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Abstract 

Internet has become one of the most important information sources for students’ personal and academic life. In 
addition, the World Wide Web is receiving increased attention in education because of its potential to support 
new forms of learning. However, using the information from the net for learning requires the development of a 
set of abilities such as searching and tackling information from the Internet to find solutions of a problem—this 
set of abilities is called Information-Problem Solving (IPS) skills. The main objectives of this study are the 
following three: first, to provide a detailed description about how secondary students solve an IPS task; second, 
to identify key IPS skills, sub-skills, and regulation activities that have more incidence upon students’ success to 
solve a problem using digital information on the Web; and third, to use this information to draw educative 
guidelines to design web-based instructional process and foster IPS in secondary classrooms. In-depth analyses 
of quantitative and qualitative data of a multi-case study allowed us to identify distinctive patterns and sequences 
of IPS skills used by students to solve a task. Furthermore, IPS skills (defining the problem and search for 
information), sub-skills (specifying search terms and selecting results from a SERP), and regulation activities 
(orientation on the task, monitoring, and testing) were identified as key skills which have more incidence in 
students to solve successfully IPS tasks to learn curricular contents at school. 

Keywords: Information-Problem Solving (IPS), secondary education, web search, skills, regulation, 
performance 

1. Introduction 

The World Wide Web (WWW) has become one of the most important information sources in students’ lives 
—secondary students use Internet widely for both school assignments and leisure. In addition, the WWW is 
receiving increased attention in education because of their potential to support new forms of learning. However, 
although learning in such dynamic learning environments is much more engaging, it is also much more 
challenging (Kuiper, Volman, & Terwel, 2009), and a set of skills as searching and tackling information from the 
Internet to solve problems are needed. This set of skills has been called Information-Problem Solving (IPS). 
Since the Internet is an extensive source of information, IPS skills and regulation activities are necessary in order 
to be successful in web-based learning (Brand-Gruwel, Wopereis, & Vermetten, 2005; Brand-Gruwel, Wopereis, 
& Walraven, 2009). Nevertheless, contemporary cognitive and educational research has shown that most 
students have difficulty in performing IPS skills and regulating their learning spontaneously (Badía & Becerril, 
2015; Bannert & Reimann, 2011; Lazonder & Rouet, 2008; Walraven, Brand-Gruwel, & Boshuizen, 2008; 
Wood, 2009).  

In this context, school is the institution that has the mission to provide citizens the necessary competences to 
become active and critical individuals in our Information Society. Competences related to the Information and 
Communication Technologies (ICT)—in particular, IPS processes—are needed to be developed by students, in 
order to enable students to better achieve learning goals using the WWW. 

The main objectives of this study are, on the one hand, to provide a detailed description about how secondary 
students solve an IPS task, focusing on what IPS skills are used and how; and, on the other hand, to identify key 
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IPS skills, sub-skills, and regulation activities that have more incidence upon students’ success in solving a 
problem using digital information on the Web.  

1.1 Information-Problem Solving 

According to the influential model proposed by Brand-Gruwel et al. (2005), it is highlighted that students need to 
master the following constituent skills in order to successfully solve a digital problem: defining the information 
problem, searching information on Internet, scanning information, processing information in a deeper way, and 
organizing and presenting information found. Furthermore, each skill can be subdivided in several sub-skills; for 
instance, defining the information problem involves the sub-skills reading the assignment and activating prior 
knowledge, and the skill searching information requires the sub-skills specifying search terms and selecting a 
result from a SERP. 

In addition, to be successful in IPS, a set of regulation activities is also required during executing all those skills. 
Regulatory aspects—such as orientation, monitoring, steering, and evaluation—play an important role for the 
coordination of the IPS process (Raes, Schellens, De Wever, & Vanderhoven, 2012). Orientation includes the 
analysis of the task, and the task performance. Steering is aimed at making decisions about what activities have 
to be performed. Monitoring the process means that someone keeps a finger on the pulse (de Jong & Simmons, 
1988) during the IPS process. Finally, testing is focused on evaluating process and task performance. 

Studies on IPS have found that when attempting to solve IPS tasks and regulate the learning process, students 
predominantly use ineffective strategies (Azevedo, Cromley, & Seibert, 2004). In reference to the constituent 
skill defining the problem, previous research shows that secondary students have difficulties in the next four 
subskills: formulating questions (Wallace, Kupperman, Krajcik, & Soloway, 2000), activating prior knowledge, 
clarifying task requirements, and determining information needed (Walraven et al., 2008). Besides, most 
students start searching with no much reflection about the topic and the task and without outlining the search 
(Fidel et al., 1999, Ladbrook & Probert, 2011; Quintana, Zhang, &Krajcik, 2005).  

In relation to the constituent skill searching information, secondary students have problems in selecting the 
appropriate search terms (Quintana et al., 2005; MaKinster, Beghetto, & Plucker, 2002; Van Deursen, Görzig, 
Van Delzen, Perik, & Stegeman, 2014; Wallace et al., 2000). Most of the times, students do a general search 
when they navigate the hypermedia environment rather than having specific searching objectives (Azevedo et al., 
2004). Furthermore, students do not systematically judge the search results and therefore they have difficulties to 
consult reliable web sources which have been chosen attending to superficial cues as the title or the web site 
briefing (Rouet, Ros, Goumi, Macedo-Rouet, & Dinet, 2011). 

To scanning information, teenagers also have problems in choosing between reputable and questionable sources, 
and selecting and assessing web site information (Lorenzen, 2002; Ladbrook & Probert, 2011; Van Deursen et 
al., 2014). As a result, the information selected may either come from a commercial or a scientific source (Fidel 
et al., 1999; Mason, Junyent, & Tornatora, 2014).  

Concerning the constituent skill processing information, expert searchers spend more time on elaborating the 
content than novices (Brand-Gruwel et al., 2005). In the same line, Goldman (2011) found that the amount of 
time spent on a site was another key difference between novice and expert searchers. The former ones spent 
more time on reliable sites whereas the novice did not differentiate them.  

On organizing and presenting information, students predominantly use ineffective strategies such as copying 
information from the hypermedia environment to their notes (Azevedo et al., 2004) and have the tendency to 
copy-and-paste the web information in order to solve the scholar tasks (Probert, 2009). In addition, Raes et al. 
(2012) also observed that students tend to reduce the whole task to find a straightforward answer on a particular 
web site instead of reading critically and thoroughly the web information.  

As regards regulation activities, secondary students do not feel the need to plan a search or to check whether 
their planning is adequate (Fidel et al., 1999). However, they check their spelling in URLs and search terms, and 
are aware of the fact that spelling can influence the results of a search (Fidel et al., 1999). In addition, 
non-strategic searchers are less successful and do not regulate their search process (MaKinster et al., 2002). 
Brand-Gruwel et al. (2005) stated that experts monitor and steer their process more often than novices. 
According to Walraven et al. (2008), the quality of the IPS process is influenced by regulation—students become 
better searchers when they orientate, monitor, steer, and test during their IPS process. 

To sum up, there are experimental evidences that support secondary-school students face serious challenges 
during the IPS process which hinders potential learning outcomes by using Internet in classroom activities.  
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1.2 Research Objectives 

Previous studies have examined how students use the WWW to solve IPS tasks and their chellenges to do that 
(i.e., Britt & Aglinskas, 2002; Goldman, 2011; Lorenzen, 2002; Wallace et al., 2000). Some studies, for instance, 
have focused on how students assess the information or sources found on the Internet (i.e., Walraven, 
Brand-Gruwel, & Boshuizen, 2009). Others have described searching patterns of students while using the Web 
in Sciences (Makinster et al., 2002). Our study extends previous work in because it focuses on in-depth 
descriptions and analyses on how the IPS skills can have an incidence on students’ ability to successfully solve a 
problem using digital information.  

The goals of this research are to gain a more detailed understanding of the key IPS skills sine qua non students 
are lacked of success in their learning through the WWW. The following objectives guide this study: 

(1) To provide detailed and qualitatively account of how secondary students solve an IPS task: what IPS skills 
students use and in what sequence. 

(2) To identify the IPS skills, sub-skills, and regulation activities which have more incidence in students’ success 
to solve a digital problem.  

(3) The accomplishment of these objectives will provide insight to draw pedagogical guidelines to promote the 
development of efficient IPS for using Web information as a tool for learning in secondary education.  

2. Method 

2.1 Participants 

Six students participated in this multi-case study, conducted in 2008. They were 7th and 8th grade students (13-15 
years old), in Spanish secondary schools.  

2.2 Design 

The six participants of this study were randomly selected from a larger study of forty students; the reader can 
find more details of this larger study in Argelagós and Pifarré (2012). The participants for this paper were three 
representative cases of unsuccessful IPS (Axel, Pam, and Peter), and three representative cases of successful IPS 
(Ashley, Miriam, and Moses). The names of the participants are fictitious. 

2.3 Procedure 

Participants performed an IPS task as a test, which was solved individually during 45 minutes approximately, 
and was performed in the real context of the classroom, as a curricular learning activity, in order to ensure 
ecological validity (Wopereis & Van Merriënboer, 2011), and effectiveness (Frerejean, Van Strien, Kirschner, & 
Brand-Gruwel, 2016). 

2.4 Materials 

In the IPS task, students were engaged to explain, using Internet information, the conditions a planet must fulfill 
to make life possible on it. This task belonged to a whole learning curricular task about the possibilities of life on 
Mars. 

2.5 Data Analysis Procedure 

The IPS task performed by each participant was logged in by screen-capture software (CamStudio 2.0) in order 
to record all the actions executed on the computer screen. Each IPS task was carefully analyzed considering the 
four set of variables: task performance, constituent skills, sub-skills, and regulation activities.  

Task performance referred the way in which the question was answered by each student. A correct answer must 
have minimum three conditions required for a planet to make life possible on it, and these three conditions had to 
be found on the Internet. Thus, the answers could be correct or incorrect. 

The second set of variables (constituent skills) were the following: (1) defining the problem, when the student 
was analysing the problem at the task webpage, without typing anything on it, (2) searching information, when 
the student was accessing a search engine, typing search terms on it, or selecting results from a SERP, (3) 
scanning and processing information, when the computer screen showed a webpage, in which the student was 
dealing with its information, and (4) organizing and presenting information, when the student was typing an 
answer at the task webpage.  

The third set of variables (sub-skills) were: (1) search terms, (2) selected results, and (3) processing information.  
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(1) Sub-skill search terms. Each search-term was transcribed verbatim and so each protocol showed each 
search-term typed during the IPS tasks. Additionally, each search-term typed scored as appropriate (1 point) or 
inappropriate (0 points). For example, the search term conditions planet life typed in Google when the demand 
was conditions that make a planet suitable for life, was considered as appropriate, whereas conditions of Mars to 
life scored as inappropriate because that search term refers only to Mars while the demand refers to any planet. 
In addition, an appropriateness score was calculated as a percentage considering the number of search terms used 
and the number of appropriate search terms. 

(2) Sub-skill selected results. Each result selected from a SERP by each participant was gathered and so each 
protocol showed all the selected results during each IPS task. Furthermore, each selected result scored as 
appropriate or inappropriate. The criteria considered to evaluate each search result were both usability and 
reliability (Gerjets, Kammerer, & Werner, 2011). A selected result was considered usable when its content (title, 
description, URL, and other information available in the SERP) followed the question to be answered, and was 
considered as reliable when the author or source was plausible. Each selected result scored as appropriate (1 
point) when it was both usable and reliable, and as inappropriate (0 points) when it was either not usable or 
unreliable. Again, an appropriateness score was calculated as a percentage considering the number of total 
selected results and the number of correct ones. 

(3) Sub-skill processing information. Each webpage consulted by participants was analyzed to determine 
whether it contained useful and reliable information to solve the question. Each time that the student closed a 
webpage in which there was not (more) relevant information scored as appropriate, and each time that student 
closed a webpage which contained relevant information, scored as inappropriate. In addition, each time that a 
student took relevant information from the webpage scored as appropriate, and each time that the student took 
irrelevant information scored as inappropriate. An appropriateness score was calculated as a percentage 
considering the total number of pages visited and the number of appropriate processing of the information. 

Finally, the fourth set of variables (regulation activities) consisted of: orientation on the task, monitoring-steering, 
and testing. Orientation on the task was considered when students consulted the demand (that is, defined the 
problem while solving the task) in a deep way. Monitoring-steering was considered when students refined the 
search terms, when they corrected mistakes while typing a set of search terms or an answer, and when they 
closed non useful windows to better manage the useful ones. Testing was considered when students deleted or 
(re)typed the search terms after typing them, and when they deleted or corrected mistakes after typing a sentence 
or a text in giving the answer. 

Figure 1 shows the variables considered in this study and gives an overview of the interrelation among 
them—the two way arrows in the figure represent the iterative direction among skills, which are not always 
performed in a linear way (Eisenberg & Berkowitz, 1990; Wopereis, Brand-Gruwel, & Vermetten, 2008).  

 

 

Figure 1. Variables considered in this study  
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In order to give insight about the IPS process and task performance performed by the students while solving an 
information problem, we will elaborate for each student, the following: (a) IPS pattern, (b) IPS sequence, and (c) 
in-depth description of the IPS process and task performance.  

(a) IPS pattern. An IPS pattern is composed by the quantitative measurements of the following variables: task 
performance, time spent on the task resolution, frequency of skills performed, and appropriateness scores of the 
three sub-skills (search terms, selected results, and processing of the information). Table 1 shows the quantitative 
variables which outline the IPS patterns. 

 

Table 1. Variables considered for the analysis of each student’s IPS pattern 

Variable Description Value 

Task performance Answer’s correctness Low=correct 

High=incorrect 

Time spent Minutes that student spent solving the 
question 

Numerical 

Frequency of skills performed Number of total times that student performed 
the constituent skills to solve the question 

Numerical 

Sub-skill: search terms Appropriateness score Low<25% 

Medium=26-75% 

High>76% 

Sub-skill: selected results Appropriateness score Low<25% 

Medium=26-75% 

High>76% 

Sub-skill: processing of information Appropriateness score Low<25% 

Medium=26-75% 

High>76% 

 

Two raters familiar with the IPS task, the materials, and the coding scheme, scored the variables of one student 
(17% of the total). Interrater reliability yielded a Cohen’s kappa higher than .80. One rater scored the remaining 
students’ variables. 

The quantitative value of each variable per student will allow us to identify distinctive IPS patterns, which will 
help us to compare and describe the different IPS sequences performed by the students. 

(b) IPS sequence. An IPS sequence is a graphical illustration of each step given by the participant during the 
resolution of the task. This sequence shows the actions performed over time, the order in which each one was 
performed, the switches between the skills, the times that each sub-skill was performed and whether it was 
appropriate or not, as well as the total time of the execution of the task.  

(c) In-depth description of the IPS process and task performance. The complementation of the IPS patterns and 
the IPS sequences will allow us to better describe, analyze, and understand the IPS process and task performance 
executed by each participant. These in-depth descriptions will contain additional elements, which will come 
from the context analyses of each IPS process. For instance, these new elements are the regulation activities, 
which are more interpretative and context-based. 

3. Results 

The main objectives of this study are to provide detailed and qualitative account of how secondary students solve 
an IPS task, and to identify the IPS skills, sub-skills, and regulation activities that have more incidence in 
students’ ability to solve a problem using digital information on the Web in order to draw educative guidelines. 
In this section, firstly, we present a summary of each participant as regards their variables’ measurement in a 
quantitative way (IPS pattern). Secondly, we graphically illustrate and thoroughly analyze the sequence 
performed by each participant (IPS sequence). These detailed descriptions of students’ experiences will facilitate 
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an ongoing discussion about the IPS skills that have a great incidence in solving information-problems while 
using the Internet to learn in secondary classrooms. 

Table 2 shows the variables which summarize the IPS pattern of each participant of this study. The first three 
participants (Axel, Pam, and Peter) performed their tasks in an unsuccessful way, due to the incorrectness of 
their answers. In contrast, the other three participants (Ashley, Myriam, and Moses) performed the learning tasks 
in a successful way. 

 

Table 2. Participants’ IPS patterns during their task 

Participants Task 
performance 

Time spent 
(minutes) 

Frequency 
of skills 

Appropriateness 
of ST 

Appropriateness 
of SR 

Appropriateness 
of PI 

Axel low 12:57 12 low medium high 

Pam low 6:50 19 low low medium 

Peter low 7:47 11 medium medium medium 

Ashley high 8:05 10 low medium high 

Myriam high 8:00 20 medium high high 

Moses high 6:04 18 high high high 

Table legend: ST (search terms), SR (selected results), PI (processing of the information). 

 

In order to give better understanding of the IPS processes performed by the participants, we have drawn 
graphical illustrations and describe them in a more qualitative way. Figure 2 shows the IPS sequences performed 
by each participant during the task. The numbers in each illustration indicate the order in which every skill was 
performed. The reader is suggested to follow the numbered arrows in the illustration to better understand the 
sequence. The first numbers in the illustration are highlighted for easier access. 
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Figure 2. IPS sequences performed by each participant during the task 

 

3.1 Axel (Unsuccessful Task Resolution) 

As can be appreciate in Figure 2a, Axel performed the task unsuccessfully. In particular, this student performed 
12 constituent skills and spent a total time of 12:57 minutes; it means, 12 minutes and 57 seconds. After several 
attempts, he came up with appropriate Search Terms (ST) and appropriate Selected Results (SR). Axel did an 
appropriate Processing of the Information (PI) of the webpages that he opened up, but it should be interpreted 
with caution because there were only two occasions to process the information and, besides, the content of the 
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pages were so irrelevant that it was obvious that this student was not able to find relevant information, and he 
had to close the pages sooner or later. As can be appreciated in Table 2, this student’s pattern shows low level of 
ST, middle of SR and high of PI. Axel did not find information to solve the problem adequately, despite the long 
time devoted trying it. On the one hand, even though the fact of consulting the problem twice during the task 
resolution, he did it in an inadequate way. As a result, he typed in a ST wrongly (see numbers 7 and 8, and 
numbers 10 and 11). On the other hand, the many attempts in specifying the ST typed in a search engine made 
him to spend so much time in doing it, that he was lacked of time to perform other important skills, such as 
scanning, processing, organizing, and presenting the information. In other words, if he had specified better ST in 
fewer attempts, he would have had more time to explore other webpages to find relevant information and solve 
correctly the task.  

3.2 Pam (Unsuccessful Task Resolution) 

Pam (Figure 2b) solved the task unsuccessfully. This student performed 19 constituent skills and spent 6:50 
minutes to answer the question. Although she attempted several times to type in ST and to select results, very 
few of them were appropriate. Her pattern show low levels of ST and SR, and middle level of PI (Table 2). As a 
consequence of these behaviors, Pam was not able to find relevant information, nor did she give a good answer 
to the task. In the same way as Axel, Pam consulted the assignment in a wrong way, and as a consequence she 
typed in inappropriate search terms, selected an inadequate result, and processed wrongly the information. 
Although Pam performed the ST better than Axel, she spent a lot of time trying to select an appropriate result 
from a SERP, which hindered her to find a good website that provide appropriate information to solve the task. 

3.3 Peter (Unsuccessful Task Resolution) 

Peter (Figure 2c) performed 11 skills altogether and spent 7:47 minutes on them. His pattern’s levels are middle 
in ST, SR and PI (Table 2). Peter was not able to find relevant information and, as a result, he did not solve the 
problem appropriately. Although Peter came with adequate ST and SR, he spent an excessive amount of time 
attempting it. Maybe if he had consulted the demand, he would be able to do that in less time. Furthermore, he 
lacked in PI while consulting the webpages; thus, he did not find useful and reliable information to solve the 
problem satisfactorily. 

3.4 Ashley (Successful Task Resolution) 

As can be seen in Figure 2d, Ashley performed 10 constituent skills and spent 8:05 minutes on them. In Table 2, 
the levels that characterize Ashley pattern are: low in ST, middle in SR and high in PI. Although her first ST and 
SR were inappropriate, she could select an appropriate result from the SERP, which allowed her to find relevant 
information. As she processed the information appropriately on the webpages consulted, she was able to locate 
an adequate webpage and a relevant piece of information to solve the problem satisfactorily. Contrarily to the 
previous students’ sequences, Ashley devoted little time to the skill search information (that is, to ST and SR); 
thus, she spent plenty of time scanning and processing the information as well as organizing and presenting it. In 
addition, Ashley monitored her process of organizing and presenting the information found in the Internet, by 
correcting her typing in a constant way and changing a sentence after writing it, which reveals monitoring and 
testing activities during the performance of this student. 

3.5 Myriam (Successful Task Resolution) 

Myriam (Figure 2e) performed 20 constituent skills and spent 8:00 minutes to solve the learning task. Table 2 
shows the levels of the variables performed by Myriam: middle in ST, and high in SR and PI. Although she 
failed in her first attempt to type ST, she improved them later. The consultation of the problem done during this 
task resolution was a critical factor which made her improve the other skills. Immediately after consulting the 
demand, Myriam was able to identify the irrelevant information on the webpage, to specify an appropriate ST 
—by refining the search term typed previously, and to select an appropriate SR. Furthermore, the fact that 
Myriam consulted several appropriate webpages and that she performed an adequate PI, allowed collecting and 
integrating different pieces of information, which improved the answer given by this student.  

3.6 Moses (Successful Task Resolution) 

Figure 2f shows the task executed by Moses, who performed 18 skills and spent 6:04 minutes to solve the task in 
a satisfactory way. Moses reached high levels in ST, SR and PI (Table 2). It is worth to be remarked that the 
consultation of the problem during the task resolution helped him to specify ST and SR adequately, and to 
appropriately perform the PI. In addition, Moses’ sequence was highlighted by his dedication to assess the results 
retrieved from a SERP, by spending time in doing that. As a result, he only accessed the necessary webpages, 
which allowed him to focus in its content to adequately solve the question in a short period of time. As Myriam 
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also did, saving time in the skill search for information permitted him to scan and process the information on the 
webpages as well as organizing and presenting it as a resolution of the task. Moses also showed regulation 
activities, such as: (1) refining most of the search terms he typed, (2) closing the non useful webpages previously 
opened, and (3) correcting mistakes during and after writing the answer. 

In the following section, we compare the students’ patterns and sequences to highlight important IPS skills, 
sub-skills, and regulation activities that have great incidence in the ability to solve the problem using digital 
information from the WWW. 

4. Discussion 

The results presented above show that the constituent skills, sub-skills, and regulation activities involved in IPS 
are highly interrelated—students frequently switch between skills, and the result accomplished by one sub-skill 
is often the input for another sub-skill; therefore, the coordination between these skills is very important, as other 
studies also highlighted (i.e., Argelagós & Pifarré, 2012; Brand-Gruwel et al., 2005; Brand-Gruwel et al., 2009; 
Kuiper et al., 2008; Lazonder & Rouet, 2008). In the following paragraphs, we discuss the impact that each 
constituent skill and sub-skill has on solving the digital problem successfully, as well as we point out the 
incidence of regulation activities involved during students’ IPS processes. 

In our study, the students who used properly the constituent skill defining the problem could succeed in solving 
the digital task. First of all, this skill can be divided into defining the problem for the first time at the beginning 
of the task, and consulting the problem during the task. Consulting the problem acquires regulation significance 
and has been considered as orientation on the task (e.g., Brand-Gruwel et al., 2005). The tasks solved by Alex 
and Pam are two examples of consulting the problem in a superficial way—thus, they did not get a good insight 
about the demand of the task. As a result, they did not improve their ST, SR, and failed in PI. In contrast, 
Myriam and Moses consulted the problem in a deeper way; and as a consequence they were able to specify better 
ST, to select more appropriate results, and to find relevant information and discart irrelevant information.  

Consulting the problem in a deep way during the task resolution, or, in other words, being orientated on the 
task—was a key IPS skill that improved other constituent skills and sub-skills, and therefore impacted the 
successful resolution of the problem using digital information on the Web, as other studies also reported 
(Brand-Gruwel et al., 2009). 

Regarding the constituent skill searching information, and its sub-skills ST and SR, it can be remarked the 
importance of spending the necessary time in the critical moments. When students did not focus on specifying 
the ST, they wasted time trying to select an appropriate result from a wrong SERP. In addition, when students did 
not use time in assessing the results accordingly to their usability and reliability before selecting a result, the 
consequence was a set of moves onwards and backwards between the SERP and the websites, which meant a 
sequence of unproductive actions to solve the digital task. Axel, Pam, and Peter, who were not succeeding in 
solving the leaning task, presented this sequence of actions (Figure 2). In contrast, students who devoted time to 
specify ST and to assess and reflect about the SERP before selecting a result, they succeed in solving the digital 
task (i.e., Ashley, Myriam, and Moses). Students’ skills related to ST and SR are, indeed, influential skills to 
solve a problem satisfactorily (Gerjets et al., 2011). 

In this regard, the regulation activity played a critical role in specifying ST. In particular, the refinement of ST 
when the previous ones did not produce good results helped students to overcome the difficulties of specifying 
appropriate ST and, in consequence, to find useful search results in the SERP. An example of this can be seen in 
Myriam and Moses’ resolutions. When Myriam typed the ST for the first time, she failed; however, she refined 
them and got an appropriate ST, which retrieved a good list of hits in the SERP. Moses refined his ST for four 
times; he typed a ST and then he consulted the search results on the SERP; afterwards he refined the previous ST 
and again assessed the results. Finally, the refinement process led him to obtain a better SERP in order to select 
an appropriate website in which he could extract relevant information to solve the learning task. This process has 
been identified by a regulation activity, particularly, as monitoring (de Jong & Simmons, 1988; Moore, 1995).  

As regards the skill scanning and processing information, the qualitative analyses of this study gave us insight to 
identify different levels on performing this constituent skill. Scanning a webpage consists in getting an overview 
and judging the information on usability and reliability to decide whether or not the information must be linked 
to the problem given and can be trustworthy, whereas processing the information refers to deep reading, 
elaborating the content, and assessing the Web information (Brand-Gruwel et al., 2005; Brand-Gruwel et al., 
2009; Mason et al., 2014). Our students—particularly Ashley, Myriam, and Moses—performed good actions on 
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scanning and processing information, revealed by the indicators that they took advantage of the useful and 
reliable information from the webpages visited and they also discarded the irrelevant information.  

We also observed an indicator of regulation activities concerning the management of the webpages visited, 
scanned, and processed. Moses worked with several webpages at the same time—he kept them opened in 
different windows. When he finally found an appropriate webpage and he realized that sometimes he failed in 
opening the correct window to process its information, he immediately closed the unnecessary windows. This 
action shows a monitoring behavior that indeed made more efficient his process of consulting the information in 
the selected webpage. Previous studies have called this kind of process as knowledge about different cognitive 
demands of different learning tasks (Garner & Alexander, 1987) and as procedural knowledge of strategies to 
employ when unsuccessful (Land & Green, 2000). 

In relation to the skill organizing and presenting the information, the students who moved between the webpage 
and the task page to give an answer, obtained a high-quality answer in their task resolution. This was the case of 
Ashley, Myriam, and Moses, which after writing their answer to the task, both of them completed and improved 
it by consulting the same webpage or other ones. In contrast, Axel and Pam performed this skill only once, and 
their answers were incorrect or incomplete. Therefore, if they had compared the new information found with 
previous information, they would have probably solved the task better, as Ashley, Myriam, and Moses did. 

Regulation activities can also be identified in some students’ IPS sequences as regards the constituent skill 
organizing and presenting information. For instance, Alex, Ashley, and Moses kept correcting their mistakes 
while typing their answer. This behavior could be an indicator of monitoring because it could reveal the finger on 
the pulse expressed by de Jong and Simmons (1988). In addition, Ashley and Moses showed actions that also 
reveal regulation activities, in particular, testing; they changed and improved some sentences after having typed 
them, which means a good behavior of re-reading the answers typed. Monitoring and testing helped students, i.e., 
Ashley and Moses—to detect spelling, grammatical, or content problems in their answers, as well as to enhance 
them (Hill, 1999; Stenberg, 1986). 

4.1 Conclusion and Educative Guidelines for Instructional Design 

Our study confirms the role of the main constituent skills to solve digital tasks (define the problem, searching 
information, scanning information, processing information, organizing and presenting information) that are 
governed by regulation processes (Brand-Gruwel et al., 2005; Brand-Gruwel et al., 2009). 

Besides, our qualitative analyses of IPS process and task performance of six cases revealed that there are some 
IPS skills that act as critical to solve the digital problem successfully. Our study stressed the key role of the next 
two constituent skills: (1) defining the problem in a deep way, which allows students guiding their web-search 
and IPS execution, and (2) searching information, which is a key skill to learn with digital information on 
Internet.  

Furthermore, our study highlighted that, in searching information, the sub-skills that we considered as critical are 
the following two: (1) specifying appropriate search terms in order to obtain the most accurate SERP in short 
time, and (2) selecting appropriate results from a SERP to avoid accessing unnecessary websites. The adequate 
execution of these two sub-skills are crucial because it allows to locate the necessary information in an enough 
period of time; otherwise time will be needed in order to accomplish the other required skills to solve the 
information problem satisfactorily as for instance: scanning and processing information at the selected website or 
organizing and presenting the information as an answer to the IPS task. 

Moreover, our research also considered key skills for solving the digital problem successfully, the regulation 
activities, in particular the following three: (1) orientation on the task, which implies a deep consultation of the 
problem requirements throughout the execution of the IPS task to be able to adjust the actions needed, (2) 
monitoring, as a continuous supervision of the IPS task execution (specificly, refinement of search terms typed, 
correcting what is being typed, and closing unnecessary windows), and (3) testing the search terms before 
entering them or the text written as an answer, in order to decide whether it is solving the initial problem or 
whether contrarily some information is still needed. Regulation activities may improve other IPS abilities, as the 
constituent skills and sub-skills, and therefore they may influence the quality of the IPS processes and task 
performances of the students. 

4.2 Instructional Applications  

Secondary education has to equip students with the necessary competences to become active and critical citizens 
in our Information Society and able to learn form different sources on Internet. From our perspective, secondary 
education should embed the learning of IPS skills. Results from our study stress the need to teach secondary 
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students the skills defining the problem and search information, the sub-skills search terms and selection of the 
results, and the regulation activities orientation on the task, monitoring, and testing.  

Taking into account the considerations discussed above as well as the theoretical and methodological 
contributions of other studies, we propose that the design of an IPS learning process should be based on the 
following three instructional principles: (1) embedding the IPS skills in the scholar curriculum to learn the 
current subjects through meaningful and authentic contents, (2) structuring the students’ problem solving, and (3) 
supporting the students’ problem resolution by a series of scaffolds to guide the students’ progress.  

(1) Related to the first instructional principle, IPS skills should be acquired and embedded within a relevant and 
meaningful learning content. Some effective embedded instruction research studies have showed a positive 
impact on learning IPS skills (Argelagós & Pifarré, 2012; Britt & Aglinskas, 2002; Frerejean et al., 2016; 
Hutchison & Colwell, 2014), on enhancing students’ performance on domain contents (Raes et al., 2012), and on 
transferring IPS skills to other contexts (Walraven, Brand-Gruwel, & Boshuizen, 2010). 

(2) As regards to the second instructional principle, structuring the instruction, it is worth highlighting the 
importance of guiding students through the whole learning process of information problem resolution. 
Scaffolding helps to accomplish all the steps needed to successfully solve a problem through providing a layer of 
structure between student and Internet (Segers & Verhoeven, 2009). A good structured instruction on IPS could 
be an instruction that follows the Inquiry-Web Learning methodology as proposed in WebQuest (Dodge, 1995). 

(3) Related to the third instructional principle, supporting the instruction, we claim the necessity to design 
lessons which could provide scaffolds in each IPS skill and sub-skill in order to tackle information problems. 
Educational research has already provided successful evidence about the improvement of IPS skills and 
individual learning in a technology environment by implementing appropriate questions and reflection prompts 
that trigger students to activate key cognitive processes to solve the learning task (Raes et al., 2012; Mason et al., 
2014; Walhout et al., 2015). Scaffolds could be embedded in the IPS task to give guidance and support to learn 
IPS skills and sub-skills, and gradually withdraw them as the instructional process progresses.  

Following previous studies (Badía & Becerril, 2015; Pifarré, 2009; Pifarré, Cobos, & Argelagós, 2014; Walraven 
et al., 2010; Wopereis et al., 2008), the instructional process might be scaffolded by means of questions, 
worksheets, scripts, and prompts (Stadler & Brome, 2008). For instance, scaffolds could be designed as it 
follows: (a) driving questions in order to encourage the activation of students’ prior knowledge; (b) prompts to 
perform a specific IPS skill, i.e., “write down the specific information you will need to solve this problem” (skill 
defining the problem); (c) pop-up messages to guide a search; and (d) worksheets to promote reflection about 
search terms or selection of the results (skill searching information). 

Figure 3 presents some examples about how these scaffolds could be designed in an instructional web-based 
activity.  

 

 

Figure 3. Scaffolds of each skill during an instructional process (adapted from Argelagós & Pifarré, 2012) 
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The present study is an attempt to give an insight into the learning process that secondary students follow when 
they use Web information to learn, and to draw educational guidelines for the design of IPS instruction at school. 
Nonetheless, our findings must be carefully interpreted due to the following two limitations. First, the technique 
used to collect the data was the log-file technique, which may bring the risk to missinterpret the actions made by 
the participants (Argelagós, Jarodzka, & Pifarré, 2011). As this technique only captures the actions made on the 
screen, some actions can easily be misinterpreted. The election of this technique was due to the ecological 
validity and the unobtrusiveness of the technique (Wopereis & Van Merriënboer, 2011); however, the cognitive 
processes involved in IPS could be more in-depth analysed through other techniques as, for instance, 
eye-tracking (Holmqvist, Nyström, Andersson, Dewhurst, Jarodzka, & Van de Weijer, 2011) or 
cued-retrospective reports (Van Gog, Paas, Van Merriënboer, & Witte, 2005) though they can only be applied in 
laboratory settings. Second, the sample considered for this study 6 students might be a slightly limited segment.  

Notwithstanding the above limitations, this paper examined the key skills that secondary students need to solve a 
problem using digital information to learn curricular contents. Our findings draw inferences to help secondary 
students to enhance their IPS skills in everyday classrooms. We claim that this study might contribute to 
coaching secondary students into digital competences that may allow them an adequate use of web information. 
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