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Abstract
In higher education students are often faced wifibrmation problems: tasks or assignments that
require them to identify information needs, locaderesponding information sources, extract and
organize relevant information from each source, symhesize information from a variety of
sources. Explicit and intensive instruction is resaey, because solving information problems is
a complex cognitive skill. In this study instructiéor Information Problem Solving (IPS) was
embedded in a competence and web-based coursistiomak education students about research
methodology in the field of Psychology. Eight oétsixteen students following this course
received a version of the course with embeddedrBtBuction. The other half received a variant
of the course without extra IPS instruction. Thalgsis of the thinking aloud protocols revealed
that after the course students in the experimeotadiition regulate the IPS process more often

than students in the control condition. They ailstged the information found more often.
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Introduction

In modern society both in personal and professibigathe ability to tackle information
problems is increasingly important. Rapid technwalgchange and proliferating information
sources make that individuals more than ever betageire abilities that enable them to identify
information needs, to locate corresponding inforamasources, to extract and organize relevant
information from each source, and to synthesizermétion from a variety of sources into
cogent, productive uses. This set of interrelatslitias is referred to as Information Seeking
(Kuhlthau, 1991, 1993, 2004; Marchionini, 1995; Wak, 1999; Wallace, Kupperman, Krajcik,
& Soloway, 2000; Wilson, 1999), Information Liteya@Association of College and Research
Libraries [ACRL], 2000; Bawden, 2001; Todd, 1995)m@formation Problem Solving
(Eisenberg & Berkowitz, 1990, 1992; Eisenberg &nrkun, 2002; Land & Greene, 2000;
Moore, 1995; Wolf, Brush, & Saye, 2003) and —agiatity— is regarded an essential
contemporary skill. The skill — as from now denoatéd in this paper as Information Problem
Solving (IPS) — is considered complex, since itif@)udes a substantial number of constituent
skills and (b) comprises constituent skills thatolwe conscious cognitive processing (cf. Van
Merriénboer, 1997). Figure 1 presents the IPS ghidl its scope. This representation is the result
of a literature study and a series of principleitl diecompositions (see Brand-Gruwel and
Wopereis (2006), Brand-Gruwel, Wopereis, and Vetane{2005), Feddes, Brand-Gruwel,
Vermetten, and Wopereis (2003), and Walraven, Bfandvel, and Boshuizen (this issue) for
comprehensive analyses). It shows the complex @atfulPS and emphasizes the importance of
higher-level strategies for controlling the exeontof the constituent skills by making regulation
as a distinct constituent skill category expli€specially when information problems are

complex or ill-structured, the ability to reguldteientation, steering, monitoring, and testing) is
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increasingly important (Hill, 1999; Hill & Hannafii997; Rogers & Swan, 2004, Stadtler &

Bromme, 2005, this issue).

Insert Figure 1 about here

The complexity of IPS can be illustrated by zoomimgn the concephformation problemJust

as ‘normal’ problems, information problems can bsalibed in view of four elements: (a) an
initial state, (b) a goal state, (c) a solutiont #w@ables the transition from the given state ¢o th
goal state, and (d) the problem solving processf ifsf. Newell & Simon, 1972). In case of an
information problem, the initial state of the prefnl is an information need, the goal state is the
situation when this need is fulfilled (informati@found, processed, and presented), the solution
is a set or sequence of IPS strategies, and tfertiation) problem solving process itself is the
application of this set or sequence. Accordingaimadsen (1997) problems can be located on a
continuum from well-structured to ill-structured.pfoblem is well-structured when the initial
state of a problem is well-defined, the goal simtenown, and the procedure for solving the
problem is clear-cut (Jonassen, 1997; Vakkari, 1998 instance, in case of writing an essay on
the world’s tallest freestanding structures on Jahd problem of not knowing the height of the
Canadian National Tower in Toronto is well-struetiand can easily be solved, since all
elements of the information problem are clearhia example the height of the tower (an
unambiguous goal) is easily found by the executiotie following sequence of IPS strategies:
(a) selection of a search engine (Google), (b)sele of keywords (‘height’, and ‘Canadian
National Tower’), (c) selection of source(s) frome tGoogle results page (Wikipedia article

about the CN Tower), and (d) selection of informatwithin the article (553.5 meters).
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According to Jonassen (2000) finding relevant infation on the Internet, like the example
mentioned, is an instance of a rule-using problEne purpose of this type of problem is
obvious: find the most relevant information in thast amount of time. It requires selecting
search terms, constructing effective search argtspenplementing the search strategy, and
evaluating the utility and credibility of informati found. Jonassen (2000, p. 77) further argues
that rule-using problems become decidedly morstilictured in case multiple search strategies
are possible.

When all the elements of a problem are unknowrague, a problem is defined as
unstructured (Vakkari, 1999) or ill-structured (dssen, 1997). In tasks where the problem
structure is poor, the predeterminability of itfommation requirements (needs), process and
outcome is low (Bystrom & Jarvelin, 1995; Vakkdr§99). These tasks are usually more
demanding than the aforementioned example of difading task (cf. Jonassen, 2000;
Lazonder, Biemans, & Wopereis, 2000). Researclypiaal example of a task where the
underlying information problem is ill-structuredoiFinstance, in case of doing experimental
research an important constituent of the taskimeough examination of previous research on
the topic at issue. A literature study is necessapyder to examine the domain of interest and
to formulate new and interesting hypotheses. Algfothne initial state and goal state of an
information problem within a literature study camtelatively clear-cut, the strategies for
searching, selecting, processing, and presentfogmation are far more comprehensive and
complex compared to well-structured fact-findingkis

In the present study we focus on the IPS skill théitmly rooted in complex
professional tasks (in the case at issue: doinghmdggical research where IPS is especially

important with regard to literature search). Ingah information problems central to complex
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professional tasks can be classified as ill-stmectysince the information need (initial state of
the problem) is mostly vague, the outcome is tylyiaancertain (cf. Jonassen, 2000), but above
all, the set of IPS strategies that can be applieblve the problem is large. Selecting the
appropriate strategies, monitoring the executiostiaftegies, and evaluating the results of
applied strategies for solving information problemaguires regulation skills. These skills are
crucial for IPS and even on a (professional) ursiigievel the ability to regulate the IPS
process cannot be taken for granted. Brand-Gruinadl €005), and Stadtler and Bromme
(2005, this issue) therefore recommend extensi8ai&ning with a focus on regulation or
metacognitive skills.

In (higher) education it is increasingly recognizedt explicit IPS instruction is needed
to achieve an adequate level of IPS expertise (AGRDO; Johnston & Webber, 2003; Larkin &
Pines, 2005; Moore, 2002; Walton & Archer, 20049wdver, in cases where IPS instruction is
a part of the curriculum, the way it is designed aregrated differs and it is questionable
whether these different kinds of instruction araadly effective. In this study the effect of well-
designed and well-integrated IPS instruction isfttoeis of research. Before we expand on the
focus of research, two important principles of instion for learning complex cognitive skills
will be briefly discussed.

Recent instructional theories emphasize the impoegaf authentic learning tasks as the
driving force for learning (Merrill, 2002; Reigelyt1999; Van Merriénboer, 1997, 2001, 2007,
Van Merriénboer, Kirschner, & Kester, 2003; Van kiamboer & Sweller, 2005). Authentic
learning tasks are based on real-life tasks andiared at the integration of knowledge, skills,
and attitudes necessary for effective ‘overallktpsrformance. The knowledge, skills, and

attitudes that constitute a complex cognitive gtilbuld not be taught separately in different
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instructional (sub) tasks, but integrative in stiezthwhole tasks (e.g., projects, problem based
learning tasks, etcetera). According to Van Metigar (1997, 2007) the expression that the sum
is more than its parts holds for learning complegrative skills. Brown (1997) argues that
authentic tasks motivate students and stimulatiesits’ active involvement. In (higher)
education, learning tasks should therefore mimectdisks students will encounter in their
professional, post-educational life. In other wotte first principle of instruction says that
whole (and real-life) professional tasks shouldHgepoint of departure for instruction. Skills
like defining an information problensearching informationor presenting informationshould
not be taught in separate instructional units tbgéther and in concord with other constituent
skills of the professional task (e.g., higher orslels like critical thinking and reasoning or
statistical skills).

A recognized risk of the ‘whole task’ principletisat learners get overwhelmed by the
complexity of the task (Van Merriénboer et al., 2DEspecially novice learners find it difficult
to carry out whole tasks (Nadolski, Kirschner, &Msderriénboer, 2006). Hence, for learning to
occur it is important to support the learner amavjte tools or strategies that scaffold the
learning process. Scaffolding can be regarded ahanprinciple of instruction and includes a
combination of performance support and fading (@s}IBrown, & Newman, 1989; Van
Merriénboer et al., 2003). One approach to scattoddearning process is the useuodcess
worksheet§Hummel, Paas, & Koper, 2004; Mettes, Pilot, & Rook, 1981; Van Merriénboer,
1997). According to Nadolski et al. (2006) a pracesrksheet provides a systematic approach
to problem solving for the whole learning taskpiésents descriptions of the problem solving
phases, and hints or rules of thumb that may leeutcessfully complete each phase. For an

interesting example of a process worksheet, seteblet al. (1981).
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Powerful scaffolds that can be added to procesksheets are so-callefliving
guestionsDriving questions are open questions given astag of a phase. They support the
problem-solving process within the phases of wihedening tasks (Nadolski et al., 2006). In
case these questions focus on regulation skiksdikentation, monitoring, steering, and testing,
they can be regarded as regulation tools. Regulébiols and strategies are important when
learning the IPS skill that is firmly rooted in fiessional tasks (Brand-Gruwel et al., 2005;
Lazonder, 2003; Stadtler & Bromme, 2005, this i¥skreconclusion, process oriented support or
scaffolds are essential in learning the IPS shdl is rooted in complex professional tasks and
can be regarded an important principle of instarctWhen instruction is mainly focused on the
learner’s processes of knowledge construction ifidation, the instruction is also defined as
process oriented instructiogfvVermunt, 1992, 1995; Vermunt & Vermetten, 2004).

In this introduction it is argued that IPS is comphnd that it requires explicit and
extensive training to reach an adequate level péeise. In order to be effective it is argued that
(a) instruction should focus on whole task learniigere IPS instruction is embedded in
professional task instruction (‘whole task’ asratfprinciple of instruction) and (b) that the
instruction should be guided by process worksheatempanied with driving questions
(‘scaffolding’ as a second principle of instructjomhe purpose of this research is to determine
the effect of the embedded IPS instruction on B3R performance. We hypothesize that
students who receive the integrated instructiolP&will execute the IPS skill and its
constituent skills more intensively. Furthermore, eéxpect that students in the experimental

condition regulate the IPS process more often,itegtt better IPS performance.
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Method
Participants
Sixteen Psychology students (15 female, 1 maleynage 44.6450=6.90, range 38-65)
from the Open University of the Netherlands (OUNB)ticipated in this study. The students
started their study at different points in timet bad completed a similar number of units of

credit before attending the course in which thelgtuas situated.

Materials

Intervention.At the Open University of the Netherlands a nemowative competence-
based and web-based Psychology curriculum for relseaethodology has been developed (see
Van Buuren & Giesbertz, 2000). In a virtual resbarenter students learn the research
competence by attending a series of research matigydcourses where they are confronted
with authentic tasks. Typical of each course iswhele task approach (Merrill, 2002; Van
Merriénboer, 1997; Van Merriénboer & Sweller, 2Q0B)every course students learn to
complete all phases of the research cycle by splamauthentic problem. In the beginning of
the research methodology curriculum study tasksisbof simple realistic problems. At the end
students are confronted with complex problems. $higle to complex instructional sequence
is divided into twelve levels of complexity (call@dTO course 1 till 12; see Van Buuren &
Giesbertz, 2000). The instruction for solving imf@tion problems was embedded in the IMTO-
3 course. The study task in IMTO-3 was subdivided eight assignments or sub-tasks. Students
in the experimental condition received instructionlIPS in the second and eighth sub-task.
During the first assignment students were introduné the psychological subject of the course,

i.e., ‘attachment’. This psychological concept bardescribed as the tendency to seek closeness
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to another person and feel secure when that pesgmesent. The learning objective of the
second sub-task was to seek and select informatidhe subject ‘attachment’. Students were
asked to search the Internet and visit the librdigGuss in groups the articles found, and present
the results. During this search for informatiomdgnts from the experimental group were taught
how to seek information efficiently. They got adeawith information about the steps to be
taken and a process worksheet to guide them thringgsteps. For instance, on the worksheet
students formulated a central question and definegroblem; they made a mind map about
their prior knowledge of the content and had tadtire the information found. In this worksheet
reflective questions were also prominent. Studkatsto write down if a step was successful or
if there were problems while going through the staghe third and fourth assignments the
students conducted statistical analyses. In the dsignment students performed a self-
assessment. Students looked upon themselves awllg'aand established how their research
and information problem-solving skills developednbthe course. The sixth and seventh
assignments were again devoted to statistical aeslyn the last assignment students had to
write a paper in which they described the literataind the research results. In this assignment
experimental students again worked with a procesksheet in order to structure information
found and to organize and present the informatica proper way. They made, for instance, an
outline of the paper and decided which literatorege for the introduction of the paper. Again
reflection questions had to be answered.

Research on collaborative learning shows that ghkeaiming fosters deep learning (cf.
Johnson & Johnson, 2003). Therefore, in the neeares methodology curriculum students
performed the study tasks in groups of four. Ineotd promote group learning the students were

offered tools for communication and document sharirhese tools —Outlook Express
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Newsgroups for a-synchronous communication andmeat sharing and NetMeeting for
synchronous communication— were part of the comoation unit of the virtual research center.
Besides the communication unit the virtual reseassiter provided students with a study task
information unit (for task descriptions, learningads, and criteria for assessment) and a resource
unit that contained procedural and supportive imfation for solving the study task.

Tasks for measuring the information problem-sohskij. During the pre-test and the
post-test the participants were asked to solvafammation problem while thinking aloud. The
task description of the pre-test was: As a stuglentattend a course about ‘the human memory’.
There are different theories about why people’s orgris not always reliable. You get the
assignment to write an essay of 400 — 600 wordstgixychological explanations for the
phenomenon remembering and the reliability of mgmbhe task description of the post-test
was: As a student you attend a course about ‘Sti#ssre are different theories about
psychological factors that influence stress or lut You get the assignment to write an essay
of 400 — 600 words about the relation between paisactors and excessive stressor burn out.
These two topics were chosen because of the pogibal content and the fact that the students
did not have any education about the topics irr tteidy. Students got one and a half hours to
complete the task. During the completion they caudd the Internet to gather information or
refer to three psychological handbooks (Atkinsotkidson, Smith, & Bem, 1993; Gleitman,
1991; Roediger, Deutsch Capaldi, Paris, Polivy, &iHan, 1996) that were handed over. For
writing the essay students were asked to use MIWor

Instrument to analyze the thinking aloud protocéls inductive-deductive method was
used to develop the coding system for analyzingdttimking aloud protocols. The coding system

was based on the protocols and the model desanlibeé Introduction, and was tested and re-
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adjusted in a few iterations. For scoring the prol® two kinds of codes were used: descriptive
codes and interpretative codes (Miles & Huberm&94). Descriptive codes entalil little
interpretation and can be attributed to segmentiseofext in a straightforward way.
Interpretative codes require more interpretationhgyrater. The scoring system itself consisted
of three types of categories, organized in thréencos that were scored simultaneously. The
first and second columns pertained to the constitskills and their sub-skills. In the first
column, the constituent skills of information prebl solving were scored in an exclusive and
exhaustive way. In the second column, the categjoeigresenting the sub-skills were scored. For
instance, the skill ‘define problem’ consisted @fif sub-skills: (a) read the task, (b) explain or
concretize the problem, (c) activate prior knowkedand (d) determine the task requirements. In
the third column regulation of the process wasetorhese categories could be scored
independently of the scoring in both other coluniegulation of the process included (a)
monitoring and steering of one’s own working pra;€b) orientation on the process, and (c)
testing of the results during and after the pracBash of these regulation components was
divided in sub components. For instance orientatiotthe process consisted of: orientation on
time, orientation on task, and orientation on teraéd problem.

Regulation ability questionnair&ermunt (1992) developed a questionnaire for
measuring students’ learning style. For this stoly the three scales concerning regulation
activities were used. The scales were: self-reiguigfL0 items), external regulation (10 items)
and lack of regulation (5 items). These scales givedea about how people regulate their
learning.

Prior knowledge on searching informatidn.order to measure the experiences of the

students with searching literature in a library ardle using Internet students received six
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statements. For every statement they filled out:hag is a routine for me, b) | am experienced in
doing this, ¢) | can manage this or d) | am totaigxperienced in doing this. For these six items
a 4-point Likert scale was used. The six items eamed: Experience with searching in a library,
experience with searching psychological literaiara university library, experience with
searching psychological literature using Interegperience with searching psychological
literature using special data-systems, experienttelnternet in general and experience with

Internet for study purpose.

Design and Procedure

The study was set up according to a pre-test gsstebntrol-group design. During the
pre-test prior knowledge on searching for informatvas administered. Also the regulation
ability and the ability to solve information probie were measured. After the pre-test students
followed the course and the students in the experiad condition got the embedded instruction
about solving information problems. The experimeatal control condition used different
websites and different news-groups for discussioorder to make sure that no interaction
between the students of the experimental and dasdralition could take place. After the course
that lasted 25 weeks, the post-test was admingt@iee ability to solve information problems
was measured again.

During the course three students from the contyob¢ion dropped out for different
reasons. As a result, the analyses were done igith €udents in the experimental condition

and five in the control condition.
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Data Analyses
Four trained raters scored in pairs eight protoaat$ video registrations by using the
coding system. For each of the eight protocolgrdter reliability coefficients (Cohen’s Kappa)
were calculated. Table 1 provides an overview efdbefficients. It shows that the inter-rater

agreement ranges from ‘fair’ to ‘almost perfecf. (candis & Koch, 1977).

Insert Table 1 about here

For the eight in pairs scored protocols the ratesshed consensus on the statements they
disagreed on. One trained rater scored the renggpristocols. ANCOVAs were used to analyze
the differences between the two conditions on deeaf the constituent skills, their sub-skills
and the regulation variables for the pre-test hiedoost-test. For each analysis the score on the

pre-test variable functioned as covariate.

Results
Prior knowledge and regulation abilitiBefore determining the effect of the IPS
instruction, the students of the experimental grang the control group were compared with
respect to their prior knowledge about searchimgrfimrmation and their ability to regulate the
IPS process. Table 2 presents an overview of ttenmand standard deviations on the prior
knowledge questions of the experimental and cogralip. Table 3 does the same for the

regulation ability variables.

Insert Table 2 about here
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Insert Table 3 about here

No differences were found between the control aquéemental group with regard to
prior knowledge and regulation ability. Therefargvas not necessary to take these variables
into account in the remaining analyses.

Time Investment in the Different Skillie average time the experimental students spent
to complete the task was 88.66 minuteb € 3.37) during the pre-test and 88.5 minu&id £
5.26) during the post-test. The average time dpgithe control group students was 91.16
minutes ED = 2.75) for the pre-test and 84.®&0=9.32) for the post-test. The differences for
the pre-test and the post-test between the twagpgrauere not significant. Note that the time
spent by the control group during the pre-test thasmaximum available time. As a result, a
ceiling effect occurred. Table 4 shows the meamisstaindard deviations of the time investment
in the constituent skills by the students of thpexmental and control condition. The time
investment in this table is given in percentagesabee the total time investment differed

somewhat between the students of the two groups thle standard deviations were high.

Insert Table 4 about here

In general the students spent much time scannkt@tel organizing and presenting information.
Time invested in defining the problem is minimabioth conditions. What strikes one most is
that the standard deviations are in general highsTindividual differences in the experimental
and control group are substantial. Results of ataxae analyses revealed a significant

difference only for the variable ‘Scan informatiph{1, 12) = 5.83MSE= 118.58p < .05,;7p2:
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.368. During the post-test students of the expamal condition spent more time scanning than
students of the control condition.

Differences in the Frequency of Use of the Coratitiskills and their Sub-skill€.o-
variance analyses were used to analyze the ditfereatween the control and the experimental
group and to determine if the IPS instruction bsiagpout some changes in the student’s ability
to solve information problems. Table 5 presents\arview of the number of times constituent
skills and the accompanying sub-skills were pertxray students of the experimental and the

control group during the pre-test and post-test.

Insert Table 5 about here

The frequencies of the constituent skills and kilissn Table 5 show that the process of IPS is
iterative. Especially after defining the problemd#nts go back and forth between searching and
scanning information. This iterative characterlaf process is even more visible within the
information-scanning phase.

For all participants the constituent skilefine problembccurred only once, at the
beginning of the task. When students looked badkupe task description during the
performance of the task and, for instance, toolcaaif the task requirements, this was scored as
‘orientation on the task’ (a sub-skill of the regibn variable ‘orientation’) and not as ‘define
problem’. With regard to the sub-skills of this stituent skill, no differences were found
between the experimental and control condition.

While searching for informationt appears that after the course students of the

experimental group used the table of contentshaiak more often than the students of the
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control groupF(1,12) = 5.29MSE= 10.327p < .05,17p2= .346. No significant differences were
found for the other sub-skills of this constituekill.

Two sub-skills of the constituent skilbtan informationshowed significant differences.
After the course students of the experimental gsmgmned texts more often than the students
from the control conditior(1,12) = 10.66MSE= 37.207p < .Ol,npzz .516. They also judged
the information more ofterf;(1,12) = 9.36 MSE= 19.737p < .05,;7p2: 484.

For the constituent skill$?rocess informationand Organize and present information’
no significant differences were found between tkgeemental and the control condition. The
constituent skill ‘organize and present informationly occurred a few times. Most students
organized and presented the information foundeetid of the process. Furthermore, the
students in both conditions did not formulate tha&bpem when starting to write the argument.

Effects on regulatiorDuring the training the emphasis was on the reguiaif the
process. The analysis of the protocols gave insigbthow often students regulate their IPS
process. Table 6 presents the mean and standaedidewith respect to the regulation

variables for the experimental and control groufpteeand after the course.

Insert Table 6 about here

Co-variance analyses showed a significant diffezebetween the experimental and
control group on the variablenonitoring / steering’F(1,12) = 5.35MSE= 36,257p < .05,77p2
= .348. Students in the experimental condition nwsrand steer their process more often.

Although no significant differences were found floe variables ‘orientation’ and ‘testing’ the
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total amount of regulation activities was signifitan a 10% leveF(1,12) = 4.23MSE=

138.556p < .10,,,° = .297.

Discussion
In the present study the effect of integrated I¥®ruction (as part of whole task professional
skill training) is being measured. The aim of thedy was to find out what the effect of
instruction was on the execution of the IPS skitequencies of skill performance on a pre-test
and post-test were calculated to measure diffeeebe®veen students who received the
embedded IPS instruction and those who did not.ngpothesis was that students who received
the integrated instruction on IPS would executel@& skill and the accompanying constituent
skills more explicitly than students who did nototdover, we expected that students in the
experimental group would regulate the IPS proces®moften after the experiment.

The results of the present study indicate that #fie course students of the experimental
condition spent more time scanning text comparet thie students of the control condition.
Individual differences in both groups were consatée, indicated by the high standard
deviations. Time spent on defining the problem wazerall low, what may indicate that students
are not yet experts in information problem solviRgsearch by Brand-Gruwel et al. (2005)
reveals that experts spend considerably more tm#etining the problem than novices.
Similarly you might expect that ‘more instructed éxperienced)’ students also use more time to
examine the information problem.

Looking at the frequencies of the sub-skills of teastituent skills no large differences
were found. The instruction had some effect oncdeiag and scanning information. In

particular, the embedded instruction had a sigaifi@nd positive effect on the use of tables of
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contents of psychological handbooks during inforamasearching and scanning text and judging
information in the information-scanning phase. Esgéy judging the information more often as
part of information scanning by students of theegkpental group is promising, since judging
information is regarded as an essential skill alhS process (e.g., Kuhlthau, 1993, 2004).

Furthermore, results reveal a positive effect @rtbmber of times students regulate
their process. The students in the experimentalgregulated the IPS process more often after
receiving IPS instruction and this was especidiby ¢ase with respect to the sub-skill
‘monitoring and steering the process’. Being falyare of regulation means ‘pouncing on the
process’ and this has a positive effect on theityuafl learning (Vermunt, 1998). Good quality
of regulation with regard to IPS is important. Resé by Hill (1999), Hill and Hannafin (1997),
Land and Greene (2000), and Marchionini (1995)jrietance, reveal that the quality of
regulation is related to the effectiveness andiefficy of the IPS process.

The embedded instruction seems to have a positiwet ®n regulating the IPS process,
especially when reflective questions are integratealthe instruction. Further, the embedded
instruction has no significant effect with respictrequencies of other constituent skills. The
experimental group performed only three sub-skifllsvo constituent skills more often.

A limitation of this study is that it was not pdsiel to assess the quality of the products.
In the present study students had to write a cdraxg@iple. Unfortunately, due to time
management problems (a regulation aspect!), masieo$tudents were not able to finish the task
properly. This resulted in incomparable and thusi@asurable products. Since the focus in the
present study was on the process of IPS, we extliie measure in the analysis of the IPS
process. In a new study on integrated IPS instroctneasuring the quality of final pre-test and

post-test products is part of the study (Brand-Gilu&Wopereis, 2006).
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A final remark concerns the integrated instructidithough we think the embedded IPS
instruction we developed contributes to solvinginiation problems more efficiently, the effect
can be more substantial. An important prior cooditive had to face was that the IPS instruction
had to fit in an existing instructional framewoAa important restriction was that just one
information problem could be dealt with in the gmetscourse. For learning complex cognitive
skills it is important that students face differenbblems in different contexts (Merrill, 2002;
Perkins & Salomon, 1989; Van Merriénboer, 1997,72200an Merriénboer, Kirschner, &
Kester, 2003). The IPS (sub) tasks of the presmntse were part of a larger whole task (to carry
out a psychological experiment). This task is laagd therefore subdividing this task in smaller
units of learning and subsequently using a backaghgsequencing approach to define task
classes would be a better solution to tackle tesfier problem (Van Merriénboer, 1997).
According to this scenario, students learn to salvader variety of information problems. In a
new study these instructional design aspects kemtato consideration (Brand-Gruwel &

Wopereis, 2006).
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Figure 1
IPS skills hierarchy
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Table 1
Inter-rater Reliability (Cohen’s Kappa) on the Caitgent Skills and on Regulation

Protocol Define  Search Scan Process Organize and Regulation  Total

problem information information information present

information

1 .87 .76 .85 1.00 .67 .58 .78

2 .75 1.00 .75 Not scored .81 .62 .76
3 .60 .88 .58 1.00 .78 .60 77

4 1.00 .79 .83 Not scored .84 .56 .80
5 1.00 .63 .63 Not scored .62 40 .68
6 1.00 .65 .64 1.00 .66 .61 .68

7 .63 .79 .62 .65 .62 .56 .65

8 .65 .55 .63 .79 .63 .54 .63

Overall .74 .76 .69 .89 .70 .56

NB: Protocols 1 to 4 are scored by rater A andrBtqzols 5 to 8 by rater C and D.
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Means and Standard Deviations of the Control anpgdexnental Condition on Prior Knowledge

about Searching During the Pre-test

Experimental group

Control group

M SD M SD
Experience with searching in a library 2.13 0.99 202. 0.45
Experience with searching psychological 3.25 0.89 3.20 1.30
literature in a university library
Experience with searching psychological 3.13 0.83 2.60 1.14
literature using Internet
Experience with searching psychological 3.75 0.46 3.75 0.50
literature using special data-systems
Experience with Internet in general 2.25 0.71 1.80 0.84
Experience with Internet for study purpose 2.75 90.8 3.00 1.23
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Table 3

Means and Standard Deviations of the Control anpgdfxmental Condition on the Reported
Regulation during the Pre-test

Experimental group Control group
M SD M SD
Self regulation 2.29 0.80 2.76 0.52
External regulation 3.43 0.82 3.48 0.54
No regulation 2.40 1.18 2.60 1.09
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Table 4

Differences in Time Invested in the ConstituenitsSietween Students of the Experimental and

Control Group in Percentage of Time

Experimental if = 8) Control 6 =5)

pre-test post-test pre-test post-test

M SD M SD M SD M SD

Define problem 3.59 1.13 5.02 2.16 5.78 1.75 6.33 .203
Search information 15.74 9.99 16.13 5.05 19.72 6.2317.01 19.39
Scan information* 35.23  20.68 35.32 17.60 37.03 97.8 22.04 14.09
Process information 23.99 21.92 13.65 16.02 5.38 426. 15.11 10.12
Organize and present info. 21.46 11.40 29.88 22.582.10 9.32 39.51 24.29

*p < .05 (significant after the instruction)
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Table 5
Number of Times a Skill was performed by Studdrntedxperimental and Control Condition
Experimental Control
Pre-test Post-test Pre-test Post-test
M SD M SD M SD M SD

Define problem 1.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00
-Read task 1.75 1.04 1.88 0.84 1.20 0.45 1.60 0.89
—Concretize problem 1.13 0.84 0.75 0.46 0.80 0.84 1.20 0.45
- Activate prior knowledge 0.25 0.46 0.13 0.35 0.40 0.89 0.40 0.55
—Clarify task requirements 0.25 0.46 0.13 0.35 0.20 0.45 0.60 0.89
Sear ch information 6.00 131 6.88 2.59 5.60 1.95 4.80 1.48
-Use table of contents (book) 2.25 2.12 2.25 1.83 2.20 2.49 0.40 0.89
—Use index (book) 2.38 2.62 1.63 2.77 2.40 2.70 3.40 1.34
- Derive search terms (internet)  1.50 251 2.50 2.51 0.00 0.00 1.60 3.05
—Judge search results 3.13 5.41 4.50 5.83 0.60 0.89 3.80 5.93
Scan information 6.00 1.93 8.00 2.98 4.80 1.48 4.80 1.48
—Scan text * 19.75 14.91 19.25 6.67 15.60 7.73 8.00 4.12
—-Judge scanned information *  18.63 15.83 15.00 4.17 15.00 11.51 6.80 5.02
- Elaborate on content 12.50 11.05 11.38 3.38 11.00 11.25 6.60 7.02
Process information 2.25 2.25 1.50 1.60 1.40 1.14 2.25 2.22
-Read 10.13 1131 2.38 3.25 2.00 2.12 3.60 2.19
—Elaborate on content 8.25 8.63 3.25 4.06 3.20 4.09 4.40 2.70
—Judge processed information 6.38 6.52 2.75 4.98 3.00 3.54 2.40 1.52
Organize and Present info. 1.25 0.46 2.75 2.31 1.80 1.48 3.00 2.16
—Formulate problem 0.25 0.46 0.00 0.00 0.40 0.55 0.00 0.00
—Outline the product 1.63 1.19 1.00 1.00 1.20 1.10 1.00 1.20
- Structure the product 3.38 3.34 4.75 3.73 3.60 4.98 5.60 5.03
—-Formulate text 7.63 5.21 12.00 5.56 7.20 5.31 13.60 13.53
- Elaborate on content 4.00 3.93 6.50 4.90 3.20 2.05 7.60 6.80

*p < .05 (significant after the instruction)
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Table 6
Means and Standard Deviations for the Control amgdtimental Students on the Regulation

Variables in the Pre-test and Post-test

Experimental Control
Pre-test Post-test Pre-test Post-test
M SD M SD M SD M SD
Monitoring / Steering* 16.13 8.49 21.75 7.17 14.60 3.98 12.60 5.18
Orientation 19.13 12.44 15.50 6.70 14.60 6.43 9.40 7.80
Testing 3.75 5.12 2.38 2.20 3.40 3.44 4.80 7.98
Total regulatiof 39.00 22.55 39.63 10.65 32.60 9.32 26.80 13.48

*p < .05 (significant after the instruction)

*p < .10 (significant after the instruction)



