metacognitive prerequi-
sites benefited from metacognitive prompts. There was no effect on different forms of knowl-
edge acquisition for learners who already disposed of these strategies. Prompts thus compen-
sated for the lack of metacognitive skillfulness.

Further evidence for the assumption that prompts indeed impact on the metacognitive proc-
esses of learners has been found in studies using think-aloud methodology (Bannert, 2004;
Veenman, 1993; Veenman, Elshout & Busato, 1994). For instance, Veenman, Elshout and
Busato (1994) reported that metacognitive prompting improved the working method of nov-
ices in a physics simulation environment. More precisely, metacognitive prompts improved
the occurrence and quality of orientation activities in the planning phase of an experiment,
systematical orderliness while executing a plan and monitoring one's comprehension.

To sum up, there is evidence that metacognitive prompting is an effective and economical
means to foster the use of metacognitive strategies and knowledge acquisition in web-based
learning environments. Thus far, metacognitive prompts have been employed in sheltered
learning environments with limited and reliable information. We assume that metacognitive
regulation becomes even more important when laypersons deal with scientific health-
information on the WWW, because the structure of online health-information outlined above
increases the situation's metacognitive complexity. However, to our knowledge there are no
studies that have used metacognitive prompts to support processes of dealing with scientific

(health-) information on the WWW so far.
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Providing representational guidance through ontological classification.

The concept of representational guidance has been introduced into instructional psychology
by Daniel Suthers (e.g., Suthers, 2001, Suthers & Hundhausen, 2003). Representational guid-
ance refers to the way in which specific design features of external representations, which allow
for the externalization of information, constrain and structure both individual learning and the
discourse between learners in collaborative learning settings (Suthers, 2001).* For instance, the
availability of specific ontological categories such as ‘causes of a disease', ‘consequences of a
medical condition’ or 'therapy' in a computer software to which learners can assign information
about a medical topic enhances the salience of the selected categories, whereas categories which
are not included become less salient. Suthers and Hundhausen (2003) argue that providing
learners with categories, which are elements of an underlying ontology, also help to structure
the task domain. Furthermore, learners will seek to find new information as instances of the
salient categories. Thereby, the external representation may guide information search and help
learners to internalize and eventually think in terms of the underlying ontology.

In met.a.ware ontological classification serves two main goals. Firstly, it is meant to enhance
the structuredness of verbatim notes laypersons take during their Internet research and secondly,
it serves to focus laypersons on relevant categories of the search topic.

Enhancing the structuredness of notes: Taking notes is a frequent and important strategy of
students who are engaged in text comprehension. By taking notes readers select information
from texts and thereby make it available for later use (Vidal-Abarca et al., 2004). However, in
previous research we have found that laypersons made use of the possibility to take free-form
notes while searching the WWW for medical information in a rather unsystematic way (Stad-

tler, 2006). In many cases laypersons simply listed facts in the order of their access during
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Internet research. Notes did seldom contain references to the author of a document or inserted
headings indicating a specific subtopic. This was true both for handwritten notes and for elec-
tronical verbatim notes, which were taken using the copy & paste-function. However, layper-
sons taking notes electronically, recorded much more information than laypersons taking hand-
written notes. This even stresses the need to structure information externalized during an Inter-
net research. Assigning copied information to different ontological categories may support lay-
persons in making sense out of one's notes after Internet research.

Focusing laypersons on relevant categories of the search topic: As outlined before, providing
laypersons with a set of ontological categories may guide laypersons' search for information.
Having a set of ontological categories, laypersons can be focused on aspects of the search topic,
which are relevant to the search task. For instance, in previous research Stadtler (2006) found
that laypersons searching the WWW for a medical topic without external support focused on
practical information about therapeutical alternatives and consequences of a medical condition
and paid only little attention to more fundamental information, e.g. about the causes of a medi-
cal condition. This may be an understandable approach for laypersons who do not pursue an
explicit learning goal during Internet research. However, to be able to make an informed deci-
sion about a health-related question it is necessary to widen one's focus and also take more fun-
damental information about a medical condition into account (O'Connor, 1995). Therefore, it is
an interesting question, whether it is possible to guide laypersons' Internet research in the de-
sired direction by providing them with ontological categories.

Although the primary goal of including ontological categories in met.a.ware was to enhance
the structuredness of notes and to provide guidance for laypersons' Internet research it should be
noted that Suthers and Hundhausen (2003) also expect the availability of ontological categories
to impact on knowledge acquisition in collaborative settings. Suthers and Hundhausen argue
that externalized information becomes highly salient and initiates negotiations of meaning be-

tween discourse partners. The intensive elaboration of information should result in improved
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knowledge about the subject matter. In individual web search, however, it is questionable
whether laypersons actually elaborate on externalized information. We rather assume, that lay-
persons will turn their attention back to the materials on the WWW, once they have externalized
information. However, as there are arguments for both assumptions, it is currently an open em-

pirical question, whether ontological classification also fosters learning in an individual setting.

Research questions and predictions

The main goal of this study was to examine the effects of the metacognitive tool met.a.ware
on laypersons' Internet research for medical information. With met.a.ware we sought to foster
the acquisition of knowledge about contents as well as sources. Following Perfetti, Rouet and
Britt (1999), this integrated representation enables laypersons to take information such as the
motive or the expertise of an author into account when elaborating on controversial information.

More precisely, we expected that prompting laypersons for comprehension monitoring would
foster the acquisition of content knowledge (content knowledge hypothesis). We further pre-
dicted that prompting for evaluation of information would foster the acquisition of knowledge
about sources (source knowledge hypothesis). Finally, we predicted that laypersons receiving
evaluation prompts would produce more arguments to justify their credibility judgments (justi-
fication of credibility rating hypothesis).

A second aim of this study was to explore the effects of providing laypersons with ontological
classification during Internet research. Our analyses focus on qualitative investigations of the
structuredness of notes and the question of how far the ontological classification has guided
laypersons' information search. We expected that laypersons working with ontological classifi-
cation would use this means effectively to structure their notes. In contrast to this, we expected
that laypersons working without ontological classification would structure their notes insuffi-

ciently. Given the exploratory nature of ontological classification in supporting Internet re-
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search, we did not specify any hypotheses with respect to the effect of ontological classification

on knowledge acquisition.

Method

Participants

Participants were 120 undergraduate students at the University of Muenster, Germany (86
female). Participants' age ranged from 19 to 38 with an average of 23.81 (SD = 3.74). Prior
knowledge about the subject matter of the Internet search (cholesterol) was tested before the
Internet search to ensure their layperson status in this domain. Two students scored more than
12 out of 24 test points (50%), and were dropped from all further analyses. The remaining 118
participants scored an average of 4.76 (SD = 2.28) out of 24 possible test points.

Materials

Preselected websites. For their Internet search, laypersons were given a set of 15 preselected
websites on the topic cholesterol. These web sites were accessible via a list of links presenting
the URLSs in alphabetical order. When selecting web sites, we took care to ensure that the result-
ing pool of information reflected the given heterogeneity of information available online in
terms of information providers and their perspectives on this controversially discussed topic.
Thus, we included web sites hosted by universities, companies from the food and pharmaceuti-
cal industries, and nutritionists or journals in the field of medicine. Web pages were displayed
on a standard 17-in. computer screen and could be browsed using Microsoft Internet Explorer 6.

Task. Laypersons were instructed to conduct an Internet search to gather information for a fic-
titious friend. This friend had been diagnosed with a high level of cholesterol and needed to
decide whether to consent to medical treatment. Laypersons were further informed that the
friend was particularly interested in information about the possible consequences of a high level

of cholesterol and about the pros and cons of medical treatment. The primary reason for choos-
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ing the topic cholesterol was the fact that it is a controversially discussed medical topic with a
high dissemination on the Internet. Furthermore, it was expected that participants' prior knowl-

edge on the topic was low.

The metacognitive tool met.a.ware. To support laypersons' Internet search we developed the
metacognitive tool met.a.ware. Met.a.ware enables laypersons to store the information they
have found on the WWW systematically (ontological classification). They do this by assign-
ing information to six different tabs labeled with ontological categories underlying the topic
cholesterol (see upper part of Figure 1). The categories are: (1) function of cholesterol, (2)
causes of a high level of cholesterol, (3) therapy of a high level of cholesterol, (4) conse-
guences of a high level of cholesterol, (5) risk factors for developing a coronary heart disease
and (6) information about threshold values. Ontological categories were chosen based on a
review of specialist literature and in cooperation with medical experts. The ontological cate-
gories form a comprehensive set of categories with respect to the topic cholesterol, however
they are not exhaustive. This decision is based on the finding that providing learners with too
many categories proved to confuse learners rather than to support them (Suthers & Hund-
hausen, 2003). As depicted in figure 1, laypersons paste their notes into blank text slots. The
number of text slots available is not fixed, i.e. each time a user pastes information into a text

slot, the system automatically creates a new blank text slot.
--- Insert Figure 1 about here ---

The metacognitive prompting in met.a.ware focuses on the processes of monitoring com-
prehension and evaluating information. As an evaluation prompt, laypersons are required to
indicate the source of information each time they paste it into the system. They also have to
rate the author's credentials, the author's interest to present biased information, as well as their
confidence in the information on 5-point scales (see lower part of Figure 1). Thus, evaluation

prompts mainly focus laypersons on the author of a document. As a monitoring prompt, lay-
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persons are requested to assess how well they have comprehended information, how much
they currently know about the specific aspect of cholesterol, and how much information they
still need to search for regarding this aspect of cholesterol. Once again, they answer these
items by rating them on 5-point scales (see right part of Figure 1).

All ratings are attached permanently to the specific contents and can be retrieved at all times
by the user of met.a.ware during future Internet research. This means that the laypersons add
an additional layer of meta-information to the contents stored in met.a.ware. Both ontological
categories and metacognitive prompts were tailored to support laypersons in dealing with
online information on the topic cholesterol for this study. The technical architecture of
met.a.ware, however, allows for a flexible adaptation of the tool towards other domains of
inquiry where a different set of ontological categories may be needed and where researchers
might want to prompt other metacognitive processes.

Demographic variables (four items), computer- and Internet experience (four items), and
interest in the topic cholesterol (four items) were measured with a questionnaire comprising a
total of 12 self-developed items. Need for cognition, which is defined as the tendency to en-
gage in and enjoy effortful cognitive endeavors (Cacioppo, Petty & Chuan, 1984), was meas-
ured with a German version of the original questionnaire devised by Bless et al. (1994). The
measure, which comprises 16 Likert-type items, demonstrated good internal consistency
(Cronbach's o = .79). Additionally, laypersons were required to indicate their subjectively
experienced time pressure during Internet search using one Likert-type item.

Instruments measuring content knowledge. Laypersons were asked to complete a self-
developed 24-item multiple-choice test to measure their factual knowledge about the topic
cholesterol. The measure's internal consistency was good as indicated by Cronbach's o =.78.
Comprehension of the subject matter was ascertained with four open questions each requiring

laypersons to compose a written statement about one of three central concepts of the subject
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matter, namely the risk-factor concept, the development of threshold values and the concept of
relative and absolute risk reduction.

Instrument measuring source knowledge. Source knowledge was assessed with a set of four
multiple-choice-items requiring participants to recall facts about the source of a web site.
These included information such as the author's position, his or her affiliations, or the pres-
ence of commercial sponsors. The questions had to be answered for each web site visited dur-
ing Internet search.

Justification of credibility judgments. To measure laypersons' ability to justify their credi-
bility judgments after Internet research laypersons were requested to rate three selected web
sites in terms of credibility and subsequently give reasons for their judgments.

All measures were presented in a computerized form. Sample items for the measures used
are given in the appendix. For the sake of completeness, it should be noted that we collected
data on further variables (such as the epistemological beliefs of participants and their ability
to relate arguments to sources), which we do not report in this paper, because they fall outside
the scope of this article.

Design

Participants were randomly assigned to one of four experimental groups who worked with
different versions of met.a.ware and two control groups. The availability of metacognitive
prompts was varied systematically across the four experimental groups. Participants received
either evaluation prompts (evaluation group, n = 20), monitoring prompts (monitoring group,
n =19), both types of prompts (evaluation + monitoring group, n = 20) or no prompts (no
prompts group, n = 20). All met.a.ware conditions were provided with tabs for ontological
classification.

Participants in the first control group took notes using paper and pencil (paper and pencil
— control group, n = 19). Neither prompts nor ontological classification were available in the

paper and pencil — control group. To examine the effects of ontological classification, a sec-
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ond control group was introduced. This group worked with a plain text window that allowed
them to take notes electronically by copying and pasting information from the WWW into
text slots, but provided neither ontological classification nor metacognitive prompts (text win-
dow — control group, n = 20).

Procedure

Data were collected in group sessions, with a maximum of seven participants per session.
Prior to the Internet research, participants completed the questionnaires measuring their com-
puter and Internet experience, as well as their interest in the topic cholesterol. In addition,
participants' factual knowledge on the topic cholesterol was measured before Internet re-
search. Participants in the met.a.ware conditions were then instructed how to work with
met.a.ware. The standardized video-instruction included information about the meaning of the
ontological categories as well as information about the function and value of the metacogni-
tive strategies participants were intended to execute. Research in training metacognition has
shown that this is an important element to ensure that participants act in line with the meta-
cognitive support provided (Bannert, 2003).

After 40 min had elapsed, the experimenter requested participants to finish their Internet
research. Searching time was limited in order to avoid time on task effects. Additionally, par-
ticipants were asked to rate the perceived time pressure after they had finished Internet re-
search. After their Internet research, laypersons repeated the same multiple-choice test on
factual knowledge and answered the four open questions measuring comprehension of the
subject matter. Additionally, knowledge about sources was assessed and participants were
asked to rate the credibility of the three most appreciated websites and to produce arguments
to justify their ratings. Notes taken during the Internet research were not available in the post-
tests. The whole session lasted about 100 min on average.

Data analyses
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Factual knowledge. Gain scores, i.e. the difference between factual knowledge posttest
and pretest scores, were chosen as the unit of analysis, because they offer a better interpreta-
tion of change between pretest and posttest than an analysis of covariance (ANCOVA) with
prior knowledge as a covariable does (Rogosa, 1988).

Comprehension scores. The written answers to the four open comprehension questions
were scored qualitatively in terms of soundness and detailedness. Participants could reach a
maximum of 12 points on the four comprehension questions. To determine the reliability of
the scoring procedure, two judges rated 10% of the answers independently from each other.
Interrater-reliability as determined according to the formula of Holsti (1969) proved to be
high, CR = 94%.

Credibility judgments. To analyze the number and type of arguments laypersons produced
to justify their credibility judgments, we used a self-developed categorization scheme. Lay-
persons' arguments were classified using a set of mutually exclusive categories, which were
called Layout (e.g. the professionalism, availability of pop-up ads), Content (e.g. internal con-
sistency, agreement with information from other websites), and Source (e.g. the author's ex-
pertise, her perceived motives) (cfr. Wittwer, Jucks & Bromme, 2004). Interrater-agreement
for the coding process was high, CR = 95%.

Structuredness of notes. To examine the structuredness of notes in the conditions with on-
tological classification, we analyzed in how far laypersons classified their notes consistently
with the predefined ontological categories. To do so, we rated the degree of consistency for
each unit of pasted information, i.e. for each text slot, as follows.

1. The information pasted relates exclusively to the category chosen (level 1).

2. The text slot contains both information consistent with the given category and infor-
mation, which is not consistent with the category chosen (level 2).

3. The text slot contains only information inconsistent with the category chosen (level 3).
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To determine the reliability of the coding procedure, two judges rated the notes of 10% of
the participants working with ontological classification independently from each other. Inter-
rater-reliability according to Holsti (1969) was high, CR = 92%. Disagreements between rat-
ers were resolved through discussion.

In contrast, laypersons in the conditions that worked without ontological classification had
to structure their notes themselves. One way to accomplish this was to insert headings, which
relate the pasted information to a particular topic. This is why we analyzed the notes taken in
the text window — control group and the paper and pencil — control group with respect to the
number of headings inserted as well as the proportion of pasted information that was preceded
by a heading. For each text slot in the text window — control group we decided whether (a) it
contained only information that was preceded by a heading, (b) contained both information
that was preceded by a heading and information that was not preceded by a heading or (c)
contained only information that was not preceded by a heading. In the paper and pencil — con-
trol group we analyzed the handwritten notes with respect to the amount of words that were
preceded by a heading.

Effects of ontological classification on information search. To examine in how far the
availability of ontological categories guided laypersons' search for information, we analyzed
the notes laypersons took during Internet research. Notes taken can be considered as a good
indicator of the contents laypersons are dealing with, particularly because participants had
been encouraged to store information they consider important in met.a.ware. Thus, we com-
pared the no prompts group and the text window — control group with respect to the amount of
notes they took relating to the different ontological categories. For the no prompts group the
number of words in each category was adjusted taking into account the erroneous classifica-
tions made by laypersons. Thus, information was recategorized, so that it was consistent with

the predefined meaning of the categories.
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Because the text window — control group worked without ontological classification, we
had to categorize the notes taken in this condition with respect to their content focus, first. In a
rating procedure we decided for each text slot to which ontological category the inserted in-
formation belongs. To determine the procedure's reliability, two independent raters judged
15% of the text slots of the text window — control group. Interrater-reliability according to
Holsti (1969) was high, CR = 93%. Disagreements between raters were resolved through dis-
cussion.

Statistical analyses. We conducted planned contrasts between each of the experimental
groups working with met.a.ware and the paper and pencil — control group to test all a priori
specified hypotheses in this paper. Thereby we wanted to take a theory-driven approach,
which bears the advantage of having a greater statistical power than post-hoc comparisons
conducted in reaction to a significant omnibus F-test in an analysis of variance (Hays, 1988;
Rosenthal & Rosnow, 2000). This is accomplished by reducing the probability that an existing
effect is obscured by variation that is not of theoretical interest (Weinfield, Sroufe & Egeland,
2000). Because planned contrasts do not require a significant omnibus F-Test as a precondi-
tion, no omnibus F-tests are reported when planned contrasts were conducted (Czienskowski,
1996).

T-tests and a MANOVA were calculated to analyze the effects of ontological classifica-
tion on knowledge acquisition and information search. An alpha-level of .05 was chosen for
all statistical tests unless otherwise indicated.

Results

Covariables. Separate ANOVAs were conducted for each of the four covariables Internet-
/computer experience, interest in the topic, need for cognition and time pressure to find out
whether there were any differences between groups on these variables. Because we did not
expect to find any differences, an alpha-level of .20 was considered as statistically significant.

However, none of the ANOVAs yielded a significant result (all Fs < 1.36, ns) showing that
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groups did not differ on any of the covariables. As a consequence, the covariables were

dropped from all further analyses.

Content Knowledge. Mean gain scores as well as standard deviations for the six groups are
presented in Table 1. Planned contrasts between each experimental group and the paper and
pencil — control group showed a significant difference between the monitoring group and the
control group, F(1, 93) = 10.35, p < .01, nzpan =.10, and a trend between the evaluation +
monitoring group and the control group, F(1, 93) = 3.75, p = .056, nzpan =.04.

--- Insert Table 1 about here ---

As expected, no significant difference could be found between controls and the no
prompts group, F(1,93) = .70, ns. However, we also obtained a significant difference between
controls and the evaluation group, which was not predicted by our hypothesis, F(1, 93) =
4.69, p < .05, N’ = .05. Finally, we did not find an effect of ontological classification on the
acquisition of factual knowledge. A t-test between the no prompts group and the text window
— control group did not yield a significant difference, t(38) = -.62, ns.

Means and standard deviations with respect to the comprehension of the subject matter are
shown in Table 2.

--- Insert Table 2 about here ---

Planned contrasts revealed a marginally significant trend between the monitoring group
and the paper and pencil — control group, F(1, 93) = 3.36, p < .10, nzpart =.04. As predicted,
no significant differences were found between the no prompts group and the paper and pencil
—control group, F(1, 93) = .25, ns, or between the evaluation group and the paper and pencil —
control group, F(1, 93) = 1.09, ns. However, we did not obtain a significant difference be-
tween the evaluation + monitoring group and the paper and pencil — control group either,

which was not predicted by our hypothesis, F(1, 93) = 1.13, ns. Finally, we did not find an

Article in press: Computers in Human Behaviour (2007)



Effects of the metacognitive computer-tool met.a.ware 20

effect of ontological classification on the comprehension of the subject matter. A t-test be-
tween the no prompts group and the text window — control group did not yield a significant

difference, t(38) = -.63, ns.

Source Knowledge. Table 3 depicts the mean percentage of correct answers on the source
test. Percentages of correct answers were used instead of the total number of correct items,
because participants were free to choose which web sites they visited. As a result, not all par-
ticipants accessed all 15 web sites. To test our hypothesis that evaluation prompts would pro-
mote the acquisition of source knowledge, we performed planned contrasts between each of
the four experimental groups working with met.a.ware and the paper and pencil — control
group. In line with our hypothesis, the evaluation group, F(1, 93) = 9.48, p < .01, nzpaﬁ =.09,
and the evaluation + monitoring group, F(1, 93) = 8.87, p <.01, nzpan =.09, significantly
outperformed the paper and pencil — control group. Furthermore, no significant differences
were found between the paper and pencil — control group and either the no prompts group,
F(1, 93) = 1.6, ns, or the monitoring group, F(1, 93) = .06, ns.

---Insert Table 3 about here ---

Justification of credibility judgments. Using multivariate planned contrasts, each of the
four experimental conditions working with met.a.ware was compared with the paper and
pencil — control group with respect to the number of arguments in each of the three categories
Content, Layout and Source. As expected, neither the no prompts group nor the monitoring
group differed significantly from the paper and pencil — control group, all Fs < .58, ns. How-
ever, contrary to our hypothesis, planned contrasts did not reveal a significant difference be-
tween the evaluation group and controls and the evaluation + monitoring group and controls,

either, all Fs < 2.06, ns. Thus, laypersons in the experimental conditions did not differ from
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the paper and pencil — control group with respect to the overall number of arguments pro-
duced.

However, univariate contrasts revealed that members of the evaluation group produced
significantly more arguments classified as belonging to the category Source than the paper
and pencil — control group, F(1, 93) = 4.33, p < .05, nzpart: .04. The evaluation + monitoring
group showed a tendency towards more arguments in the category Source than the paper and
pencil — control group, F(1, 93) = 2.96, p = .089, nzpart: .03. As expected, no significant dif-
ferences could be found between the monitoring group and the paper and pencil — control
group and the no prompts group and the paper and pencil — control group with respect to the
number of arguments in the category Source, all Fs <.39, ns. Also, none of the planned com-
parisons between the experimental groups and the controls with respect to the categories Con-
tent and Layout yielded any significant differences, all Fs < 1.38, ns.

Thus, the results confirm our hypothesis only partially. Laypersons receiving evaluation
prompts produced more arguments focusing on the author of a website than controls. How-
ever, they did not produce more arguments with regard to content and the website's layout.

Effects of ontological classification

Structure of laypersons' notes. The results with respect to the structuredness of notes lay-
persons took in the four experimental conditions working with ontological classification in
met.a.ware are depicted in Table 4. Laypersons filled a total of 1459 text slots with informa-
tion from the WWW. On average 73% (SD = 12.80) of text slots contained exclusively infor-
mation consistent with the respective category (level 1). Furthermore, an average of 19% (SD
= 11.17) of the text slots were classified as containing both information, which is consistent,
and information, which is not consistent with the selected category (level 2). Finally, on aver-
age 9% (SD = 9.33) of text slots contained only information that was not consistent with the

category chosen (level 3).2
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---Insert Table 4 about here ---

Notes were further analyzed to examine the reasons why laypersons in some cases classi-
fied information not in line with the respective category. These analyses suggest three differ-
ent types of deviation from the intended classification.

1. Laypersons insert whole paragraphs that relate to more than one ontological cate-
gory.

Using the copy & paste procedure it is easy to store large parts of text in computer-tools
such as met.a.ware. Thus, in some cases laypersons pasted whole paragraphs into met.a.ware
without breaking them down into smaller units of meaning, which relate to different aspects
of the topic. This can be a reasonable procedure especially when laypersons want to preserve
the meaning of a whole paragraph, for instance when the paragraph relates information about
the causes of a high blood level of cholesterol to therapeutical alternatives. Apart from this,
the procedure may be appealing because it is less time-consuming to copy and paste whole
paragraphs of information.

2. Laypersons insert information which is not covered by the ontological categories
available

As outlined earlier, the set of ontological categories provided in met.a.ware was designed
to be comprehensive but not exhaustive. Therefore, laypersons could paste information into
the system, which could not be properly assigned to any of the given categories. This ac-
counted for 26% of the cases in which text slots contained only information, which did not
relate to the respective category (level 3). Related to the total amount of text slots used by
laypersons, this type of classification is rather rare (2%).

3. Laypersons interpret a category differently from its intended meaning

Although laypersons were familiarized with the meaning of the ontological categories in
the instruction, they sometimes interpreted a category differently from its intended meaning.

This accounted for 74% of the cases in which text slots contained only information, which did
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not relate to the respective category (level 3) and for 6% of all classifications. Erroneous in-
terpretation of a category may be due to the fact that only short versions of the categories'
labels were displayed on the tabs, which may have been misleading in some cases (The full
category name was displayed when the mouse lingered on the tab). For instance, the most
frequent classification error of this type was that laypersons assigned information about unde-
sirable medical side effects to the category labeled 'risk factors', which by definition meant
'risk factors for developing a coronary heart disease’. To summarize, the large majority of
classifications is consistent with the intended meaning of the predefined categories. Thus,
laypersons successfully used the availability of ontological categories to structure their verba-
tim notes taken from the Internet.

In contrast, participants in the text window — control group who worked without ontologi-
cal classification mainly relied on the inherent structure of the information copied from the
Internet, as they did not actively structure their notes by inserting self-written headings (only
one participant inserted a self-written heading). The mean number of headings per 100 words
was rather low (M = .49; SD = .37). This led to the fact that on average 65% (SD = 25.31) of
text slots in the text window — control group contained only information that was not preceded
by a heading and thus could not be easily recognized as belonging to a certain topic. Further-
more, on average 13% (SD = 25.01) of the text slots contained both information that was pre-
ceded by a heading and information that was not preceded by a heading. Finally, on average
22% (SD = 19.98) of the text slots contained only information that was preceded by a heading
and thus could be easily recognized as belonging to a certain topic.

In the paper and pencil — control group, in which laypersons had to write down their own
headings, the mean number of headings was 4.71 (SD = 3.86) per 100 words. On average 54%
(SD = 36.02) of the words contained in the note sheets were not preceded by a heading and
thus could not be easily recognized as belonging to a certain aspect of the topic cholesterol.

Thus, neither laypersons in the text window — control group nor in the paper and pencil — con-
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trol group structured their notes consequently by means of inserting self-written or electroni-
cally copied headings.

Effects of ontological classification on information search. The average number of words
pasted into met.a.ware across all ontological categories was higher in the no prompts group
working with ontological classification (M = 367.48; SD = 611.59) than in the text window —
control group working without ontological classification (M = 203.49; SD = 357.02), as re-
vealed by a MANOVA, F(6, 33) = 6.96, p < .001, 1% = .56.

--- Insert Table 5 about here ---

The univariate tests depicted in Table 5 show that the multivariate effect can be attributed
to the fact that laypersons in the no prompts — group pasted significantly more information
into the categories ‘function of cholesterol’, ‘causes of a high level of cholesterol’, ‘threshold
values' and “risk factors for a coronary heart disease”. It can be concluded that the salience
of ontological categories led laypersons to seek new information about these aspects of the
topic cholesterol and pasted them into met.a.ware. No significant differences could be found
however with respect to the categories 'therapy’ and ‘consequences of a high level of choles-
terol'. It should be noted that these categories were introduced in the instruction as search
goals. Therefore, we have focused laypersons on these categories, which as a result may have
evened out effects of making categories salient through the provision of ontological catego-
ries.

To sum up, the results reveal that ontological categories had an impact on laypersons' in-
formation search as indicated by the notes stored in met.a.ware. This was true for ontological

categories not introduced as search goals in the instruction.
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Discussion

The goal of the present study was to test the possibility of supporting laypersons' Internet
research for medical information with the metacognitive tool met.a.ware. Drawing on find-
ings from the literature on metacognition we hypothesized that applying the metacognitive
strategies of monitoring and evaluation would help laypersons to deal with medical informa-
tion on the WWW successfully. Furthermore, we wanted to examine the effects of providing
laypersons with representational guidance through ontological classification on notes taken
during Internet research.

Our hypotheses concerning the acquisition of knowledge about contents were supported
partially. Compared with controls, participants receiving monitoring prompts acquired signifi-
cantly more factual knowledge on the topic cholesterol. This result is in line with findings
from the literature on text comprehension research, which has shown that an accurate com-
prehension monitoring contributes substantially to learning from text (e.g., Thiede, Anderson
& Therriault, 2003). The repeated prompting assisted laypersons in detecting comprehension
failures and inconsistencies in their text representation and thereby enabled them to regulate
their information processing accordingly, for instance by re-reading difficult parts of the text
or slowing down their reading speed. Furthermore, laypersons were repeatedly prompted to
determine how much information they still needed with respect to the ontological categories
specified in met.a.ware. Thereby laypersons were enabled to regulate their subsequent search
process according to their information needs, which may be of particular importance in search
scenarios with limited time resources and unmanageable masses of information being avail-
able.

However, results with respect to the comprehension of the subject matter were less con-
clusive. Laypersons receiving only monitoring prompts performed slightly better on a com-
prehension test. Nonetheless, the evaluation + monitoring group did not differ significantly

from controls in their comprehension of the subject matter. This may be because developing a
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high-level understanding within the given time limit of 40 min had been a rather demanding
task for laypersons who initially had very little knowledge about the subject matter. Results of
previous research (Stadtler & Bromme, 2004) has shown that when laypersons were confronted
with a comparable scenario, their first goal was to gather rather basic information such as what
is an acceptable level of cholesterol in the blood or which diseases may result from high choles-
terol levels. After they had gathered some basic knowledge on the topic, they then moved on to
explore more complex issues such as the relationship between cholesterol and other factors
causing a coronary heart disease. These practical constraints may well explain why the mean
scores on the comprehension task in the present study did not differ between groups.

Alternatively, the results may not be due to a simple lack of search time, but rather reflect
the specific 'learning goal' laypersons pursue during Internet research. Because laypersons do
not want to become experts in the area of their inquiry, they may be satisfied with a meto-
nymic, i.e. partial understanding of concepts and relations (Bromme, Jucks & Runde, 2005).
This may include basic knowledge about facts as measured in the factual knowledge test, but
not a deeper understanding of more complex issues such as the relationship between different
risk factors for developing a coronary heart disease. In this case, enhancing the search time
would not result in deeper understanding of the subject matter. One would rather expect that
laypersons terminate their web search process after a subjectively sufficient level of under-
standing had been achieved. Further research is needed to address this issue and clarify which
explanation accounts for the current findings.

As Hofer (2004) has suggested, evaluating the credibility of a document is particularly
crucial when dealing with information on the WWW, because single documents may contain
faulty or biased information and not always provide a reliable account. This is why we gave
laypersons evaluation prompts requiring them to rate information in terms of its credibility.
Results on testing source knowledge revealed that evaluation prompts improved performance:

members of both the evaluation group and the evaluation + monitoring group recalled more
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information about sources than the paper and pencil — control group. With regard to the ex-
plicitly given arguments for credibility judgments the evaluation group and the evaluation +
monitoring group outperformed the paper and pencil — control group. However, this effect
was only observed for arguments relating to the author of a document. No differences be-
tween conditions were found with respect to the number of arguments relating to the quality
of information or the layout of the website. Taking into account that the evaluation prompts
mainly focused laypersons' attention to the source of a document, this is a plausible result.
The prompting procedure obviously did not trigger comprehensive processes of information
evaluation but impacted in a more specific way on the evaluation behaviour. This result im-
plies that the concrete selection of prompts is of particular importance in the design of meta-
cognitive support measures. At the same time, this raises the question whether it would be
equally possible to design metacognitive prompts, which focus laypersons on other indicators
of a websites' reliability, such as the up-to-dateness or the consistency of information. Further
research is needed to address this issue.

Finally, ontological classification was incorporated in met.a.ware to help laypersons struc-
ture their notes during Internet research. Analyses revealed that laypersons used this means
efficiently. The large majority of notes were classified in accordance with the predefined
categories. In contrast, laypersons working without ontological classification structured their
notes insufficiently. This was particularly true for the text window — control group. The rela-
tive ease of copying and pasting information electronically led laypersons to store a great deal
of information in different text slots. However, laypersons relied on the inherent structure of
pasted information. Thus, a considerable proportion of information was not preceded by a
heading indicating to which specific aspect of the topic the pasted information related. This
result is in line with previous research (Stadtler, 2006) in which laypersons stored information
in blank text windows that did not provide any text slots. Therefore, it is unlikely that the low

degree of structuring electronical notes with headings observed in the current study is due to
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the sheer availability of text slots, which themselves could be used to structure information.
Taken together, the results once again underline the need to assist laypersons in structuring
their notes taken during Internet research. This can be accomplished by providing laypersons
with ontological classification. Future research could focus on the question of how far the
structuredness of notes supports laypersons in extracting information from their notes after
their Internet research. Because we decided to make notes not available on the post-tests, we
were not able to answer that question in our study.

Furthermore, we found that laypersons stored more information in met.a.ware when pro-
vided with ontological classification. This difference could be attributed to those categories,
which were not introduced as search goals in the instruction. This finding indicates that the
salience of ontological categories stimulated laypersons to seek new elements of the catego-
ries at hand, which would be predicted by representational guidance theory (Suthers & Hund-
hausen, 2003). However, it is still unclear in which way the availability of ontological catego-
ries actually affects the cognitive processing of information. Does the provision of ontological
categories really lead laypersons to elaborate more intensively on information from salient
categories? Or did the representational guidance lead laypersons to fill salient text-slots with
information without really scrutinizing them. The present study was not designed to answer
this question. However, the fact that we did not find an effect of ontological classification on
knowledge acquisition does not bolster the idea that ontological classification leads to deep
information processing. Further studies using think-aloud methodology are needed to shed
some light on the effect of representational guidance on the cognitive processing of informa-
tion during Internet research.

With respect to the generalization of our findings it should be noted, that for the purpose
of the present study, met.a.ware has been tailored towards the needs of laypersons that were
university students, familiar with the Internet and had developed at least some basic Internet

search skills. Apart from this, it is likely that laypersons at this educational level had a general
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command of metacognitive strategies that could be triggered successfully by the prompting
procedure in met.a.ware. Taking this into consideration, the results from the present study
should not be generalized without care to the Internet research of laypersons that differ sub-
stantially with respect to their Internet experience and (meta-)cognitive prerequisites. In this
case, it would be advisable to combine met.a.ware with a strategy training, in which basic
search skills as well as metacognitive strategies are taught explicitly before being practised
with met.a.ware in the context of Internet searching.

In sum, the present study provides evidence that met.a.ware is an economic means to sup-
port laypersons' Internet research for medical information. Using metacognitive prompts for
monitoring and evaluation increased knowledge on both contents and sources. Ontological
classification helped to structure notes taken during Internet research and focused laypersons
on salient ontological categories. Apart from their practical value the current findings also
have theoretical implications as they underline the role of metacognition in dealing with com-
plex scientific information on the Internet. Whereas the importance of metacognition has al-
ready been emphasized with respect to comprehending traditional print texts and hypertexts,
the role of metacognition in dealing with scientific online-information has not been addressed
so far. Our study fills this void and provides an optimistic picture as to the support of layper-
sons through fostering metacognitive strategy use. The results open up the possibility of de-
signing larger intervention programs, which combine the use of met.a.ware with a more direct
training of metacognitive skills to support laypersons in dealing with complex scientific in-

formation on the Internet.
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Appendix:
Sample question for the multiple choice test on factual knowledge:
For what purpose does our body need cholesterol?

= To transport oxygen in the blood

« 10 build cell membranes

= 10 break down carbohydrates

= Tosynthesize vitamin C

= Our body doesn't need cholesterol

« |don't know

Note: Each of the 24 items consisted of four distractors, one attractor and one “I don't know”-

option, which was included to reduce the effect of guessing.

Sample questions for the open comprehension questions:

= Why do some researchers criticize the reduction of threshold values for the blood cho-

lesterol level?

« Isitreasonable to assess the individual risk for coronary heart disease solely on the basis

of the blood cholesterol level?

Sample questions for the need for cognition questionnaire:

« lreally enjoy a task that involves coming up with new solutions to problems.”
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« “l'would prefer complex to simple problems”

Note: Agreement was rated on a 7-point-Likert scale, in which 1 was labeled “totally agree” and

7 was labeled “totally disagree”.

Sample questions for the multiple-choice test on knowledge about source information
What is the profession of the author of the information on this web site?

« Physician

- Scientist

= Nutrionist

« Journalist

. Layperson

= There are no information about the author available on the web site

. | don't know

Is there any advertisement for a cholesterol-related product on the web site?
. Yes
« NoO

. | don't know
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Footnotes

! In his work, Suthers focuses on the role of representational guidance in collaborative learn-
ing settings while acknowledging that representational tools can also guide individual learning
interactions (Suthers, 2001). The following brief description of the theoretical rationale under-
lying the representational guidance effect focuses on the mechanisms working on an individual

level. For a comprehensive description of the framework, see Suthers and Hundhausen (2003).

2 0wing to rounding, percentages do not sum up to 100%.
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Table 1

Mean Gain Scores and Standard Deviations for Factual Knowledge

M SD
Monitoring 11.00 3.04
Evaluation + Monitoring 9.95 2.72
Evaluation 10.20 3.71
No prompts 8.75 4.36

Paper and pencil — control group 7.84 2.83

Text window — control group 8.05 2.63
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Table 2

Mean Scores and Standard Deviations for Comprehension

M SD
Monitoring 6.33 1.99
Evaluation + Monitoring 580 2.15
Evaluation 5.79 2.30
No prompts 5.43 2.19
Paper and pencil — control

509 1.69
group

Text window — control group  5.00  2.10

Note: A maximum score of 12 points could be reached on the comprehension test
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Table 3

Mean Percentage Correct on Source Test

M SD
Evaluation 4533 10.80
Evaluation + Monitoring 4492 13.82
Monitoring 33.83 12.60
No prompts 37.97 1343
Paper and pencil — control group 32.79  12.72
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Table 4

Degree of Structuredness of Notes in Met.a.Ware

Degree of structuredness (dos) Mean percent- SD

age of text slots

level 1 73% 12.8
level 2 19% 11.17
level 3 9% 9.32

Note: The number of text slots has been collapsed across the four groups working with onto-
logical classification.
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Table 5

Univariate Tests of Number of Words Relating to the Ontological Categories

Ontological category F(1, 38) p N part
Therapy 1.43 ns .04
Consequences 1.37 ns .04
Function 13.71 <.001 27
Causes 4.10 <.05 10
Threshold values 8.96 <.01 19
Risk factors 5.85 <.05 13
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Figure captions

Figurel: Screenshot of the metacognitive tool met.a.ware
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Figure 1.
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